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Effect of Cyclodextrin-Cu(Il) Complexes on the Hydrolysis
of Phosphorothionate Esters
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Fenitrothion : R=CHj3, X=CHj;
Parathion : R=CgHj, X=H
Methyl parathion : R=CHj3, X=H
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P + CD-Cuz = P-CD-Cug
LCT,SBIUPIRThThETR X HERKY. S-CD-
Cuz 88X P-CD-Cu; 3xh ThS BLKX P £CD
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ToERT3E, KAMBELNLS.

kun—k
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Table 1. Pseudo first-order rate constants for

the hydrolysis of fenitrothion in the absence

and in the presence of B-CD-Cup at 1.0 M
NaOH solution and 25°C

o 2?3%’—'652, mM (ﬁggétﬁ?’)e Kgpsq, min™?
1 0.0 none 0.134
2 0.0 MGP®-Cu (10 mM) 0.177
3 0.0 B-CD (10 mM) 0.045
4 1.0 none 0.058
5 2.5 none 0.041
6 5.0 none 0.027
7 7.5 none 0.023
8 10.0 none 0.022
9 10.0 MP®(100 mM) 0.024
10 10.0 EP®(87 mM) 0.024

a) Methyl a-D-glucopyranoside
b) Potassium dimethyl phosphorothioate
c) Potassium diethyl phosphorothioate
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FIZRIFSERE S -TZ(EIX). COCLIIHEELR
RIEHEEORZLE P ELFIT 2§ DTHS. TDERDE
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halzpEEibh3, DX REE, HEHEOKER A
F v b OEEMWE I CD ZERAIICE b A FN I ZEE DK
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U U35, 3-AFv-4-=bo 72 = vERFD
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kun"‘kobsd P _
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Fig. 1. Plot of Kobsa vs. (kun—Kobsa)/(CD-Cuz)
for a fenitrothion-B-CD-Cus system

Table 2. Rate constants and dissociation constants
for CD-Cug-phosphorothionate ester systems

Thiophosphate ﬁ;‘&;_ ) lr{rfiﬁ‘ 1 ke /Kun g‘i\"/}s’
a—CD—Cu2
Fenitrothion 0.134 0.162 1.21 0.87

Methyl parathion 0.221 0.041 0.19 2.71

Parathion 0.039 0.016 0.41 5.06
B-CD-Cuy
Fenitrothion 0.13¢ 0.015 0.11 0.54

Methyl parathion 0.221 0.004 0.02 1.29
Parathion 0.039 0.006 0.15 2.43

X, CD ZERANOEEDRYIAAN = o7 - = v
HEATHBTLR2RBLTNS LRI, BhiAEhiz
fenitrothion MEEAINS, 3 LD X FIVEDITEEEIC &
-, parathion 3 L {* methyl parathion D & &
EULERZTERRRLTVS, —f&ic, B-CD-Cus
SEAEROELY IAAZJIB & O RIGOMFIEL WiEd 5 a-
CD-Cue #ifAROZTh & HhAREVDIE, kR CD
BREROAXE SITEBRT 2 DTH S ). AHREICH N
TH—DFINThH 5 fenitrothion-a-CD-Cug 2&{4EFAD
TERRITONTE, TOREIZRHATSD 555, EEDS
T 2= WEDIMITAFVERE O EE a-CD-Cug
$Etkfh CD BZERD B-CD B TATHT/HhE N
TED D, MHEHRLRTBE LIZEQ - TZEADOERDY
ABRIT> TN BARRESEL OGN LS.
FERomEIEIEDS, CD-Cus &tk CD BRI~
BRWYArC itk > THRRINATLIE, v 7oA
F4 —VOFRMESD» S L R 3hiz. CD-Cus g%
oD CD BRIy 77)9’\$“‘)' =S EYiAThB T
LRBICHLh TN A, B2KiE, —EBED B-CD-
Cus 2k (10 mM) ZZEFiC#siF % fenitrothiond %
I, ¥ and ) —VvREMU I BICERR 3172 Kobsa
DB RL TS, CD-Cuq #EDTMMIc & - TIET
Utz Kobsa 1dv 7 o AnF 4 —vDTINT X - THE M
U, U d v 7oty —vOEMc >N TR TR
U1z#BED fenitrothion HS/R$FUGEREES (Kun) F
THEL, TOEMEMZATRL -7z, DT &
X, v 7 u~FH s —uh CD-Cus g&f£&D CD BRHIT
fenitrothion & HEHUTEWMbDATNEC LITX-T, &
ah Tz fenitrothion MSEEELIz72HE¢EAL BN
3. UIzh-> T, ZOBEORIGHEBIIRO X Hi1T/iz3.

KI Kdiss
I-CD-Cup = CD-Cuz + S == S-CD-Cuq
+I kun l kC

CD-Cu; + P = P-CD-Cus
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Fig. 2. Effect of cyclohexanol on the hydrolysis
of fenitrothion in a fenitrothion-3-CD-Cus
system
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BERWDIz B-CD-Cug- v 7 oAFH ) — v ES HED
Kiffid 2.0<X1073M Th b ,BTRDEICE L. F7288
3XOERDOHED 5K Tz Kaiss DIEIZ 6.4%104¢M
ThHh, 12E8TRORIGHR TRDIzZFN (5.4x1074
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Fig. 3. Plot of (I ws. (kobsa—ke )/(kan—Kobsa)
for a cyclohexanol-fenitrothion-B-CD-Cus
system
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KSR IEOIMEIIRITIZT E A EBER RIT S Isd
o1z, DT Eb, CDO-Cup ifkic k3574 ) B
AT VO Y AAIE, EEDT7 VvEVEIEH TIZEL,
= he T = VB THE EERTE LS.
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Summary

The effect of a- and [G-cyclodextrin-Cu(Il) (1 : 2) complexes on the hydrolysis
of phosphorothionate esters was examined in 1.0 M NaOH solution at 25°C. The
B-cyclodextrin-Cu(Il) complex remarkably decelerated the hydrolysis of fenitrothion,
methyl parathion, and parathion. The corresponding a-cyclodextrin complex also
remarkably decelerated the hydrolysis of methyl parathion and parathion, although
it slightly accelerated the reaction of fenitrothion. Each reaction proceeds wia the
prior formation of an adduct between the phosphorothionate ester and the complex,
followed by the nucleophilic attack of the hydroxide ion on the reaction site of
the ester included within the void space of the complex. The deceleration of the
reaction may be caused by the retardation of the nucleophilic attack of the hydrox-
ide ion by the cyclodextrin-ring in the complex. On the basis of the observed
equilibrium and kinetic parameters involved in the present reaction mechanism,
the orientation of the esters within the complex cavity was discussed.



