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Abstract

The reaction of the monomeric compound [C#&B}(n*-4-nba)G>-4-nba)] 1 (4-nba =
4-nitrobenzoate) with N-methylimidazole (N-Melm) or imidazdha)(at 106C results

in the formation of the anhydrous mixed ligand complexes of conmogiCa(L)(4-
nba)] (L=N-Melm 2; L=Im 3). The compounds were characterized by elemental
analysis, IR, UV-Vis andH NMR spectra, TG-DSC thermograms, weight loss studies
and the structure oR2 was determined by single crystal X-ray crystallography.
Compounds2 and 3 can be transformed intb by heating with water. At elevated
temperatures all compound$-3) are thermally decomposed to CaO. Compog@nd
crystallizes in the centrosymmetric triclinic space groapvih all atoms located in
general positions. The structure reveals th& a polymer and can be formulated as
catena-poly[[(N-methylimidazole)calcium(ll)Ji-n*m*-4-nitrobenzoato)-n*n*-4-

nitrobenzoato)] The structure of [[Ca(N-Melm)jt-nt:n*-4-nba)(izn*n*-4-nba)}, 2



2
consists of a central Ca(ll) ion, a terminal N-Melm liganahd atwo

crystallographically independent 4-nba ligands. In the crystal structaoch Ca(ll) is
bonded to a nitrogen atom of N-Melm and five oxygen atoms from fivarstry
related 4-nba ligands resulting in a distorted {gf@ctahedron. One of the unique 4-
nitrobenzoate in each formula unit functions as a bridging bidengatedli(-n":n*-4-
nba) and is linked to two symmetry related Ca(ll) ions leadintpe formation of an
infinite chain extending along axis with a long Ca- - - Ca separation of 5.531(1) A. The
second independent 4-nba liganas-“n'-4-nba) is coordinated to three different
Ca(ll) ions with both the carboxylate oxygen atoms linked to thes Safimite chain
formed earlier and one of the carboxylate oxygen atoms functem@s rmonoatomic
bridge between two symmetry related Ca(ll) ions. This brloides two chains with a
shorter Ca---Ca separation of 3.8585(7) A resulting in the formafica one-
dimensional ladder structure. The oxygen atoms of the nitro groupsvaheed in C-
H---O interactions. A comparative study of thirty Ca(ll) cawation polymers is

described.

Keywords: 4-nitrobenzoate; N-methylimidazole; imidazole; bridging bidentate;

monoatomic bridge; one-dimensional ladder; C-H- - - O interactions.



1. Introduction

The design of coordination polymers employing carboxylic acidanalsidentate and
templating ligands with metals providing interesting connectivitgnisarea of current
research1-3]. Recently several reports have appeared on the synthesis wtdratr
characterization of metal-carboxylate based materials usimgebe carboxylic acids
[4-11]. The ready availability of benzene based carboxylic acids in fuma,
combined with the fact that the carboxylate group is a vershtiier that can bind in a
variety of wayq12-14], has contributed to these recent advances in the area of organic-
inorganic hybrid materials. An added advantage of using benzenedyasenhs is the
introduction of potential donor groups like -BHOH, -SH, or another -COOH into the
rigid six-membered ring. Further the positioning of these groups cattdoedawith
respect to the carboxylate functionality. The introduction of additignalips affects
the acidity of the carboxylic acid, which is useful from a syitheoint of view of
metal carboxylates. Substituents present on the benzene ring like-A\ELCI, -Br, etc.
lack the donor characteristics to form a strong metal-ligand bbiodvever the
resulting carboxylic acids are stronger acids as compataehtmic acid and hence can
exhibit different reactivity characteristics when treatethwnetal sources. In addition,
substituents like —N©can patrticipate in secondary interactions by forming H-acceptor
bonds, which can direct the assembly of novel structures. In viethigfwe are
investigating the synthesis, thermal propertigg and structure characteristids] of
metal-4-nitrobenzoate (4-nba) complexes, to prepare new compoundglbirex the

