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A Double Helix Is the Repeating Unit in a Luminescent Calcium 5-Amino-
isophthalate Supramolecular Edifice with Water-Filled Hexagonal Channels
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Calcium 5-aminoisophthalate {[Ca(AIP)(OH,)4](H20)} 1 (1), syn-
thesized from Ca(OH), and H,AIP, exists as a double helix.
Hydrogen-bonding interactions between metal-bound water mol-
ecules, carboxylate oxygen, and the —NH, group result in the
formation of a supramolecular assembly, where the double helices
are connected to each other to form hexagonal channels filled
with water molecules.

lecular assemblies. Hence, because of the reduced proclivity of
s-block elements to bind to N donors, we have investigated in
the present study the reaction of a calcium ion witiHp.4>

The calcium 5-aminoisophthalate compléiCa(AlP)-
(OH,)4](H20)} o (2) is synthesized from an equimolar reac-
tion between Ca(OH)xnd HAIP in water® The IR spectrum
shows a strong absorption in the region 323800 cm?,
indicating the presence of a large number of water molecules
in the final product. The NH absorption of AIP is masked

The coordination chemistry of poly(carboxylic acid)s has by the much broader ©H absorption of water molecules.
been a dominating theme in supramolecular chemistry in Two sharp peaks that appear at 1639 and 1608'are
recent times because of the realization that porous solids withdue to the asymmetric stretching of the carboxylate anion.
interesting framework structures can be obtained from them,
especially when the:COOH groups are appropriately orient-
ed on the ligand to embrace more than one metal ion. Benzene-
dicarboxylic acids, 1,3,5-benzenetricarboxylic aciggmC),
1,2,4,5-benzenetetracarboxylic acid, and their variants have
been studied as building blocks for synthesizing a variety of
interesting coordination polymers, some of them with open-
framework structures (MOF$)6-Aminoisophthalic acid (k&

AIP) is closely related to BBTC and differs from the latter
by substitution of one of the threeCOOH groups by a
—NH; group. Despite the fact that the coordination chemistry 4 This work is a part of our longstanding interest on understanding the
of H3BTC has been exhaustively investigated in the past dec- complex structural chemistry of group 2 metal iéns.
ade?only a few reports have appeared i the fferature on the () (3 WILGaye, . B3t Anenbraamentorg chemaoot
use of BAIP for building supramolecular structurgglnlike Walawalkar, M. Glnorg. Chem200Q 39, 1381. (c) Murugavel, R.;
HsBTC, H,AIP is expected to form zigzag or helical 1-D Karambelkar, V. V.; Anantharaman, G.; Walawalkar, M. 16d. J.

. . Chem., Sect. 200Q 39, 843. (d) Murugavel, R.; Anantharaman, G.;
chains because of the absence of the third carboxylate group, Krishnamurthy, D.; Sathiyendiran, M.; Walawalkar, M. Boc. Ind.
at least when metal ions that are reluctant to bind to N donors Acad. Sci. (Chem. S§200Q 112 273. (e) Murugavel, R.; Banerjee,
are used. On the other hand, th&/H, group can enhance
the number of noncovalent interactions and form supramo-

(3) (a) Kongshaug, K. O.; Fjellvg, Hnorg. Chem.2006 45, 2424. (b)
He, H.-Y.; Zhou, Y.-L.; Zhu, L.-GWuji Huaxue Xueba@00§ 22,
142. (c) Liao, Q. X.; Li, Z. J.; Zhang, J.; Kang, Y.; Dai, Y. M.; Yao,
Y. G. Acta Crystallogr., Sect. @004 C60, m509. (d) Tao, J.; Yin,
X.; Jiang, Y.-B.; Huang, R.-B.; Zheng, L.-&org. Chem. Commun
2003 6, 1171. (e) Yang, R.; Zheng, N.; Xu, H.; Li, Huaxue Tongbao
2003 66, 492. (f) Yang, R.; Zheng, N.; Xu, H.; Li, Z.; Jin, >Chin.
Sci. Bull.2003 48, 1111. (g) Xu, H.; Zheng, N.; Jin, X.; Yang, R;
Li, Z. Chem. Lett2002 1144. (h) Wu, C.-D.; Lu, C.-Z.; Zhuang,
H.-H.; Huang, J.-SZ. Anorg. Allg. Chem2002 628 1935. (i) Wu,
C.-D,; Lu, C.-Z.; Yang, W.-B.; Zhuang, H.-H.; Huang, J.48org.
Chem.2002 41, 3302. (j) Banerjee, S.; Shanmugan, S.; Murugavel,
R. Struct. Chem2007, 18, 165.

