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ABSTRACT. Five cobalt(Ill) complexes were synthesized from bi- or tridentate nitrogen ligands.
Catalytic actions of these complexes for hydrolyses of p-nitrophenyl picolinate, p-nitrophenyl nicotinate,
and p-nitrophenyl isonicotinate were investigated by a spectrophotometric method. p-Nitrophenyl picoli-
nate showed the most senstive reaction among three substrates by these catalysts. Aquohydroxo Co(IIl)
complexes raised as much as 21~40 times the rate of hydrolysis of p-nitropheny! picolinate at pH 6.5.
Activities of complexes were in the order: Co(ibpn)(OH),(OH,)>Co(aepn)}(OH),(OH,)>Co(tn),(OH)(OH)>
Co(bpy).(OH)(OH,)> Co(dien)(OH),(OH,). Catalytic hydrolysis was postulated to proceed through a intramo-
lecular general base catalysis path which is mixed by a partial intramolecular nucleophilic catalysis.

M8 BT Qb Zn(DE EGehT Qe G

24 ol&g ke R EXE B, E coli 9%E JAE8] A4 phosphate mo-

carbonic anhydrase, superoxide dismutase, carbo-
xypeptidase, phosphatase )¢ W-$ w7h&#
259 B4 FANAY FE 029 P o}
F)2g AF AN2H 2 5 WE AT A7HE]

noesters 7}pEa 3t 10°~10%1e) X0 &
e HeF3 glok® & i) whgel date
A HAFHEY RN FE o) wigH
413} o]-20] nitrile,® olefin’” % amino acid ester®

—254—
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(Good buffer o 24 F4 AE3e] F3ier) A
oz FeiH W) el AT AFel T A3
A2 AEEHAA I ek ST SA o) ALE-Eo]
A FFTe ol I FAE FHAL 025%
NaOH2} 0.05% KMnO,2 A} ZF3hed stk
'H NMR#} IR ~%lege 7t7} Bruker 200 MHz
NMR spectrometer, Bruker IFS 48FT-IR spectro-
photometer& AR&-3to] Al Y AF-Hol|= Fison
EA 1108& AH83l9on 3 23|+ Yamato
MP-1 2A¢ == 34 AAE AM-stach uhs
%%+ Kontron 860 UV visible spectrophotome-
ter2 &A3}9 29 pH Ao+ Corning pH meter
2205 o] 43k g £E ZA 4] o] 7
X+ YSI Model 32 conductance meter®. 233}
Atk

p-Nitrophenyl picolinate(PNPP). Thionyl chlo-
ride 2 mL$} DMF 2~34-8-%& #H7}g 444l pico-
linic acid 0.62 g& 50~60C9] &= & 7} wHls}
HA A8 Hrbetch 2A)7F F o] ubeES Al
222 Y7aty 4ilE 7 Ao oA di-
chloromethane 20 mLE& #¢] picolinoyl chlorides
=9k o] 44& 0CTE FAEHA b2 £
dichloromethane 30 mL$} tripropylamine 1.2 mLel}
p-nitrophenol 0.70 g& =] Fv]dF L3} waia}
HA 127 AE w3 o) £ $98 R
T2 o F&3 F 43 §715E g 2
A7 062g(51% T&) AHES Aich o] YA
& Jse-= 3 A A Aot p-Nitrophenyl ni-
cotinate(PNPN)+= &% &4 24 nicotinic acid&
=3} p-nitrophenyl isonicotinate(PNPI)+= isonicoti-
nic acid g AHg-3te] 1o} FUF W o2 A shod
Z7F 0.73g(60% 8)3} 0.65g(53% F+8)2 A
5 43k

[Co(tn),(OH,),](C10y);-2H,0. &3l upy™
w2} [Co(tn),CO;ICI0L(F-3 9] uhyol] wha} d-2)
oA 4re gel SRR YA WrpA
AR R (e] &%) C% 12.42(12.48), H% 5.07(4.89), N%
9.23(9.70).