H-bonding characteristics of the -N@roup.
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The structural chemistry of alkaline-earths with carboxylajands is an area of

current research as evidenced by the several recent repatesatute L7-23. In our
metal carboxylate research programme we have unraveledsrtictural chemistry of
the 4-nitrobenzoates of the alkaline-eart[-28]. The triad of compounds
[Mg(H20)e](4-nba}.2H,0, [Mg(H20)(Im)a(n*-4-nbay] (Im = imidazole) and
[Mg(H20)(N-Melm)(n*-4-nba)(l,-n'n*-4-nba)l (N-Melm = N-methylimidazole)
demonstrate a rich and variable chemistry of 4-nitrobenzoates aoh Mms of the
binding modes of 4-nba anions as well as secondary H-bonding irdesactor
calcium we reported on the structure and properties of a sevenmadetdimonomeric
complex [Ca(HO)s(n*-4-nba)(>-4-nba)] 1 [24], which exhibits both monont) and
bidentate %) coordination of 4-nba and [CafBl)s(Im)(n*-4-nba}]-Im [25] which
showsn' ligation of 4-nba and contains coordinated as well as free awiiglaln this
paper, we present the details of the investigation of the theaaetion of the seven
coordinated Ca compountl in the presence of N-methylimidazole (N-Melm) and
imidazole (Im), resulting in the formation of the anhydrous mixeshligcomplexes of

composition [Ca(L)(4-nba) (L=N-Melm 2; L=Im 3).

2. Experimental

2.1. Materials and methods

All the chemicals used in this study were of reagent gaadiewere used as received.
The starting materials and reaction products are air stalehance were prepared
under normal laboratory conditions. The complex [Qa)z{nl-4-nba)(12-4-nba)] 1
was prepared as described earli24]. Infrared (IR) spectra were recorded on a

Shimadzu (IR Prestige-21) FT-IR spectrometer in the range 40sAT. The
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samples for the IR spectra were diluted with KBr in the sditiesand the signals

referenced to polystyrene bands. Electronic spectra were recorded usingdnyattie
cells on a Shimadzu (UV-2450) spectrophotométéNMR spectra were recorded in
DMSO-d; on a Bruker 400 MHz FT-NMR spectrometer. TG-DSC measurenemts
performed in AJO; crucibles on a STA-409PC simultaneous thermal analyzer from
Netzsch in flowing air. A heating rate of 10 K rlinwas employed for all
measurements. X-ray powder pattern were recorded on a Phillips37RUV
diffractometer using Cu-Kradiation over @ range of 15-75° at a scan rate of 3°nin
The insoluble 4-nbaH obtained on acid treatment of the complexes wvigised/eas
described earlief15] and metal analysis was performed titrimetrically follogvia
standard procedure. Isothermal weight loss studies were performad @lectric

furnace fitted with a temperature controller.

2.2 Preparation of [ Ca(H.0)(4-nba),] la

A powdered sample df (0.444 g) was heated on a steam bath for ~30 minutes. The
heat-treated sample was kept in a dessicator and allowed tcocmalnh temperature
and weighed to obtaihla. The observed decrease in weight (12.15%) corresponds to
the removal of three moles of water. The yield was quantitalikie. compound is
insoluble in MeOH, CKCN etc.

Anal. Calcd for G4H10CaNOg : Ca, 10.25; 4-nbaH, 85.68; CaO, 14.35. Found: Ca,
10.01; 4-nbaH, 84.8, CaO, 14.0

IR data: 3611-3100 (br), 3113(s), 2849(w), 1944(w), 1813(w), 1612(s), 1558(s),
1524(m), 1493(sh), 1414(s), 1346(s), 1319(s), 1171(m), 1142(m), 1107(s), 1015(s),
980(s), 880(s), 839(s), 799(s), 725(s), 511(sf.cm

DSC data (irfC) : 260 (exo0), 410 (exo), 447 (exo) 558 (exo).



2.3 Preparation of [Ca(N-Melm)(4-nba),] , 2

2.3.1 Method 1

N-Methylimidazole (0.082 g, 1 mmol) was added into a freshly peehsample ofla
and the reaction mixture was left in a dessicator for ~30 minr&detion mixture was
washed with ether and dried to obt&ln Alternatively 2 can also be prepared by
directly heating a mixture of a finely powdered sampld ¢9.45 g, 1 mmol) and N-
Melm (0.082 g, 1 mmol) in a steam bath for ~30 min. The hot reactigturaiwas

cooled and washed well with ether and dried in air. Yield: (quantitative).

Anal. Calcd for GgCaHi4N4Og (454.43)2 : Ca, 8.8; 4-nbaH, 73.11; CaO, 12.34; C,
47.53; H, 3.0; N, 12.32 Found: Ca, 8.8; 4-nbaH, 73, CaO, 12.2; C, 47.6; H, 3.03; N,
11.81.

