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The catalytic hydrolysis reactivities of dinuclear nickel (Il) complex, p-aquapentaaqualy-3,6-bis(6'-
methyl-2'-pyridyl)pyridazine|chlorodinickel (II) trichloride trihydrate (APNT) for bis(p-nitrophe-
nyDphosphate (BNPP) as a DNA model compound were investigated. The dissociation constants of
APNT were pKa,=7.9 and pKa,= 9.6, respectively. The hydrolysis rate constant of BNPP com-
pound by APNT was showed the rate enhancement of about 370,000 times in the case of none cat-
alyst at pH 7.0 and 50°C. Based on the findings, we proposed the catalytic cycle for the hydrolysis
of BNPP by APNT complex. The metal ions of dinuclear nickel (II) complex significantly enhance
the transfer rate of phosphoryl group in the catalytic process and the water molecules as nucleo-
phile and proton transfer agent act in different steps.
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pentaaqua[p-3,6-bis(6'-methyl-2'-pyridyl)pyridazine]chlorodinickel (II) trichloride trihydrate, metal ion.

backbone F&lsh= BEhE HHSAIS 2RI ©lE§ DNA
2} DNase Ale]e] A3 2R8-S o|al|8lalA} phosphate ester Z 3
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Fig. 1. X-ray crystal structure of -aqua-pentaaqualp-3,6-bis(6'-
methyl-2'-pyridyl)-pyridazine]chlorodinickel(II) trichlori-detrihydrate
(APNT). (ORTEP representation: Thermal ellipsoids are drawn at the
50% probability level. The three chlorine anions and three water
molecules are omitted for clarity)."> ‘
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2% Ni(D 3 SEF} pKads. 23 Nidl) & sk}l p-
aqua-pentaaqua[p-3,6-bis(6'-methyl-2'-pyridyl)pyridazine]-
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Fig. 2. pH-rate profile for APNT promoted hydrolysis of BNPP at
45°C. The points are experimental and the solid line is calculated
values by the equation (4): pKa,=7.9 and pKa,=9.6.

HApKa= 1.7y ARE A2 o2 8739 & Xl 4
A7t o] WlEoln pH 8.0~10.0 F71oIA pHY| F-asl
WS SEARE UERe A 7] EvRkge] dojdte A}
Ao}, ow) Ni(ll)2-Cll A F8AZl ClIgzL FA)
B A XFHERE N1 8 2x1E0] A%8 843 2
Agch Wy tdzl Aftel 8 BAlA )9 £294
5 UHe 4927 o|gdsle] BNPPS} bidentateS HA3) ©]
Foll & TE VIS 49t olgsl] tEdzl 072 o] o)
e stolete #2244 BNPPel Adte] E7Vssit), wet
A A g el Zldshe & Bake 3 19 Nidn 93
A%E & B4R g4z E B 4292 F Nid)
HAES oJgt 7] M= A= Qs o & sjelEct. 2
BEE pKa S TIZR & 2419 Fa9xy) sjeishes 4t 3
ol pKais ¢ 9] Ni(ll) 9A1] 23E & E0)4]
170e] A7t slgjsE Zol™ pKa,>pKal BEE 1ol
© AL FEole g W FAdolr). T3, B 4254
(hydrophobicity) H=Q1 logPate A 23} ko] AAthzel 84
T8 ouldls RoR #2E A4 RS logP=-02980]20t).

BNPPS] 7}83] ¥, pH 6.0-12.0914 BNPPS| 71453
We4S doby] $ske] Fig 201 pHol WE 13} wkgd:
T Ak, el Hslel tish pH rate profileS AASIITE =,
pH 8.0(pKal =7.9) |&}lA= hydronium ©]&-¢] ko) o=
2o BNPPY theh Wrlet £XE4E whehwr) $7)
3 © AT o E kg nrt A

=] M)

(

e BEe
LERE” A2 F39 54 2FEu)(kH) vkgo] dojdt)®
pH 8.0~1094= pHell F#A31A4 433 w5 EE Yehle
T Al ot dnt 47)-Eui(kH,0) 9 283 pH 10.0
(PKa,=9.6) o’doIAE hydroxide ©]2 Fxo) 2&3 o= pH
7F SNSRI Zokehe B2 99 54 W&
i(kOH) ¥H-3-0.2 FIPHrt, o|ZHE 7lpEs] whee 371A
FE whgo R dojpuz® Ay AMS feldon g
T = ¥R £E2E U ) o] yekd = Qi

k. (s"x10°

8.75 - 4

8.50 ) L L ) :
0 1 2 3 4 5 6

Dinuclear Ni(ll) complex (mM}

Fig. 3. Effect of increasing the concentration of APNT on the rate
of organometalic complex promoted hydrolysis of BNPP (5 mM) at
pH 8.0 and 45°C (k,=2.70X10™° l/mole/sec).
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Fig. 4. Proposed interaction between BNPP and APNT molecules
with catalysts. (a) specific acid (k,,.), (b) general base (k,;,,) and (c)
specific base (ko ). (OR: p-nitrophenoxy group & M: Ni (ID)).
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Scheme 1. Catalytic cycle for the dinuclear Ni (IT) complex, APNT
promoted hydrolysis of BNPP in neutral media.
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