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Syntheses and Structures of Four Metal Complexes Based on One New Triaza
Macrocycle Derivative Ligand 1,4,7-Triazacyclodecane-N,N'N"-triacetate
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Abstract: One new macrocyclic triamine derivative ligand 1,4,7-triazacyclodecane-N,N' N"-triacetate and its four
transition metal complexes, [ML]+ 1/2[M(H,0)] - [C104]- nH,O (M=Co*, Ni*, Cu*, Zn*) have been synthesized and
characterized by physico-chemical and spectroscopic methods. The crystal structure of [NiL]-1/2[Ni(H,0)¢] - [C104]
+3H,0 (1) was determined. The four complexes have similar compositions and structures. CCDC: 648012.
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Scheme 1

FX 0.954 ¢(3.85 mmol) TACD-3HCI Flif 5 14
LR 1.323 g(14 mmol)# T 20 mL /K H  1E 45 CHI
PEFET B 1.4 g (58 mmol) LiOH 4L i A iR &
W pH (HZERFTE 10~11 Z 08, SV 48 h, ilE BE
L, 6 mol- L' 09 HCl V815 pH b 2, TEEHL 78 &
wHZET A TK L R ER DL A B iiE
AT, L uE BORE TR AR TR SRR 2 Ik,
3 L-HCl 0.474g, 7" %4 38.9% ,m.p 278.4~286 °C,
JCE T : Anal. Caled. for C3HuN;O4Cl:C,44.13;
H,6.19;N,12.74, Found:C,44.94;H,6.37;N,12.41,
IR spectrum(KBr;em™):2 858m,1726s,1600m, 1399
s,1325m,1213s, 'H NMR(400 MHz,D,0):5 3.76(6H,
NCH,CO0),3.48(12H, CH,NCH,),2.24(2H, CCH,C) , MS

m/z=317.6(M"),
1.3 REVHEN
[NiL]- 1/2[Ni(H,0)¢] - [C10,] - 3H,0 (1): FKHL 0.108
g (0.5 mmol) L-HCI BLAKRYE T 10 mL ZE MWK, A
Ni(Cl0,), -6H,0 (0.18 g,0.5 mmol) /¥ 10 mL & P& %
W, 985 H 2 mol- L™ 19 NaOH 75 pH=7 , $ 1 ) i
2 h, U8, #E 1A R
[CoL]-1/2[Co(H,0)¢]-[C104] (2),[CuL]- 1/2[Cu(H,0)q]
-[C10,] (3),[ZnL]* 1/2[Zn(H,0)e] - [C1O,] (4): & B 5 Bl
AW 1 2400, A Cu(ClOy),-6H,0,Zn(Cl0,),-6H,0, Co
(C10,),+6H,0 4% Ni(Cl0,),-6H,0, # 1 A ENTHE
(EVSETW-T e E
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Table 1 Element analysis and color of complexes 1~4

Found (caled.) / %

Complexes Colour " .
1 Pink 26.12(26.22) 5.61(5.55) 6.84(7.06)
2 Purple 25.74(26.36) 4.53(4.56) 7.27(7.98)
3 Blue 26.58(26.03) 5.06(4.51) 6.31(7.01)
4 White 26.43(25.90) 3.79(4.48) 7.38(6.97)
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Table 2 Crystal data and structure refinement for complex 1

