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Synthesis and Crystal Structures of New Nickel() and Manganese(Il)

Coordination Polymers Containing 5-benzimidazolecarboxylate Ligand
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Abstract: Two coordination polymers of [Ni(BImC),], (1) and [Mn(BImC),], (2) (BImC=5-benzimidazolecarboxyla-
te) have been hydrothermally prepared by the reaction of M(CH;COO),-4H,0 (M=Ni, Mn) and HBImC, and char-
acterized by IR and single crystal X-ray diffraction structural analyses. 1 crystallizes in the orthorhombic system,
and the space group is Pbcn, with the crystal cell parameters a=1.2341 (4) nm, 56=1.5192 (5) nm, ¢=1.5167(5)
nm, and V=2.843 6(17) nm®, Z=8, R,=0.046 7, wR,=0.103 5. 2 crystallizes in the monoclinic system with space
group P2//c, a=1.747 3(6) nm, 5=0.387 84(14) nm, ¢=2.242 4(8) nm, B=112.556(4)°, V=1.4034(9) nm®, Z=4, R\=
0.042 8, wR,=0.103 0. Complex 1 displays a distorted (4, 4) two-dimensional layer structure. Complex 2 shows a
three-dimensional network formed from one-dimensional chains by N—H --- O hydrogen bonding interactions.

CCDC: 694934, 1; 694935, 2.
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1.2.1  [Ni(BImC),], (1) & i

FE N Ao 7 I 10 S 48 ) K 50K I BRIk TR
(1.0 mmol ,0.161 g) i) 1 O\ B V%5 W (4.0 mL) 12 12 ¥ fin
£ Ni(CH,5CO0),+4H,0(0.5 mmol,0.125 o) [ 7K %5 ¥
(5.0 mL)"IE LM AH , 7E 160 °CF B 3 d, 2R 5
RWAARRHRRH R, gk, Kok B
Ve, BRI E RN 7 38%, Al
C1HsO,N,Ni, TG T 45 SR (365 W I 8EE , %) . C
50.66(50.59),H 2.11(2.11),N 14.78(14.74).,

1.2.2  [Mn(BImC),], (2)f5 B

& 2 A RO RIR 1250, =it
IKVE BEVE, R TR TC A, PR 449,
K H CHONMn, TCESHEER FG5 N RITR
{H,%): C 51.17(51.01),H 2.13(2.39),N 14.93(14.68).,
1.3 EALYK REERNE

B 0.2 mm x 0.3 mm x 0.3 mm B9 AR &0 5
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BCAL R A 1 SR8 IE 32 f &R, 25 B BE Phen, i
S H a=1.2341(4) nm,b=1.5192(5) nm,c=1.5167(5)
nm,V =2.843 6(17) nm*,7Z7=8,D,=1.780 Mg -m=,u=
1.398 mm™, F(000)=1 536, R [[>20(1)|=0.046 7 ,wR,[I>
207(1)|=0.103 5, 25 {H HL %5 Ji2 A o AR AR 0 23 53] Ry
585 F1-309 e-nm,2 MY f AR JE LR R P2)/c %5 1]
A2 4L a=1.747 3(6) nm,5=0.387 84(14) nm,c=
2.2424(8) nm,B=112.556(4)°,V=1.403 4(9) nm*, Z=4,
D.=1.785 Mg +m~,u=0.974 mm™, F(000)=760,R,[I>
20 (1)]=0.042 8 ,wR,[I>20(1)]=0.103 0, 2 {H HL + % i
It e R AR 73 5312 575 F1-224 e-nm™,

CCDC:694934 ,1;694935,2,
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Table 1 Crystal data and structure refinement parameters for 1 and 2

Empirical formula
Formula weight
Crystal size / mm
T/K

w(Mo Ka) / nm
Crystal system
Space group

a/ nm

b / nm

¢/ nm

B/ ()

U/ nm’

A

D./ (Mg-m?)
o/ mm!

F(000)

0 range for data collection / (°)

Limiting indices

Reflections collected / unique

Completeness to 6#=25.01°/ %

Refinement method

Data / restraints / parameters
Goodness-of-fit on F*

Final R indices [[>20(])]

R indices (all data)

Largest diff. peak and hole / (e-nm™)

1
Ci6H10OsNaNi
378.97

0.20 x 0.30 x 0.30
293(2)

0.071 073
Orthorhombic
Pben

1.234 1(4)
1.519 2(5)
1.516 7(5)

2.843 6(17)
8

1.78

1.398
1536
2.13~25.01
—l4<h<
10 981 / 2 503 (R,,=0.0550)
100.00

14,-18<k<11,-17<[< 18

Full-matrix least-squares on F*
2503/0/234

1.083

R=0.046 7, wR,'=0.103 5
R"=0.064 6, wR,=0.110 0
585 and -309

2

CisHsO4N,Mn

376.22

0.60 x 0.40 x 0.20

293(2)

0.071 073

Monoclinic

P2\/c

1.747 3(6)

0.387 84(14)

2.242 4(8)

112.556(4)

1.403 4(9

4

1.785

0.974

760

1.89~25.01
“20sh<1l,4<k<4-25<1[<26
5445/ 2 485 (R;,=0.0358)
99.80

Full-matrix least-squares on F*
2485/01/234

1.004

R*=0.042 8, wR,'=0.10 30
R*=0.058 3, wR,=0.110 9
575 and -224

* R= Y NF-IFN SR wR(F)=] Sw(F -

E»Z)Z/Z'W(E»Z)z]m; w= 1/

(0.062 0PP+0.79P], where P=(Max(E?, 0)+2F2/3 for 2.

