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Two New Zeolite-Like Supramolecular Copper Complexes
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Assembly of sodium 5-sulfoisophthalate (NaH,SIPA) with
copper(ii) nitrate in the presence of an amine results in the
formation of two new types of supramolecular copper com-
plexes [{Cu(H,0),(HSIPA)}-2H,0O-(PIP)4 5], 1) and
[{Cu(H,0)3(HSIPA)}-6H,O-(hmt) 5], (2). Both complexes
have 1D zigzag chain structures formed by the interconnec-

tion of four- or five-coordinate copper ions by carboxylate
ligands. The 3D supramolecular architectures are dependent
on the guest amine.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2003)

Introduction

Crystal engineering of supramolecular architectures or
metal-organic coordination polymers is a maturing field
and has attracted much attention in the past decades.l' ™4
With the recent development of self-assembly supramolecu-
lar chemistry, it is possible to rationally design and synthes-
ize supramolecular architectures or metal-organic coordina-
tion polymers based on covalent or supramolecular con-
tacts (such as hydrogen bond, m-m interactions etc.).b~7]
However, the assembly of porous materials from organic
ligands and metal-ion building blocks to generate new sup-
ramolecular architectures is still a challenge.®® !9 Based on
the different interactions between building blocks, two prin-
ciple methods can be achieved to construct open supramo-
lecular architectures: one is based upon covalent bonds and
the other on supramolecular contacts.''! The use of cova-
lent bonds to engage metal ions and organic ligands, such
as polycarboxylic acids or 4,4'-bipy, has resulted in a large
number of porous frameworks with various dimensionali-
ties and topologies.'>~ 13! In contrast, the use of supramole-
cular contacts to construct porous supramolecular frame-
works is much less common, although a few examples have
been reported.[16~2]

Currently, one of the problems when constructing porous
networks is the presence of an interpenetrated network if
the void is more than 50% of the crystal by volume.*!! The
use of guest molecules as templates — as in zeolite-like
metal phosphates — can reduce the interpenetration, and
this has been well documented.[*2!-221 Furthermore, the
porous architectures can be tailored by changing the struc-
ture of the guest molecules.**! In this paper, we report two
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new zeolite-like supramolecular copper(il) complexes,
[{Cu(H,0),(HSIPA)}-2H,0+(PIP), 5], (1) and [{Cu(H,0)s-
(HSIPA)}-6H,O:(hmt);»], (2) (H5SIPA = 5-sulfoiso-
phthalic acid, PIP = piperazine, hmt = hexamethylenetetra-
mine), constructed by a combination of coordination and
hydrogen bonds. These two complexes possess quite differ-
ent architectures based on the guest amine molecules.

Results and Discussion

Complexes 1 and 2 were prepared in the presence of an
amine in solution at room temperature. X-ray diffraction
shows that both 1 and 2 possess one-dimensional zigzag
chain structures and the hydrogen-bond interactions be-
tween chains make them three-dimensional channel-like
frameworks in which the guest amine molecules reside.

Complex 1 possesses a one-dimensional zigzag chain
structure. As shown in Figure 1, the central copper ion is
coordinated by two oxygen atoms from two different
HSIPA2™ ligands and two coordinated water molecules —
with the average Cu—Ogps distance being 1.951(5) and
Cu—0,, being 1.965(7) A—ina square -planar geometry,
whereas the protonated sulfonate group does not particip-
ate in the coordination. Thus, every copper ion is linked
by two HSIPA?~ ligands to form a one-dimensional zigzag
chain. The organic amine molecules (PIP) are found on the
same side of the chain. Three kinds of strong hydrogen
bonds are found between the chains: a) hydrogen bonds be-
tween uncoordinated carboxylate oxygen atoms and coord-
inated water molecules (O---O distances: 2.626 and 2.756
A); b) hydrogen bonds between sulfonate oxygen atoms and
the coordinated water molecules (O--+O distances: 2.660 A);
and c) hydrogen bonds between uncoordinated carboxylate
or sulfonate oxygen atoms and the guest amine or water
molecules. The hydrogen-bond interactions between chains
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make the complex a three-dimensional open supramolecu-
lar architecture with channels along the a axis (Figure 2).
These channels possess approximate dimensions of 11.016
X 9.894 A and are occupied by amine and free water molec-
ules that form hydrogen bonds with the oxygen atoms of
the sulfonate group and with coordinated water molecules
(O-0 distance: 2.636—2.819 A; O-+N distance: 2.819 A).

