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A treatment of MCl: (M = Zn, Ni, Co, Mg) with the
indicator chrome pure blue BX (Nazc b) yielded new
c,(\)/lordlnatlon polymerf {[M(HzO)e][M(Cpb)z(HzO)(z])§H20)9}n

[Mg(HzO)e][Mg(Cpb)z(HzO)z] (H20)e}n  (4). These
compounds, which are crystallographically isostructural, show
helical 1D nano-tube structures.

Coordination polymers bearing organic bridging ligands
with large conjugating system have attracted intense attention
to prepare coordination materials with new network motifs
and various properties based on the ligands.*® For example,
numerous coordination polymers have been prepared by using
organic bridging ligands with porphyrin component.?
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Scheme 1. Hpmc framework (left) and structure of cpb (right)
with numbering scheme used in this paper for structural
description.

4-[(4-Hydroxyphenyl)(phenyl)methylene]-2,5-
cyclohexadien-1-one (hpmc) (Scheme 1) is one of the well-
known organic frameworks with large conjugating system.®
Their frameworks are observed in many compounds such as
dyes,* pH indicators,® and organic devices.® Although
coordination polymers which incorporate the hpmc
component is promising to prepare the coordination polymers
with new properties, the synthetic studies have not been
explored well to date.

Dicarboxylate compounds such as terephthalate are
useful for bridging ligands to prepare coordination polymers.”
For compounds with hpmc framework, some of them have
two carboxylate groups, which would be useful as a bridging
ligand to prepare new coordination polymers. For example, 5-
[(3-carboxy-5-methyl-4-ox0-2,5-cyclohexadien-1-
ylidene)(2,6-dichlorophenyl)methyl]-2-hydroxy-3-
methylbenzoate (cpb; Scheme 1), whose sodium salt is known
as pH indicator chrome pure blue BX, has two carboxylate

groups that bind to metal ions. We have selected the cpb as a
bridging ligand for the synthesis of new coordination
polymers in this work, and have successfully obtained
coordination polymers with unique nano-tube frameworks.
Here, we report the syntheses and the unique structures of the
coordination polymers {[M(H20)s][M(cpb)2(H20).]-(H20)o}n
(M = Zn (2), Ni (2), Co (@3) and
{[Mg(H20)6][Mg(cpb)2(H20)2]-(H20)}n (4)). To the best of
our knowledge, this is the first example of coordination
polymers that incorporate the hpmc units in the framework.

Compound 1 was isolated as orange-plate crystals from
reaction mixture of Nazxcpb (25 mg, 0.050 mmol) and ZnCl.
(6.8 mg, 0.050 mmol) in 30 mL of H2O/EtOH (2/1; viv)
within one week. Compound 2-4 were also isolated as orange-
plate crystals by similar procedure for preparation of 1
(summarized in SlI). Their orange colors, which are not
dependent on the kinds of metal ions, are due to the cpb
component (vide infra). Since 1-4 were crystallographically
isostructural, crystal structure of 1 is described here for
structural descriptions of the compounds prepared in this
work

Figure. 1 Thermal ellipsoids of coordination environments
around the Zn" centers of 1 at 30% probabilities. Disordered
water molecules, which bind to the Zn(2) atom, and hydrogen
atoms except for H(1) are omitted for clarity. Color code: blue,
zinc; red, oxygen; green, chlorine; pink, hydrogen; black,
carbon. Symmetry operation * 1/2 — X, 1/2-Y, +Z. The planes
A, B, and C are shown in the capital letters, and the plane D is
exhibited by the blue colored triangle.

Figure 1 shows the two cationic units [Zn"(H20)s]?* and
an anionic part [Zn"(cpb)2(H20)2]%". As illustrated in Scheme
1, the cpb contains three ring units designated as A, B, and C,



which are connected by the carbon atom C(1). The ring A is
based on a quinone-methide framework having carboxylate
and methyl groups, while the ring B is a phenyl ring bearing
carboxylate, hydroxy, and methyl groups. The ring C is a
phenyl ring with two CI substituents at the o-positions.

