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Two 3D Pillar-Layered Homochiral Coordination Complexes:
Syntheses, Structures and Properties

XU Zhong-Xuan® BAI Xue-Lei MENG Qin
(School of Chemistry and Chemical Engineering, Zunyi Normal College, Zunyi, Guizhou 563002, China)

Abstract: Two homochiral coordination polymers [Cd;((R)-CIA),(bipy),s(H,0),] -xGuest (1) and [Zn;((R)-CIA)(bmib),
(H,0),Cl]- Hy0 - xGuest (2) ((R)-H;CIA=(R)-5-

bis(2-methyl-1H-imidazol-1-yl)benzene) were obtained under solvothermal reaction conditions. X-ray single crystal

(1-carboxyethoxy) isophthalic acid, bipy=4,4"-bipyridine, bmib=1,4-

structure analysis reveals that complexes 1 and 2 are all 3D pillar-layered frameworks. From the viewpoint of
(3,3,3,6,6)-connected net with a point symbol of (4.59),(4.8%),(4%.6%8.
10%)(42.6°.8°.9%(5.8.9),, while complex 2 is a (3,4,4)-connected net with a point symbol of (6:7%), (6+7°), (6*-7%.
Moreover, thermal stabilities, CD spectra and luminescent properties of these new complexes have been studied.

CCDC: 1920451, 1; 1920452, 2.

structural topology, complex 1 possesses a

Keywords: homochiral; lactic acid derivative; pillar-layered framework; topology

Chirality as a basic feature of nature plays an
important role in living system and artificial mater-
ials!"?.

polymers (HCPs) is rapidly expanding not only due to

Current research on homochiral coordination

their intriguing architectures but also for their
potential applications in enantioselective separation,

chiral catalysis and so on**. Some synthetic strategies,
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including spontaneous resolution, asymmetric induction
and use of chiral ligands, have been developed to
construct HCPs'®®.  Among them, the most effective
method to build HCPs is to select an enantiopure
compound as ligand to assemble with metal ions.
Therefore, choice of chiral ligands is a key factor to

obtain HCPs*'9,
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As a semirigid chiral ligand, (R)-5-(1-carboxye-
thoxy)isophthalic acid ((R)-H;CIA)
successfully synthesized from natural lactic acid and

dimethyl 5-hydroxyisophthalate (Scheme 1a)". Con-

(Scheme 1) was

taining chiral lactate unit and rigid isophthalic acid
unit, the (R)-H;CIA has the following two advantages:
(a) rigid carboxylate groups of isophthalic acid unit
can efficiently construct interesting various structures;
(b) the enantiopure lactate unit supplies the chiral
source for construction of HCPs. Until now, (R)-H;CIA
has been used in the fabrication of related HCPs!".
Moreover, to enhance the structural dimension and
stability of HCPs, using nitrogenous compounds as

auxiliary linkers is also a feasible method™,

HO,C 7 N\ _/
2 \‘/ .................. . lactate unit NQ_QN

Q. .
I bipy
isophthalic /L >§
Tacidunit N7 N N L
HO,C COH \—/ N
(R)-H,CIA bmib

(a) (b)
Scheme 1 Structures of the lactate derivative linker (a)

and auxiliary N-donor ligands (b)

In order to further obtain characteristic HCPs of
lactic acid, auxiliary bipy and bmib ligands were
selected to assist (R)-H;CIA to build HCPs (Scheme 1).
Herein, two 3D HCPs, namely, [Cd;((R)-CIA),(bipy)as
(H,0),] - xGuest (1) and [Zn;((R)-CIA)(bmib),(H,0),Cl] -
H,0 -xGuest (2) (bipy=4,4"-bipyridine, bmib=1,4-bis(2
-methyl-1H-imidazol-1-yl)benzene), were successfully
synthesized under solvothermal conditions. In this work,
we report their syntheses, crystal structures, thermal

stabilities, CD spectra and luminescent properties.
1 Experimental

1.1 Materials and methods

All chemical reagents and solvents were commer-
cially purchased and used without further purification
except for (R)-H;CIA, which was synthesized accord-
ing to the documented procedures!". Elemental analysis
was performed on a Perkin-Elmer 240C elemental
analyzer. IR spectra were recorded as KBr pellets on
a FTIR-650 FT-IR spectrometer from 400 to 4 000

em™. The powder X-ray diffraction (PXRD) analysis

was performed on a Rigaku Dmax2500 diffractometer
(Voltage: 40 kV, Current: 40 mA) with Cu Ka radiation
(A=0.154 056 nm) in a range of 5.00°~50.00°. Solid-
state photoluminescence spectra were performed on a
Hitachi FL-4500 fluorescence spectrophotometer.
Solid CD spectra were measured on a MOS-450

spectropolarimeter.
1.2 Synthesis of [Cd;((R)-CIA),(bipy).s(H,O),]-
xGuest (1)