Figure 1. The one-dimensional zigzag chain structure of 1, showing
the coordination environment of the central metal ion

Figure 2. The 3D channel-like supramolecular architecture of 1
along the «a axis; guest amine and water molecules are omitted for
clarity

Complex 2 also has a one-dimensional zigzag chain, dif-
ferent from 1, where the central copper ion is coordinated
by two oxygen atoms from two different HSIPA?~ ligands
and three coordinated water molecules — with the average
Cu—Og;pa distance being 1.960 10\, Cu—0,, being 2.068
A—ina pyramidal geometry (Figure 3). Two carboxylate
oxygen atoms and two coordinated water molecules form
the equatorial plane, and another coordinated water molec-
ule occupies the axial position. As in [Zn(ta)(phen)(H,O0)],
and other similar complexes,?*231 an axial elongation of the
M-0O bonds is observed [Cu—O,, distance: 2.241(7) A
which is much longer than others]. Similar to 1, every cop-
per ion is linked by two HSIPA?~ ligands to form a one-
dimensional zigzag chain and the amine molecules (hmt)
are found on the same side of the chain. Three kinds of
hydrogen bonds are observed in 2: a) hydrogen bonds be-
tween uncoordinated carboxylate oxygen atoms and coord-
inated water molecules (O--O distances: 2.634—2.729 A);
b) hydrogen bonds between sulfonate oxygen atoms and the
free water molecules (O---O distances: 2.746—2.954 A); and
¢) hydrogen bonds between sulfonate oxygen atoms or co-
ordinated water molecules and the guest amine molecules.
The chain is linked by hydrogen bonds of type a to generate
a two-dimensional porous layer structure (Figure 4), which
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is further linked by hydrogen bonds of type b»in an
Osipa*Oy*Ogipa fashion to form a 3D open supramolecu-
lar framework with channels along the ¢ axis (Figure 5).
These channels, with approximate dimensions of 16.445 X
6.474 A, are occupied by amine (hmt) and free water molec-
ules that form hydrogen bonds with the oxygen atoms of
the sulfonate group and with coordinated water molecules
(O--O distance: 2.644—2.788 A; O-N distance:
2.711-2.879 A).

Figure 3. The one-dimensional zigzag chain structure of 2, showing
the coordination environment of the central metal ion

Figure 4. The 2D porous supramolecular architecture of 2 along
the ¢ axis

Figure 5. The 3D channel-like supramolecular architecture of 2
along the ¢ axis; guest amine and water molecules are omitted for
clarity
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Thermogravimetric analysis (TGA) determined the ther-
mal stability of complexes 1 and 2. For 1, the weight loss
of 4.41% from 25 to 93 °C is equivalent to the loss of one
uncoordinated water molecule (caled. 3.71%). A total
weight loss of 12.02% is achieved at 280 °C, which corre-
sponds to the loss of another uncoordinated water molecule
and 0.5 guest amine molecules per formula unit (calcd.
12.55%). However, the loss of the coordinated water molec-
ules in 1 is not observed before 300 °C where the decom-
position starts; decomposition ends above 800°C. For 2,
there is three-step weight loss in the range from 25 to 800
°C. The first weight loss of 21.20% from 25 to 145 °C corre-
sponds to the loss of the six free water molecules per for-
mula unit (caled. 20.38%); the second weight loss of 12.80%
from 145 to 300 °C corresponds to the loss of 0.5 guest
amine molecules per formula unit (calcd. 13.21%) and the
third weight loss of 10.25% from 300 to 325 °C corresponds
to the loss of the coordinated water molecules (calcd.
10.19%); after 325 °C, complex 2 starts to decompose and
the decomposition ends above 800 °C. This result may in-
dicate that the guest molecules are difficult to remove from
the host molecules due to the existence of strong hydrogen
bonds between the host and guest molecules.