[Co(bpy),(OH),)(C10);* H,0. <taizl why“s
°Ft A3l A k. F Na[Co(CO),]-3H,0
3.60 g(F1%2) Wlol whe} &)z} 2,2'-bipyridine
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AR st [Co(bpy).CO;ICIO, 4.85g(97% T8)%
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Co(dien)Cl,. 4#A whg?el we} FF5 10
mLol| Co(NO,),-6H,0 5.82 g=} NaNO, 6.01 g% =
ol ¥ pHE 5~622 A3k o] &4l diethy-
lenetriamine(dien) 2.16 mL& %< 8mL9} 42
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AR AZH (0] 24) C% 17.61(17.90), H% 4.94
(4.88), N% 15.88(15.65).

Co(aepn)Cl,. T4 W2 Co(dien)Cly9} A3t
w o] &EL g 7k=2 A N-(2-aminoethyl)-1,3-
propanediamine(aepn)& AH8-3t5l o HF AAME
097 g67% F8)& Aot} LM AFH (] &3]
C% 21.19(21.26), H% 5.50(5.35), N% 14.75(14.87).

Co(ibpn)Cl,. &4 g2 Co(dien)Cl;9} 413t
v o] #E& #7k=24] 3,3'-iminobispropylamine

(ibpn)& AHg-std.om 2 P4F 123 g(72% T8)

< dgoh. 94AEAH AFA(]EA]) C% 24.34
(24.30), H% 6.01(5.78), N% 14.50(14.17).
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Fig. 1. Structures of isomers of Co(Ill) complexes.
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Table 1. Acid dissociation constant(pK,) values of Co
(ITIT) complexes determined by potentiometric titration
at 25

Complex pK., pK., pKy

[Co(tn),(OH,),1(Cl0);-2H,0 525  7.68
[Co(bpy).(OH,),](C10,),-H,0 379  6.39

Co(dien)(OH,); 222 662 11.04
Co(aepn)(OHy), 202 595 11.04
Co(ibpn)(OH,), 233 537 1077

o F3 A 272nme A9 FRE vt A
&) p-nitrophenol®) FHoi &% w}34l 400 nm
(pH 6.5 wiwt 320 nm)ef| A ¢] FF= Z71E FA3
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Fgo] dofpr g 2 pHellME w8 &5 5
A 5 dgdel Adddl A8 RE S Sule
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FAA A %F $9L pH50, 60 F 6544=
MESE, pH 7.05} 7.5 x{+= HEPESE, pH 8.0} 85
o 4= EPPSE, pH 9.00| 4+ CHES $t&A1& 77+
AHg-sle] 20mM §90] HEE RHERTE d2A
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cuvetteo] 3mL4¥ Y& ¥ UV £33 F=49] sam-
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2o] HA sk 1X107°M 7)|AE EsH=
MeCN A% g-olef 2] 50 uL o] 7] H-& #3}e sam-
ple cuvetteel] W24 Yol EE ¥ 400 nm(XE+ 320
nm)o| A A7k w2 FF=A)9} w39 10M
o] dEw Al MY FHEANE FAHNASL
AL 1A 5 A (DAME AHSste] Falgich

rode

In(A, —A)= —kit+In(A. —Ap) (1)

RE JlrEEs) ukgdx e 2Eg 7)Ao
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27 stglen ke L2 AL (24 2

rate= {ky+koy[OH ]+ k[ Buffer]
+kcqlCat]} [Ester] 2

PNPPe] 7hpi-s] ubgo disled k= Zvj7}
FAshA] 2wk 13 £ 5 Aol koyst ky
£ OH™ 9} buffero] 3} 221 £ A2 ko9t
ky(HEPES):= 747} 6,959} 6.10X10 ‘M 's™'2 u}
elgch pH 74 k), kow[OH ]2 kg[Buffer]+
255X107°s7], 6.95X1077s ' & 1.22X107%s7'8
velgth & Age A #AR fAF 1A S A5E
~107*%s71e. 24 ko [OH ]Bc} ¥ 32 (3)4)
22 29 4 glod ol (f)AoE Y = gleh

