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Dephosphpoylation of P-Nitrophenyldiphenylphosphinate
by Benzimidazole Catalyzed with Ethyl tri-n-octyl
Ammonium Bromide(ETABY)
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The phase transfer catalysis(PTC) reagent, ethyl tri-octyl ammonium bromide(ETABT), strongly catalyzes the
reaction of p-nitrophenyl diphenyl phosphinate(p-NPDPIN) with benzimidazole(B!) and its anion(BI®). In ETABr
solutions, the dephosphorylation reactions exhibit higher first order kinetics with respect to the nucleophile, BI,
and ETABr, suggesting that reactions are occuring in small aggregates of the three species including the sub-

strate(p-NPDPIN), whereas the reaction of p-NPDPIN with OH"

is not catalyzed by ETABr. This behavior for

the drastic rate-enhancement of the dephosphorylation is referred as 'aggregation complex model' for reaction of
hydrophobic organic phosphinates with benzimidazole(BI) in hydrophobic quarternary ammonium salt(ETABr)

solutions.
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alkali 89 WellA cyclohexanol® benzyl chloride
9 M2 Holx gv F 4 7Y e A A
FAAN AL B2 F(Scheme 1).

37, o]u|thE(imidazole)® 1 R EAEL go}
A 8}8kS- (deacylation) o]} &4 EES o] Wl &

[e]
WMo

A Aleko|, o]E 9 v dstE AHEgA
A)(micellized surfactant)ol]l & ¥H-go] =R}

OH

CeHsCH,N'EtsCr
CeHsCH,Cl  + + NaOH — >
;OCHZC6H5

Scheme 1. Reaction of cyclohexanol and benzyl alcohol
with PTC.
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3+ THScheme 2).
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Scheme 2. Dephosphorylation of p-nitrophenyldiphenyl-
phosphate(p-NPDPP) mediated by benzimi~
dazole in CTABr solution.
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ETABr &9ol A P-Nitrophenyldiphenylphosphinate 2]

Table 1. Effect of ETABr on dephosphorvlation of
p~NPDPIN mediated by Bl

rate constant, ke(sec)x10°

3
101?43”’ 10[ETABr), M
000 025 050 100 150  2.00
0.00 430 453 451 467 469 471
0.25 - 6.82 742 892 120 1563
0.50 - 717 3.04 112 168 262
1.00 502 T7H4 9.68 185 303 740
1.50 - 8.42 12.2 303 650 116
2.00 6.29 10.2 145 470 120 271
95, 10™M carbonate buffer(pH 10.7), 3.0x10° M
p~NPDPIN
ETABr¢ sLZWiste 71&%Fd|, Bl9 w2wse
AR JEUT ETABr BIE AH8-slx

& 442810 *M. carbonate. buffer(pH. 10.7) . £:0]

]Z] 2l D NPDPIN"] = \Jﬂ'p:}'lﬂ—o "LTE}Z)]—T(qu)\_

430x10 *sec "ol ek, Elx 10°M calbonate buffer

Lo A benzmudazole BDoll g =A5E £%
2F7Hx10 7 sec D 1x10 °M BI &R & 502
2x10 M BI &oﬂoﬂxi 62024 %53 g %
M (ETABro] 1€ w) p-NPDPIN9 &<liks}
g &Agro] vXe Bl &9 0%% vl w5}
Aot x=3 BIE AMS-3HA] €3l ETABre &
7139 Wx p-NPDPIN®| €l4tsiuts &5

B kel Wstke 719 il

32. ETABr 89 oA &litsints
321 ETABr -89 %ojxe] OH" o]&d o]&
IEg-iEdaci e
Table 2014 & & Q& uie} o] 2o OHVY
FE(1x10 M)l E ETABrel %o @A glol
OH'e] s=7t Z7hgd ne} $E45e] 277}
mrglon, B % OH'S HE(4x10 M)A
= A AgRoz FrsA oA NZA(p-
NPDPIN)o] ¢z oz OHY =& Bl g e 2

Table 2. First order rate constant of dephosphorylation
of p-NPDPIN by OH™ in ETABr solutions

rate constant, ky(sec”)x10’

G
10 [&H ] 10°[ETABD, M
0.00 100 250 500
0.00 452 462 149 153
1.00 501 519 5.14 508
200 948 908 9.29 9.02
400 181 183 191 183

A

E]

=Fol AL 3Hdlk8-of] W] X = Benzimidazole®] Zvj & ¥}
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z2jH, ol A7 Fo wo} Q& OH e F& AWl
A wkgstA ok wEba oz ALgE A
9] } % Feholl whe} 9h3-& 5t S1ete &
2 2397 oed & A9 ¥
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Table 3. Effect of substrate concentration on dephos—
phroylation of p~NPDPIN in ETABr solutions

rate constant, ky(sec”)x10°

10°[p-NPDPIN], 107[ETABr), M

M 25 50
0.30 6.80 744
050 6.93 767
075 7.35 8.07
1.00 768 3.04
1.25 7.65 7.99
1.50 157 7.66
2.00 7.02 7.23

10° ke (sec™), 25C, 10°M carbonate buffer(pH 10.7),
3.0x10° M p-NPDPIN
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10" ky (sec™), 25C, 10°M carbonate buffer(pH 10.7),
25x10° M BI
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Fig. 1. Effect of ETABr on dephosphprylation of p-
NPDPIN mediated by BI solution.
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Fig. 2. Effect of ETABr on dephosphprylation of p-
NPDPIN mediated by Bl solution.
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Fig. 3. Effect of BI on dephosphprylation of p-
NPDPIN mediated by ETABr solution.
3.0
10°[ETABr], M
-,—’J J
[]
LA
x"a
=]
°
+
L]
00 . . , ,
0.0 0.5 1.0 15 20 2.5

10°[BI], M

Fig. 4. Effect of Bl on dephosphprylation of
NPDPIN mediated by ETABr solution.
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Fig. 5. Effect of ETABr on dephosphprylation of p-
NPDPIN mediated by BI solution.
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Fig. 6. Effect of Bl on dephosphprylation of p-

NPDPIN mediated by ETABr solution.
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| I
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Scheme 3. ‘Aggregation Complex Model' on hydro-
phobic phase transfer catalysis of dephos-
phorylation of p~NPDPIN(substrate) medi-
ated by Bl where [, m and n are
intergers.
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