Although both 1 and 2 have three-dimensional supramo-
lecular architectures, they are quite different due to the in-
fluence of the amine molecules. In 1, the central copper
ion is four-coordinate in a square planar geometry, and the
uncoordinated carboxylate oxygen atoms, which act as hy-
drogen-bond acceptors, point toward different sides of the
chain (Figure 6a), which makes the angle of the zigzag
chain almost 90°. The chains are superimposed above each
other in a staggered arrangement through hydrogen bonds
between the uncoordinated carboxylate oxygen atoms and
coordinated water molecules (Figure 7a). In 2, the copper
ion is five-coordinate in a pyramidal geometry, and the un-
coordinated carboxylate oxygen atoms, which act as hydro-
gen-bond acceptors, point toward the same side of the chain
(Figure 6b), which makes the angle of the zigzag chain
about 120°. The superposition of the chains in 2 is quite
different from that in 1: first, two chains are linked by hy-
drogen bonds in staggered arrangement to form a double
chain, which is further linked to generate a 2D porous layer.
Secondly, the hydrogen bonds between the oxygen atoms of
the sulfonate group and free water molecules in an
OgipaO,"Ogipa fashion give rise to the final 3D open
framework (Figure 7b). We propose that the structural dif-
ferences between 1 and 2 arise from the influence of the
guest amine molecules: the difference in the backbone of
the guest molecules results in a difference of the coordina-
tion modes of the central metal ions, which further influ-
ences the arrangement of the hydrogen-bond acceptor, and
leads to the difference in the final 3D supramolecular archi-
tectures. This result indicates that the host structures as-
sembled are greatly affected by the guests,[>3! and therefore
changing the guest molecule, even only slightly, should lead
to different structural supramolecular complexes con-
structed from covalent or supramolecular contacts, or a
combination of the two.
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Figure 6. The different arrangement of the uncoordinated carb-
oxylate oxygen atoms for 1 (a) and 2 (b)

Conclusion

In conclusion, two new zeolite-like supramolecular cop-
per complexes have been prepared in the presence of amines
at room temperature. Although both complexes possess
one-dimension zigzag chain structures, the different guest
amines result in different three-dimensional supramolecular
architectures. Although guest-dependent supramolecular
structures are known, their construction is still a challenge
to chemists and will be an active field in the future.

Experimental Section

General Remarks: All chemicals were used as purchased without
purification. Thermogravimetric experiments were performed using
a TGA/SDTAS851 instrument (heating rate of 10 °C/min, argon
stream). IR spectra were recorded on a Magna 750 FT-IR spectro-
photometer as KBr pallets. Elementary analyses were carried out
in the elementary analysis group of this institute.

Synthesis of [{Cu(H,0),(HSIPA)}-2H,O-(PIP),,,], (1): NaH,SIPA
(0.034 g, 0.125mmol) was dissolved in 15mL water and
Cu(NO3),'5H,0 (0.06 g, 0.25 mmol) was added with stirring at 60
°C. After stirring for 15 min, a solution of PIP (0.02 g, 0.25 mmol)
in ethanol (5 mL) was added, and 15 min later a blue precipitate
had formed. After filtration, the light-blue solution was allowed to
stand in air at room temperature until blue prism-like crystals were
obtained. Yield: 40%. C;oH;,CuNO;S (485.38): calcd. C 28.51, H
3.83, N 3.33; found C 28.60, H 3.75, N 3.40. IR (KBr): v = 3211
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Figure 7. Schematic representation of the arrangement of the
chains constructed by hydrogen bonding in 1 (a) and 2 (b)

em™! (vs), 3035 (vs), 2829 (s), 1605 (vs), 1556 (vs), 1444 (s), 1362
(vs), 1174 (s), 1043 (vs), 771 (s), 733 (m), 623 (s).

Synthesis of [{Cu(H,0);(HSIPA)}-6H,0-(hmt),], (2): The proced-
ure was the same as that for 1 except that PIP was replaced by hmt.
Yield: 50%. C;1H26CuN,O155S (529.94): caled. C 24.95, H 4.95, N
5.29; found C 24.70, H 5.10, N 5.50. IR (KBr): v = 3440 cm !
(vs), 3120 (vs), 1637 (vs), 1574 (s), 1441 (vs), 1358 (vs), 1259 (s),
1178 (vs), 1109 (s), 1047 (vs), 1024 (s), 976 (m), 775 (s), 725 (vs),
633 (s).

