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In Situ Synthesis a Strontium 2D Layered Coordination Polymer with
7H-dibenzo[c,g]carbazole-4,10-disulfonate as Building Block

JIN Yang-Bo ZHAO Hong™
(School of Chemistry and Chemical Engineering, Southeast University, Nanjing 210096)

Abstract: The reaction of 2,2 -diacetamido-1,1" -binaphthalene-5,5-disulfonic acid (H,DCS) with SrCl, -2H,0
yields an unprecedented two-dimensional layered coordination polymer {Sr,[(DCS),(H,0),]-H,0-C,HsOH}, (1) (DCS=
7H-dibenzo [c,g|carbazole-4,10-disulfonate anion) in which 1 contains the in situ synthesized ligand DCS. Also, 1
displays a strong blue fluorescence emission (A, =445 nm) in the solid-state at room temperature. Crystal
data for 1, triclinic, P1, a=1.169 3(2) nm, 6=1.299 1(3) nm, ¢=1.629 2(3) nm, «=97.606(4)°, B=107.691(4)°, y=
114.536(4)°, V=2.0472(7) nm®, Z=2, M=1126.19, D,=1.827 Mg-m™. CCDC: 267611.
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Recently, novel metal-organic coordination poly-
mers |[MOCP] generated through in situ ligand has
received much attention due in part to in situ ligand
preparation not only providing a powerful synthesis
method for organic ligands which are not readily
accessible but also representing a potential new
direction for novel inorganic-organic hybrid network
construction through crystal engineering. Some of in

situ ligand synthesis involves in the following reactions
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under hydrothermal or solvothermal conditions: (a)
simple organic ligand hydrolysis, oxidation, dehydrat-
ion, deamination and dehydrogenation as well as para-
suflonated product in the presence of rare earth ion';
(b) the metal ion assisted synthesis of tetrazoles through
the [2+43] cycloaddition reactions between nitriles with
azide in aqueous solution; (¢) a tetradentate dye mole-
cule, 1,2,4,5-tetra-(4-pyridyl)benzene molecules from

the oxidative coupling between two 4,4’ -trimethylen-
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edipyridine®; (d) Ag*ion assisted synthesis of 1,2,3,4-
tetrakis (4-pyridyl)-cyclobutane through [2+2] cyclisa-
tion reaction between two olefinic molecules™; (e) the
metal ion assisted synthesis of 1,2,4-triazole through
the [24+2+1] cycloaddition reaction between two mole-
cule nitriles and ammonia®; (f) tetrakis(4-pyridyl)cyc-
[2+2]

photodimerization in the presence of Zn** ion'. From

lobutane generated through a stereo-controlled

the above-mentioned examples it has been realized
that metal ion plays an important and key role in the
formation of these complicate coordination polymers
through its catalytic and coordinating role. Recently
during our systematic and continuous investigations on
novel metal-organic coordination polymers produced
through in situ ligand synthesis, it is interesting to
find that the MOCP containing carbazoles ligand, in
principle can be achieved through above-mentioned
method.

As expected, the hydrothermal reaction of 2,2"-
diacetamido-1,1" -binaphthalene-5,5" -disulfonic acid
with SrCl,-2H,0 yields an unprecedented two-dimens-
ional layers coordination polymer {Sr,[(DCS),(H,0),]
H,0 -C,H;OH}, (1) (DCS=7H-dibenzo [c,g]carbazole-4,
10-disulfonate) in which 1 contains the in situ synth-
esized ligand DCS. To the best of our knowledge, 1
represents the first two-dimensional metal coordination
polymer containing disulfonate groups or carbazole
group as building blocks produced by in-situ synthesis
even through there are few reported coordination
polymers containing carbazole group as building
blocks which were synthesized in direct method”, and
architectures assembled from

organic  solid-state

benzene-1,4-disulfonate,  azobenzene-4,4-disulfonate

and biphenyl-4,4-disulfonate building blocks® as well
as some alkaline earth metal ions tetra- and di-
sulfonate supramolecular arrays ©. Herein, we report
the synthesis, solid-state structure and fluorescent

property of 1.
1 Experimental

Synthesis Of {Srz[(DCS)z(HQO)z] * HQO * CszOH}n (1):
Samples of 2,2"-diacetamido-1,1"-binaphthalene-5,5" -
(1 mmol) and SrCl,-2H,0 (1 mmol)

disulfonic acid

were placed in a thick-walled Pyrex tube (ca. 20 cm
long). After addition of 1 mL of 70% EtOH, the tube
was frozen with liquid N,, evacuated under vacuum
and sealed with a torch. The tube was heated at 105
°C for three days to give brown block crystals (only
one phase) in 55% yield based 2,2'-diacetamido-1,1"-
binaphthalene-5,5" -disul-fonic acid. IR (KBr, cm™):
3420(ms), 3 398(ms), 1 528(m), 1 377(w), 1 356(w), 1 316
(w), 1202(br,s), 1 160(s), 1057(s), 971(w), 798(s), 749
(m), 719(s), 618(s), 574(m), 548(m), 489(m), 468(m).
Crystal data for 1: C,H3N,06S,Sr,, Triclinic, Pl,
a=1.169 3(2) nm, =1.299 1(3) nm, ¢=1.629 2(3) nm,
a=97.606 (4)°, B=107.691(4)°, y=114.536 (4)°, V =
2.0472 (7) nm®, Z=2, M=1126.19, D,=1.827 Mg-m™,
Mo Ko radiation (A=0.071073 nm), 7=293 (2) K, u=
2.891 mm™, R,=0.067 3, wR,=0.1352, GOF=0.913.
CCDC: 267611.

