
28卷 11期           结  构  化  学（JIEGOU HUAXUE）Chinese  J.  Struct.  Chem.            Vol. 28,  No. 11 
2009. 11              Dedicated to Prof. Xin-Tao Wu on the occasion of his 70th birthday                 1509~1512 

 
Locking the Absolute Configuration  

of Achiral Amine Ligand: A Strategy for  
Helicity Introduction in Coordination Polymers① 

 
SUN Jian-Ke  JIN Xu-Hui   LI Wei   ZHANG Jie②  

 (State Key Laboratory of Structural Chemistry, Fujian Institute of Research on the 
Structure of Matter, The Chinese Academy of Sciences, Fuzhou, Fujian 350002, China) 

  
ABSTRACT   A novel coordination polymer {[Mn(m-cpdba)(H2O)4]·H2O}n 1 has been 
synthesized and characterized. Single-crystal X-ray diffraction analysis reveals that compound 1 
contains one-dimensional single-stranded helical chains, in which the chirality of a stereo- 
chemically labile amine of the ligands can be locked by the Mn(II) ion via coordination bonds and 
transferred to the whole coordination polymeric chain, exhibiting an identical absolute con- 
figuration. Crystal data for 1: C14H17Mn1N3O13, Mr = 490.25, space group C2/c, a = 18.5177(18), b 
= 6.6194(5), c = 31.563(4) Å, β = 105.046(5)°, Z = 8, V = 3736.2(7) Å3, Dc = 1.743 g/cm3, F(000) = 
2008 and µ = 0.786 mm−1.  
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1  INTRODUCTION 
 

Chirality has attracted considerable attention in the 
last few years[1]. As the intrinsic character of 
chirality, helicity is not only ubiquitous in nature and 
as the foundation of genetic codes, but also the best 
example of chirality that can be introduced by metal- 
ligand coordination[2]. Many strategies have been 
made to introduce helices, such as using chiral 
ligands or employing well-designed asymmetric 
bridging ligands[3]. Especially the latter are of 
greater interest because such ligands are usually easy 
to be synthesized and modified[4]. Although much 
success has been made, it remains a challenge to 
obtain predictable chirality without a chiral auxiliary 
unit. Our interest is focused on the use of asym- 
metric polycarboxylic acid ligand with prochiral 

amine core, with the idea that the chirality of the 
stereochemically labile amine core can be locked via 
the coordination of metal ions with the terminal 
carboxylate groups and transferred to the whole 
coordination framework to direct the formation of 
chiral skeletons[5]. As our continuing work in this 
area, we develop an asymmetric amine-containing 
ligand 4-(3-carboxyphenylamino)-3,5-dinitrobenzoic 
acid (m-H2cpdba) for our synthetic strategy. Herein 
we report the successful self-assembly of a man- 
ganese(II) coordination complex consisting of single- 
stranded helical chain, {[Mn(m-cpdba)(H2O)4]· 
H2O}n 1. 

 
2  EXPERIMENTAL 
 
2. 1  Materials and measurements 
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4-(3-carboxyphenylamino)-3,5-dinitrobenzoic acid 
was prepared according to the literature method[6~7]. 
All other reagents and solvents were commercially 
purchased and used as received. Elemental analyses 
for the C, H and N atoms were carried out on an 
Elementar Vario ELIII elemental analyzer. IR spec- 
tra were measured as KBr disk on a Bomen MB-102 
FT-IR spectrometer. 
2. 2  Synthesis of {[Mn(m-cpdba)(H2O)4]·H2O}n 

1.2 mL DMSO containing MnCl2·4H2O (0.2 mmol, 
40 mg) was added to 10 mL aqueous solution of 
m-H2cpdba (0.2 mmol, 69 mg) and NaOH (0.4 mmol, 
16 mg). The resulting solution was allowed to stand 
at room temperature for slow evaporation. A few 
days later, yellow prism crystals of 1 were obtained 
in 55% yield on the basis of manganese. Anal. Calcd. 
(%) for C14H17Mn1N3O13 (Mr = 490.25): C, 34.30; H, 
3.50; N, 8.57. Found (%): C, 34.62; H, 3.36; N, 8.67. 
FT-IR (KBr, cm−1): 3291 m, 1625 s, 1600 s, 1544 s, 
1529 m, 1447 s, 1388 s, 1271 s, 1178 w, 1099 w, 
926 w, 895 w, 780 w, 753 w, 728 w, 698 w, 682 w, 
659 w, 573 w, 503 w. 
2. 3  X-ray crystal structure determination 