IR data: 3121(s), 2967(s), 2855(w), 1614(s), 1584(s), 1520(m), 1402(s), 1375(s),
1344(s), 1321(s), 1279(s), 1230(m), 1107(s), 1014(s), 1082(m), 934(s), 878(s), 822(s),
800(s), 752(s), 727(s), 667(s), 621(s), 559(s), 509(3) cm

UV-Vis 274 nm (23775 L.mdl.cm?)

'H NMR (DMDO-d) 5 (in ppm) : 3.63 (s,3H); 6.86 (s, 1H); 7.09 (s, 1H); 7.55 (s, 1H);
8.16 (m, 4H)

DSC data (irfC): 188 (endo) 412 (exo) 558 (exo)

2.3.2 Method 2

A powdered sample df (1.78g, 4 mmol) was heated with N-Melm (1.4 ml, 17 mmol)
on a steam bath for ~1 h to obtain a light yellow solid. To thisrrasts distilled water
(~8 ml) was added and the mixture reheated to obtain a pale y&lotion. The hot
solution was quickly filtered and kept aside for crystallizationeFgolourless blocks
of crystals suitable for X-ray study, which separated wexghed with ether (5ml) and

dried in air. Yield: 60%. The use of reduced amounts of N-Melm inthkemal
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reaction or excess water for recrystallisation resultheénformation of the tetraaqua

compoundl in accordance with its hydration characteristsgginfra). The infrared
spectrum and the DSC thermogram of this product is identicaltinathof the product
obtained in the thermal reaction.

2.4 Preparation of [ Ca(Im)(4-nba),;] 3

Imidazole (0.068 g, 1 mmol) was added into a freshly prepared sampéeamd the
reaction mixture was left in a dessicator for ~30 min. Theti@amixture was washed
with ether and dried to obtai® Alternatively 3 can also be prepared by directly
heating a mixture of a finely powdered sampleldD.45g, 1mmol) and Im (0.068 g,
1mmol) in a steam bath for ~30 min. The hot reaction mixture cgated and was
washed well with ether and dried in air. Yield: (quantitative).

Anal. Calcd for G/CaHi2N4Og 3 : Ca, 9.08; 4-nbaH, 75.88; CaO, 12.73; C, 46.31; H,
2.72; N, 12.71 Found: Ca, 8.9; 4-nbaH, 74.28; CaO, 12.3; C, 45.95; H, 3.13; N, 10.94.
IR data: 3381 (s), 3223(s), 3061(w), 2941(w), 1604(w), 1570 (s), 1516(s), 1490(m),
1402 (s),1348 (s),1321 (s), 1261 (s), 1171 (m),1142 (m),1107 (s),1066 (s),1014 (s), 935
(s), 918 (s), 860 (s), 825 (s), 802 (s), 752 (s), 740 (s), 723 (s), 659 (s), 617 (S), 497 (S),
511(s) cnit.

'H NMR (DMDO-d) 5 (in ppm) : 7.00 (s, 2H); 7.63 (s, 1H); 8.13 (m, 4H ).

DSC data (irfC): 198 (endo), 415 (exo), 547 (exo)

2.5 Rehydration studies

A powdered sample d@ (200 mg) was suspended in water (~5 ml) and the reaction
mixture left undisturbed overnight. The reaction mixture was étteand the residue
was washed with alcohol followed by ether and dried to olitamnquantitative yields.

The formation of1 is evidenced by its characteristic IR spectrum and DSC

thermogram. Alternativel2 can be transformed tb by suspending an amount (200

mg) of 2 in water (5 ml) and heating the solution till dissolution of thédsdlhe hot
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solution is cooled to obtaifh in quantitative yield. The equilibration of a powdered

sample of3 over water vapour, resulted in the formation of the starting compbumnd
guantitative yield in about a day as evidenced by its chardtdfs spectrum and

DSC thermogram.