A mixture of Cd(NO;),-4H,0 (62 mg, 0.2 mmol),
bipy (31 mg, 0.2 mmol), (R)-H;CIA (25 mg, 0.1 mmol)
and pyrazine (80 mg, 1 mmol) was dissolved in 5 mL
N,N-diethyl formamide (DEF)/methanol/H,O (2:1:2, V/
V). Then the solution was sealed in a 23 mL Teflon-
lined stainless steel autoclave and heated under
autogenous pressure at 100 °C for three days. The
colorless crystals were collected, washed with ethanol
and dried in the air. Yield: 40% (based on (R)-
H;CIA). Anal. Caled. for CyH3,CdsNsO(%): C, 44.73;
H, 2.72; N, 5.58. Found(%): C, 42.24; H, 2.42; N, 5.04.
IR (KBr, cm™): 3 403(m), 1 603(s), 1 559(s), 1 417(m),
1367(m), 1 448(m), 1 250(w), 1 219(w), 804(w), 631(w).
1.3 Synthesis of [Zn;((R)-CIA)(bmib),(H,0),Cl]-

H,O-xGuest (2)

A mixture of ZnCl, (27 mg, 0.2 mmol), bmib (48
(R)-H;CIA (25 mg, 0.1 mmol) and
pyrazine (80 mg, 1 mmol) was dissolved in 4 ml. N,N-
dimethyl acetamide (DMA)/H,O (1:1, V/V). Then the

solution was sealed in a 23 mL Teflon-lined stainless

mg, 0.2 mmol),

steel autoclave and heated under autogenous pressure
at 120 °C for three days. The colorless crystals were
collected, washed with ethanol and dried in the air.
Yield: 30% (based on (R)-H;CIA). Anal. Caled. for
CyH3CINgO750Zn, (%): C, 51.88; H, 4.02; N, 12.41.
Found(%): C, 48.72; H, 3.64; N, 10.96. IR (KBr, cm™):
3453(m), 3 137(w), 1 621(m), 1 584(m), 1 516(s), 1 411
(s), 1 300(m), 1 151(m), 1 108(m), 1 008(m), 841(m),
737(m), 669(m), 563(w), 5S07(w).
1.4 Crystal structural determination

The data of 1 and 2 were collected on a Rigaku
four-circle 003 CCD diffractometer using graphite
monochromated Mo Ka radiation (A=0.071 073 nm) at

room temperature. The integration and reduction of
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data were performed with Rigaku OD 2015 software.
Empirical absorption corrections were applied by
using spherical harmonics, implemented in SCALE3
ABSPACK
complexes were solved by the direct methods in
Olex2-1.2 using SHELXS-2017 and refined on F? by
full-matrix least-squares using the SHELXL-2017

[14-15]

scaling algorithm. The structures of

program package All the hydrogen atoms were
placed on their calculated positions and treated as
riding atoms with default parameters. Some disordered
guest molecules in frameworks could not be identified

by X-ray single crystal structure analysis. Further-

more, because complexes 1 and 2 were synthesized in
mixed solvents, the disordered guest molecules also
could not be decided by TGA and elemental analysis.
For these reasons, the disordered guest molecules had
to be subtracted from the reflection data through the
SQUEEZE method and further discussions were not
performed™.  Crystallographic data and experimental
details for structural analysis are summarized in Table
1, and selected bond lengths and angles of complexes

1~2 are summarized in Table 2.

CCDC: 1920451, 1; 1920452, 2.