X-ray Crystallographic Study: C,H;sCuNO;S (1), M, = 485.38,
triclinic, P1, a = 7.5666(4), b = 10.4595(3), ¢ = 10.5323(5) A, o =
75.387(2), B = 76.875(2), vy = 87.483(2)°, V = 785.44(6) A3, Z =
2, D, =2.052gcm 3, p(Mo-K,) = 2901 mm~!, 7= 293(2) K, R
[ < 20(l)] = 0.0753, wR = 0.1807 for 2749 independent reflections
with F = 2.0 o(F,).

C1HCuN,O4550S (2), M, = 529.94, monoclinic, C2/m, a =
15.3759(3), b = 18.8359(6), ¢ = 14.1292(2) A, B =90.324(2)°, V =
4092.02(16) A3, Z = 8, D. = 1.720 gem 3, p(Mo-K,) = 1.251
mm~', T = 293(2) K, R [I < 25(])] = 0.0864, wR = 0.1939 for
3711 independent reflections with F = 2.0 o(F,).

The intensity data were collected on a Smart CCD diffractometer
with graphite-monochromated Mo-K, (A = 0.71073 A) radiation at
room temperature in the ®-20 scan mode. An empirical absorption
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correction was applied to the data using the SADABS program.
The structures were solved by direct methods. All non-hydrogen
atoms were refined anisotropically. The hydrogen atoms were gen-
erated in idealized positions. All calculations were performed using
the SHELXTL program. Selected bond lengths and angles for the
two complexes are given in Table 1.

CCDC-189986 (1) and -189987 (2) contain the supplementary crys-
tallographic data for this paper. These data can be obtained free
of charge at www.ccdc.cam.ac.uk/conts/retrieving.html [or from the
Cambridge Crystallographic Data Centre, 12, Union Road, Cam-
bridge CB2 1EZ, UK; Fax: (internat.) +44—1223/336-033; E-mail:
deposit@ccdc.cam.ac.uk].

Table 1. Selected bond lengths [A] and angles [°] for 1 and 2

1lal
Cu(l)—O(1)#1 1.969(5) Cu(2)—0(3) 1.933(5)
Cu(1)—0(1) 1.969(5) Cu(2)—O(3)#2 1.933(5)
Cu(1)—O(8)#1 1.983(5) Cu(2)—0(9) 1.946(7)
Cu(1)—0(8) 1.983(5) Cu(2)—O(9)#2 1.946(7)
O(1)#1—-Cu(1)—0(1) 180.0 0(3)—Cu(2)—03)#2 180.0(3)
O(H#1—-Cu(1)-O®)#1  87.0(2) 0(3)—Cu(2)—0(09) 88.8(2)
O(1)—Cu(1)—O(8)#1 92.9(2) O(3)#2—Cu(2)—0(9) 91.2(2)
O(1)#1—Cu(1)—0(8) 93.0(2) 0(3)—Cu(2)—09)#2 91.2(2)
O(1)—Cu(1)—0O(8) 87.0(2) O(3)#2—Cu(2)—0(9)#2  88.8(2)
O(8)#1—Cu(1)—0O(8) 180.0(3)

2

Cu—0(5) 1.955(5) Cu—0(11) 1.988(6)
Cu—0(1) 1.964(5) Cu—0(10) 2.241(7)
Cu—0(9) 1.975(6)
O(5)—Cu—0(1) 177.9(2) 0O(9)—Cu—0(11) 165.3(3)
O(5)—Cu—0(9) 93.2(3) O(5)—Cu—0(10) 90.0(2)
O(1)=Cu—0(9) 88.8(3) O(1)—Cu—0(10) 89.1(2)
O(5)—Cu—0(11) 87.4(2) 0O(9)—Cu—0(10) 96.0(3)
O(1)—Cu—0(11) 90.8(2) O(11)—Cu—0(10) 98.7(2)

[l Symmetry transformations used to generate equivalent atoms:
#l —x, —y+ 1, —z#2 —x, -y —z— 1;#3 —x, -y + 2, —z.
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