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Synthesis, Structure and Properties of 2,5-Bis-(2'-benzimidazyl)
Pyridine Ligand and Its Zinc(I) Complex

CHEN Li-Juan GAO Yong XU Hui-Hong LIN Shen™
(College of Chemistry and Materials Science, Fujian Normal University, Fuzhou, Fujian 350007, China)

Abstract: In this paper, 2,5-bis-(2’-benzimidazyl)pyridine have been synthesized by microwave irradiation. Single
crystals suitable for structural determinations of 2,5-bis-(2’-benzimidazyl)pyridine (1) and its zinc(ll) complex,
[Zn(Ci9H oNs),(H,0),] - SH,0 (2), were solvothermally synthesized. The title compounds were characterized by X-
ray crystallography and IR. Compound 1 consists of organic ligands and crystallization water molecules.
Compound 2 was linked to form 1D chain by hydrogen bonds and further to construct 3D structure by 7-7
interaction between ligands. TG and FL analysis indicates that compound 2 has good thermal stability and
exhibits emission in the solid state at room temperature. CCDC: 786196, 1; 786195, 2.
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1.1 XFENE

2,5-MEhE — H R T Alfa-Aesar A F), 2P AR —
e  ZRWEFR Zn(NO,) ,-6H0  H B 2 B T I ifg
[ 25 8 A 5300 A R R B R S W T i =8
AR A BR S | ¥ R i s, SEEe FHOK 3 o —
IRZEIIK

NICOLET-5700 FTIR f# 37 I 22 46 21 4F 5t 335 4X
(KBr & F~,4 000~400cm ') (3% [H Nicolet 23 Fl); vario
EL I JC % 70 B (T8 elementar 22 7); Bruker
Smart Apex II CCD H. AT 5 (T2 E Bruker A Hl);
METTLER TGA/SDTA851 {57 i 21 4h #4 5 43 A1 BX
AL (% + Mettler-Toledo 2 Al ),Edinburgh FL/FS
920 TCSPC #3653 Hr A (Y& [E Edinburgh 2 7).,

1.2 LEUMHEN
1.2.1 [CH;3Ns]-0.25H,0 (1)I A A%

W SR K J(9.52 ¢,0.088 mol)Fl 2, 5k BE —
M2(6.68 g,0.04 mol) L7 WHEE IR & 150 e A HT I
O Z KBRS mL), E il FHFHIRS), KRS
YA b SEAEAR R R F 5 3 min, BUH $
P HE TR DN R B T 2 min, 15 88 4 (0K
T, FEVRA B 500 mL Z&1EK B iRl A DTUE
g, UE D A NayCOs WP 45 pH=12, 159 5%
LREPUVE , 2K RO Ve ik, TR B Ak R
(2,5-Z(2"- R IF BRI E), m.p.>300 °C,

W R EARZR(0.156 g,0.5 mmol) il Cd(CH;COO0),
-2H,0(0.266 g, 1.0 mmol)i& &, Il A& & H,0/H B/
CBEQ2:1:2, VIVIVYIRG EW, B 30 min, B H T H
AR O NAT ARG W B E | 8 TR
LA SR e A E] 140 °C 0 RESE 3 4R JE LS
C-h' WHCREER I, 208 5 Rk 1
(P2 H 2 48 %), JCER NI REAH (%) C,72.19;H,

4.27;N,22.16,5 M 1A (%) :C,72.78 ;H,4.98 ;N ,21.93,,
IR (solid KBr pellet,v/em™).3 391s,3 060s,1 598s,
1489m,1433s,1344m,1315s,1278s,1254m,1 144s,
962m,854m,740s,553m,,
1.2.2  [Zn(CHNs),(H,0),)5H,0 (2)1 4 A%

¥ Zn(NO,),-6H,0(0.297 g,1.0 mmol) 1 2,5-—
(27 -8 FF WK e Y L BE (0,156 ,0.5 mmol) TR A, A I
it HO/CBE (11, VIVYIR G W, B+ 30 min, % 3
THARNUE 5N A FE 2 & T
P4 a0 B R IR 140 °C, R RESE 3 d, R
JGLLS °C-h MRS R 2l iE A9 i a PR
m iR 2077 3 . 2 34%) LR Wit AE (%) . C,56.15;
H,4.68:N,17.24, 5 M {H (%) . C,55.87;H,5.01;N, 17.83,
IR (solid KBr pellet,v/em™).3 389s,3 065s,1 590s,
14555,1383s,1322s,1232m,1 148m,1035s,979m,
860m,741s,693m,658m, 428w,
1.3 BRIEEHHNE