S. Inorg. Chem. Commur2003 6, 810.

Preparation ofl. The reaction was carried out by adding Ca(@H)
(0.41 g, 5 mmol) to a hot solution of AIP (1 g, 5 mmol) in water
(15 mL) in a 1:1 molar ratio. The resulting colorless solution was
heated for 48 h to obtain a light-brown solution. The mixture was
filtered, and the filtrate was kept at 2& to obtain crystals of in
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(1) For example, see: (a) Batten, S. R.; RobsonARgew. Chem., Int.
Ed. 1998 37, 1460. (b) Murugavel, R.; Krishnamurthy, D.; Sathiy-
endiran, M.J. Chem. Soc., Dalton Tran2002 34. (c) Yaghi, O. M.;
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(2) Examples of benzenetricarboxylic acid complexes: (8g¥&5.; Serre,

~

C.; Mellot-Draznieks, C.; Millange, F.; Surble, S.; Dutour, J.;

Margiolaki, I. Angew. Chem., Int. EQ004 43, 6296. (b) Plater, M.
J.; Howie, R. A.; Roberts, A. Lhem. Commuri997 893. (c) Plater,
M. J.; Roberts, A. J.; Marr, J.; Lachowski, E. E.; Howie, R. A.
Chem. Soc., Dalton Tran4998 797. (d) Chui, S. S.-Y.; Lo, S. M.-
F.; Charmant, J. P. H.; Orpen, A. G.; Williams, |. Bciencel999
283 1148. (e) Yaghi, O. M; Li, H.; Groy, T. LJ. Am. Chem. Soc.
1996 118 9096.
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60% yield (920 mg). See the Supporting Information for characteriza-
tion data. Crystal data fdr. CgH1sCaNQ, trigonal,R3, a = 23.692-

(2) A, c = 13.374(2) A,V = 6501.2(9) B, Z = 18, D, = 1.422
Mg-m~3, u = 0.472 mm%, T = 298 K, crystal size= 0.4 x 0.3 x

0.2 mn?, 6 range = 1.82-24.98, unique reflections= 2542,
parameters= 172, GOF= 1.060, R1 [ > 20(l)] = 0.0558, wR2 [

> 20(l)] = 0.1752. Crystal data fot': CgHis6/CaNQ 33 trigonal,

R3, a= 23.7031(5) Ac = 13.2750(3) AV = 6459.1(2) B, Z = 18,

Dc = 1.459 Mgm~3, u = 0.478 mmL, T = 151 K, crystal size= 0.1

x 0.09 x 0.08 mn#, 6 range= 2.98-30.12, unique reflections=
4223, parameterss 179, GOF= 1.157, R1 [ > 20(1)] = 0.0842,
WR2 [I > 20(1)] = 0.2605. The structure was solved by direct methods
(SHELXS-96'9 and refined usinGHELXL-96!1° See the Supporting
Information (CIF) for other details.
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Figure 1. Section of polymeric chain of. Selected bond distances (A):

Cal-01 2.473(3), Cat02 2.510(3), Cat03 2.530(3), Cat04 2.459(3),

Cal-05 2.371(3), Cat06 2.391(4), CatO7 2.459(4), Cat 08 2.426(3).

Bond angles (deg): O1Cal-02 52.3(1), O4Cal-03 52.1(1), O5

Cal-06 89.1(1), 05 Cal-08 101.1(1), O5Cal-04 74.2(1), O6-Cal- . .

04 80.4(1), 08-Cal-04 81.4(1), 05 Cal-07 157.2(1), O6-Cal-08 Figure 2. Double helix held together by ©H---O hydrogen bonds (top).
155.9(1), 02-Cal-03 150.6(1). Space-filling model (bottom).

