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Synthesis and Characterization of Novel Salen-Type Complexes and

Their Axial Coordination Thermodynamics

GUO Li-Qin SHI Xiu-Li RUAN Wen-Juan* ZHANG Xiao-Hong ZHU Zhi-Ang
(College of Chemistry, Nankai University, Tianjin 300071, P. R. China)
Abstract: Four novel Salen-type mono- and binuclear complexes were synthesized by a metal template method, and

were characterized by elemental analyses, hydrogen nuclear magnetic resonance ('"H NMR), electrospray ionization
mass spectroscopy (ESI-MS), Fourier transform infrared (FT-IR) spectroscopy, ultraviolet-visible (UV-Vis) spectroscopy
and circular dichroism (CD)spectroscopy. The thermodynamic behavior of the Salen-type Ni (II) complexes were
studied by UV-Vis and CD spectra. We found that the coordination numbers for Im and N-Melm were 2, but for 2-Et-
4-Melm and 2-Melm were 1. The association constants of the systems decrease according to the following order:
K©(Im) > K9(N-Melm) > K°9(2-Et-4-Melm) > K©(2-Melm). The thermodynamic parameters A, HS and ASS were
also determined. Results showed that the axial coordination process was driven by enthalpy and entropy.

Key Words: Metal template method; Novel salen-type complexes; Synthesis and characterization;

Thermodynamics of axial coordination; Circular dichroism spectrum
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—OH), 13.546 (s, IH, —OH), 10.443 (s, 1H, —CHO),
8.266(d, J=5.4 Hz, 2H, CH—N), 7.601-7.316 (m, 2H,
ArH), 7.175-6.977(m, 2H, Ar-H), 3.420-3.260(m, 2H,
NCH), 2.222(s, 3H, —CH,), 2.041-1.557(m, 8H,
(CHy),), 1.410(s, 9H, C(CHs),), 1.230(s, 9H, C(CH,),).
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Salen BRIt &4 1, 2, 3, 4 A5 &Lk WL~ 2 F
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10 mL B AR, ZEGEFE T I o A A 1 1 4 i
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BLA 9 10 L AR R, 7%k 50%. 'H
NMR (CDCL, 300 MHz) 8(m): 12.995(s, 1H, O—H),
8.610 (d, J=14.7 Hz, 2H, CH—N), 8.431 (d, J=14.1 Hz,
1H, CH—N), 7.822-7.736, 7.531-7.309, 7.049-6.525
(m, 16H, Ar-H), 3.452-3.424 (m, 2H, NCH), 2.544 s,
3H, CH,), 2.116-1.643(m, 8H, (CH,),), 1.346(s, 9H, C
(CH,),), 1.157 (s, 9H, C(CH,),); 43 i35y CH5NiN,
0,:ClO;: C 65.48, H 5.93, N 6.11; sLill{E & C 65.61,
H 6.21, N 5.70; MS, m/z 817.67(M).

BLA W 2: LA R, 772 R 51%. 'H
NMR (CDCl,, 300 MHz) 8(m): 12.988(s, 1H, O—H),
8.617 (d, J=14.7 Hz, 2H, CH—N), 8.443 (d, J=17.7
Hz, 1H, CH—N), 7.883-7.778, 7.581-7.320, 7.163—
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Scheme 1 Synthesis route of Salen-type complexes 1, 2, 3, 4

6.565 (m, 16H, Ar-H), 3.378-3.343 (m, 2H, NCH),
2.025-1.637(m, 8H, (CH,),), 1.344(s, 9H, C(CH,);),
1.177 (s, 9H, C(CH,),); 43 #1154 CiHy CININ,O; -
0.5C10,-H,0: C 64.97, H 5.90, N 6.19; SZili{E Jy C
64.41, H 5.71, N 5.92; MS, mlz 837.49(M).

BLEW 3: Mek B IRB R, ;730 78%. 43 Hr
N CyHyCuoN,0;+ ClO, - H,0: C 59.90, H 5.53, N
5.59; SZ I {E & C 59.32, H 6.78, N 5.54; MS, mlz
883.60(M").

