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Biphasic solvothermal reaction of Cu(NO3),-6H,O and 2,3,5,6-
tetramethyl-1,4-benzenedicarboxylic acid (H,TBDC) resulted in the
formation of a novel coordination polymer, [Cu(TBDC),),|-H,O
(BPS-1). BPS-1 possesses a 3D framework containing 1D Cu(1)—
COO helical chains. The use of an organic solvent with a high
boiling point and an extension of the reaction time play important
roles in the reduction of Cu(ir) ions to Cu(1) ions and the formation of
BPS-1.

In the past decade, hybrid inorganic—organic materials have received
much attention from chemists due to the fact that these materials may
incorporate functionality from both inorganic and organic compo-
nents."? Compared to other metal-organic frameworks that are
synthesized with conventional methods under bench-top conditions
(20-80 °C, 1 atm),** hybrid inorganic—organic materials are normally
generated under hydro- or solvothermal conditions,® which is an
effective method for preparing rapidly developed metal-organic
frameworks and inorganic zeolites.”'® Hydro- or solvothermal
synthesis can favor condensation of M—OH into M-O-M bonds,
providing multidimensional functional materials.'! Most of the
hydro- or solvothermal syntheses were run in homogeneous solution
and moderate temperature, which can increase the reaction speed and
reduce the reaction time. However, sometimes, insoluble precipitates
or microcrystals can be obtained when a hydro- or solvothermal
synthesis was used to prepare hybrid inorganic—organic materials
based on carboxylate ligands due to the high coordination ability of
the carboxylate to metal ions,”* leading to difficulties in crystal
growth.

Recently, biphasic solvothermal synthesis has been applied to
prepare hybrid inorganic-organic materials based on carboxylate
ligands. Different from the traditional hydro- or solvothermal
synthesis in that the reaction was run in homogeneous solution, for
the biphasic solvothermal synthesis, the reaction was run at the
interface of two immiscible solvents, which can reduce the reaction
speed and favor the growth of single crystals. Cheetham and
coworkers' have prepared copper and nickel coordination polymers
by use of the advantages of biphasic solvothermal synthesis.
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However, from then on, reports on coordination polymers synthe-
sized by biphasic solvothermal synthesis are quite rare, which may
derive from the fact that most of the organic carboxylate ligands are
not soluble in the organic solvents that are immiscible with water.
Recently, we began to apply biphasic solvothermal synthesis to
prepare functional coordination polymers. In this communication,
we report a new coordination polymer, [Cu(TBDC),]- H,O (deno-
ted as BPS-1) (H,TBDC = 2.3,5,6-tetramethyl-1,4-benzenedi-
carboxylic acid), with a 3D framework prepared by biphasic
solvothermal synthesis in nitrobenzene and water solvents.

As is well known, a lot of organic solvents, such as chloroform,
dichloromethane, benzene, nitrobenzene efc., are immiscible with
water. However, most of the carboxylate ligands are not soluble in
these solvents. Recently, we synthesized a new dicarboxylate ligand,
2,3,5,6-tetramethyl-1,4-benzenedicarboxylate (H,TBDC).*
Compared to benzenedicarboxylic acid, the additional four methyl
groups enhance its solubility in organic solvents, such as nitroben-
zene. Thus, the biphasic solvothermal reactionf of H,TBDC in
nitrobenzene and Cu(NOs),-6H,0 in water at 130 °C resulted in the
formation of blue prismatic crystals of BPS-1. As expected, the
crystals were formed at the interface of nitrobenzene and water. The
formula of [Cu(TBDC),,5]- HO was further confirmed by elemental
analysis and TGA.