rate= {ky+kg[ Buffer |+ ke, [Cat]} [Ester] (3)
rate=k,,,[ Ester] 4
knbs=ko+kB[Buffer] ‘f‘kcat[cat] 5

kons= ko they[Cat]; by =ky+ky[Buffer]  (6)

ke (B)Ao2RE [Cat]s WsAA g
A 12 S5 APke) 2t F00 0] FEE EA 5
2 7187 2AE etk Eele] &4do] s A4
= pH 6590149 ky(MES)E 2.69X10 4 M!
s 12 =g ky, koy[OH ] ¥ ky[Buffer]:= 717} 6.60
X107¢s'", 219X1077s7! W 538X107¢sT & 1}
ek & AdedA 2 #4133 S 4ee
~10"*s7 1.0 2 4] ky[Buffer]\} koy[OH J¥.} ®A
AB2 o] Afele (AL ] (DAes 24 F
glow o) Aoz mIY 4 Yok

rate= {ky+ k[ Cat]} [Ester] )
rate =k, Ester] 8)
kobs:k0+kCat[C3t] (9)
o 5 @
pH SQEE,

B2 34 o]t 71Ut ws|
Agel A% W £wo FFe A 3lstol
g FAel el Aol A7) GE A AR )

& Aeslo] ool pH 2Asto) 4 3 ) i
Coltn)OHy),*"(ag)°] EHE wo] whe %58 =
Aste] 21 ATS Table 26 S2}ste]om o] Fig.
25} 30 ehsich.
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Table 2. Pseudo-first-order rate constants (k.. s ') for PNPP, PNPN, and PNPI hydrolysis in the presence

of 1X10°*M catalyst at 35C

PNPP PNPN PNPI
pH Buffer Co(tn),(OH,), Buffer Cof(tn),(OH,), Buffer Co(tn),(OH,),
5.0 8.25X107° 430%x107°8
6.0 9.89%10°° 1.73X107
6.5 1.22X107° 2.75X%107* 3.63X10°° 223%x10°° 207X107° 1.23X10°*
7.0 3.76X107° 382%x107* 1.00X107° 5.10X107° 545X10°° 207X107*
75 1.08X10°* 827x107* 2.83X107° 9.23%x10°° -1.56X107* 394x10°*
8.0 2.06X107* 1.89%x1073 6.01X107° 2.17x107* 361x10°* 991x10°*
85 4.81x10°* 409x107° ) 1.76Xx107* 4.23%x107* 8.36x107* 2.04%1073
9.0 854X107* 5.32x107° 3.68x107* 953x10°* 1.77X1073 459x1073
3.7
-8~ pNPP
3.2 - <%~ PNPN ' ’,*
¥ PNPI ‘
2.7
© ) ©
4+ 22 +
3 1.7 - 5
1.2 1
0.7 A
0.2 T T T T T T 1 L 1 L L L

8 8.5 7 7.5 8 8.6 ] 9.5

pH

Fig. 2. pH-rate profiles for substrate hydrolyses in
buffer solution at 35 C.

Fig. 29] b3 Aol 9] 7keiaf whg-& whs
AT Ao 917} 71 77 PNPP7} 23]
PNPIRt} v £ 57} mehvt 355 37 ol e
W 47} PNPIRc} #epAich & 253 7|4
o] wi§) Al o8 sl whgo] FAEL
AE& Vet Aok Fufo 27t kg £29)
o] TE 7|l F51 JF¥E FI o o]
A& w9 Ajte] dejuix] ¢ oW o HRe|
o8 ZigEalrl dodeb B 5 ok o271l
Zu) g PNPPo| ¥3i& W g £=5 A
AT}E Table 3o 898} o= Fig. 4o “Jepisich

pH
Fig. 3. pH-rate profiles for substrate hydrolyses in
Co(tn),(OH,), at 35C.