BLEW 4: REkaEIARB R, 730 80%. 431t
4K CH;CICuN,0,-ClO,-H,0: C 57.53, H 5.12,
N 5.48; 52l {E 4 : C 57.30, H 5.02, N 5.18; MS, m/z
905.40(M").
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Table 1 UV-Vis and circular dichroism (CD)
spectrum data of the complexes

Compd. UV-Vis CD
A/mm(10~*Ag/(mol™-L-cm™)) A/nm(10~Ag/(mol™+L-cm™))

1 241(4.475), 262(4.718), 271(6.806), 338(—4.546)
320(2.138), 378(1.510), 395(0.301), 491(~2.212)
417(1.188), 455(1.025)

2 241(4.785), 261(5.082) 273(4.164), 339(-4.122)
324(1.980), 373(1.632) 380(—0.348), 467(-3.556)
471(1.185)

3 276(3.810), 386(1.728) 289(-5.477), 338(-0.122)

405(=5.500), 470(1.169)

4 275(4.045), 385(1.828) 287(—6.567), 356(—0.309)

407(=4.044), 486(1.204)

Aeg: molar absorptivity



004

Acta Phys. -Chim. Sin., 2010

Vol.26

R B RIS S AT S48 8+
B 7 173 i, (AR 2 AR BB (1, 2)38 R BRA%
G, AR SY 3, HWI R BALRLEY). JTTR 5
Pras RABTEN 5 FiRg5ie—2

i Scheme 1 7] LA HEE 9 1 8¢ 2 ' Nidl)
B 5 NO, Az AT Rl kB pymes = — &
8B 5 C R NO, Bifr, 51—
HMBP-Phen 1, HCBP-Phen —1l] i) N,O, it {v;. {H 2
1 T HMBP-Phen —fill %3 [a] {37 BH K, Ff H¥ L =
il — N A BT 35 Ay i AL R0 i HE NSO, FL
=B, AT NidDBECAZ, R, $A% Ni il
HYINJE—A NiAD 52 ——MI NO, 4T
BeAz. [ — e ik i i A G A 01 CD il 2k b
BCAA AT 22 A2 8 W dn A8 Ak 0. 3% B Ni(ID V% 78 36
L e — A
212 B iR

W A A S BEAY 1.2 (WS
BT LVE H: B A FEAL2E00 8 6 10.443 A0 F
FEEJEI; 43 JRAC A 1.2 16 8 10.443 Kb AR S ig 7y

4e, HAE 8 8.4 o4y B CH—N (R AEIE, {5 B 5
Jiie RN 7K, FE A% Salen BURC &4, Bl &4 1.2 $497E
8 M 13 A FILE M, HAEVMEE RN 1 AT,
XA UL Ni F A P8 B e AR A
213 BEr RO LE

M 2 LTAMETERRE AT LUE B, A A LA
PIFE 1700-1800 cm™ B I 34 =A< YA 00 1) 1 5 7 i 3
U, TTAE 1620 em™ 2247 A AR5 C—N fihgadR 8l
7R, UL B G I ES TR . ZERLA I, NLO $2
HEION HLF, 4@ PR AL 23 L, TR e 4o 5, SRINAE
21 Ah i 5ol AE 400-600 cm ™ X3 P AT 08 ) £
M—N M—O 4R shig>19 il B T 48 il &
YIIIE . LAk, 1.2 BILTAMERE AR 3630 cm™ 42
A B O—H (4R Bhi, JiH 1.2 sk fFre [ i
BRI, N ERILED.
2.2l o) R AL T T R A e 2%

Bl F2 oA R 3R 1 S 7 SR ' i &L [ ep
ik RN 1 7 0] 3R ARV B [ . e AUk B
Wi et UV-Vis X924k 7 1n). t BIATLLE 1