2.6 X-ray crystallography

Intensity data fo2 were collected on a Bruker Smart Apex CCD diffractomeséng
graphite-monochromated MogKradiation. The data integration and reduction were
processed with SAINT softwaf@9]. An empirical absorption correction was applied
to the collected reflections with SADABS0]. The structure was solved with direct
methods using SHELXS-97 and refinement was done agafnssifg SHELXL-97
[31]. All non-hydrogen atoms were refined anisotropically. Aromhayidrogens were
introduced on calculated positions and included in the refinement ridindnesn t
respective parent atoms. The technical details of data aemuiand some selected

refinement results fd? are listed inTable 1

3. Resultsand discussion

3.1 Synthesis and spectroscopy

Heating of a solid sample of the tetrahydratat 100°C resulted in the loss of three
moles of water leading to the formation of a monohydrate [€2)#4-nba)] la
(Scheme 1) The presence of water iba is evidenced by the strong and broad
absorption around 3500 ¢hin its infrared spectrum assignable to O-H vibration. It is
to be noted that the profile of the O-H signal of compotiads quite different as
compared to that of the tetrahydrate compodinith addition the IR signals of the nitro

and carboxylate functionalities, which occur between 1300 to 1650acenbroadened
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in la as compared to the spectrum bflFigure 1) On exposure to moisture the

monohydrate rapidly transforms into the seven coordinated startingriahat.
Interestingly, the reaction of N-Melm or Im with the monohyelrkd results in the
displacement of water by the N-donor ligands and the formation of emisydnixed
ligand compound® or 3 having molar composition of Ca:4-nba:N-Melm(Im) 1:2:1
(Scheme 1)The use of excess N-Melm or Im in the thermal reactiomdidesult in
the formation of new products containing additional N-donor ligands.ahhgdrous
mixed ligand compound?2 or 3 can also be synthesized in a single step by directly
heating a mixture of powdered sample lobind N-Melm in a 1:1 mole ratio. The
presence of the N-donor ligands in compouBdand 3 can be readily confirmed by
their NMR spectra which exhibit the characteristic signalg-aba, N-Melm or Im.
The formation of the anhydrous compourdsr 3 is evidenced by their IR spectra,
which are devoid of the signals for O-H vibrations of water aridrieer confirmed by
the appearance of additional bands due to the incorporation of the Nhganalrin its
mid IR spectrumKigure 1. Compound® and3 are relatively stable compared to the
moisture sensitive monohydrata. However, bott2 and3 can be transformed tbby
suspending them in water overnight or alternatively by he&tmg in water(Scheme
1). Crystals o suitable for structure determination were prepared by heating a mixture
of 1 and excess N-Melm at 18D followed by recrystallisation from minimum water.
Similar attempts to prepare compouhah crystalline form suitable for X-ray structure
determination by solution method always resulted in the formatiothefknown
monomeric compound [CagB)s(Im)(n*-4-nba}]-Im. The compoundda, 2 and 3
were formulated based on the elemental analysis and the maskddig to the

formation of CaO on pyrolysis in a Bunsen flame. All the compourtgie several
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signals in the mid IR region indicating the presence of the orgamieties. However

based only on the infrared data the exact nature of the binditige of-nba ligand
cannot be confirmed. The UV-Vis spectra of all compounds exhibit an absorption in the
UV region around 274 nm assignable to the charge transfer of thwatézod-nba

ligand.

3.2 Crystal structure description of 2

Compound2 crystallises in the triclinic space grolp and all atoms are situated in
general positions. The structure reveals that a polymer and can be formulated as
catena-poly[[(N-methylimidazole)calcium(ll)Jdz-n"n"-4-nitrobenzoato)(-n*n-4-
nitrobenzoato)] The structure of [[Ca(N-Melm)jtnt:n*-4-nba)(izn*n*-4-nba)}, 2
consists of a central Ca(ll) ion, a terminal N-Melm ligand &l crystallographically
independent 4-nba ligands. In the crystal structure, each Cafidhted to a nitrogen
atom of N-Melm and five oxygen atoms from five symmetry relatenba ligands
resulting in a distorted {CagD}octahedron(Fig. 2). The geometric parameters of the
4-nba anions and N-Melm are in the normal range and are compaitblégesature
values[24-27]. The Ca-O distances hrange from 2.2823(12) to 2.4507(11) Raple

2) and are in agreement with literature val(@$, 25] The Ca-N bond is longer at
2.5088(14) A. The cis O-Ca-O and O-Ca-N angles range from 73.71(4) to (4)7.39
while the trans O-Ca-O and O-Ca-N angles range from 163.97(4) — 175.54(4)
indicating a distorted octahedron. It is interesting to note that bottiobenzoates in
each formula unit are coordinated to the central Ca(ll) in éifitebridging modes

