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A novel 3D metal—organic framework [Cd(m-bptc)(4,4"-bpy)os(H20)4]*
H,O (1; m-Hqbptc = 1,1'-biphenyl-2,3',3,4'-tetracarboxylic acid,
4,4'-bpy = 4,4'-bipyridine) with interweaving of triple- and single-
helical chains has been obtained based on hydro(solvo)thermal
reactions.

The construction of novel coordination polymers is the
current interest in the field of supramolecular chemistry and
crystal engineering stemming from their potential applica-

tions as functional materials? as well as their intriguing
variety of architectures and molecular topolodiesmong

appearance of helical structures in, for example, proteins,
collagens, quartz, single-walled carbon nanotubes, and many
more natural or artificial fiber-type derivativésConse-
quently, many single-, double-, triple-, and higher-order
stranded helical complexes have been generated by self-
assembly processes. Recently, scientists have found that the
DNA double helix can accommodate a third strand in its
major groove under certain contains and the resulting
interweaved triplex DNA could be used to induce genetic
mutationst® At the same time, some topologies with
interlocked or interweaved helices have also been reported
in metak-organic framework$! However, networks with

them, the construction of helical coordination polymers has intérweaving of two kinds of helices that possess the same

aroused a great more deal of attentidrowing to the wide

helix axis are extremely raf@ Recently, we have introduced
a new versatile asymmetrical ligand of “diphenyl-

*To whom correspondence should be addressed. E-mail: mengqj@ 2,3,3,4’-tetracarboxylic acid (m'kbptC; Chart 1) to construct
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novel coordination polymers in view of its following
characteristics: (a) The two phenyl rings are severely twisted
across the €C single bond, and the skew coordination
orientation of the carboxy groups provide the potential of
the formation of a helix. (b) Upon coordination as a bridge,
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Chart 1.  Structure of m-Hbptc

the freedom of the ligand to rotate around the © single
bqnd 1S restralne_d and the_“gand can be IOCk?d I!’] a t_WISted Figure 1. Molecular structure ofl. Selected bond lengths [A]: Ceil
chiral conformation. Herein, we report fascinating inter- 03a2.805(1), Cdt+04A 2.273(3), Cd+05 2.501(3), Cd+07 2.310(4),
weaved helices based on a'Gzbmplex with the versatile ~ Cd1-09 2.298(3), Cd+010 2.234(4), CdtN1 2.320(4), Cd201B
m—H4bptc ligand. To the best of our knowledge, this is the égzg,_zgé 2(_3339?33;'? (:2613;13&31)’2(_:2(16%?3?? 567248(142)'2(.:3(1227(()3(;.0 éﬁg(;)&
first example of a metatorganic framework that has codes: A, 1+ x, —1+Vv, zZ B, x, =1+ Y,z C, %2 — x, =42 +y, Yo —
interweaving of triple- and single-helical chains with the z
same chirality. Moreover, it shows an interesting behavior
in which the single-helical chain is based on-&€d—0—
Cd—0O— chain.
Needle crystals ofl were obtained by the hydrothermal
reaction of Cd(N@),-4H,0O, m-H;bptc, and 4,4bpy in water
in the presence of triethylamine at 12C for 3 days'®
Singlecrystal X-ray analysid revealed thatl has a novel
3D metat-organic framework. In the asymmetrical unit of
1 (Figure 1), there are two crystallographically independent
CdPt ions, one m-bptc ligand, half of 4;:%py molecule, and
four coordinated and two disordered solvated water mol-
ecules. The coordination geometries for the seven-coordinate
Cd1 and Cd2 atoms are all close to those of distorted capped
octahedra with long Cd203 (2.805 A) and Cd205 (2.751
A) bonds (Figures 1 and S1in the Supporting Information).
The Cd1 center coordinates to three carboxylate groups (3
and 4-COO in one m-bptc ligand in monochelating fashion
and 3-COO from a neighboring molecule in bichelating
fashion), one N atom of 4;4py (N1), and two O atoms of
water (09 and 0O10) in cis conformation. In contrast, the
Cd2 center coordinates to four carboxylate groupsC@0O-
in one m-bptc ligand, 2- and 3-COGrom other molecules
in a monochelating fashion, an¢GOOC in a third m-bptc
ligand in a bischelating fashion) and two O atoms of water
(011 and 012) in trans conformation. According to the
m-bptc ligand, the dihedral angle between the two phenyl Figure 2. Left: Triple-helical chains that are marked as sky, rose, and

; ; . B bright green, respectively. Middle: Interweaved triple- and single-helical
rings is 58.8; the 2,4 carboxylate groups aré almost chains. The single-helical chain is marked as purple. Rightd1-0O5—

perpendicular to the plane of correspondingly linked phenyl cd2-03- single-helical chain. Blue and red represent Cd and O atoms,
rings with dihedral angles of 92.@&nd 84.0, respectively. respectively.