PEIUK/NA 0.25 mmx0.20 mmx0.04 mm (fb5
P 1A 0.50 mmx0.35 mmx0.20 mm(ft5 4 2)1 i
AL 5 R TR IS 22 b 6 A A B A2
Bruker Smart Apex 1T CCD 7 S A% | #F 17 171 5 52
5, M Mo Ka #2(1=0.071 073 nm)Fl w/20 14 5
AR AR AT 8 (T=293 K), 1T 59508 Lp
K FF1 multi-scan WK IE SR ARSE R /Y B0 32322 0
221H Fourier & LM 1 X Fr A HE 2V 7 19 AL AR
RIS ) S M T TR AT /N —IRIA B IE (AW
) SR A s B B TR R SR 0 AR R
25 1o [ PR IR BE R -2 s /N I B I, S5 HRE 1
K BIALEE 7 %8 0 w=[o*(FH)+APP+BP|", K P=
(F22F2)/3, FTA 5 k] SHELX-97 2 7 i
T B REESEI TR LG 2 W3
RIS TR 2,

CCDC:786196,1;786195,2,

x1 KEY1F2WRBEFHE
Table 1 Crystallographic data for compound 1 and 2

1

Formula CioHi3sNsOo2s
Formula weight / (g+mol™) 315.85
Crystal system Monoclinic
Space group C2e

a/ nm 2.334 2(5)

b/ nm 0.620 0(1)
¢/ nm 1.088 6(2)

2
CasHxN,(0-Zn
812.15
Triclinic

Pl

1212 1(2)
1.247 5(2)
1.554 6(3)
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=
al () 73.433(3)
B/ 113.682(2) 83.919(3)
v 1) 67.413(2)
V / nm? 1.442 7(5) 2.080 3(6)
A 4 2
D./ (g-em™) 1.454 1.297
m/ mm 0.092 0.648
F(000) 658 844
0 range / (°) 1.91, 25.20 1.82, 25.00
Index ranges 27 < h <25 -13<h<14
-1T<k<7 -l <sk=<14
-B<sil=< 1l -l6</<18
Ry 0.028 1 0.040 4
Reflens collected 3 541 10 665
Unique reflens 1303 7219
Observed reflens 1174 3599
Parameters 118 515
GOOF 1.004 1.044
R,/ wR, [I>20(1)] 0.061 3/0.161 3 0.099 6/ 0.283 9
R=(IFJSENNF), wR={[aw(F2=FWaw(ED)]) ™.
x2 AV 2HEIEEKNIEER
Table 2 Selected bond lengths (nm) and bond angles (°) of compound 2
Zn(1)-0(1) 0.207 5(6) Zn(1)-0(2) 0.209 3(6) Zn(1)-N(1) 0.211 0(7)
Zn(1)-N(6) 0.212 8(7) Zn(1)-N(8) 2.195(6) Zn(1)-N(3) 0.220 9(6)
0(1)-Zn(1)-0(2) 86.8(3) 0(1)-Zn(1)-N(1) 167.0(2) 0(2)-Zn(1)-N(1) 90.1(2)
0(1)-Zn(1)-N(6) 90.4(3) 0(2)-Zn(1)-N(6) 166.9(2) N(1)-Zn(1)-N(6) 95.2(3)
0(1)-Zn(1)-N(8) 96.5(3) 0(2)-Zn(1)-N(8) 90.3(2) N(1)-Zn(1)-N(8) 96.2(2)
N(6)-Zn(1)-N(8) 77.3(2) 0(1)-Zn(1)-N@3) 89.8(2) 0(2)-Zn(1)-N@3) 92.9(2)
N(1)-Zn(1)-N(3) 77.7(2) N(6)-Zn(1)-N(3) 99.9(2) N(8)-Zn(1)-N(3) 173.13)

2 SRS

EARFE A0S BRIB IR C-N 48 K75 B 0.132 0(4)~

2.1 BELEHSH

HT X SR 2 AT 5 S5 6 A A7 5 A fige B 45 SRk
B LB 1 AX PR TTAL & A 2,5- 22K
FEBR IR ML E 7371 1/8 A 7K 53, HoAx i o 2 i 1t
XFRREAEAR 20, an &l 1 s, N3 ORI CO Y R
Gt oA, A AN 0.5, AR I DR R Y- 2
K A B0 5 B A R I vk e B TR A
SEAC RN BE A B LA W 0081 BRI BRI N-C-N B
4 112.8(2)°, ML BE PR N C-N-C #E A 119(3)°, %
BE 5 2 R0 A W 00 FE R A B A B0 AR 2 o
C7-C8 # K h 0.146 2(4) nm, X 5 C-C HL4 i b o

0.139 0(4) nm, lb— M 1Y C-N 5#(0.148 nm) Mg J | 17 X
b 28 LY C=N 48 (0.128 nm) W& 1 | 7 H HLE 43 3L
SR T R BRI BT T RS- T AT I E R Y- T BT
BB T A A 9.40  HILA AR R K AR mRmk B
T PN I D M TR B AT | R A R e B T R )
T AR 0.5°,