(Fig. 2. One of the two 4-nba anions in each formula unit functions as a bridging
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bidentate ligand po-n*n*-4-nba) (Supplementary Fig. 1)and is linked to two

symmetry related Ca(ll) ions via O5 and O6 atoms resultindpenfarmation of an
infinite chain extending along axis with a Ca---Ca separation of 5.531(1) A. The
second independent ligands:fn*n*-4-nba) is coordinated to three different Ca(ll) ions
with both the carboxylate oxygen atoms O1 and O2 linked to the sami¢eirchain
formed earlier and one of the carboxylate oxygen atoms (O1) functicasng
monoatomic bridge between two symmetry related Ca(ll) (Bapplementary Fig. 2 &
3)>. This monoatomic bridge serves to link the two infinite chain witshorter
Ca---Ca separation of 3.8585(7) A resulting in the formation of aliovensional
ladder structurgFig. 3].

It is to be noted that Ca(ll) forms a polymeric compound with 4-nlihe presence of
N-Melm unlike Mg(ll) which forms a centrosymmetric dimerimngplex [Mg(HO)(N-
Melm),(n*-4-nba)(1n':n*-4-nba)h [26]. The coordination polymer2 and the
previously reported monomeric compounds [G&i}(n'-4-nba)§®-4-nba)]1 [24] and
[Ca(l—|20)3(lm)(nl-4-nba)]- Im [25] constitute a triad of Ca(ll) compounds having Ca:4-
nba in a 1:2 mole ratio and showing different binding modes of the 4igdvad. In
terms of secondary interactions shows only O-H---O interactions while the
monomeric imidazole compound is involved in three varieties of H-bonding
interactions namely O-H---O, N-H---O and O-H---N. The absécoerdinated water
as well as methylation of the nitrogen atom in N-MelnRiblocks the O-H---O, N-
H---O and O-H---N interactions. An analysis of the streiadfi?2 reveals that the
anhydrous compound is involved in only C-H- - - O interact{Sugplementary Fig. 4)

with the oxygen atoms of the nitro groups functioning as H-acceptorsha methyl

¢ Supplementary Material for online publication
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group of imidazole as well as H atoms on the aromatic ringiamog as H-donors.

The geometric parameters of these hydrogen bonds are listadlan3

3.3 Comparative study of Ca(ll) coordination polymers

A survey of the reported structures of Ca(ll) carboxylatesateviat formation of a
polymeric chain due to the bridging nature of the carboxylate ligaadcharacteristic
structural feature of many Ca(ll) carboxylates. Several petyarCa(ll) carboxylates

of varying dimensionalities (D)17-23, 32-52]have been reported in the literature
many of which are 1-D polymer3dble 4. A comparative study of 30 different Ca(ll)
1-D polymers reveals that the coordination number of Ca(ll) iseteempounds varies
from 6 to 10, with eight coordination observed in many cases. Hexacoordination around
Ca(ll) is observed in compound2 as well as [Ca(SgPhen)] and
[Ca(H.0)2(CoHsNO,),].2.5H,O], (for abbreviations see Table 4). Of the several Ca(ll)
coordination polymers reported in the literature using substituted beoadnexylic
acids, compoun® constitutes the first example of a Ca(ll) coordination potyme
derived from 4-nba ligand as the two other known Ca(ll) compounds of 4-eba ar
monomeric in nature. A wide range of Ca---Ca distances between 13.6(
9.816(1) A are observed for the different Ca(ll) 1-D polymeric compolistésl in the
comparative Table. The Ca.--Ca separation of 3.8585(7) A betweehaihs in the
ladder compound is comparable with the Ca-Ca distance of around 4.0 A dbiserve
several coordination polymers listed in Table 4 while the Ca- séparation of
5.531(1) A across the chains 2nis relatively longer. A vey long Ca---Ca distance of
9.816(1) A is observed in the one-dimensional polymer [[GAJHAIP);](H-0)]n

containing the 5-aminoisophthalate dianion. Interestingly in theetklatD Ca(ll)
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polymer derived from isophthalic acid which exhibits a triplexhgliucture, Ca- --Ca

separations of 3.6402(3) and 3.8705(4) A are reported. These observaticate ithgit
the Ca---Ca distances across the polymeric chain in the commipalymers are
determined by a combination of several factors, which include th&aie and steric
requirements of the central metal, the denticity, flexihilibyidging behaviour, H-

bonding characteristics of the carboxylate ligand, presence of antidiangs etc.