Table 1 Crystal data and structure refinement details for complexes 1 and 2

Complex 2
Formula CyH3Cd3NsO56 C3H3CINgO75Zn,
Formula weight 1261.99 902.95
Crystal system Monoclinic Orthorhombic
Space group P2 P2,.2,2
a/nm 1.030 42(4) 3.437 13(14)
b/ nm 1.173 80(4) 1.598 41(7)
¢/ nm 2411 63(11) 0.756 69(3)
B/ 98.101(4)

V / nm? 2.887 8(2) 4.157 2(3)
A 2 2

D./ (g-em™) 1.451 1.443
Absorption coefficient / mm™ 1.158 1.277
F(000) 1246 1852

0 range / (°) 4.035 0~30.309 0 3.918 0~30.523 0
GOF 1.000 0.973

R [I>20(D)] 0.028 9 0.042 5
wRy (F?) [I>20(1)] 0.067 0 0.091 4
Final R, value (all data) 0.032 9 0.067 6
Final wR (F?) value (all data) 0.068 1 0.097 3
Flack parameter 0.006(11) -0.006(5)

‘Ri=ZNEJ-IFNZIF); " wR=[ X w(F=F)Y X w(F)1"™

Table 2 Selected bond length (nm) and angles (°) for 1 and 2

1

Cd(1)-0(5)#1 0.232 0(3) Cd(1)-N2)#2
Cd(1)-0) 0.232 1(3) Cd(1)-0(7)#3
Cd(D)-N(1) 0.232 9(4) Cd(1)-0(3)#3
Cd(2)-N@3) 0.236 1(4) Cd(2)-0(8)
Cd(2)-0(1W) 0.231 3(6) CdB3)-0(12)#4
Cd(3)-0(11) 0.226 6(3) Cd(3)-0(14)#3
Cd(3)-N(5#2 0.231 5(4)

0.229 0(4) €d(2)-02) 0.244 1(4)
0.244 4(3) Cd(2)-02W) 0.230 2(4)
0.240 0(3) Cd(2)-0(1) 0.245 1(4)
0.234 8(5) Cd(2)-0(9) 0.247 7(5)
0.229 7(3) Cd(3)-0(13)#3 0.242 0(3)
0.240 3(3) Cd(3)-N(4) 0.234 3(4)
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Continued Table 2
0(5)#1-Cd(1)-0(7)#2 136.95(10) 0(4)-Cd(1)-0(6)#2 85.39(10) N()-Cd(1)-0(7)#2 99.51(14)
N(1)-Cd(1)-06#2 86.34(14) NQ)#3-Cd(1)-0(5)#1 87.67(13) N(Q)-Cd(1)-0(4) 89.63(13)
N(2)-Cd-N(1) 173.45(12) N(Q)#3-Cd(1)-0(7)#2 85.26(12) N(2)#3-Cd(1)-0(6) 100.13(13)
0(6)#2-Cd(1)-0(7)#2 53.84(10) O(12)#4-Cd(3)-0(13)#2 93.42(11) O(12)#4-Cd(3)-0(14)42 147.13(11)
0(12)#4-Cd(3)-N(4) 87.98(13) O(12)#4-Cd(3)-N(51#3 88.38(14) 0(11)-Cd(3)-0(12)#4 126.88(11)
0(11)-Cd(3)-0(13)#2 139.65(10) 0(11)-Cd(3)-0(14)#2 85.71(10) 0(11)-Cd(3)-N(4) 91.11(14)
0(11)-Cd(3)-N(5#3 89.56(15) O(14#2-Cd(3)-0(13)#2 54.37(10) N(@)-Cd(3)-0(13)#2 88.21(14)
N@)-Cd(3)-0(14)#2 96.43(13) N(5)#3-Cd(3)-0(13)#2 93.90(14) N(5H#3-Cd(3)-0(14)42 87.66(13)
N(5H#3-Cd(3)-N(4) 175.89(12) 0(2)-Cd(2)-0(1) 53.91(12) 0(2)-Cd(2)-0(9) 167.94(13)
02W)-Cd(2)-0(2) 82.15(14) 0(2W)-Cd(2)-0(1) 86.42(15) 0(2W)-Cd(2)-N(3) 167.76(14)
0(2W)-Cd(2)-0(8) 94.41(16) 0(2W)-Cd(2)-0(9) 91.04(15) 0(2W)-Cd(2)-0(1W) 88.6(2)
0(1)-Cd(2)-0(9) 135.91(14) NG3)-Cd(2)-0(2) 85.67(13) N(3)-Cd(2)-0(1) 85.46(14)
N(3)-Cd(2)-0(9) 101.16(15) 0(8)-Cd(2)-0(2) 136.43(13) 0(8)-Cd(2)-0(1) 82.57(14)
0(8)-Cd(2)-N3) 93.60(15) 0(8)-Cd(2)-0(9) 53.72(14) 0w Ld(Z) 0©) 80.8(2)
0(1W)-Cd(2)-0(1) 13472 O(1W)-Cd(2)-N(3) 90.7(2) 0(1W)-Cd(2)-0(8) 142.7(2)
0(1W)-Cd(2)-0(9) 89.1(2) 0(5)#1-Cd(1)-0(4) 129.37(10) 0(5)#1 Cd(1)-N(1) 87.59(14)
2
Zn(2)-0(1)#1 0.196 8(3) Zn(2)-0(1) 0.196 8(3) Zn(2)-N(8)#2 0.202 1(3)
Zn(2)-N(8)#3 0202 1(3) Zn(1)-0(6) 0.194 4(3) Zn(1)-0(4)H4 0.193 6(3)
Zn(1)-N(1) 0.204 1(3) Zn(1)-N(5) 0.200 4(3) Zn(3)-CI(1) 0.222 91(14)
Zn(3)-CI(1#5 0.222 91(14) Zn(3)-N(4) 0.203 5(3) Zn(3)-N4)#5 0.203 5(3)
0(1)#1-Zn(2)-0(1) 94.36(17) 0(1)-Zn(2)-N(8)#2 103.08(12) O(1)#1-Zn(2)-0(8)#3 103.09(12)
0(1)#1-Zn(2)-0(8)#2 127.43(13) 0(1)-Zn(2)-N(8)#3 127.43(13) N(8)#3-Zn(2)-N(®)#2 1043(2)
0(6)-Zn(1)-N(1) 98.59(14) 0(6)-Zn(1)-N(5) 132.51(13) 0(6)-Zn(1)-N5 132.51(13)
O(4)#4-Zn(1)-0(6) 107.78(15) O(4)#4-Zn(1)-N(1) 99.98(13) O@)#4-Zn(1)-N(5) 109.39(14)
N(5)Zn(1)-N(1) 102.94(15) CI(1)-Zn(3)-CI(1)#3 115.7009) N@)#5-Zn(3)-Cl(1) 107.46(11)
N(4)-Zn(3)-CL(1) 107.46(11) N(@)#5-Zn(3)-CI(1)#5 109.24(12) N(@4)-Zn(3)-CL(1) 109.23(12)
N(@)#5-Zn(3)-N(4) 107.5(2)