The carbon atom C(1) and the three carbon atoms, C(2),
C(10), and C(18), which bind to C(1) atom, are in the same
plane. This Cs plane is defined by the plane D. (Figure 1) The
C(1)—C(2) distance (1.377 (3) A) is significantly shorter than
those of C(1)—C(10) and C(1)—C(18) bonds (1.462 (3) and
1.393 (3) A) because of the double bond character.

The bond distances observed in the ring A of the cpb in 1
reflect the quinone-methide backbone illustrated in the
Scheme 1. The C(3)—C(4) and C(7)—C(9) distances (1.351
(3) A and 1.355 (3) A) are significantly shorter than those of
other four C—C bonds in the 6-membered ring, which range
from 1.434 (3) to 1.462 (3) A (avg. 1.45 A). The C(6)—O(3)
distance (1.252 (3) A) is close to that of the C=0 bond
distance of benzoquinone (about 1.22 A),° and remarkably
shorter than that of the C—O bond generally observed in the
phenol (about 1.36 A).2°

In the ring B, the C—C bond distances of the 6-
membered ring range from 1.374 (3) to 1.408 (3) A (avg.
1.396 A), which are general for the C—C distances observed
in the delocallized phenyl rings. The C(14)—O(6) distance
(1.346 (3) A) is significantly longer than the C(6)—O(3)
distance (1.252 (3) A), and closes to that of C—O distance
observed in the phenol (about 1.36 A)°. The C—C bond
distances in the 6-membered ring of the ring C, which range
from 1.367(5) to 1.397(3) A (avg. 1.383 A), are also general
as a delocallized phenyl ring. The hydrogen atom H(1) of the
hydroxy group bound in the ring B forms a hydrogen bond
Witf'l&the carboxylate oxygen atom O(4) (O(4)---O(6) = 2.511
@) A).

The rings A and B have coordination sites, which are
carboxylate and carbonyl groups for the ring A, and
carboxylate and hydroxy groups for the ring B. In the anionic
part, the two cpb bind to the Zn" center (Zn(1)) at the
carboxylate oxygen atom (O(1)) and the carbonyl oxygen
atom (O(3)) in the equatorial plane as shown in Figure 1.
Coordinations of the two water molecules, O(7) and O(8), in
the axial sites provide the octahedral geometry around the
Zn(1) center. The Zn(1)—O(7) and Zn(1)—O(8) distances
(2.148 (3) and 2.118(4) A) are slightly longer than those of
Zn(1)—O0(1) and Zn(1)—O(3) distances (2.0058 (17) and
2.0883 (16) A). There is a crystallographic C2 axis through
the O(7)—2Zn(1)—0O(8) bond.

The four water molecules (O(9)-O(12)) that bind to the
zinc atom Zn(2) in the [Zn"(H20)6]** unit are disordered at the
two positions by the C2 axis which runs through the Zn(2)
atom and in the O4 plane defined by the O(9)-O(12) atoms
(Figure Sla in Supporting Information (SI)). Their four
disordered oxygen atoms were refined as 50%. The
carboxylate and hydroxy groups bound in the ring B do not
coordinate to the Zn" center, but form hydrogen bonds with
the water molecules of the cationic unit (O(4)---O(13) = 2.694
(3) A, 0(5)---0(9) = 2.615 (5) A) as shown in Figure 1.
Hydrogen bonding interactions formed by the disordered
water molecules are shown in Figure S1b in SI.

Figure. 2 Perspective view of the helical tube of 1 along the b
axis (a) and the helical structure as viewed along the c axis (b).
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Figure. 3 View of the stacking aspects of the right- and left-
handed helical tubs which are distinguished by different color
ribbons for 1 (a) with illustrations of the R-formed and S-
formed structures of the cpb incorporated in the framework.
Perspective view of the hydrogen bonding interactions which
connect the [Zn"(H20)s]** units with the anionic part in the
adjacent tube framework (b). Hydrogen atoms are omitted for
clarity. Zn(1) and Zn(2) are colored by blue and purple in (b).
Color code: blue and purple, zinc; red, oxygen; green, chlorine;
black, carbon. Symmetry operation ‘ 1/2 - X, Y, 12+ Z,” X,
12-Y, 1/2+Z.

