DAEHAN HWAHAK HWOEJEE

Yournal of the Korean Chentical Sociefv)
Vol. 34, No. 5, 1990

Printed in the Republic of Korea

H0|24 Ol% Macrocyclic Ligand AlO[2] vh20)| et ST & o7
A2t MaEXE ZH#SE Hone| 2UEE ez

SiRE - WIOR - W - FMAR* - 84D - FE
At Al s} 3l3ta)
*aei i o] 33} 3t}
“hotu Apd g e
(1989. 7. 28 A4

Kinetic Studies of Reaction of Transion Metal Ion with Macrocyclic Ligands.
Containing Nitrogen and Oxygen Donor Atoms

Jin-Ho Kim, Moon-Hwan Cho, Dong-Ho Hyeoun, Hyu-Bum Park*,
Si-Joong Kim*, and Ihn-Chong Lee**
Department of Chemistry, Kangweon National University Chuncheon 200-701, Korea
*Department of Chemistry, Korea University, Seoul 136-701, Korea
**Department of Chemistry, Hallym University, Chuncheon 200-702, Korea
(Received July 24, 1989)

2 9 ANEe] A Adz] U= 1,1518-triaza-34 ; 12,13-dibenzo-5,8,11-trioxa cycloeicosane
(NdienOdienH,) ¢} o)) 4% 7d)ze) 2)}= 1,12,15-triaza-3,4 ; 9,10-dibenzo-58-dioxa cycloheptade-
cane(NdienOenH,}$} 1,15-diaza-34 ; 12,13-dibenzo-5,8,11-trioxa cycloheptadecane(NenOdienH,) & 25C
4Rl A AAxA S o) Fated AR HrPige) FYALE Fopoich w3 99 A) 1A 2= 2s)
Co(I, NI(ID}, Cu(I}S] F%ojme) 3122 P43 25T F8Y 4 AYEASE AepHog F
stgick 223 S1e] A% Sgdel olda tielrl il g sl FBel 2)pe Aankg £oApE B3
=g Zysgch 22 G el S seeleb( 4H”Y, 45%)E Falod o] wkSAH 9 el
7SS Aeksisicn

ABSTRACT. The protonation c¢onstants for the macrocyclic ligands 1, 15, 18-triaza-3, 4; 12,
13-dibenzo-5, 8, 11-trioxa cycloeicosane (NdienOdienH,), 1, 12, 15-triaza-3, 4; 9, 10-dibenzo-5, 8-
dioxa cycloheptadecane (NdienOenH,), and 1, 15-diaza-3, 4; 12, 13-dibenzo-5, 8, 11-trioxa cyclohe-
ptadecane (NenOdienH,) have been determined by the potentiometry in aqueous solutions (25°C,
[=0.1, KNO;). The stability constants for complexes formed in the aqueous solution (25°C, I=0.1,
KNOy) between the above ligands and the metal ions (Co (II), Ni (I), and Cu (1)) have been measured
by potentiometry. The rate of the ligand substitution reaction was measured spectrophotometrically by
the addition of aqueous solutions of ethylenediamine to the solution of the complex. From the study of
the temperature effect on the rate constant (ky,), activation parameters (E,, AH*, and AS* ) have
been determined. The possible mechanism for the substitution reaction is proposed.
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Table 1. Protonation constants of ligands in aquesus so-
lutions at 25°C (I=0.1, KNQO3)

Ligand log$ log8; logfs
Ndien Odien Hy  9.36(0.01) 17.91(0.01} 21.16(0.01)

Ndien OenH, 9.68(0.02) 18.54(0.01) 20.18(0.17)
Nen OenH, 9.20(0.07) 15.810.11) —
NtnOtnH 2 9.95 17.66 -

Values in parenthesis are standard deviations.
2G. Anderegg, A. Ekstrom and L. F. Lindoy, J Am.
Chem. Soc., 1980, 102, 2670.
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Fig. 1. Plots of absorbance vs. the mole ratio of metal
ions to the ligand, NdienOenH,.
Cu(ll); ®650 nm, NiID): @370 nm.
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Fig. 2. Titration curves for transition metal ion com plexes with NdienOenH, ligand in aqueous solution at 25°C

{1=0.1, KNO3.