Phosphate monoestert} diester®] 7155 HF-g-of
et Akl o) 282 el Coltn),(OH)
(OHp) Bt} Co(ibpn)(OH).(OHy)7} ©f F-& Zujzt4
< 3= A& ¢ 5 UL pH6~T7< 4= Coltn),
(OH)(OHpyell 23t uh-g £%7} wlwA pHel| ¥
3tn] 3 o] Foll M pH7Y S/t whet f4F 13}
HHEeg APt sleE & F otk 53 g
pH dodjx ®Brc}t pH6504 Zuj(1X10 2 M)E
A718H1E o ZE ZEL 93 £ 9% s}
FE& ukgel uvld 21~408) Hxe) wlwz wE
Zbrdd W %A AnE BeFa3 gl o)zle
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Table 3. Pseudo-first-order rate constants (k.. X 10%, s™*) for PNPP hydrolysis in the presence of 1X1072 M

catalysts at 35T

pH Buffer Co(bpy),(OH,), Co(dien)(OH,); Co(aepn)(OH,), Co(ibpn)(OH,),
6.5 0.12 3.14 252 4.75
7.0 0.38 340 2.67 4.66 6.50
75 1.08 4.74 348 597 11.32
8.0 2.06 6.14 6.73 948 24.42
85 481 10.64 13.07 20.45 40.80
9.0 8.54 21.38 26.75 69.47

47.02

logéows+ 6

4.5 5.5 8.5 7.5 8.5 0.5

pH

Fig. 4. pH-rate profiles for p-nitrophenyl picolinate
hydrolysis in catalysts at 35 C.

Co(Ill) #HE-2] aquohydroxo 3el7} pH 650414
tn ZE-9| Absfe] AeERE A4S 2w, 29
aquohydroxo 37} pH 6.5} 7.0 77} 89%<}
81%2 A8 3 AU2& & F e olaldt AMlE
pH 7.05th= 65014 Zuljof] o] 7hpfs] Hb-gol
2251 gl S A3 fok 1 A FEY
#4443} ¥el+= aquohydroxolE& ¢ 4 UKk

#oje| 5= H2. PNPPY 7kpis) wige &
o] Fxo 1t vl st Y3t S &

& glon] o)) W A5Eel g ST A5E Ta-
ble 4o He)Sck. o8 AT A3} Fig. 59 2L
F& Au4o] dehgor] 171871286 23 S5
H5ka)E FE00 o1 Table 5ol Ae)sholek.

e Bl AFAA FNEA AR )
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Table 4. Pseudo-first-order rate constants (%X 10%,
s™Y) for PNPP hydrolysis under various catalyst con-
centrations at pH 7.0

Concentration (X10° M)

Catalyst
25 5.0 7.5 10.0

Co(tn),(OH)OH,) 127 210 281 382
Co(bpy).(OH)(OHy) 115 191 254 340
Co(dien)(OH),(OH,) 096 156 215 267
Co(aepn)(OH),(OH,) 145 250 340 4.66
Co(ibpn)(OH),(OH,) 190 348 530 650

Aoos X 104s™)

4] 2 4 8 8 10 12

[Cat] x10° M

Fig. 5. Plots of pseudo-first-order rate constant (k.
s~ " vs. [Cat] for p-nitrophenyl picolinate hydrolysis
at pH 7.0 and 35T.

¢+ Co(ibpn)(OH),(OH,)7} phosphate ester 7| %2
EAEY Jris ubgo disle] Fehe &0 =
48 3t gl Col(tn),(OH)(OH,)Bx} 20 7} &
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Table 5. Second-order catalytic rate constants (.,
M~!s™" for PNPP hydrolysis at pH 7.0 and 35 T

Catalyst ko, Ms7!
Co(tn),(OH)}OH,) 3.34X107?
Co(bpy),(OH)XOH,) 295X 1072
Co(dien)(OH),(OH,) 2.23X10°2
Co(aepn)(OH),(OH,) 421X1072
Co(ibpn)}OH),(OH,) 6.25X1072
NaOH 6.95°
HEPES 6.10X10°*
MES 269X 10 %

“Not at pH 7.0. Based on pseudo-first-order rate con-
stants for 0.5 mM, 1.0 mM,and 2.0 mM NaOH. ‘Based
on pseudo-first-order rate constants for 50 mM, 10.0
mM, and 20.0 mM HEPES buffer. ‘Based on pseudo-
first-order rate constants for 5.0 mM, 10.0 mM, and
20.0 mM MES buffer at pH 6.5.