Empirical formula CisH3CINsNG 505 D./ (g-em™) 1.568
Formula weight 594.9 F(000) 2 440
Crystal size / mm 0.348x0.209x0.157 6 range for data collection / (°) 1.55~25.10
Temperature / K 208(2) Index ranges —10< h <10, -25< k <25, -23< [ <31
Crystal system Orthorhombic Reflections collected / unique (R;,) 12 529 / 4 432 (0.047 8)
Space group €222, Data / restraints / parameters 4432 /33 /369
a/ nm 0.895 47(13) GOF(F?) 1.01
b/ nm 2.120 4(4) Final R indices [[>20(])] R=0.063 3, wR,=0.167 5
¢/ nm 2.627 3(4) R indices (all data) R=0.0777, wR,=0.1808
V / nm? 4.988 6(13) Largest peak and hole / (e-nm™) 813 and -369
A 8
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Table 3 Selected bond lengths (nm) and angles (°) for complex 1
Ni(1)-N(1) 0.205 3(6) Ni(1)-0(1) 0.210 6(5) Ni(1)-N(2) 0.204 8(6)
Ni(1)-0(3) 0.208 0(5) Ni(1)-N(3) 0.209 6(7) Ni(1)-0(5) 0.206 8(5)
C(9)-0(1) 0.122 3(8) C(9)-0(2) 0.131 4(8) C(11)-0(3) 0.125 1(8)
C(11)-0(4) 0.126 4(8) C(13)-0(5) 0.125 5(8) C(13)-0(6) 0.126 6(9)
N(2)-Ni(1)-N(1) 90.1(2) 0(5)-Ni(1)-N(3) 102.2(2) N(2)-Ni(1)-0(5) 81.0(2)
0(3)-Ni(1)-N(3) 82.2(2) N(1)-Ni(1)-0(5) 167.1(2) N(2)-Ni(1)-0(1) 94.5(2)
N(2)-Ni(1)-0(3) 173.9(2) N(1)-Ni(1)-0(1) 81.6(2) N(1)-Ni(1)-0(3) 95.8(2)
0(5)-Ni(1)-0(1) 89.84(19) 0(5)-Ni(1)-0(3) 93.40(18) 0(3)-Ni(1)-0(1) 87.65(18)
N(2)-Ni(1)-N(3) 96.8(3) N(3)-Ni(1)-0(1) 164.6(2) N(1)-Ni(1)-N(3) 87.9(2)
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Table 4 Main IR and UV-Vis spectral data of the ligand L and its complexes

Compound v(OH) v(NH) v,(CO0) v(COO") v(Cl0y)
L 2 858 1726 1399
1 3423 — 1615 1381 1099
2 3361 — 1617 1404 1102
3 3432 — 1 655 1349 1057
4 3435 — 1653 1344 1 060
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IR A Nl(ll)f/\ﬁﬁ%th o0 (P) AL, T () Fl
o,y W d-d BRIE 7, @aA% 2 £ 436,622 1

739 nm Y 3 AW U UE AT 53 550 48 IR A Co(IDTE /\ T
W b AT, T\ (P),*T\ T\ (F),*T\, T, 1 d-d IR
T FEA Y 37E 584 nm AbA — 55 1 Wi | mT A
J& R NI AR Y 2B 2T, BRIE®, BLEW 4 1 Zn B
TR d HL TS AR BHERAT | i LA A IR0

£S5 EAEYW 1~4 BEIMRY S IE LR

Table 5 Electronic absorption spectra maxima data of complexes 1~4

Ay / N Assignment of A / N Assignment of
Complex
(e / (L**mol ™+ em™)) charge transfer (e / (L3+mol™+em™) d-d transition
1 268 (1.02x10%) O—Ni> 357(590) AT (P)
561(260) An T (F)
809(240) Ao Ty,
2 270 (2.65x10°) 0—Co™ 436(540) T\ —*T\(P)
622(525) T T (F)
739(503) )T,
3 271 (2.48x10%) 0—Cu* 584(310) BT,
4 269 (2.51x10%) 0—Zn* — —
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Fig.2 A ORTEP view of [NiL]
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Fig.3  ORTEP view of the sandwich structure NiN;0;

core in [NiL]
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Fig.4 3D supramolecular structure through hydrogen
bonds
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Table 6 Data of TG-DSC analysis for complexes 1~4

Loss weight of water / % Residual value / %

Complex Temp. range / C
Exp. Caled. Exp. Caled.
1 60~120, 160~280 17.18 16.20 25.09 23.45
2 180~260 10.49 9.13 25.17 23.63
3 180~300 11.29 9.01 22.61 24.57
4 200~300 10.97 8.96 25.15 24.86
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