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The compound trans-[PtCI,(NH,C¢H4,CO,H),] has been prepared from the hydrolysis of a platinum
diimine complex, and has been characterised by X-ray crystallography. The crystal structure revealed
that the compound forms a two-dimensional hydrogen-bonded network in the solid state, with pairs of
O-H---O hydrogen bonds between carboxylic acid groups linking the molecules into zigzag tapes,
which are cross-linked into sheets by pairs of N-H---Cl hydrogen bonds.
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INTRODUCTION

Coordination networks, otherwise known as metal-
organic frameworks (MOFs) (Rowsell and Yaghi, 2004;
Kitagawa et al., 2004; Férey, 2008; Robson, 2008) are
currently attracting considerable interest for a wide range
of potential applications (Czaja et al., 2009; Gagnon et
al., 2012). Many robust, highly porous MOFs have been
prepared that may be particularly useful in gas storage
and separations (Rosi et al.,, 2003; Chae et al., 2004;
Bennett et al., 2001). A major challenge in the field is the
introduction of complex functionality (e.g., catalysis,
luminescence, etc.) into MOF assemblies (Hupp and
Poeppelmeier, 2005; Wu et al., 2005, 2004; Kitagawa et
al., 2004). Efforts to introduce more complex functionality
include modification of the ligand structure and forcing
sites of unsaturation or labile solvent coordination at the
metal nodes. Among the most attractive strategies for
introducing new functionality is the wuse of
“‘metalloligands”™~ metal complexes that contain ligands
that have uncoordinated donor sites that can themselves
act as ligands in MOF synthesis. This strategy has
enabled the preparation of bimetallic MOFs, in which
different metal centres may have different structural
and/or functional roles (Noro et al., 2002; Kitaura et al.,

2004; Vreshch et al., 2004; Chen et al., 2004; Halper et
al., 2006; Burrows et al., 2007, 2008; Zhang et al., 2008;
Garibay et al.,, 2009). We were interested in preparing
bimetallic MOFs by adopting a “two-step self-assembly”
approach, where a metalloligand is synthesized in the
first step as a framework linker, and then in the second
step, the metalloligand is added to another metal ion,
which acts as a node in the framework. By using the
platinum diimine complex 1 (Buffin and Kundu, 2003), as
a metalloligand in MOF construction, we were able to
isolate crystals of trans-[PtCl,(NH,CsH;CO,H)2],, which
had formed as a decomposition product of 1. Here we
report the characterization of this new platinum(ll)
complex, which has a two-dimensional hydrogen bonded
network in the solid state.

EXPERIMENTAL

Platinum(ll) chloride (0.027 g, 0.1 mmol) and 4-aminobenzoic acid
(0.027 g, 0.2 mmol) were added to water (2.7 cm®) and THF (4 cm®)
in a pressure tube, and the mixture was heated at 95°C for 5 days.
On cooling to room temperature, crystals of 2 suitable for single
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Table 1. Crystal data and structure refinement for trans-[PtCly(NH2CsH4CO2H);] 2.
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Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions
a=

b=

c=

a=

B =

y=

Volume

z

Density (calculated)

u
F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 27.42°
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>20(l)]

R indices (all data)

Largest diff. peak and hole

ClaHls Clz N2 O4 Pt
540.26

173(2) K

0.71073 A

Triclinic

P-1

4.9020(1) A
5.7840(2) A
13.5710(4) A
87.0040(1)°
88.1620(1)°
89.553(2)°

384.050(19) A3
1

2.336 mg/m3

9.503 mm-1
256

0.37 x 0.37 x 0.05 mm3

3.01to 27.42°.

-6<=h<=6, -7<=k<=7, -17<=Ik=17
5396

1747 [R(int) = 0.0765]

99.0 %

Full-matrix least-squares on F2
174770/ 109

1.033

R1 =0.0584, wR2 = 0.1514
R1 =0.0583, wR2 = 0.1514

5.885 and -3.954 e.A-3

1547

crystal X-ray analysis were obtained. *H NMR (DMSO-ds) 5 7.82 (d
4H), 7.28 (d 4H), 3.48 (br 2H), *C NMR (DMSO-ds) & 167.82,
153.43, 131.55, 117.28, 112.94. Found: C, 30.2; H, 2.19; N, 5.36%.
C14H15N204,5PtC|2 (205H20) requires C, 306, H, 2.75; N, 5.10%.

NMR
The *H NMR and *C NMR spectra of the complex were recorded

with a Bruker Advance 300 instrument using de-DMSO solutions
and TMS as internal standard.

Elemental analysis
The C, N and H content of the compounds were determined using a

CE-440 Elemental Analyser by Alan Carver at the University of
Bath.

Structural analysis

The structural data were collected on a Nonius KappaCCD

diffractometer. Details of the X-ray crystallographic analysis are
given in Table 1. Fractional coordinates for the refined atoms and
equivalent isotropic thermal parameters are presented in Table 2.
The crystal structure was solved using SHELXS-97 and refined
using SHELXL-97.

RESULTS AND DISCUSSION

While investigating the use of the platinum diimine
complex 1 (Buffin and Kundu, 2003) as a metalloligand in
MOF construction, we were able to isolate crystals of
trans-[PtCl,(NH,CsH,CO,H-4),] 2, which had formed as a
decomposition product of 1 (Scheme 1). Following
identification of 2, it was found possible to produce this
compound via a more rational approach by reacting
platinum(ll) chloride with 4-aminobenzoic acid in a
mixture of water and THF. Crystals of 2 were analysed by
single crystal X-ray crystallography.