Single-crystal X-ray diffraction§ reveals that BPS-1 is a 3D coor-
dination polymer. The asymmetric unit of BPS-1 consists of two
halves of Cu(1) ions and a half TBDC ligand. Surprisingly, Cu(t) ions
were reduced to Cu(1) ions during the biphasic solvothermal reaction,
which is quite different from the previous reported results that the
biphasic solvothermal synthesis can effectively avoid the reduction of
the copper by the carboxylic acid."®

Both central copper(i) ions are two-coordinated by two oxygen
atoms from different TBDC ligands (see Fig. 1) in linear geometries
with the average Cu-O distance of 1.8434(5) A, which is significantly
shorter than that found in other Cu(ir) complexes (1.9-2.2 A)." Both

Fig. 1 The coordination environment of the central Cu(1) ions.
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Fig. 2 (a) the 1D Cu(1)-TBDC chain; (b) the arrangement of Cu(1) ions
in the 1D chain; (c) the helical Cu(1)-(COO) chain.

carboxylate groups of TBDC ligands are deprotonated during the
reaction and each adopts a bidentate bridging mode to connect two
Cu(1) ions. As found in our previous reported Zn(TBDC'),
ATBDC?);55,"* the TBDC ligand is nonplanar due to the space
hindrance between the carboxylate groups and the methyl groups,
with the dihedral angle between the carboxylate group and the
benzene ring of 94.2°.

Thus, every Cu(i) ion is connected by two carboxylate groups of
different TBDC ligands and each carboxylate group of the TBDC
ligand bridges two Cu(1) ions to generate a 1D Cu(1)-TBDC chain, as
shown in Fig. 2a. The Cu(1) ions in the chain have a zigzag chain
arrangement (Fig. 2b) with the Cu—Cu distance of 2.816(6) A. Every
three Cu3 units is in a linear arrangement and all the Cu(1) are con-
nected by the carboxylate groups of different TBDC ligands to form
a 1D Cu(1)-(COO) helical chain, as shown in Fig. 2c. The 1D Cu-
carboxylate chains are further connected by the spacer of TBDC in
different directions to give rise to a three-dimensional framework
(Fig. 3). The dimensions of the small channel along the ¢ axis are
3.0 x42A (from atom to atom), in which uncoordinated water
molecules reside. The gas sorption isotherm did not indicate any
appreciable amount of adsorption, presumably due to the limited
pore size.

As mentioned above, each TBDC connects four Cu(1) ions, which
can be considered as a planar four-connected node; each Cu(1) ion is
attached to two TBDC ligands in a linear geometry, which can be
considered as a linear node between two TBDC ligands. On the basis
of the simplification, BPS-1 possesses a CdSO, structure type, as
shown in Fig. 4.

Thermal gravimetric analysis (TGA) of BPS-1 was performed
under a N, atmosphere. The gradual weight loss of 9.1% from 50 to
255 °C corresponds to the loss of one uncoordinated water molecule
(caled: 9.4%), and after 255 °C, BPS-1 starts to decompose.

It has been reported that biphasic solvothermal synthesis can
effectively avoid the reduction of the copper ion by the carboxylic

Fig. 3 Ball-stick (top) and space-filling (bottom) representation of the
3D framework of 3.

iy

Fig. 4 The CdSOQ, structure type of BPS-1.

acid.”® However, in our case, the Cu(ir) ion was reduced to Cu(1) ion
during the biphasic solvothermal reaction, which may result from the
use of nitrobenzene with a higher boiling point and longer reaction
time, during which the Cu(ir) ions were slowly reduced to Cu(l) ions.
In order to prepare MOFs with various structural topologies,
different organic solvents such as cyclohexanol, toluene ezc. were used
in the Cu-TBDC system, however, only some precipitates were
obtained, indicating nitrobenzene with a high boiling point plays an
important role in the reduction of Cu(m) to Cu(r) and formation of the
porous coordination polymer of BPS-1.

In summary, a new Cu(i) coordination polymer (BPS-1) con-
structed from a nonplanar dicarboxylate ligand via biphasic sol-
vothermal reaction, has been synthesized and characterized. BPS-1
possesses a 3D porous framework containing helical Cu(1)-(COO)
chains. Current research indicates that the use of organic solvents
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with a high boiling point and extending the reaction time resulted in
the reduction of Cu(1r) ions to Cu(1) ions in the biphasic solvothermal
synthesis. Further studies will focus on the synthesis of other coor-
dination polymers via biphasic solvothermal synthesis.
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Notes and references