The symmetric stretching vibration appears at 1446'%m
An aqueous solution of shows a single absorption in the
UV —visible spectrum at 315 nne & 2329 L-mol~1-cm™3).
For comparison, pure AIP also absorbs at the same
wavelength but with a low intensity & 334 L-mol~t-cm™?).
Compound1 crystallizes in theR3 space grouf.The
calcium ion is octacoordinated, as found in several calcium
complexes synthesized in wafefTwo chelating carboxylate
units and four terminal water molecules surround the metal
ion in a severely distorted square-antiprism geometry (Figure
1). Because of the hardness of the'Can, the—NH, group
does not coordinate to the metal ion. The observed @a
distances vary over a range [2.37H2)530(3) A] but are
comparable to similar distances in other calcium carboxylate
polymeric complexe&?8The O—-Ca—0O bond angles fall in
a very wide range [52.1(1)157.2(1)].
Each carboxylate moiety of AIP functions as a chelating
ligand. Because the two COO units of each AIP chelate to two
different metal ions, a polymeric chain is formed. As a result of
the angular relationship (120of the two carboxylate groups
on AIP and the irregular coordination geometry around
calcium, the polymeric chain is helical. Interestingly, two
such helical chains form a double helix, as shown in Figure
2. Resembling DNA, the double helix is held together by
extensive interstrand hydrogen bonding, where two of the
coordinated water molecules on each calcium form hydrogengigure 3. Supramolecular assembly In(down thec axis). The double
bonds with the carboxylate oxygen atoms of the other strandhelices are arranged about th& axis to result in a hexagonal pore filled
(O5—H5A---01 and O6-H6B---04). Thus, every metal and \C/jvithb\llvaaerllmolecules. In the space-filling model, each color represents a
every AIP ligand along the helical chain contribute to two ouble helx.

strong hydrogen bonds, resulting in a very high hydrogen- each double helix is surrounded by three more double helices,
bond density along the double helix (Figure 2). . with a 120 relationship with respect to each other, a
A closer look at the structure dfreveals more interesting  hexagonal organization of numerous double helices results
supramolecular organization beyond the formation of a doub- in the crystal (Figure 3). The formation of this supramolecular
le helix. For example, the double helix shown in Figure 2 does assembly is amply aided by the presence of-tiNH, group
not exist as an individual entity but finds three more double of the AIP on the surface of each double helix and the water
helices of the same kind as its neighbors (Figure 3). Becausemolecules (07 and O8), which are not involved in stabilizing
) (@) Onoda. A- vamada. v.- Dol M. OR — o the double helix. Thus, the hydrogen of O6, bound to the
a) Onoda, A.; Yamada, Y.; Doi, M.; Okamura, T.; Ueyamalrérg. : ; p ; .
Chem 2001, 40, 516. (b) Cole, L. B.: Holt, E. Minorg. Chim. Acta calqum ion, from one_double helix forms an inter doubk_a
1989 160, 195. (c) Debuyst, P. R.; Dehejet, F.; Dekandelaer, M. C.; helix hydrogen bond with the N1 of an adjacent double helix
\?V?érsnbe}g‘élj-'f -?A'V_'esecfﬁisefih% Még/rinoq?(li?élf)rhglr\?;tir?c?}sﬁmlz?dcgg) (O6—H6A-++N1). Similar inter-double helix hydrogen bonds
57h 251. () Wiesbrock, F.; Schmidbaur, Bi. Chem. Soc., Dalton ~ ar€ also formed between the coordinated water molecules
@ (Trfl$3-2L0(>(:2 4c7r?3 2 E- Liang. He Zhow. .S« Li 5. Mol. Struct (O7—H7A---0O5) and between the coordinated water mol-
a) yu, L.-C.; en, £.-r.; Liang, H.; ou, C.-S.] LI, J. Mol. Struct. oo
2005 750, 35. (b) Yuan, R.-X.. Xiong, R..G.: Chen, Z.-F.. You, X.- ecule and carboxylate oxygens (GESB_ O3 and 08
Z.; Peng, S.-M.; Lee, G.-Hnorg. Chem. Commur2001, 4, 430. H8A---02) (see the Supporting Information).
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Figure 4. Water O9 present inside the hexagonal channdl (fne lines
do not denote true hydrogen bonds) viewed perpendicular to #xés. In
1', 010 lies on the center of each of the triangular units O9.

Another significant aspect of the supramolecular aggrega-
tion in 1 is the entrapment of water molecules in the
hexagonal channel (Figure 4). These water molecules form
a tubular structur@Quite surprisingly, there are no hydrogen-
bonding interactions between the water molecules in the
channel. The closest<€D separation irl within the water
pipe (3.996 A) corresponds to the distance between the
oxygen atoms that are related by a 3-fold axis.