Symmetry codes: #1: —x, y, 1—z;#2: x, 1+y, z; #3: —1+«, y, z; #4: —x, y, —z for 1; #1: 2—x,

#4: 3/2—x, 1/2+y, 2-z; #5: 1—«x, 1-y, z for 2.

2 Results and discussion

2.1 Crystal structure of [Cd;((R)-CIA),(bipy).s

(H,0),] - xGuest (1)

X-ray single crystal structure analysis reveals
that complex 1 crystallizes in monoclinic chiral space
group P2 with Flack parameter of 0.006(11). The asy-
mmetric unit of 1 is comprised of three Cd** centers,
two deprotonated (R)-CIA®~ ligands, two and a half
bipy ligands and two coordinated water molecules.
Each of (R)-CIA* ligand as kglinker is connected by
four Cd*
of (R)-CIA* ligands, two dinuclear clusters Cd,(CO,),

centers. For the unique coordination modes

1—y, z; #2: 2—x, 1=y, 2+4z; #3: x, y, 2+4z;

are formed (Fig.1). In the Cd,(CO,), clusters, Cd1 and
Cd3 centers with similar octahedral geometries are
coordinated by four oxygen atoms from three
carboxylate groups of three isophthalic units and two
nitrogen atoms from two bipy ligands, respectively.
Unlike Cdl and Cd3, Cd2 adopts pentagonal dipyra-
midal configuration, and is coordinated by a nitrogen
atom of bipy ligand, four carboxylate oxygen atoms
from two lactate units and two water molecules.
Because the framework of 1 contains two distinct
ligands (bipy and (R)-CIA*"), to further simplify the
complicated 3D frameworks, we divide the whole

framework into two part according to the different
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Ellipsoid probability level: 50%; Symmetry codes: #1: x, —1+y,
—z; #2: —l+4x, y, z; #3: —x, v, —z; #4: 14x, y, 23 #5: 1-x, v, —2z;
#6: x, 14y, z; #7: —x, y, 1-z

