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Catalytic Hydrolysis of p-Nitrophenyl Picolinate (PNPP) by a Dinuclear
Copper(ID Complex of an Octaaza Di-macrocyclic Ligand
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Abstract: A new dinuclear copper(Il) complex of an octaaza di-macrocyclic ligand (bisdioxocyclam) has been syn-
thesized and characterized by elementary analysis, TG/DTA, molar ratio and Job method. Its ability to catalyze
the hydrolysis of PNPP was studied and the kinetics and mechanism for the hydrolysis of PNPP promoted by the
dinuclear copper(Il) complex of bisdioxocyclam was discussed in detail. For comparision, the catalytic activity of
the corresponding mononuclear copper(ll) complex toward the hydrolysis of PNPP was also investigated. The re-
sults indicate that the macrocyclic dinuclear copper(Il) complex of bisdioxocyclam can effectively catalyzed the
hydrolysis of PNPP. Apparent cooprativity between two metal ions of the macrocyclic dinuclear copper(Il) complex
was observed, which is similar to the “bifunctional mechanism” operated by some natural hydrolytic metalloen-

zyme.
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7 K H| Carlo Erba 2 7l MOD 1106 Jt % 43 #
1%, Perkin Elmer 16PC FTIR £L4M %4 (KBr JE F),
Bruker AV-300 NMR # 1%1% , H 4<¥5 T. Seiko Exstar
6000453 HT 4, TU-1901 28 &} AT UL 43 56 6 B i (At 2
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Na,SO, & Ky 7 Hraliil il . 1R — ZFEe(or Mk, fiff
FH BT 0 T 2%, 46 60 £ B (R e K < B 4 T i Ak
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A7) o X SR I - BE FF R PR (PN PP) 44 STk 7
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1.2.1 A 3 /94 Al

1 4.6 2(0.20 mol)4xJ&E HN¥E T 500 mL 45 X%f £ i
O TERCRE TR AUAUT R AE T N 31 mL(29 0.20
mol) TN 1R — LMk, TN ST Ak g 20
min, ¥ 25.4 g(# 0.10 mol)fli&E T 150 mL Jo/K 2. Bk
Jo  AERI ZUERE T P28 A R W o s | 4k
LB PE 30 min, R E AR, A5 R RER S &2
25 150 mL, ¥ HJE , il A 100 mL 7K , F§ 100 mL Z.
Bk 2 0L 3 K, 4tk ST )2 AT 100 mL 0.1 mol - L7 (1)
Na,S,0; # WPk % 2 )5, FH TG /K NaS0, Tt % .
KL WG A OERYS 5 3, W L BEE 2 K
J& , R B2 TR U 50%, m.p. 75~7 6°C(3CHk
{"1.76 °C), IR(KBr,em™):2987,1737,1472,1369,
1309,1283,1191,1 146,1 027,951,864 ,824,700,
583,533,

1.2.2 BUA AR IR DU RCAR 1 196 A

¥ 0.025 mol (1 [E1A 3 % F 500 mL 4% 2,
B AE AR 1 A 0.05 mol 191,418,
1-PU RS ke, 2805 i, BUNS R, Ui 1
FRURA B, gk 2k i 3 d, LU, FH O EEDEVR 3 W, H
RERC ELAS T, B EMmTiE, HuEmkas —
Ja, TR D A BT AR AL, S A R BN
8 v (] 442 3, AT IO S i A A R 4 U 25%
'H NMR (D,0,300 MHz) §:1.63~1.66(m,4H),2.60 ~
2.64 (t,8H),2.69 ~2.76 (m,8H),2.99 ~3.04 (m,4H),
3.61 ~3.66 (m,4H),4.03 (s,2H).IR (KBr,cm ™):3 357,
3299,3073,2945,2837,1 673,1650,1560,1 463,
1 431,1 200,1 136,797,728 ,533. JC % 2 #r : 4%
CaoHysNgO, A9 T8 M (%) : C,52.86;H,8.37;N,24.67;
SI{E (%):C,52.71 ;H,8.42;N,24.55,
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¥ 0.025 mol N i - ZBE¥% T 500 mL 4 %f
LB ERAST A 0.025 mol 1,4,8, 11-PU% 2
Tt I 5 d TR 7% e B A A R R
D E 250 mL, R EGE S, LIRSS 2 S IS S EERD
CWEVEU QS & 15 AR TTTE 2, R
20% ., m.p. 175~177 C(CHEM176~177 C), IR
(KBr,em™):3 325,3 053,2 932,2 801,1 672,1 630,
1553,1432,1148,1043,760,711,546.7C % 43 M7 . ##¢
C1oHyN,O, H T3 {5 (%) C,52.61 ;H,8.83;N,24.55;
SLE (%) : C,52.665;H,9.01;N,24.20,
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FERFET B 2.27 o(29 5 mmol) AL 1A 1 % T 80
mL 7K A 2.8 (£ 11.2 mmol) CuSO,-5H,0
1 2 mL K% ,30 min J5 , 9 pH 29% F 7,
P 30 min, G UE, KD R IRIE RS LT
00 Y08 VT e 7 25 R AN VR 4 & 24 30mL, R HI A i
U8 VR 3 R, K 4G, RE R s T
T3 S AL 2.5, W T1% , JC & 0 Hr . 4%
CooHsoNgO,.Cu, B 115 {H (%):C,33.29;H,6.98;N,
15.52;Cu,17.61; L5 {H (%).C,33.15;H,7.23;N,
15.47;Cu,17.94, IR (KBr,em™):3172,2959,2915,
2874,2846,1585,1550,1445,1373,1328,1258,
1193,1109,1077,1049,983,896,737,716,665 .
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WL, LRSS % CHNO0,Cu BT EAE (%):C,
41.44;H,6.26;N,19.32;Cu,21.93; SLH1{H (%):C,
41.53;H,6.99;N,19.24;Cu,22.26,
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Fig.1 Variation of UV-Vis spectra vs Cu* concentration
at ¢,=2.5x107 mol - "
Numbers in plot are ratio of ¢/ ¢ » in aqueous
solution.
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Fig.3 UV-Vis spectra for the solution of ¢ +c -=
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Numbers in plot are ratio of ¢, / ¢~ in