i Preparation of BPS-1: H,TBDC (10 mg, 0.045 mmol) was dissolved in
1 mL nitrobenzene. The resulting solution was placed in the bottom of
a glass tube. Cu(NOj3),-6H,0 (20 mg, 0.085 mmol) was dissolved in 1 mL
H,O0 and carefully layered above the organic solution. The glass tube was
sealed and heated to 130 °C for 5 days. The blue block crystals at the
interface of the two phases were collected by filtration. Yield: 34%. Calc.
for BPS-1: C 37.60, H 4.21%; Found: C 37.89, H 4.09%. IR (KBr, cm™"):
3305(br, vs), 1700(vs), 1650(s), 1500(s), 1254(m), 1018(m), 788(s), 547(m).
§ Crystal data for BPS-1: C¢HgCuO,, monoclinic, space group C2/c, a =
19.183(4), b = 10.025(2), ¢ = 6.6486(15) A, 8 = 105.274(4)°, U =
1233.5(5) A°, T=273 K, Z =8, D. = 1.870 g/lem?, A = 0.71073 A, 3521
reflections measured, 1403 unique which are used in all calculations. R1 =
0.0277 (R1 all data = 0.0360) and wR2 = 0.0696 (wR2 all data = 0.0759).

1 (a) C. T. Kresge, M. E. Leonowicz, W. J. Roth, J. C. Vartuli and
J. S. Beck, Nature, 1992, 359, 710; (b) V. F. Puntes,
K. M. Krishnan and A. P. Alivisatos, Science, 2001, 291, 2115; (c)
A. Imhof and D. J. Pine, Nature, 1997, 389, 948.

2 (a) D.S. Wragg, G. B. Hix and R. E. Morris, J. Am. Chem. Soc., 1998,

120, 6822; (b) M. E. Davis and R. F. Lobo, Chem. Mater., 1992, 4,

756; (¢) M. Seitz, A. Kaiser, S. Stempfhuber, M. Zabel and

O. Reiser, J. Am. Chem. Soc., 2004, 126, 11426; (d) E. V. Anokhina,

M. Vougo-Zanda, X. Q. Wang and A. J. Jacobson, J. Am. Chem.

Soc., 2005, 127, 15000; (e) P. Jain, N. S. Dalal, B. H. Toby,

H. W. Kroto and A. K. Cheetham, J. Am. Chem. Soc., 2008, 130,

10450.

(a) H. Li, M. Eddaoudi, M. O’Keeffe and O. M. Yaghi, Nature, 1999,

402, 276; (b) F. N. Dai, H. Y. He and D. F. Sun, J. Am. Chem. Soc.,

2008, 130, 14064; (¢) C. D. Wu, A. G. Hu, L. Zhang and W. B. Lin, J.

Am. Chem. Soc., 2005, 127, 8940; (d) F. N. Dai, H. Y. He and

D. F. Sun, Inorg. Chem., 2009, 48, 4613.

4 (@) L. Q. Ma and W. B. Lin, Angew. Chem., Int. Ed., 2009, 48, 3637;
(b) E. J. Cussen, J. B. Claridge, M. J. Rosseinsky and C. J. Kepert, J.

w

Am. Chem. Soc., 2002, 124, 9574; (¢) M. L. Wei, C. He, W. J. Hua,
C. Y. Duan, S. H. Li and Q. J. Meng, J. Am. Chem. Soc., 2006,
128, 13318.

5 (a) S. Masaoka, D. Tanaka, Y. Nakanishi and S. Kitagawa, Angew.
Chem., Int. Ed, 2004, 43, 2530; (b) R. Custelcean and
M. G. Gorbunova, J. Am. Chem. Soc., 2005, 127, 16362; (c)
A. E. Phillips, A. L. Goodwin, G. J. Halder, P. D. Southon and
C. J. Kepert, Angew. Chem., Int. Ed., 2008, 47, 1396; (d)
Q. R. Fang, G. S. Zhu, Z. Jin, Y. Y. Ji, J. W. Ye, M. Xue,
H. Yang, Y. Wang and S. L. Qiu, Angew. Chem., Int. Ed., 2007, 46,
6638.