Fig.1 Coordination environment of Cd(Il) ions in

complex 1

ligands. If the connectivity between Cd(Il) ions and (R)
-CIA®" are only considered, a 2D Cd-(R)-CIA layer is
generated  (Fig.2). In the Cd-(R)-CIA layer, the
dinuclear Cdy(CO,)4 is 4-connected node and the (R)-
CIA’" is 3-connected node. Thus, the 2D Cd-(R)-CIA
layer of 1 can be described as a (3, 4)-connected net
(Fig.2b). The adjacent Cd-(R)-CIA layers are further
linked together by bipy ligands to form a 3D pillared-
layer framework (Fig.2c). In the 3D framework, (R)-
CIA” ligands still act as 3-connected nodes. Each Cd,
(CO,), cluster as 6-connected node are linked by four
(R)-CIA* ligands and four bipy ligands, and each Cd3
ion is linked by two (R)-CIA*~ ligands and a bipy
ligand as 3-connected nodes. As a result, the whole
3D framework of 1 is topologically represented as a
(3,3,3,6,6)-connected net with a point symbol of (4.5%),
(4.8%)2(4%.6%8°.10%)(4.6.8°.9%)(5.8.9),".

2.2 Crystal structure of [Zns((R)-CIA)(bmib),

(H,0),Cl]-H,0 -xGuest (2)

Complex 2 ecrystallizes in orthorhombic space

Symmetry codes: #1: —x, y, 1-z; #2: —l+x, y, z; #3: 1—x, y, 1-z; #4: —x, v, 12

Fig.2 Schematic illustration of 1: (a) 2D Cd-(R)-CIA layer; (b) topological net of Cd-(R)-CIA layer; (c) 3D framework
constructed by Cd-(R)-CIA layers and bipy ligands; (d) 3,3,3,6,6-connected 3D net
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group P2,2,2 with Flack parameter of —0.006(5). As
shown in Fig.3, there are two Zn(Il) ions, one (R)-CIA*
ligand, one chloride ion, two bmib ligands and a guest
water molecules in a asymmetric unit of complex 2.
Znl is in tetrahedral coordination surrounded by two
O atoms from two lactate units of (R)-CIA* and two N
atoms from bmib ligands. Zn2 is similar to Znl and is
coordinated by two O atoms from two isophthalic acid
units of (R)-CIA*~ and two N atoms from two bmib
ligands, forming a tetrahedral coordination environ-
ment. Zn3 also adopts a tetrahedral geometry as Znl

and Zn2, coordinated by two chloride ions and two N

atoms from two bmib ligands.

In complex 2, if only the connectivity between Ellipsoid probability level: 50%; Symmetry codes: #1: 2-x, 1-y,
isophthalic acid units of (R)-CIA*~ and Znl ions is 2z #2: %, v, 242 #3: 1.5-x, —0.5+y, 2-z; #4: 1.5-w, 0.5+, 2-z;
considered, a right-handed helical chain is generated #5: 2, y, ~24z; #6: 1=, 1-y, 2
along b-axis (Fig.4a). And then a helical 2D (R)-CIA- Fig.3 Coordination environment of Zn(Il) ions in
Zn layer is formed by the right-handed helical chains, complex 2

©

Symmetry codes: #1: x, 2+y, z; #2:1.5-x, 1.5+y, 2—z; #3: x, 14y, z; #4: 1.5—«x, 0.5+y, 2-z in (a);
#1: 0.5+x, 1.5-y, 2-z; #2: 2—x, 1—y, 2—z; #3: 1.5-x, —=0.5+y, 2—z in (b)

Fig.4 Schematic illustration of 2: (a) right-handed helical chain constructed by (R)-CIA* fragments and Zn(Il) ions;
(b) 2D (R)-CIA-Zn layer; (c) heb net of Zn-(R)-CIA layer; (d) 3D framework constructed by Zn-(R)-CIA layers
and bmib ligands; (e) (3.4,4)-connected topological net
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lactate units and Zn(3) ions (Fig.4b). In the (R)-CIA-
(R)-CIA®" ligands can be viewed as 3-
connected nodes, thus it can be reduced into a hcb
net (Fig4c) ". Finally, the adjacent (R)-CIA-Zn
layers are further linked together by bmib ligands,