aqueous solution.
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2.1.2 IR/ ZERST

RTT T BTG R A A A K
HEH, MEAY Cuy- 1 #47 TIME ST, S5HRE
W 7E 28 ST BE A 40 M AE TR EE R 45~103 °C
[ Fll 127~141 ClaI K H, KA 558 18.45%FI
3.44% . FRATTIN g, 63X AN I B DX, 2 2 A 2 45
Al 7K, 2 BRI T 7 43 F 45 KA 1 2 T4k oK 22
Pl £k EAE 89.3 CCAN 131.1 CHY PR IESE 13X
— R, HCFRATHEN A Y AL E G 8 A F A RK .

2.1.3 JTEIMT

ST RIERC A AR, FRATH TR A
E T CHNJITEMS &, EDTA BC 7 a2 20 &
TRAEThEEEoTREME R, HE RN,
CaHsoNgO,Cuy, PR IB (% ):C,33.29;H,6.98;N,
15.52;Cu,17.61; SELW{H (%).C,33.15;H,7.23;N,
15.47;Cu,17.94,

g5 Bk e B BC S Cuys 1 A9 U A
Cu,CayHyNgO, - 8H,0, 25 5 N 1l 19 8l J7 2% R AiE , - AT
HEM Cu,- 1 BILEH T HE N 4,

2.2 PNPP kf@zh =
2.2.1 pH=7.00,30 CH} PNPP /K fiff 38 5 4%
14BN T XU AR IR DU e 1 U A
BCA 10 4 BB — R IR DU i 2 SR 59 Cus
2 7£ pH=7.00,30 CH , fi{k PNPP 7K fiff i I — 2% i

£ 1 pH=7.00,30 CHt PNPP 7k fi# iy = 3 — 21
T hoped

Table 1 Pseudo-first-order Rate Constants(k,,) for
Hydrolysis of PNPP in Different Systemsat
pH=7.00, 30 °C*

No. system kg ! 107 87! kg ! ko
1 — k=3.81 1
2 4 6610 1.73x10°
3 Cu-2 4.96 1.30

“In 0.10 mol - ™! Tris-HNO; buffer, /=0.1 (NaNO5);
cppp=4.00x107° mol - L™%; c,=cc,.,=5.00x107 mol - L™!
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Fig.5 pH-rate profile for dinuclear complex 4 catalyzed
hydrolysis of PNPP
cq=2.5x107 mol -+ L™; ¢pypp=4.00x10 mol - L”!
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Table 2 K and k of the hydrolysis of PNPP in the
presence of dinuclear complex 4
10% /s 107K / (mol™-1)
1 4 9.74 0.771
0.436 2.06

No. Catalyst

2 Zn*-substituted phenanthroline”

*T=30 °C, pH=7.00 (0.10 mol L™ Tris-HNO; buffer), 7=0.1
(NaNOy)

" Referencel, T=25 °C, pH=7.00 (0.01 mol L~ N-ethylmorpho-
linebuffer)
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Fig.6  Plots of 1/(kau—Fko) vs Ve, 110, for the hydrolysis
of PNPP
T=30 °C, pH=7.00 (0.10 mol- L' Tris-HNO;
buffer), 1=0.1(NaNO3), ¢ppp=4.00x10~ mol - L.
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Fig.7  Plot of the apparent first order rate constant £,
for the hydrolysis of PNPP vs complex
[Cu,L(H,0),], concentration
T=30 °C, pH=7.00 (0.10 mol-L™" Tris-HNO;
buffer), 1=0.1(NaNO;), ¢ppp=4.00x10-° mol - L.
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