6 (a) X. Y. Huang and J. Li, J. Am. Chem. Soc., 2007, 129, 3157; (b)
X. Y. Huang, J. Li, Y. Zhang and A. Mascarenhas, J. Am. Chem.
Soc., 2003, 125, 7049.

7 (@) Y. B. Zhang, W. X. Zhang, F. Y. Feng, J. P. Zhang and

X. M. Chen, Angew. Chem., Int. Ed., 2009, 48, 5287; (b) Z. G. Guo,

R. Cao, X. Wang, H. F. Li, W. B. Yuan, G. J. Wang, H. H. Wu

and J. Li, J. Am. Chem. Soc., 2009, 131, 6894; (¢) A. J. Lan,

K. H. Li, H. H. Wu, D. H. Olson, T. J. Emge, W. Ki, M. C. Hong

and J. Li, Angew. Chem., Int. Ed., 2009, 48, 2334.

(a) Y. L. Liu, V. Ch, Kravtsov and M. Eddaoudi, Angew. Chem., Int.

Ed., 2008, 47, 8446; (b) J. An, S. J. Geib and N. L. Rosi, J. Am. Chem.

Soc., 2009, 131, 8376; (c) K. Koh, A. G. Wong-Foy and A. J. Matzger,

Angew. Chem., Int. Ed., 2008, 47, 677; (d) D. F. Sun, S. Q. Ma,

Y. X. Ke, D. J. Collins and H. C. Zhou, J. Am. Chem. Soc., 2006,

128, 3896.

9 (@) E. Y. Lee, S. Y.Jang and M. P. Suh, J. Am. Chem. Soc., 2005, 127,
6374; (b) S. C. Xiang, X. T. Wu, J. J. Zhang, R. B. Fu, S. M. Hu and
X. D. Zhang, J. Am. Chem. Soc., 2005, 127, 16352; (¢) J. H. Luo,
H. W. Xu, Y. Liu, Y. S. Zhao, L. L. Daemen, C. Brown,
T. V. Timofeeva, S. Q. Ma and H. C. Zhou, J. Am. Chem. Soc.,
2008, 130, 9626.

10 (@) J. H. Yu and R. R. Xu, Acc. Chem. Res., 2003, 36, 481; (b)
R. H. Jones, J. M. Thomas, R. Xu, Q. Huo, A. K. Cheetham and
A. V. J. Powell, J. Chem. Soc., Chem. Commun., 1991, 1266; (c)
A. M. Chippindale, A. R. Cowley, Q. Huo, R. H. Jones and
A. D. Law, J. Chem. Soc., Dalton Trans., 1997, 2639.

11 C. Livage, C. Egger and G. Ferey, Chem. Mater., 2001, 13, 410.

12 (a) D. F. Sun, R. Cao, Y. C. Liang, Q. Shi, W. P. Suand M. C. Hong,
J. Chem. Soc., Dalton Trans., 2001, 2335; (b) R. Cao, D. F. Sun,
Y. C. Liang, M. C. Hong, K. Tatsumi and Q. Shi, Inorg. Chem.,
2002, 41, 2087.

13 (a) P. M. Forster and A. K. Cheetham, Angew. Chem., Int. Ed., 2002,
41, 457, (b) P. M. Forster, P. M. Thomas and A. K. Cheetham, Chem.
Mater., 2002, 14, 17.

14 (a) P. S. Wang, C. N. Moorefield, M. Panzer and G. R. Newkome,
Chem. Commun., 2005, 465; (b) S. M. -F. Lo, S. S. -Y. Chui, L. -
Y. Shek, Z. Y. Lin, X. X. Zhang, G. H. Wen and 1. D. Williams,
J. Am. Chem. Soc., 2000, 122, 6293; (¢) M. Du, X. J. Jiang and
X. J. Zhao, Chem. Commun., 2005, 5521.

15 H. Y. He, F. N. Dai and D. F. Sun, Dalton Trans., 2009, 763.

[oe]

2020 | CrystEngComm, 2010, 12, 2018-2020

This journal is © The Royal Society of Chemistry 2010


http://dx.doi.org/10.1039/b919342c

	A new Cu(i) coordination polymer with the CdSO4 structure type prepared via biphasic solvothermal reactionElectronic supplementary information (ESI)...



