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Abstract: An antiferromagnetic complexes based on Co(Il) or Mn(Il) and chiral ligand L-thioproline (LTP) with
formula of [Co(LTP),], (1) and [Mn(LTP),], (2) were synthesized and structurally characterized. The ligand LTP

forms a five-membered ring upon chelation to the metal ions. In the 2-D structure, each octahedral metal ion is

linked to another four metal ions by four LTP ligands adopting a u,-N,0,:0; coordination mode. Complexes 1 and

2 are same in the coordination mode and network structure, and crystallize in the orthorhombic crystal system.

Magnetic measurements show that a weak antiferromagnetic coupling occurs in the complexes. CCDC: 1042934,

1; 1042935, 2.
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Recently, chiral coordination polymers have

become a topic of intense interest due to their
intriguing potential application in enantioselective

absorption, catalysis, porous materials, nonlinear

optical materials and magnetic materials'™®. To date,
numerous fascinating archetypal chiral networks have

been obtained, which have been mainly prepared

7-15]

using chiral organic ligands! or chiral metal

Wk B A .2014-10-17, WoEBchE H 11 .2015-01-15,

617" or by spontaneous resolution from

complexes!
achiral materials"™®". Though it is already found that
the introduction of preferential and extended
homochiral interactions are important features for the
construction of homochiral coordination polymers, few

of the could be

spontaneously from the totally achiral species at the

chiral molecules resolved

supramolecular level. Recent research has proved that
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the most direct and efficient method is the usage of

chiral  species as reactant precursors toward
homochiral solids for it is much easier to control the
chirality of the aimed products ®*. Amino-acids and
their derivatives are often used to construct new chiral
materials. The chirality of these modifying natural
amino acids has been recently exploited for the
construction of metal-organic frameworks (MOFs) with
more structural diversities, as well as fascinating
properties, which are helpful for the synthesis of
chiral MOFs with expected functionalities **'. Our
interest has focused on employment of the derivative
of L-cysteine to direct the assembly of chiral metal
clusters, and to study the relationship between the
chirality and magnetism of the clusters. The ligand L-
thioproline (LTP)
cysteine and formaldehyde according to the literature

Single crystals of [Co(LTP),], (1) and [Mn(LTP),], (2)

were synthesized in the presence of LTP and

(Scheme 1) was prepared from L-

1321

characterized by the X-ray single crystal structure an

alysis.
1 Experimental

1.1 Materials and measurements

All chemicals were of reagent grade quality
obtained from commercial sources and used as
further Elemental

received  without purification.

analyses (C, H and N) were carried out on a Perkin-
Elmer 240C analytical instrument. Infrared (IR)
spectra  were recorded on a Bruker Vector22

spectrophotometer with KBr pellets in the 4 000~400
cm ™ regions. 'H NMR spectral measurements were
performed on a Bruker DRX-500 NMR spectrometer
at room temperature with TMS as an internal
reference. Magnetic susceptibility data on crushed
single crystals were collected over the temperature
range 1.8~300 K using a Quantum Design MPMS-XL
super-conducting  quantum interference  device
(SQUID) magnetometer, and the experimental data
were corrected for diamagnetism of the constituent
atoms estimated from Pascals constants.

1.2 Preparation of [Co(LTP),], (1)
The ligand LTP-HCl (168 mg, 1 mmol), and Co

(C104)3 '6H20
methanol (20 mL). The triethylamine (0.3 mol-L™) was
added to the resultant solution to adjust the pH value

(464 mg, 1 mmol) were mixed in

to 4~5. Water was added slowly to the above solution.
The solution was heated to obtain a clear solution, and
then filtered. The colorless crystals of 1 suitable for
X-ray diffraction determination were immediately
separated from the mother liquor and then filtered.
Red and block-like crystals of 2 were obtained within
two weeks upon slow evaporation of the filtrate. Yield:
60%. Anal. Calcd. for CgH;;CoN,0,S,(%): C, 29.72; H,
3.74; N, 8.67. Found(%): C, 31.03; H, 3.28; N, 9.06.
1.3 Preparation of [Mn(LTP),], (2)

The ligand LTP-HCI (168 mg, 1 mmol), and Mn
(Cl10g); -6H,0
methanol (20 mL). The triethylamine (0.3 mol - L) was
added to the resultant solution to adjust the pH value