3.4 Thermal studies

The temperature for the thermal synthesis of compof@ratgl3 was chosen based on
the thermal characteristics of compouhdA comparison of the thermal behaviour of
the tetrahydratd and the monohydratia reveals that the DSC thermogramslafis
identical to that of compourtiabove 100C when the tetrahydrafieemits three moles
of water forming the monohydrat8¢e Suplementary Figures 5 and Both1 andla
decompose at higher temperatures forming CaO as the final prasl@stidenced by
the observed mass loss and also the featureless infrared spedtia residues
indicating the loss of organics. The DSC thermogram2ofFig. 4) exhibits an
endothermic peak at 188C, which can be attributed to the removal of N-
methylimidazole and exothermic events above AD@ssignable to the decomposition
of the carboxylate ligand resulting in the formation of CaO. Hsisignment gains
more credence as all the compoufid$a, 2 and3 exhibit the first exothermic event at
around 418C. The removal of N-Melm leads to further decomposition2ofs
evidenced by a steep drop in the TG curv@.oA scrutiny of2 by isothermal weight
loss studies at 186, revealed a weight loss of 21.67 % corresponding to the loss of

one mole of N-Melm, while further heating to 880D resulted in a total mass loss of
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88% with 12% residue corresponding to the formation of CaO. However fous ef

to prepare the anhydrous compound [Ca(4-}ltg) heating?2 were not successful. The
TG-DSC thermogram oB exhibits three thermal events at 198, 415 and’G47
respectively Fig. 5. The endothermic signal at 1@8can be assigned for the loss of
the neutral Im ligand. This process appears to be complex and is lho¢seéved as
evidenced by further drop in the TG curve. The exothermic sigataf15 and 54T
can be attributed to the degradation of the carboxylate moietading to the
decomposition 08 to CaO with a residual mass of 12.3%, which is in good agreement
with the calculated value. In the absence of associated massabkgatad of the emitted
fragments the exact nature of the thermal decomposition takicg pbove 40C can
not be commented upon for bdfand3. The formation of CaO as the final residue can
be unambiguously confirmed by weight loss studies of compo@ndad 3 in a
temperature controlled furnace, as well as their charaaotedstay powder pattern
(See Suplementary Figures 7 and Fhe diffractograms of the residues are in very

good agreement with that of the reported CaO phase in the JCPDS file No. 37-1497.

4. Conclusions

In summary, we have shown that the zero dimensional mononucleaqtetr&a(ll)
compoundl can be transformed into the Ca(ll) coordination polymer [Ca(NaNigl-
nba}], 2 by heating it in the presence of N-Melm. The key step stthnsformation
is the formation of an intermediate monohydrate compound, which unddigmed
substitution and incorporation of N-donor ligand into the coordination sphera(lf.C
The use of imidazole instead of N-Melm in the thermal reactesulted in the

formation of the anhydrous mixed ligand compound [Ca(Im)(4-hb3d)
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Additional figures related to the crystal structure2ptomparative DSC thermograms
of compoundd, 1a, 2 and3, X-ray powder pattern of the residue of compouddsd
3 are available as Supplementary material. Crystallogragdtiz (excluding structure
factors) for the structure reported in this paper have been depoghetie Cambridge
Crystallographic Data Centre as supplementary publication no. G85B8@62. These

can be obtained, free of charge hifp://www.ccdc.cam.ac.uk/conts/retrieving.htroi

from the Cambridge Crystallographic Data Centre, 12 Union Roachb@dge CB2

1EZ, UK. (fax: +44-(0)1223-336033 or emalkposit@ccdc.cam.ac.uk
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Table 1 Crystal data and structure refinement for [Ca(N-Melm)(4-hlia)

Empirical formula GgH14CaN,Og

Formula weight 454.41 g mol

Temperature 293(2) K

Wavelength 0.71073 A

Crystal system Triclinic

Space group P

Unit cell dimensions a= 553135 A a=113.08(1)°

b=12.7904(12) A B = 95.72(1)°
c=14.9226(15) A y = 97.64(1)°

Volume 950.11(16) B

Z 2

Density (calculated) 1.588 mg/n3

Absorption coefficient 0.388 mml

F(000) 468

Crystal size 0.38x 0.28x 0.20 mni

Theta range for data collection 1.50 to 26.0°

Index ranges -6<=6, -15<k<=15, -18<4<=18
Reflections collected 9475

Independent reflections 369B([nt) = 0.0205]
Completeness to theta = 26.0°  99.3 %

Refinement method Full-matrix least-squares dF?
Data/restraints/parameters 3696 /0/ 285
Goodness-of-fit ofF2 1.057