Intrigued by the large isotropic thermal parameter for O9
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as well as the lack of hydrogen bonds between the channelsignificant fluorescence enhancementlin
and coordinated water molecules, we redetermined the molec-

ular structure ofl at lower temperature with a fresh crystal
using faster scan ratéd.he results obtained are significant
not only in terms of an improved thermal parameter for O9
but also by the appearance of an additional water molecule
(010) on the—3 axis with a site occupancy of 0.33, thus
yielding an empirical formula of[Ca(AIP)(OH,)4](H2Oh.33 o
(1) for the redetermined structure. While O9 is arranged in
the form of triangles, O10 lies on the3 axis in the center
of each O9 triangle. The fact that both 09 and O10 still have
fairly large Us; values and that there are fewer hydrogen
bonds between channel water and the helical chains indicate
free movement of the water molecules along the channel.
The loose binding of the water has further been investi-
gated with the aid of thermogravimetric and elemental analy-
ses. The first water molecule is lost even before the vacuum-
dried sample ofl is loaded into an elemental analyzer or
thermogravimetric balance. At this point, the as-synthe-

of three separate calcium ions by the three different car-
boxylate groups of the btc ligarfl Thus, it can be concluded
that the observed unique supramolecular architectutdsn
driven by the presence of theNH, group on AIP compared
to the calcium complexes formed by bdc and btc ligafids.
When 1 is excited at 312 nm at room temperature in
solution, a strong blue fluorescence is observed at 405 nm.
A similar emission is also observed for the free ligand albeit
with lower intensity (Figure 5). The increase in the fluores-
cence intensity irl, both in solution and in the solid state,

ds attributable to the metal ion binding to AIP, resulting in

a more rigid structure (of the ligand as well as the polymer
formation after complexation). Similar fluorescence enhance-
ment has been observed for calcium carboxylate coordination
polymers incorporating 4-cyanobenzoic acid and 1,3-ben-
zenedicarboxylic acié.

In summary, the synthesis dfassumes importance in view

sized and vacuum-dried samples have the same powder X-ra)Pf the current interest in the formation of helical supramo-

diffraction (PXRD) pattern. However, when the sample is
heated up to 200C, the coordinated water molecules are
lost and the sample at this point has a different PXRD pattern,

lecular assemblies with unusual architectures by coordinating
simple organic molecules with metal iofd/\Ve are currently
exploring the possibility of synthesizing Ca(AlIP) complexes

showing the amorphous nature of the sample. The onset of los§Vith Other structure-directing ligands suchM'-dimeth-

of water from the structure df starts just above room tem-
perature (40C) and continues until about 20C, where all
of the five water molecules per formula unit have been lost.
It has been reported that the Ca(bdc) complex fbdc3-
benzenedicarboxylate) forms a 1-D polymer resembling a
right-handed triple heli¥ However, the postulated triple helix
essentially arises out of a single coordination polymer, while
the double helix irl is made up of two separate coordination
polymers that are hydrogen-bonded to each other. Likewise,
compoundl differs considerably from the @@tc), complex,
which forms a 2-D sheet structure as a result of the binding

(9) For tubular structures hosting small molecules, see: (a) Zhao, B.;
Cheng, P.; Chen, X.; Cheng, C.; Shi, W.; Liao, D.; Yan, S.; Jiang, Z.
J. Am. Chem. So@004 126, 3012. (b) Sreenivasulu, B.; Vittal, J. J.
Angew. Chem., Int. E®R004 43, 5769. (c) Dong, Y.-B.; Zhao, X.;
Tang, B.; Wang, H.-Y.; Huang, R.-Q.; Smith, M.-D.; zur Loye, H.-C.
Chem. Commur2004 220. (d) Pal, S.; Sankaran, N. B.; Samanta, A.
Angew. Chem., Int. EQ003 42, 1741. (e) Banerjee, S.; Murugavel,
R. Cryst. Growth Des2004 4, 545. (f) Infantes, L.; Chisholm, J.;
Motherwell, S.CrystEngComn2003 5, 480.
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ylformamide, dimethyl sulfoxide, piperazine, etc., in place
of water.
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