A yellow prism single crystal with approximate 
dimensions of 0.20mm × 0.10mm × 0.15mm was 
selected for X-ray diffraction studies. The crystal 
data were collected on a Rigaku Mercury-CCD dif- 
fractometer at 293 K with a graphite-monochromatic 
MoKα radiation (λ = 0.71073 Å). The structure was 
solved by direct methods with SHELXL-97 and 
refined by full-matrix least-squares fitting on F2 by 
SHELXL-97[8, 9]. Data were corrected for absorption 
with the CrystalClear programs. A total of 13752 
reflections were collected in the range of 3.03≤θ≤
27.48° by using an ω-2θ scan mode, of which 4301 
were independent (Rint = 0.0247) and 3750 observed 
reflections with I > 2σ(I) were used in structure 
solution and refinement. All non-hydrogen atoms 
were refined anisotropically. The hydrogen atoms 
attached to carbon atoms were fixed at their ideal 
positions, and those to O atoms were located in a 
difference Fourier map. The final refinement con- 
verged at R = 0.0328 and wR = 0.0799. The selected 
bond distances and bond angles are shown in Table 
1 and hydrogen bonds are given in Table 2. 

 

Table 1.  Selected Bond Lengths (Å) and Bond Angles (°) 

Bond Dist. Bond Dist. Bond Dist. 

Mn(1)–O(1) 2.1282(12) Mn(1)–O(2W) 2.1316(14) Mn(1)–O(3)#1 2.1735(12) 

Mn(1)–O(3W) 2.1904(13) Mn(1)–O(4W) 2.2454(13) Mn(1)–O(5W) 2.2691(13) 

Angle (°) Angle (°) Angle (°) 

O(1)–Mn(1)–O(2W) 96.36(6) O(2W)–Mn(1)–O(3)#1 166.92(5) O(3)#1–Mn(1)–O(4W)  90.73(5) 

O(1)–Mn(1)–O(3)#1 90.12(5) O(2W)–Mn(1)–O(3W)  83.83(6)  O(3)#1–Mn(1)–O(5W) 107.06(5)  

O(1)–Mn(1)–O(4W)  157.82(5) O(2W)–Mn(1)–O(4W) 87.54(6) O(3W)–Mn(1)–O(5W) 166.32(6)  

O(1)–Mn(1)–O(3W)  110.86(5) O(2W)–Mn(1)–O(5W)  85.39(5)  O(3W)–Mn(1)–O(4W) 91.24(5) 

O(1)–Mn(1)–O(5W) 78.69(5)  O(3)#1–Mn(1)–O(3W) 83.25(5)  O(4W)–Mn(1)–O(5W) 79.89(5) 

Symmetry transformation: #1: 0.5–x, –0.5+y, 0.5–z 

 

3  RESULTS AND DISCUSSION 
 
3. 1  Description of the structure 

The single-crystal X-ray diffraction reveals that 
compound 1 crystallizes in the monoclinic space 
group C2/c. The asymmetric unit consists of one 
m-cpdba2− ligand, one Mn(II) ion, four coordinated 
water molecules and one lattice water molecule. 
Each Mn(II) ion is coordinated by six oxygen atoms 

from four water molecules and two carboxylate 
groups of different m-cpdba2− ligands, resulting in a 
slightly distorted octahedral geometry (Fig. 1). The 
m-cpdba2− ligand adapts a twisted nonplanar con- 
formation, with the dihedral angle of 56.87° between 
the two phenyl rings on the two sides of the amine 
nitrogen atom. The 3-nitro group of m-cpdba2−- li- 
gand is approximately coplanar with its parent ben- 
zene ring and forms strong intramolecular hy- 
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drogen bonding interaction with the adjacent amine 
moiety (N(3)···O(7) 2.610 Å, N(3)···H(3)···O(7) 
134.70°), while the nitro group in 5-position is 
twisted significantly from the parent benzene ring 
with the dihedral angles of 46.62°. Two terminal 
carboxylate groups of each m-cpdba2− ligand link 
two Mn(II) ions in a monodentate coordination 
mode to form a one-dimensional single strand he- 
lical chain structure, in which one Mn(II) ion is 
almost coplanar with the bonded carboxylate group, 
whereas another Mn(II) ion is ligated by one 
carboxylate oxygen atom in a nonplanar, severely 
skew mode with the Mn(1)#2–O(3)–C(14)–C(12) 
torsion angle of 57.90° (symmetry code #2: 0.5–x, 
0.5+y, 0.5–z). The helix winds around the 21 screw 
axis extending along the b axis, having a helical 
pitch of 6.619 Å and the intrachain Mn···Mn dis- 
tance to be 12.461 Å. Within each helical polymeric 
chain, the m-cpdba2− ligand shows an identical 
absolute configuration. For such amine-containing 