(460 mg, 1 mmol) were mixed in

to 6~7. An equal volume of water was added slowly to
the above solution. The solution was heated to obtain
a clear solution. The colorless crystals of 1 suitable for
X-ray diffraction determination were immediately
separated from the mother liquor and then filtered.
Yield: 80%. Anal. Caled. for CgH;,MnN,0,S,(%): C,
30.10; H, 3.79; N, 8.77. Found(%): C, 29.94; H, 3.63;
N, 9.14.
1.4 Crystal structure determination
Crystallographic data collections for 1 and 2 were
carried out on a Siemens SMART-CCD diffractometer
with graphite-monochromated Mo Ko (A=0.071 073 nm)
at 20(2) °C using the SMART and SAINT programs™.
45 frames of data were collected at 298 K with an
oscillation range of 1° per frame and an exposure time
of 10 s per frame. Indexing and unit cell refinement
were based on all observed reflections from those 45
frames. The structures were solved by direct method
and refined on F?* by full-matrix least-squares methods
with SHELXTLP. All non-hydrogen atoms except the
disordered

anisotropically. Hydrogen atoms of the organic ligands

solvent molecules were refined
were added geometrically and refined using the riding
model, whereas hydrogen atoms of the coordination
water molecules and non-disordered water molecules

were found from difference Fourier map, however and
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refined by fixed its O-H distances of 0.085 nm, and
the isotropic thermal parameters being fixed 1.2 times

of the atoms they attached. Hydrogen atoms of the

disordered solvent molecules were not refined. The

Table 1 Crystallographic data for 1 and 2

crystal data and structure determination summaries for
these complexes are listed in Table 1. The selected

bond length and angles are listed in Table 2

CCDC: 1042934, 1; 1042935, 2

Complex 1 2

Chemical formula CsH1,CoN,0O.S, CsH;MnN,0.,S,
Formula weight 323.25 319.26
Crystal system Orthorhombic Orthorhombic
Space group P22.2, P2.22,
a/nm 0.585 5(2) 0.597 53(12)
b/ nm 0.932 1(3) 0.903 94(19)
¢/ nm 2.108 3(8) 2.152 7(4)

V / nm® 1.150 5(7) 1.162 8(4)

A 4 4

D./ (g-em™) 1.866 1.824

u/ mm™ 1.857 1.497

0 range / (°) 1.93~24.99 1.89~25.00
F(000) 660 652
Reflections collected 5673 5790
Independent reflections (R;,) 1 999 2 039

Reflections observed (I>20(1))
Ry, wR, (I>20(1))

R, wR; (all data)

GOF on F?

Flack parameter

1 848 (0.019 1)
0.044 0, 0.085 8
0.049 9, 0.088 1
1.058

0.04(3)

1 765 (0.066 0)
0.043 9, 0.065 4
0.052 6, 0.067 4
0.986

-0.06(3)

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

Complex 1
Co(1)-0(3) 0.201 7(3) Co(1)-0(4B) 0.211 3(3) Co(1)-0(2) 0.204 6(4)
Co(1)-N(1) 0.215 6(4) Co(1)-0(1%) 0.208 8(4) Co(1)-N(2) 0.222 0(4)
0(3)-Co(1)-0(2) 101.60(14) 0(3)-Co(1)-O(1") 97.20(13) 0(2)-Co(1)-O(1) 160.78(13)
0(3)-Co(1)-0O(4") 86.05(13) 0(2)-Co(1)-0(4%) 87.20(14) O(1%)-Co(1)-0(4") 98.15(15)
0(3)-Co(1)-N(1) 173.83(15) 0(2)-Co(1)-N(1) 84.56(15) O(1%)-Co(1)-N(1%) 76.69(14)
04" (,n(l) N(T) 93.91(14) 0(3)-Co 1) N(Z) 77.22(13) 0(2)-Co(1)-N(2) 92.16(16)
-Co(1)-N(2) 88.06(16) 0(4")-Co(1 162.78(14) N(1)-Co(1)-N(2) 103.16(14)

Complex 2
Mn(1)-O(4") 0.209 7(3) Mn(1)-O(1) 0.212 5(3) Mn(1)-0(3) 0.216 8(3)
Mn(1)-O(21) 0.216 8(3) Mn(1)-N(2) 0.229 4(4) Mn(1)-N(1) 0.243 5(4)
0(4%)-Mn(1)-0(1) 104.37(12) 0(4%)-Mn(1)-0(3) 157.68(12) O(1)-Mn(1)-0(3) 96.47(12)
0(4%)-Mn(1)-0(2) 90.31(12) O(1)-Mn(1)-0(2i) 84.80(10) 0(3)-Mn(1)-0(2') 99.57(13)
0(4")-Mn(1)-N(2) 84.58(12) O(1)-Mn(1)-N(2) 164.99(12) 0(3)-Mn(1)-N(2) 73.32(12)
0(2)-Mn(1)-N(2) 108.72(11) 0(4%)-Mn(1)-N(1) 89.74(12) O(1)-Mn(1)-N(1) 70.62(11)
0(3)-Mn(1)-N(1) 89.70(13) 0(2)-Mn(1)-N(1) 154.61(11) N(2)-Mn(1)-N(1) 96.56(12)