The first feature ofl is its triple-helical topology. The Cd  of the 3-carboxylate group in another m-bptc ligand from
octahedra are linked into an extended chain via 3- dnd 4 the neighboring helical chain (Figures 2 and 3 and the
carboxylate groups of one m-bptc ligand and the O5 atom Supporting Information). Each helical chainintherefore,
results from metatligand interactions and can be described
(13) Synthesis of the compound: A mixture of mHgtc (0.1 mmol), 4,4 as (—Cd1—05—Cd2—bptc-),. The separation between the

bpy (0.05 mmol), and Cd(N§-4H,0 (0.2 mmol) in 8 mL of water di hai in th ivle-helical chai is th
was heated at 128C for 3 days in a Teflon-lined 23-mL bomb, and ~ @djacent chains in the triple-helical chains is the same as
Lvhizte88ryN5t61|89\éve£e Obéairéedal(syigdm;"gg- /N\nezll.o falllgd(:Kg,/%"O?; the length of theb axis (10.801 A). The pitch of the helical

, 2.80; N, 1.95. Found: C, 35.15; H, 2.68; N, 2.01. r/pellet, : : g .
cm-d): 3300 (vs), 2360 (vs), 1600 (v$), 1546 (vs), 1452 (ms), 1402 chgm running along thb axis is 3 times the length of the
(vs), 1368 (ms), 1216 (w), 1098 (w), 1062 (w), 935 (w), 846 (m), axis.

816 (ms), 768 (ms), 631 (ms), 575 (W), 475 (w), 441(w). i i i i i ;
(14) Crystal data were measured a8 folowsiGoCebNG1s My — 719.18, ) ,IA more m_terestmg feature dfis the existence of a single

white crystal ?.4>< 0.2 x 0.2 mm), monoclinic, space grolg2y/n, elical chain that is made up ofCd2-05-Cd1-03—

a=8.094(2) Ab = 10.801(3) Ac = 28.324(7) A3 = 94.804(5), repeat units and interweaves with triple-helical chains across

V = 2467.6(10) B, Z = 4, T = 293(2) K, pcaica = 1.936 LS : : :
F(000) = 14(12’1{ = 1702 mmt. RL ((vaRz)po.'oiso (0_073%)?”;@ Cd2-05-Cd1 (Figures 2 and S2 in the Supporting Informa-

= 1.034 for 3491 reflections witF, > 20(F,). CCDC 291361. tion). Among helical coordination polymers;-anetal-O—
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Figure 3. Section of one chiral layer showing coordination interactions
between helical bundles. Bonds of the single-helical chain are marked as
purple, while atoms and bonds in triple-helical chains are all presented as
yellow.

metal- helix is extremely raré® In 1, the arrangements of
the triple-helical chains provided an opportunity to form the
single-helical chain, which, in turn, should play an important S )

role in the stabiity of rple-helical chains. The pitch of the F4re %, 37 famenor of showno s i avers and nicoporee,
single-helical chain running along the axis is the same helical chains are marked as purple. Blue sticks represerigydnolecules.
length as theb axis. More wonderfully, the single-helical ~R. L = triple helices. Subscripted R, ¥ single-helical chains.

chain has the same chirality as the triple-helical chain. In _ _

fact, the limited examples that have interweaving of two analysis. Water molecules were removed by hedtiag150
kinds of helical ribbons with the same helix axis have °C for 2 h. Powder XRD patterns of as-synthesiZednd
opposite orientations. dehydrated samples show only minor changes (Figure S5 in

It should be noted that all helices have the same handnesghe Supporting Information), which indicates that the porous
in the same layer. As shown in Figure 3, these helical chainsframework can still stably exist even when water molecules
are united together through the m-bptc ligands in one layer. &€ lost.

Each m-odta in one helica chain provides O6 of th€B0" Excitation of solid samples at = 360 nm produces
group and O7 of the’4COO™ group to coordinate to Cd2 luminescence peaks with a maximum at 406 nmilf(figure

and Cd1 ions in adjacent chain, respectively, besides the O556a in the Supporting Information). The emission band might
atom of the 3COO™ group directly participating in the  be attributed to the intraligand emission from m-bptc (392
formation of an adjacent helix. Homochiral helix assembly Nm; Figure S6b in the Supporting Information).

in two dimensions irl is accomplished by the m-bptc ligand ~ In summary, a new flexible ligand of m4Hptc having
itself. This can be interpreted by the configuration of this the potential to form a helix has been introduced to construct
ligand, in which two phenyl rings are united together by the helical coordinational polymers. In this paper, we present
C—C single bond. Upon coordination as a bridge, the ligand an unprecedented architecture: a 3D microporous coordina-
can be locked into a twisted chiral conformation, and the tion network having chiral layers constructured from inter-
homochiral information can effectively transfer through this weaving homoaxis triple- and single-helical chains. XRD
versatile ligand. analyses show that the framework is stable subject to loss

Another feature ofl is that these 2D chiral layers with  of both guest and coordination water molecules. More efforts
opposite chirality can be supported by the second rigid Will focus on the construction of novel coordination polymers
pillaring spacer (4,4bpy) to give a 3D centric framework by reacting this ligand and its isomeric analogue with other
having small channels (7.8% of the cell volume calculated metal ions.
by PLATON?) to host the guest water (Figures 4 and S3 in
the Supporting Information).

The existence of the guest molecules in the porous
framework inspired us to investigate the thermal stability of
the framework. Thermal gravimetric analysis (TGA) for
crystal samplel was performed from 25 to 800C. The
weight loss of 12.22% in the range of 2850 °C corre-
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