carboxylate ligand with three different substituents, 
its nitrogen center is generally optically inactive due 
to a rapid inversion of the molecular configuration. 
However, the coordination of Mn(II) ions with 
terminal carboxylate oxygen atoms ‘‘locks’’ the two 
substitutes around the amine nitrogen atom, avoiding 
a rapid inversion of the molecular configuration and 
promoting the formation of a chiral nitrogen center. 
This “locked” chirality of m-cpdba2− ligand assisted 
by coordination bond provides a favorable approach 
to build chiral molecular skeleton by controlling the 
freedom of ligands so as to facilitate the con- 
figuration transfer of prochirality to chirality. If 
considering the lone electron pair on the nitrogen 
atom as the lowest priority group that points away 
from the reader, the stereocenter within the single 
left-handed helical chains can be described as the R 
configuration since the remaining three groups with 
the priority C(5)–C(8)–H(3) are rotating in a clock- 
wise fashion (Fig. 3). 

 
 
 
 
 
 
 
 
 
 

Fig. 1.  Coordination environment around the Mn(Ⅱ)                    
atom in 1. Atom with ‘#1’ in their labels is symmetrically               Fig. 2.  1D helical chain in 1 
generated. Free water molecules and all hydrogen atoms 

are omitted for clarity (Symmetry code: #1: 0.5–x, –0.5+y, 0.5–z) 
 

Table 2.  Hydrogen Bond Lengths (Å) and Bond Angles (°) 

D–H⋅⋅⋅A d(D–H) d(H⋅⋅⋅A) d(D⋅⋅⋅A) ∠DHA 

O(2W)–H(3W)⋅⋅⋅O(2) 0.79 (3)  1.9081(3) 2.6984(2)   171.813(3)  

O(3W)–H(5W)⋅⋅⋅O(2) 0.82(3) 2.0596(3) 2.8665(2) 169.575(3)  

O(2W)–H(4W)⋅⋅⋅O(1W) 0.79 (3) 1.9894(3) 2.7803(2) 175.166(3)  

O(1W)–H(1W)⋅⋅⋅O(4W) 0.89 (3) 1.9557(4) 2.8364(2) 169.074(3) 

O(3W)–H(6W)⋅⋅⋅O(1W) 0.81 (3) 2.0076(3) 2.7934(2) 162.829(3) 

O(4W)–H(8W)⋅⋅⋅O(3)#1 0.83 (2) 1.9217(2) 2.7365(16) 165.296(2) 

O(4W)–H(7W)⋅⋅⋅O(4) 0.83 (2) 1.8610(3) 2.6849(2) 168.713(3) 

O(5W)–H(9W)⋅⋅⋅O(4) 0.77(3) 2.1420(3) 2.8325(2) 149.877(3) 

                  Symmetry transformation: #1: 0.5–x, –0.5+y, 0.5–z 
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Fig. 3.  R- and S-enantiomers of the chiral organic structure unit in 1.    Fig. 4.  IR spectrum of compound 1 
The R and L helical chains show S and R configurations, respectively 
 
The adjacent single helical chains are connected 

with each other via hydrogen bonds built by coor- 
dinated water and lattice water as well as the carb- 
oxylate group with the O···O distance ranging from 
2.685 to 2.867 Å. The abutting chains are related in 
an inversion center and show opposite hands, so that 
the whole 3D supramolecular framework is racemic.  
3. 2  IR spectrum of 1 

The IR spectrum shows typical antisymmetric 
(1625 and 1600 cm−1) and symmetric (1447 cm−1) 
stretching bands of carboxylate groups. The bands 
appearing at 1544 and 1345 cm−1 are attributed to 
the antisymmetric and symmetric stretching bands of 
nitro groups, respectively[10]. 

 
4 CONCLUSION 
 

In conclusion, an interesting single helical chain 
compound {[Mn(m-cpdba)(H2O)4]·H2O}n 1 has been  
synthesized based on asymmetric ligand  in the 
mixed solvents. During the assembly process, the 
prochiral amine core of the ligand can be locked and 
transferred into the 1D helical chain. Although the 
resultant compound is racemic, it still provides an 
opportunity to get an enantiomer via controlling the 
charility of amine core. Further work in this area is 
continuing. 
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