Symmetry codes: '—1+x, y, z;

1—x, =1/2+y, 1/2—z for 1; ' 2—x, =1/2+y, 3/2-z;" 1+x, v, z for 2
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COOH 1, each Co(Il) ion is coordinated by two thiazolidine
nitrogen atoms and four carboxylate oxygen atoms

from four LTP ligands. The Co coordination sphere

S can be described as a distorted octahedral coordination
\/ NH with the Co-N bond distance varying from 0.215 6(4)

to 0.222 0(4) nm. Co-O bond distances range from

Scheme 1 Structure of LTP 0.201 7(3) to 0.211 3(3) nm. The ligand LTP forms a

2 Results and discussion five-membered ring upon chelation to the metal ion.
In the 2-D structure, each octahedral metal ion is

2.1 Description of the crystal structures linked to another four metal ions by four LTP ligands
Reaction of Co(Cl0,);-6H,0 and LTP-HCI, in the adopting a p,-N;0»:0;5 coordination mode. Complex 2
presence of triethylamine gave complex 1. Single- is similar to 1 in the coordination mode and network
crystal structure analyses reveal that complex 1 is structure and also crystallizes in the orthorhombic

made up of carboxylate-bridged [Co (LTP)] moieties crystal system.
and adopts a 2-D polymer structure. As shown in Fig.

VAR N}

Symmetry codes: ' —1+x, y, z; " 1-x, =1/2+y, 1/2—z

Fig.1 Coordination environment of Co(ll) (30% displacement ellipsoids)

H atoms have been omitted for clarity; Symmetry codes: ' —1+x, v, z; " 1—x, —=1/2+y, 1/2—z; " 14, y, 23 ¥ 1=x, 1/2+y, 3/2—z

Fig.2 Fragment of the 2D plane of complex 1(30% displacement ellipsoids)
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2.2 Magnetic properties for 1 and 2

The temperature-dependent magnetic susceptibility
data of complexes 1 and 2 have been collected for
polycrystalline samples in the temperature range of
1.8~300 K.

Fig.3(a) shows the y.I"and 1/ x,, versus T plots
for complex 1. The x, I value gradually decreases from
2.87 c¢m?+K +mol™ at room temperature to 2.64 cm®-
K+mol™ at 100 K; then, it rapidly decreases to 1.76
1.8 K, indicating a dominant

em® *K -mol ' at

3.0 i
28 L T
o -
<
i) i e 80
g & e
. g
j; - ! o 60
f A
< 221 g l.’.’.
= ,rf - .
REYE
20
184
B (a) 0
0 50 100 150 200 250 300
T/K

1/4,,/ (cmmol)

antiferromagnetic interaction between the magnetic
centers. At 300 K, the effective magnetic moment per
Co atom (4.79us) is higher than the expected spin-only
value for S=3/2(3.87ws),
contribution of Co (I) ion. The susceptibility data
between 1.8 and 300 K follows the Curie-Weiss law
with a Weiss constant ==7.56 K. The negative Weiss

attributed to the orbital

constant also confirms antiferromagnetic exchange

between the Co(ll).
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Fig.3 Temperature dependence of the magnetic susceptibility of complex 1(a) and complex 2(b) in the form of y,,I" and 1/, vs T

Fig.3(b) shows the x,T and 1/ y,, versus T plots for
complex 2. The room temperature effective magnetic
moment (Us) per Mn (I) atom, determined from the
equation uq=2.828( xuT)" is 5.80us, which is close to
the value expected for an isolated system of S=5/2 (

Meft :5.92{1/]3 g :2). On

temperature, the y, T value decreases smoothly. Below

for cooling from room
40 K, xuI' decreases abruptly until it reaches a
minimum of 0.37 em® K +mol™ at 1.8 K, indicating
that antiferromagnetic couplings are mediated between
the Mn(Il) ions. This is confirmed by a negative Weiss
constant of =9.6 K determined by the Curie-Weiss law

in the temperature range of 1.8~300 K.

3 Conclusions

In based on L-
thioproline(LTP) have been obtained. X-ray diffraction

summary, two com plexes
analysis reveals that each octahedral metal ion is
linked to another four metal ions by four LTP ligands
adopting a u,-N;0,:0; coordination mode. Moreover,
the solid exhibit

antiferromagnetic couplings between the ions.

complexes  at state weak
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