Zn layer, the

resulting in a 3D nonclassical pillared-layer framework
(Fig.4d). In the 3D framework, the (R)-CIA*" ligands
act as three-connected nodes, Znl and Zn2 centers
are regarded as 4-connected nodes, respectively, and
bmib ligands are only simple linkers. Therefore, the
whole framework of 2 is topologically represented as a
3,4,4-connected net with a point symbol of (6+7%,(6«
)67+ 7%) (Fig.4d).
2.3 Structural diversities of complexes 1 and 2

As far as complexes 1 and 2 are concerned, the
same enantiomeric ligands but different metal ions
and auxiliary ligands are used to construct the
corresponding  frameworks. From the structural
descriptions above, chiral ligand plays different roles
in the construction of various structures. In complex 1,
the (R)-CIA*" ligands as ke-linkers present two similar
conformations to connect four Cd (I) centers to
construct a 2D (R)-CIA-Cd layer. In the (R)-CIA-Cd
layer, two dinuclear clusters Cd,(CO,), are formed by
rigid isophthalic acid units of (R)-CIA*~ ligands and
Cd (I centers. Compared with complex 1, rigid
isophthalic acid units of (R)-CIA*" ligands and Zn(II)
centers build an interesting right-handed helical chain
in complex 2. The right-handed helical chain are
further linked together to give rise to a 2D (R)-CIA-Zn
layer by lactate units of (R)-CIA* ligands and Zn ions.
Apparently, the different metal ions lead to the (R)-
CIA* ligands with different coordination modes in
complex 1 and 2. Besides the effects of metal ions,
the significant structural differences of the complexes
should be also ascribed to the introduction of the
auxiliary N-donor ligands, which makes complexes 1
and 2 show 3D pillar-layered framework.
2.4 Circular dichroism

To further study their chiral characteristic, bulk
crystal samples of complexes 1 and 2 were selected to
measure the dichroism (CD)

spectra in KCl plates between 200 and 600 nm. As

solid-state circular

shown in Fig.5, there is an obvious Cotton effect at
268 nm in the spectra of complex 1. Furthermore,
complex 2 had two positive CD signals at 255 and
285 nm, and a negative CD signal at 275 nm. These
results confirm that the bulk samples of complexes 1
and 2 are homochiral, and chirality of ligand (R)-
H;CIA can be

coordination complex aggregates.

transferred to the corresponding

50+

40

w
(=}
1

Ellipticity / mdeg
[3*
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—
(=}
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-10 T T T
200 250 300 350 400
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Fig.5 Solid-state CD spectra of complexes 1 and 2

2.5 Photoluminescence properties

Fluorescence properties of the inorganic-organic
hybrid coordination polymers containing d' metal
have attracted considerable attention for their potential
applications. Hence, the solid-state photoluminescent
spectra of complexes 1 and 2 were investigated at
room temperature. As depicted in Fig.6, the photo-
spectra have emission peaks with

maxima at 464 nm (A,=358 nm) for 1, and 441 nm
(An=348 nm) for 2. To better understand the nature of

luminescence

(R-H,CIA bipy 2

1.0+

N = o
S N o0
1 1 1

Normalized intensity

o
[ 8]
1

0.0 —T1 ' T v 1 ' T ' 1 T 1T 17 " 1T T
360 380 400 420 440 460 480 500 520 540 560
Wavelength / nm

Fig.6 Photoluminescence spectra of the ligands and

complexes
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the emission band, the photoluminescence spectra of
ligands (R)-H;CIA and bipy were also measured. The
results showed that (R)-H;CIA displayed an emission
band at 404 nm (A.,=336 nm), while bipy ligand had
emission peak with maxima at 420 nm (A,=353 nm).
As compared to the ligands, emission maxima of 1 and
2 have distinct red-shifts, respectively, which should

be ascribed to intraligand (n-77* or 7-7*) emission"*'\

3 Conclusions

In summary, two homochiral coordination polymers
(HCPs) have been synthesized by using lactic acid
derivative (R)-H;CIA as chiral ligand with the help of
rigid auxiliary ligands. In HCPs 1 and 2, the (R)-
CIA®~ ligands can adopt different binding sites with
metal ions to build various pillar-layered frameworks.
The successful synthesis of complexes 1 and 2 shows
that (R)-H;CIA is a class of effective chiral ligand for
constructing HCPs due to its inherent chirality and

multiple coordination modes.
Supporting information is available at http://www.wjhxxb.cn
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