23} 5 Atk S 7HA AL 9lew o] A-E-o| phos-
phate ester®] 7}5Es] uFSolA F& SufEA
ol 451 £ &g AAREL Utk F Akl Ak
2]7teg zHe Co(lll) 2HE9) 79 o2 pHell A
Co(tn),(OH)(OH,)7} Co(bpy),(OH)(OH,) 2.t} ¥] 3]
e vk £ 8 WolF 1 glrk o]ei§t o] f+= pH
704 FEe] FAstd Hefrl Axe A4 8l%,
Fapo) A 20%2A E o] EAEFT =l
71905k = b olf= bpy(sp’ £4) FHE9 4
a2l A7) ta(sp® £4) AERC 2t azlste
bpy #E2] monohydroxy Z#He]E7} tn #HE4
ARCE Q7|xrt dojx g A} A AApell
date] o & AHEE 2 F A Lok WEFH
bpy #HE& FA olFAE Y + Ut ol
olgtAl HEL FHvle AT} o}F HE A

oA ok® Axly] A B7EE AU e
Co(IIl) #&-2] 7% Co(ibpn)(OH),(OHz)+ Co(aepn)
(OH),(OH, #HEo] Co(dien)(OH),(OHp)M T} F&
Zo) AEE (Y2 gled oE F2 FHES
Fzol| 23 A3y Aotk FelME dFF vl
Zro] EgbAM i AlA o) AAMIL 7R WS
A} ukg-Ado] Frhe A F A sk Aol BE
g9 23 £2 A k)T TP AT F7IRA
ot2A free OH ol ®]3] o}F zten OH &9
AIN(F, &= AP)H G7Ix Alold FEHow

R - £88 - BLER

Table 6. Pseudo-first-order rate constants (kX 10°,
s~ ') for PNPP hydrolysis in the presence of 1X107%
M catalysts at various temperatures and pH 7.0

Temperature (C)
25 30 35 40

Co(tn),(OH)}OH,) 1.70 271 382 561
Colbpy,(OH)OH,) 145 209 340 499
Co(dien)(OH),(OH,) . 113 174 267 383
Colaepn)(OH),(OH,) 185 274 466 661
Co(ibpn)(OH),(OH,) 244 390 650 886

Catalyst

Table 7. Activation parameters for PNPP hydrolysis
in the presenceof 1X10°% M catalysts at pH 7.0

Catalyst Ea* AH*® AG* —AS*
Co(tn),(OH)(OHy) 1461 1400 2287 28.79
Colbpy)(OH)YOH, 1571 1509 2357 2553
Co(dien)}(OH),(OH,) 1527 1466 23.72 2742
Co(aepn)(OH),(OH,) 1631 1570 22.79 2301
Co(ibpn)(OH),(OH,) 1631 1570 2259 2237

°Ea: kcal-mole™!, *AH*: kcal-mole”!, ‘AG*: kcal-
mole™!, AS*: cal-mole 'K™!
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Table 8. Pseudo-first-order rate constants (%o S )
and solvent isotope effect for PNPP hydrolysis in the
presence of 1X107% M Co(tn),(OH,), in light and
heavy waters at 35C

kobs X 104 (S - 1)

DH H,0 D,0 kHzO/kl)zo
6.0 1.73 1.02 1.70
6.5 2.75 1.50 1.83
7.0 3.82 221 172
75 8.27 3.38 245
8.0 18.98 7.66 246
85 32.26 16.64 2.46
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nucleophilic catalysis general base catalysis

Scheme 1. Simple nucleophilic mechanism (L: ligand,
M: metal).
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Scheme 2. Mechanistic pathway for p-nitrophenyl pi-
colinate hydrolysis by Co(tn),(OH)(OH,) (B: nucleo-
philic catalysis, C: general base catalysis).
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