& 2 Salen ZUEL S HIHY1E B M IR SMRYCLIE KiHE

Table 2 Fourier transform infrared spectrum date of the Salen-type complexes

Compd. veu(Ph-ring) Ven ve—c(Ph-ring) Ve, Ve o Ven Vyvio Vi

1 2727(w) 1646(s) 1541(s) 1460(s) 1273(m) 1146(s) 580(w) 449(w)
2670(w) 1595(s) 1509(s) 1377(s) 1242(s) 1094(s) 546(m)

2 2725(w) 1650(s) 1541(s) 1463(s) 1273(m) 1148(s) 584(m) 413(w)
2669(w) 1598(s) 1500(s) 1377(s) 1239(s) 1096(s) 547(m)

3 2725(w) 1630(s) 1530(s) 1460(s) 1321(m) 1103(s) 583(w) 493(w)
2679(w) 1548(s) 1521(m) 1377(s) 1233(s) 1073(s) 545(w)

4 2725(w) 1646(s) 1541(s) 1463(s) 1273(m) 1143(s) 574(w) 497(w)
2679(w) 1600(m) 1506(s) 1377(s) 1230(s) 1102(s) 543(w)
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Bl 1 20 °CEEE 1.2 ERERER 2-MeIlm Fif#E CHCL, sl E {7 & B H) UV-Vis ig
Fig.1 UV-Vis spectra for axial coordination reaction of host 1, 2 in the presence of different
concentrations of 2-MeIm in CHC]; at 20 °C
(I) system of 1-2-Melm, 10°¢(2-Melm)/(mol-L™): (a) 1, (b) 3, (¢) 7, (d) 9, (e) 12, (f) 14, () 16, (h) 19, (i) 20; (II) system of 2-2-Melm,
10%c(2-MeIm)/ (mol-L™) : (a) 1, (b) 7, (c) 10, (d) 17, (e) 20
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Fig.2 Linear fitting plots of In[(4,-A.)/(A~A.)]-Inc, for 1-Im(a) and 2-Im(b) systems at 20°C
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Melm ,2-Melm {1975 [a) 5 B, BT A A —j E 24
FIRECA Y, TEBCAIECH 1 BBLEY. 15 3] AL
BOE 2 81, AR 4, Wik T BRI Ni T2
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Table 3 Coordination numbers n of the host-ligand axial coordination reactions at different temperatures

n

Host Ligand 15 C 20 C 25 C 30 C Mo

1 2.061 1.976 1874 2.051 1.990
N-Melm 2.006 2.025 1.965 1.882 1.992

2-Et-4-Melm 1.174 1174 1.110 1.070 1.132

2-Melm 1.026 1.126 1.060 0.980 1.048

2 2.153 2.046 1971 1.895 2016
N-Melm 2.066 2.001 1.900 1.802 1.942

2-Et-4-Melm 1167 1128 1.076 1.008 1.004

2-Melm 1121 1070 1.032 0.969 1.048
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Table 4 Thermodynamic data of the host 1,2 ligands axial coordination reactions in CHCl;
KO
Host Ligand s 0 Py 30T AHS/(KTmol™)  ASS/J-K'+mol™) r

1 Im 1.15x10° 6.95x10" 4.19x10" 3.07x10* -64.92 128.67 0.996
N-Melm 2.77x10* 1.83x10* 1.17x10* 8.53x10° -57.76 115.61 0.998

2-Et-4-Melm  4.13x10° 2.99x10° 2.34x10° 1.73x10* -41.36 74.43 0.999

2-Melm 1.36x10* 1.06x10° 8.48x10>  6.863x10? -33.04 54.80 0.999

2 Im 1.85x10° 1.16x10° 6.75x10" 4.36x10* -70.70 144.46 0.999
N-Melm 5.43x10* 3.84x10" 2.30x10" 1.44x10" -65.21 135.35 0.996
2-Et-4-Melm ~ 8.42x10° 6.04x10° 3.98x10° 2.51x10° -58.74 128.38 0.996

2-Melm 2.12x10° 1.56x10° 1.19x10° 8.26x10° -44.99 92.34 0.997
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Linear fitting plots of InK°-1/T for 1-Im (a) and 2-Im (b) systems
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