The asymmetric unit of 2 consists of half a platinum



1548 Int. J. Phys. Sci.

Table 2. Atomic coordinates (x 104) and equivalent isotropic displacement parameters for (Azx 103) for

trans-[PtCIz(N HzCeH4COzH)2] 2.

Parameter X z U(eq)
Pt(1) 10000 10000 0 11(1)
N(3) 11248(19) 7842(16) 1162(9) 19(2)
0(4) 2465(19) 7160(17) 4770(7) 24(2)
O(5) 1603(19) 3909(17) 4003(7) 24(2)
C(6) 6610(20) 8390(20) 3355(9) 20(2)
c(7) 8620(20) 8900(20) 2638(9) 18(2)
C(8) 7770(20) 5271(19) 1896(8) 16(2)
C(9) 9220(20) 7332(18) 1920(8) 14(2)
C(10) 2910(20) 5750(20) 4088(8) 15(2)
c(11) 5710(20) 4780(20) 2597(9) 18(2)
C(12) 5130(20) 6337(19) 3343(8) 15(2)
CI(1) 13162(5) 12603(4) 460(2) 15(1)

U(eq) is defined as one third of the trace of the orthogonalized Ul tensor

\/\
/\/

1

Scheme 1. Formation of 2 from the decomposition of 1.
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Figure 1. Molecular structure of trans-[PtCly(NH,CsHsCO2H),] 2.

atom, a coordinated chloride ion and a 4-aminobenzoic
acid molecule that is coordinated to the platinum centre
through the nitrogen atom. The partial-occupancy
platinum atom resides on an inversion centre, which
serves to generate the remainder of the molecule. The
molecular structure of 2 is shown in Figure 1. The

structural analysis revealed that the platinum centre has
the expected distorted square planar geometry (Table 3),
with cis angles of 87.4(3) and 92.6(3)°. The Pt—-N and Pt—
Cl bond distances (2.057(10) and 2.293(2) A
respectively) lie within the expected ranges (Orpen et al.,
1989). The only previous structurally characterised
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Table 3. Selected bond lengths (A) and angles (°) for 2.

Pt(1)-N(3)
Pt(1)-Cl(1)
O(4)-C(10)
0(5)-C(10)
N(3)-C(9)
N(3)-Pt(1)-Cl(1)
N(3)-Pt(1)-CI(1)
C(9)-N(3)—Pt(1)

2.057(10)
2.293(2)
1.275(15)
1.263(15)
1.435(14)
87.4(3)
92.6(3)
115.4(6)

Primed atoms generated by the symmetry operation —x + 2, —y +

2,—Z.

Figure 2. Zigzag hydrogen-bonded tapes in the supramolecular structure of trans-[PtCl2(NH2CsH4CO2H)2] 2.

Figure 3. Hydrogen-bonded sheets present in the supramolecular structure of trans-

[PtCly(NH2CeH4CO2H),] 2.

example of a dichlorobis(phenylamine)platinum complex
contains 2-(3-aminophenyl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (Vogels et al., 1999), and this has a very
similar coordination geometry, with identical bond lengths
and angles [Pt—Cl 2.290 A, Pt-N 2.053 A, N-Pt—Cl 88.1,
91.9°].

Each carboxylic acid group in 2 forms a hydrogen
bonded dimer with the equivalent group on a
neighbouring molecule with the parameters O(4)---O(5)
2.612 A, H(4)---O(5) 1.78 A, O(4)-H(4)---O(5) 170° [O(5)
generated by the symmetry operation —x, =y + 1, —z + 1].
The carboxylic acid dimer, described by the graph set

R%(8) (Bernstein et al., 1995), is a common motif in
crystal engineering, where there is an absence of

competing donors and acceptors (Allen et al., 1999; Ayi
et al., 2001; Burrows, 2004), and in the case of 2, these
hydrogen bonds link the molecules into zigzag tapes, as
shown in Figure 2. The zigzag nature of the tapes arises
from the platinum coordination plane and the
aminobenzoic acid ligand being non-coplanar, as
evidenced by 107° angle between the mean plane
containing Pt(1), CI(1) and N(3), and that containing N(3),
C(6)-C(12), O(4) and O(5).

Additional hydrogen bonds between the coordinated
amine groups and one of the chloride ligands link the
chains into a two-dimensional network, shown in Figure
3. The N- H -Cl hydrogen bonds occur pairwise,
generating R%(8) rings with the hydrogen bonding
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parameters N(3)---Cl(1) 3.339 A, H(3A)---CI(1) 2.43 A,
N(3)-H(3A)---CI(1) 172° |[CI(1) generated by the
symmetry operation x, y — 1, z]. These parameters are
within the expected range for N—H---Cl interactions when
the chloride is coordinated to a metal (Brammer, 2003;
Brammer et al., 2001). There are no significant
interactions between the sheets, and neither the amino
hydrogen atom H(3B) nor the chlorine atom CI(2) is
involved in hydrogen bond formation.

In  conclusion, a new platinum(ll) complex of
aminobenzoic acid, trans-[PtCly(NH,CsH,CO,H-4),] 2,
has been prepared under mild hydrothermal conditions
and structurally characterized. A study of 2 as a
metalloligand in the formation of mixed-metal MOFs is
currently underway.
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