Final R indices [I>2sigma(l)] R1 =0.0348wR2 =0.0900
Rindices (all data) R1 = 0.0392wR2 = 0.0929

Largest diff. peak and hole  (.338 and -0.235 e-R
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Table 2 Selected bond lengths (A) and bond angles (°) for [Ca(N-Melm)(4:rba)

Ca(1)-N(3)
Ca(1)-0(1)
Ca(1}-0(1)
Ca(1)-0(2)

0(6)-Ca(1)-O(5)
0(6)-Ca(1)-0(2)
0O(5)-Ca(1)-0(2)
O(6)-Ca(1)-0(1)
0O(5)-Ca(1)-0(1)
0(2)-Ca(1)-0(1)
O(6)-Ca(1)-0O(1)
O(5)-Ca(1)-0(1)

2.5088(14)
2.3710(11)
2.4507(11)
2.3292(11)

96.22(5)
92.78(4)
165.10(4)
90.60(4)
91.47(4)
100.31(4)
163.97(4)
81.25(4)

Ca(1)-0(5)
Ca(1)-0(6)

Ca(1)-Ca(1)
Ca(1)-Ca(1)

0O(2)-Ca(1)-0(1)
O(1)-Ca(1)-0(1)
0(6)-Ca(1)-N(3)
O(5)-Ca(1)-N(3)
0(2)-Ca(1)-N(3)
O(1)-Ca(1)-N(3)
O(1)-Ca(1)-N(3)
O(6)-Ca(1)-Ca(1)

2.3074(12)
2.2823(12)
5.531(1)
3.8585(7)

93.23(4)

73.71(4)
88.01(5)
84.47(5)
84.00(4)
175.54(4)

107.39(4)
128.09(4)

Symmetry transformations used to generate equivalent atoms: i) -x&tzy

i) x-1,y, z

Table 3— Hydrogen-bonding geometry (A), for [Ca(N-Melm)(4-nbay, 2

D-HIA d(D-H) dHIA) D(DmA) <DHA
C13-H13---O% 0.93 2.67 3.456(3) 143
C13-H13---O% 0.93 2.69 3.586(2) 161
C6-H6---OY 0.93 2.63 3.519(2) 160
C4-H4---0% 0.93 2.62 3.495(2) 157
C18-H18B---OF  0.93 2.44 3.378(3) 167

Symmetry codes: iv) -x+1, -y,- 2 , V) -X, -y+1, -z, Vi) -

X+1, y+1, -z, vii) x+1#}, z
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Table 4 Ca- - - Ca distances across the chain in reported one dimensional (I1}D) Ca(
coordination polymers

Compound C.N. Ca---Ca distanée) ( Reference
[[Ca(H.0)s(4-fba)](4-fba)}, 8 3.612(1) 32
[[Ca(H.0)s(benz)], 8 3.6146(4) 33
[Ca(H,0)4(1,4-bdc)}; 8 3.637(2) 34
[[Ca(H0)2(1,3-bdc)} 54 H,O]n* 8,8,9  3.6402(3), 3.8705(4) 21
[[Cas(1,3-bdcy(H20)e).8H,0]* 8,89 3.659 35
[[Ca(H0)]2(L) (1-H20)]n 8 3.71 36
[[Ca(NH2-NH-CO,)2].H20], 8 3.70, 3.87 37
[Ca(gly).H-0]n 8 3.749 22
[Ca(N-Melm)(4-nbay] 6 3.8585(7), 5.531(1)  This work
[Ca(H,0)(dnSa)] 7 3.8665(8), 4.1067(5) 38
[Ca(H,0),(4-aba)], 8 3.9047(5) 39
[Ca(HO)(DMF)(benz)], 8 3.956 40
[Cax(H20)2(Oack(NOs)]n 8 3.9953(8) 41
[Ca(H,0),(3-aba)], 8 4.0034(5) 42
[[Ca(H.0)4[Ca(LY)(H20):]..7TH:0]n 7 4.008(1) 43
[Ca(leu}.3H,0], 8 4.020 22
[Ca(H,0),(4-CNbenz)],, 8 4.023(15) 20
{Ca(H,0)[(0O.C).CsHzCOH],, 8 4.0290(7) 23
[[Ca(H20)x(Nic)2].(H20)s]n 7 4.055 44
[Ca(H0)x(CsHs03)2] 8 4.0651(3) 45
[Ca(H,0)x(2-OPAY], 8 4.1022 46
[Ca(H:0)3(2-aba)]n 7 4.699(1) 47
[[Ca(Hpdc)(HO)4].H201, 8 4.751(1) 48
[Ca(Sa)(Phen)} 6 4.831(1) 49
[Ca(valx(H20)]n 7 6.073 22
[[Ca(PY-Threonatg(H.0),](H2O)Jn 8 6.404 50
[[Ca(H,0)4(Hpdc)].2H0], 7 6.867(2) 48
[Ca(H,0)(CaHgNOL),].2.5H,0], 6 7.669 51
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[Ca(H0)3(CoH11N60s)2]n 10 7.701 52