Yable 2. Stability constant of some metal ion complexes with macrocyclic ligands in aqueous solutions at 25°C{I=0.1,

KNOy
log K
NenOdenH, NdienOenH, NdienOdienH, NtnOtnH 4
Co?+ 3.82(0.01) 6.94(0.04) 7.45(0.02)
Ni#+ 5.83(0.01) 9.41(0.01) 9.61(0.02) 5.2(0.2)¢
Cu2+ 8.60¢(0.01) 13.36(0.01) 14.27(0.01)

Values in parenthesis and standard deviations, 2G. Anderegg, A. Ekstrom and L. F, Lindoy, J. Am. Chem. Soc., 1980, 102, 2670.

<N <Cu**9) 4§ zer) o)7L g
2& 7l & 23 459 AxAge ArE
NE Adeshe Williams-Irving 493 & QA3
o =3 7 o) o i == o AW
NenOdienH, (N,03) <NdienOenH,(N;Q;) <Ndie-
nOdienHy(N;Os) ele}. o] A& HolFHeles} ¢
Zt=e] 27)E wlxs 24, 2= zelzr|s)
40128 Z7|¥8c) Y ABE “macrocyclic ef-
fect”* = H 4514 k5% ¢ 5 2 N;O 2 NoOs
£ Bw3 B9 z2r|e A FALAST o
2, Aaarh A2 0l N0, 27t
AREAL7E E AR Bol YA A4z}
B} Holgdel&a 7 AYe olEctx 47
o}, ¢ N;O. 9t N3Os2) A EAFE ulzsl B
N:Oy9l z|z2717} S BF3le JAEAS7}
2 HAe NOs 2IZ= flexibility Z7}e} FALA}
Ry Fole @ At A7 ¥4 Lin-
doy"e X-A A7l 2ste] YA(IDo]-&7 NOuA
2)7te ) o) 2B T2y zEve § A9

Vol. 34, No. 5, 1950

Arg) AF2UAEe) FHolest Az i
T e AP A% ¥ TR B
zaleg ey NyOuAle] #ftes T 7le] AbARA)e)
A FRe] AAYRZ) Soied) Ayl vz
2lZtee BEA7E A x5 da=A ¥

A\ FXYL d&3Hde
2|7 Xgess, E AP e ML +3
en==M(en)i* +Lg} 2 whsAle] A4S
£ 33t o] wef ubeE =L i
v= -2 M e )

dt

7)ol [en]® [ML**Inx} ooz s}a)
o fAldRlzAcE 3w —d[ML**]/dt = ka,
[ML*]2 =R} o] £24% kud 971 #3149
Z Anax(N2OsNi=5970 nm, NiO,Ni=597.2 nm,
NO-Ni=624.0 nm)ell 4 Q2 F¥xeo| HAE 4
(6)o)] di=} A1) ol SHR In{(A,—A.)/(A,—AL)}
E 28 F 24 Zeolel R kT T3H



422 ¥ WI0R - LEB - AR - b - FEE

Tadle 3. Observed substitution reaction rate constants
as a function of temperature

‘table 4. Activation energies and activation parameters

Complex E, All* ASe

k=102 {(sec™1) (KJfmoly (Kl/mol} ()/mol K)

T(K)  Ni-NdienOdien Ni-NdienGen  Ni~NtnOtn Ni-NdienOdien 4469 44.80 -111.4

281 6.08(0.02)  2.42(0.03) 0.4%0.01) Ni-NdienOen 50.93 50.38 -98.2

288 098(0.03)  4.21(0.04) 1.02(0.03) Ni-NtnOtn 64.44 64.26 -66.4
298 18.3(0.01)  8.53(0.04) 2.27(0.02)
303 25.67(0.07) 12.27(0.05) 3.6%0.03)

Values in parenthesis are standard deviations
The concentration of complexes are 3.0 x 10-34¢
The concentration of ethylenediamine is 6.0 x 10-2M
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Fig. 3. Arrhenius plot of-Ink vs. U/T. N3ONi2+ (@),
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