Cl0 N3C9 NI 1
KWL 7/B WP L]

Fig.1 Molecular structure of compound 1
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&Y 1 FE7E 2 Bl &, o N(1)-H(1B) -+
O(1)Z [A] iy & B R 5 R 0.268 8 nm ,N(1)-H(1B)---
NQR)(x,~y,z=1/2)Z [A]H 5 ) 0.324 1 nm, 1k
B 1 EHEAE R N = GRS

&Y 2 ARXFR L TTT | Zo2 8 1R FH O\
KRB BCAI A Y FEALER S | 2, 5- (2 - AR T K me) it
WE e AR FH e A7 B FC AL S Sl 2 4
N JF 53 501 2 ik E B0 F B N R BRI 3R |- 55X
NN EFEER IR N T, B2 21ba9 2 1
I B TR, N 3 ERTEUE 5 Zn?
BFIALN 4 4 N 405k A 2 AR R BB i,
PL Zn® 85 -2 vt B /N TR 9 53 41 2 AN BE A7 A5 8% 2
ASH0 71 0 JF(01 F1 02) i 5, /Tl Al &
AT 3535 01 A NT, Hoh 01-Znl-N1 fr )
Je M 166.856(11)°,Zn1-01 5K 4 0.207 5(6) nm,
Znl-N1 8K K 0.2110 (7) nm, /\ K 1 77 38 I
02 N3 .N6 #il N8 4 & ,Zn1-02 ## K 4 0.209 3(6)
nm,Zn-N (1% 8 K 50 51 R 0.212 8(7).0.219 5(6) F
0.2209(6) nm, LA FEGHER Y] ZnN,0, NIHIALE T
—ERRE MY

K2 L& 2 b Zn e 5 i e A 3R 5 K

Fig.2 Coordination enviroments for Zn*" ion in 2
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2,5- (2 PR I BRI I B J AR T 2R 9 K s BT
VI E PR BT AE 0 1 TR Y I AR O i ol 2.484°
F1 6.444° FH i) Af B 349 LU A i 15 00 G b i 4 ot
RN, F Zo> B TR G TR 2 AR LT AH B
B TR IR O 83,3210, 2 5L A PRIk
WA B A 114 I T R B L A U 8 TC A A R R
K W A iy T8 T AR AR 0.364° (1 B BCAR P 2
0.462°) , 1 A& Z 5 BE A (14 48 5 WK e B G Hh 28 35 TR
W A BT B ) 0T AR R 1.385°, FRUL AT L | 5 4 ) B
FHECALIG ,2,5- (2" - A I WK s ) n g P 42 7y O 38
5

G 2 A 2 Fha (SR 3), 5 Zn> B T
L) O ST FIA S 5 B0 AL R I BRIK B TT E 9 N
J 38 2ok SRR G W A 1D B S5 | Gn
Bl 3 iR, Hod N@4)-H(@4B)---OQ2) (—x+1,—y+2, —z+
1) Z 8] 1Y 2 8 FE 25 2 0.275 7 nm,N(10)-H(10A)---
Oy (=x+1,—y+3,—z) Z YA HEEE 2R 0.277 0
nm, LAY 2 AR 1D 4 48U R R 22 ]
MR RSN 0.33095 nm, KW ENZBEAFTE 77 7E
M, B 2 i U E I B 1D SR 45 48 1
Wt o VR HERUR = g by, e BRI A& 4
N, R —dEEaE | HRSEN 1.4 nmx0.9
nm, MAL SR AETE A% K S TR A
He B B — e FLIE

B3 fead 2 bl SR R — R A5
Fig.3 1D chain structure of compound 2 formed by

hydrogen bonding interaction
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Table 3 Hydrogen bond lengths and angles in 1 and 2

D-H--A d(D-H) / nm d(H-++A) / nm d(D-+A) / nm £ (DHA) / (9)
Compound 1
N(1)-H(1B)---O(1) 0.086 0 0.199 8 0.268 7 136.38
N(1)-H(1B)---N(2)’ 0.086 0 0.249 2 0.324 2 146.24
Compound 2
N(4)-H(4B)---0(2)' 0.086 0 0.200 0 0.275 3 145.3
N(10)-H(10A)---O(1)" 0.086 0 0.206 3 0.277 2 139.21

Symmetry code: 1: ' x, =y, z=1/2; 2: " —x+1, —y+2, —z+1; " —x+1, —y+3, —z.
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Fig4 Packing diagram of compound 2
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Fig.5 Fluorescence emission spectra in solid state of

compound 2 at room temperature
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