[[Ca (H20)4(AIP);](H-0)]n 8 9.816(1) 19

Abbreviations used: C.N. = coordination number; * three unique Ca(ll) ions;

4-fba = 4-fluorobenzoate; benz = benzoaté;bdc= 1,4 benzenedicarboxylatg3-bdc

= 1,3-benzenedicarboxylate; L = 4-(2-nitrophenyl)-3,6-dioxaoctane diditieNH-

CO,) = hydrazine carboxylategly = glycinate;dnSa = 3,5 dinitrosalicylato; 4-aba = 4-amino
benzoate; DMF = N,N- dimethylformamide; OAc = acetate; 3-aba = 3-aminoitent* =
2,2',2"-nitrilotribenzoate;leu=rac-leucinate; £Nbenz =4-cyanobenzoate

(OC),CeHsCOH = 1,2,4-benzenetricarboxylate; Nic = nicotinaighisO;= 2-
formylbenzoate; 2-OPA 2-0x0-1,2-dihydropyridine-1-acetat&aba = 2-aminobenzoate;
Hpdc = 3,5-pyrazoledicarboxylateSa = salicylato; Phen = 1,10-phenanthroline; val =rac-
valinate; PY = N-(6-amino-3,4-dihydro-3-methyl-5-nitroso-4-oxopyrimidiph2-
CoHgNO,= 2-(pyridinium-1-yl)butanedioat€sH;;NsOs = Bis[N-(6-amino-3,4-dihydro-3-
methyl-5-nitroso-4-oxopyrimidine-2-yl) glycylglycinate; AIP = 5-mmoisopthalate;
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Figure Captions

Fig. 1 IR spectra of compourid 1a, 2 and3

Fig. 2. The coordination sphere of Ca(ll) Znshowing the atom-labeling scheme.
Displacement ellipsoids are drawn at the 50% probability lexetpt for the H atoms,
which are shown as circles of arbitrary radius. (top). [hg"n' (05,06) andiz-n“n*
(01,01,02) bridging binding modes of the 4-nitrobenzoate ligand® (bottom).
Symmetry code: i) -x+1, -y+1, -z+1 ii) -x+2, -y+1, -z+1iii) X-1, Y, z

Fig. 3 A view of the bridging bidentate coordinatipa-§*n?) of 4-nba through O5 and
06 leading to a one-dimensional polymeric Ca(ll) chain extendiogg a with

Ca---Ca separation of 5.531(1) A. The monoatomic bridging mode of B4 sedond
4-nba ligand results in the linking of two infinite chains. In the chasxh Ca(ll) is
bonded to five O atoms and one N atom. For clarity only the carbexgtaups are

shown.

Fig. 4 TG-DSC thermogram of compouid

Fig. 5 TG-DSC thermogram of compou8d
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Fig.2. The coordination sphere of Ca(ll) thshowing the atom-labeling scheme.
Displacement ellipsoids are drawn at the 50% probability lexetpt for the H atoms,
which are shown as circles of arbitrary radius. (top). e ' (05,06) andiznZn*
(01,01,02) binding modes of the 4-nitrobenzoate ligand® {hottom). Symmetry
code: i) -x+1, -y+1, -z+1 ii) -x+2, -y+1, -z+1iii) x-1, y, z
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Fig. 3 A view of the bridging bidentate coordinatipa-§*n?) of 4-nba through O5 and
06 leading to a one-dimensional polymeric Ca(ll) chain extendiogg a with

Ca---Ca separation of 5.531(1) A. The monoatomic bridging mode of B4 sedond
4-nba ligand results in the linking of two infinite chains. In the chasxh Ca(ll) is
bonded to five O atoms and one N atom. For clarity only the carbexgtaups are

shown.
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