®2 BRURAY1ETENERKMERABE

(F)+(0.049 3P)*+3.87P], where P=(Max(F,,

0)+2F2)/3 for 1; w=1/[c*(F)+

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

O(4)-Ni(1)-N(1a)
N(Ta)-Ni(1)-C(1)
0(4)-Ni(1)-0(2)
O(D)-Ni(1)-C(1)
0(4)-Ni(1)-0(1)

0.203 6(3)
0.228 3(3)

99.79(12)
122.70(14)
160.51(11)

30.76(12)
105.94(11)

Ni(1)-0(1) 0.221 9(3)

Ni(1)-N(2b) 0.205 0(3)
0(4)-Ni(1)-C(1) 135.61(13)
N(1a)-Ni(1)-N(2b) 92.78(13)
0(2)-Ni(1)-C(1) 30.78(12)
N(2b)-Ni(1)-0(2) 97.98(13)
0(4)-Ni(1)-C(10) 30.37(12)

Ni(1)-N(1a) 0.204 1(3)
Ni(1)-0(2) 0.205 2(3)
O(4)-Ni(1)-N(2b) 96.90(12)
N(2b)-Ni(1)-C(1) 93.50(13)
N(1a)-Ni(1)-0(2) 91.99(12)
0(3)-Ni(1)-C(1) 100.28(11)

Symmetry transformations used to generate equivalent atoms: a: —x+3/2, y+1/2, z; b: x, —y+1, z+1/2.

Ni(1)-0(3)43 %1 2 0.221 9(3),0.204 1(3).0.205 0(3) il
0.228 3(3) nm, iR 2 R HE I3 4k 2
B AL E L Ni(1)-0(2)

(O2)F1 O(4)) ) 5 4 Ni

0 T
(1)-

N (1)-0 (4) B9 #1443 501 24 0.205 2(3).0.203 6(3)
nm, #EFA O4)-Ni(1)-N(1a) .0
0(2) .N(2b)-Ni(1)-

(4)-Ni(1)-N(2b) .N(1a)-Ni

0(2)F1 N(1a)-Ni(1)-N(2b) 73 5] 1y
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99.79 (12)° .96.90 (12)° ,91.99 (12)° 97.98 (13)° FlI
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Symmetry transformations: a: —x+3/2, y+1/2, z; b: x, —y+1, z+1/2

K1 ALE 1T Nil R PR
Fig.1  Coordination environment of the nickel atom in the

polymer 1

Fig.2 Two-dimensional layer structure, parallel to the

be plane, of the coordination polymer 1

Mn &5 B A7 P52 DL 3, BE AR5 1 2 1Y b
PR-ZRIE A IR W3R 1, F2 2B R
i B WL 3% 3, Min B C 5 #4 B D AL e DY T
LK R A BRI EE AT R 1A N U o Al e L
KA 3MREM 4D 0 BT SR RIEN R, B

Mn (1)-0 (2a) Mn (1)-0 (1) Mn (1)-N (1) . Mn (1)-0 (3) Al
Mn(1)-0(4) 5371 4 0.208 4(3).0.215 0(3) .0.215 9(3) .,
0.2195(2)F1 0.228 6(3) nm, #E i O(1)-Mn(1)-0(3) .0
(2a)-Mn(1)-O(1)#1 O(2a)-Mn(1)-O(4)43 514 90.27(9)°
84.62(11)°F1 102.46(14), TERLG W) 2 R HA 2 Fh
Fefr =, — MR A, S — R b oy =L,
A Mn BT i 2 4 BimC*EAR 5 55— Mn & T
B RAK B R AR O BT IR HEIE
— YRR EE Y B R)E o EEAE ] [NQ)-H(2a)- -
0(3) 0.287 nm, ZNHO 162.52°] 4" J& il = 4k 4514
(l 4).

Symmetry transformations: a: x, y—1, z; B: —x+2, —y+2, —z+2

3 AW 2 H Mal BIBLOLIREL
Fig.3 Coordination environment of the manganese atom

in the polymer 2

Symmetry code: ¢: —x+1, —y+1, —z42
K4 Ae&W 2 Wre By m i i SR TR 3D
e 3 4 4

Fig.4 Three-dimensional framework formed through

hydrogen bond along the b-axis in the polymer 2
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Table 3 Selected bond lengths (nm) and bond angles (°) for 2

Mn(1)-0(2a) 0.208 4(3) Mn(1)-0(3)

Mn(1)-0(4) 0.228 6(3) Mn(1)-N(1)
0(2a)-Mn(1)-0(1) 84.62(11) N(1)-Mn(1)-0(4)
0(3)-Mn(1)-0(4) 57.5009) O(1)-Mn(1)-N(1)
0(2a)-Mn(1)-0(3) 119.63(10) O(1)-Mn(1)-C(1)
N(1)-Mn(1)-C(1) 118.50(10) N(1)-Mn(1)-0(3)
0(2a)-Mn(1)-0(4) 102.46(14) O(4)-Mn(1)-C(1)

0.219 5(2) Mn(1)-0(1) 0.215 0(3)
0.215 9(3)

96.27(11) 0(2a)-Mn(1)-N(1) 93.89(10)
116.16(11) 0(2a)-Mn(1)-C(1) 115.76(12)
119.05(10) 0(1)-Mn(1)-0(3) 90.27(9)
139.79(9) 0(3)-Mn(1)-C(1) 28.94(9)

28.69(10) 0(1)-Mn(1)-0(4) 146.43(10)

Symmetry transformations used to generate equivalent atoms: a: x, y—1, z.

3 & it

A K B 52 R B T B R B 524 5 K e iR

BL A7 2R 5 P [Ni(BImC),], (1)F1[Mn(BImC),], (2), 1 i
I LR A R A F P I e B 25 (4, 4) 20K W9 A% | 4k
AW 2 38 5 C AR 08 B R AE T TR B — 2 5 R T A7 2R
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