The hydrogen bonding connections of the anionic units
[Zn"(cpb)2(H20)2]*" and the cationic units [Zn"(H20)s]?** yield
the unique helical framework, which runs along the b axis, as
exhibited in Figure 2. It shows the compressed tube structure
with a size of about 12 A and 8 A in width and height (Figure
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2a), and shows about 10 A repetition (Figure 2b). The channel
size created in the helical tube is about 3 x 3 A2 which are
filled with remarkably disordered water molecules (Figure S2
in SI), which were solved at 50% or 25% occupancies.

The cpb shows the two deviated structures in 1. The ring
A and B bend up or down from the plane D like scissors as
exhibited in Figure 3a. The C(6) and C(14) atoms are located
about 0.291 (2) A above (or below) and 0.019(3) A below (or
above) the plane D. The plane-plane angles defined by the
plane D and the each ring (A, B, or C) are 14.26 (5)°, 36.5 (6)°,
and 95.91 (7)°, respectively (Figure 1).

The right-handed and left-handed helical frameworks are
involved in the crystal structure. Since the rings A and B are
not coplanar in the helical framework, the cpb ligand has the
chiral structure in 1. The only S-formed cpb is involved in the
right-handed framework, while only R-formed cpb is involved
in the left-handed chiral framework (Figure 3a). The helical
frameworks with opposite helicities stack alternately along the
c axis (Figure 3a).

As a screw stacks on another screw, it would fit
sterically well when the directions of the coil of their screws
have the same directions because their gears would bite well.
It is noteworthy that the helical chains with opposite coiled
directions stack alternately in 1. The tube frameworks which
stack along the c axis are connected by hydrogen bonds
between the water molecules in the cationic [Zn"(H20)s]?*
unit and the oxygen atoms of the carboxylate group in the ring
A (Figure 3b) (O(1)---O(11*) = 2.618 (6) A, O(2)---0(13*) =
2.787 (3) A). As aresult, 1 has a helical nano-tube assembled
2D structure, which expands in the bc plane.

As mentioned above, all compounds 1-4 show intense
orange colors due to the n-m transition of the cpb. The
indicator Nazxcpb shows intense z-7 transition at 430 nm (& =
5.1 x 10° cm*M™?) in a MeOH and at about 500 nm in the
solid state reflectance spectrum (Figure S6). The absorption
spectra in MeOH and the solid state reflectance spectra of
compound 1-4 show intense transitions at around 500 nm
(Figure S6). These spectra are similar to those of Nazcpb,
revealing that the transitions of 1-4 are ascribed to the n-m
transition in the cpb (Figure S6).

Although 1-4 are isostructural, the rigidities of the
crystal structures are not the same. Although fresh samples of
compound 1 and 4 showed PXRD peaks, we couldn’t observe
intense PXRD peaks for compound 2 and 3 in spite of several
attempts by using microcrystalline samples (Figure S7)
because 2 and 3 changed to amorphous quickly under air by
the releases of the guest water molecules. The larger charge-
radius ratio (e/r) for Zn" and Mg" ions compared to those of
Co' and Ni" ions would increase the rigidities of the tube
frameworks for 1 and 4.1

In summary, we have selected cpb, whose sodium salt is
known as a pH indicator chrome pure blue BX, as a bridging
ligand to prepare new coordination polymers. The cpb has a
hmpc unit bearing two dicarboxylate groups that bind to metal
ions. We have successfully prepared four new coordination
compounds 1-4, by treatments of metal source with Nazcpb.
Single crystal X-ray analyses demonstrated that 1-4 are
isostructural, and have unique helical tube frameworks. These
are the fist well characterized coordination polymers
incorporating the hpmc units.
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