2 Results and discussion

Pale yellow block crystals of 1 were obtained by
treating 2,2’ -diacetamido-1,1’ -binaphthalene-5,5" -dis-
ulfonic acid (H,DBDA) with SrCl,-2H,0 under hydro-
thermal reaction conditions. DCS was synthesized in
situ in this case and the Sr** catalytic effect may play
an important role in its formation while the H,DBDA
was prepared from 2-naphthol through four steps as
shown in the Scheme 1. In the IR spectrum of 1, the
presence of the sulfonate group was confirmed by two
strong peaks at 1202 and 1 160 ecm™, respectively;
The absence of a peak at ca. 1 700 cm™ that indicated
there are no NHCOCH; group in DCS and the DCS
ligand were synthesized though the intra-molecular
cycloaddition reactions between two NHCOCH; groups.

The single-crystal structure of complex 1 shows
that there are two crystallographically inde-pendent Sr
which different

coordination environment (Fig.1a). One Sr center (Srl)

atom centers in each has a
binds to eight oxygen donor atoms, seven of which
belong to sulfonate groups from five DCS and the
remaining one to one water molecule. Thus, the
coordination geometry around the Srl atom can be
best described as a slightly distorted square antiprism

(Fig.1b). The other Sr2 coordinates to six oxygen
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Scheme 1 Synthesis of rac-2,2'-diacetamido-1,1"-binaphthalene-5,5'-disulfonic acid
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Scheme 2 Synthesis of {Sry[(DCS),(H,0),]-H,0-C,H;OH}, (1)

Fig.1la Asymmetric unit representation of 1
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atoms of sulfonate groups from six DCS and remaining atoms  (Fig.2), resulting in the formation of a 2D

one to one water molecule. The coordination geometry
around the Sr2 center can be best described as a
slightly distorted hexagonal bipyramidal with two O
atoms (0 (6B), O(20)) in the axial positions and the
plane is defined by O(8A), 0(23), 0(21C), O(1C) and
0(2) (Fig.1c). The dihedral angel of two naphthalene
planes in the DCS ligand is 14.7°, and there are two
crystallographically independent DCS ligands in which
one acts as a pentdentate while the other as a

hexadentate bridging spacer to link nine different Sr

Organic part (TH-dibenzolc, glearbazole) of DCS ligands
is omitted for clarity
Fig.1b  Local coordination geometry around the Srl
center in 1 has a slightly distorted square

antiprism

Organic part of DCS ligands is omitted for clarity

Fig.1¢  Local coordination geometry around the Sr2
center in 1 displays a slightly distorted
hexagonal bipyramidal

layered framework (Fig.3). It is noteworthy that two
adjacent layers are not in a staggered arrangement but
adopt an AA type arrangement (Fig.4). From Fig.4 it
is clearly seen that one ethanol molecule and water
molecule are intercalated between two adjacent layers.
In addition, the sulfonate groups in DCS ligands
display two coordinate modes. One acts as a bidentate
bridging spacer while other is a tridentate linking
spacer probably due to the steric demand on the metal

center.

Sr1A

Sr2A
(b)

Fig.2  Two crystallographically unique DCS ligands in 1
(a) DCS used as a pentadentate linker (b) DCS

acting as a hexadentate spacer

If the organic part of ligand DSC is omitted for
clarity, the remaining chain can be regarded as a
‘ribbon’. Thus, DSC can directly
link the ribbon to give rise to a 2D square-like

unique molecular

framework. The distance between two adjacent ribbons
is about 0.818 1 ~0.819 7 nm. Thus, 1, as we are
aware, repre-sents the first example of coordination
polymer conta-ining disulfonate and carbazole group
as building blocks in strontium chemistry.

Aromatic organic molecules, all organic polymers,
and mixed inorganic-organic hybrid coordination poly-
mers have been investigated for fluorescence properties

and for potential applications as fluorescence-emitted
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Line represents the organic part (7H-dibenzo[c,g]carbazole) of ligand DCS

Fig.3 (a) 2D framework representation of 1 (b) Simplified 2D grid network representation of 1 highlighting

the Srl square antiprism, Sr2 hexagonal bipyramidal and S tetrahedron

Line represents the organic part (7H-dibenzo|c,g]carbazole) of

ligand DCS and the green ball stands for water molecule
Fig.4 Packing arrangement representation of the two
adjacent layers in 1 showing that ethanol
molecules and water molecules are intercalated
between two adjacent layers
materials!"”. Owing to the ability of organic materials
to affect wavelength emission, syntheses of inorganic-
organic coordination polymers by the judicious choice
of organic spacers and metal centers (such as Zn, Cd,
Pb, Ca, B etc.) can be an efficient method to obtain new
types of luminescent materials"'". Of particular interest
is the photoluminescent spectrum of powdered 1, the

solid state fluorescent spectrum of the complexes 1 at

room temperature shows that maximal emission peak
occur in 445 nm, (Fig.5). The results suggest that
those complexes may be good blue-light-emitted
materials. The photoluminescent mechanism may be
considered to be ligand-to-ligand transition that is in
fairly good agreement with coordination polymers

previously reported by our and other groups!™.
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Fig.5 Solid-state fluorescent emission spectrum of

powdered 1 at room temperature (A,=310 nm)

In conclusion, this one-pot in situ ligand syn-
thesis reaction in a supramolecular chemistry system
provides a robust strategy for the construction of
coordination polymers with promising physical pro-

perties.
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