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Abstract

This study is mainly focused on micellar effect of cetylpyridinium chloride(CPyCl) solution including alkyl-
benzimidazole(R-BI) on dephosphorylation of diphenyl-4-nitrophenylphosphinate(DPNPIN) in carbonate buffer(pH 10.7).
The reactions of DPNPIN with R-BI® are strongly catalyzed by the micelles of CPyCl. Dephosphorylation of DPNPIN is
accelerated by BI© ion in 10* M carbonate buffer(pH 10.7) of 4x 10° M CPyCl solution up to 100 times as compared with
the reaction in carbonate buffer by no BI solution of 4x 10° M CPyCl. The value of pseudo first order rate constant(k"g;) of
the reaction in CPyCl solution reached a maximum rate constant increasing micelle concentration. Such rate maxima are
typical of micellar catalyzed bimolecular reactions. The reaction mediated by R-BI” in micellar solutions are obviously
slower than those by BI®, and the reaction rate were decreased with increase of lengths of alkyl groups. It seems due to steric
effect of alkyl groups of R-BI” in Stern layer of micellar solution. The surfactant reagent, cetylpyridinium chloride(CPyCl) ,
strongly catalyzes the reaction of diphenyl-4-nitrophenylphosphinate(DPNPIN) with alkylbenzimidazole (R-BI) and its
anion(R-BI®) in carbonate buffer(pH 10.7). For example, 4x10° M CPyCl in 1x10™ M BI solution increase the rate constant
(ky=1.0x107 sec™) of the dephosphorylation by a factor ca.14, when compared with reaction (ky=7.3x10" sec’) in 1x10™
M BI solution(without CPyCl). And no CPyCl solution, in 1x10™* M BI solution increase the rate constant (k,=7.3x10™
sec’) of the dephosphorylation by a factor ca.36, when compared with reaction (k,=2.0x10 sec™") in water solution(without
BI). This predicts that the reactivities of R-BI” in the micellar pseudophase are much smaller than that of BI® . Due to the
hydrophobicity and steric effect of alkyl group substituents, these groups would penetrate into the core of the micelle for
stabilization by van der Waals interaction with long alkyl groups of CPyCl.
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10.7), 3P4 02 FA7} B 7]l el gk
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Fig. 1. Structure of the diphenyl-4-nitrophenylphosphinate(DPNPIN) on substrate and cetylpyridinium chloride(CPyCl) on

surfactant.



Diphenyl-4-nitrophenylphosphinate(DPNPIN) &] Bl At5}u-g-

Alkylbenzimidadole 2] $}44-2 Blatt2] B ol w3k
th(Blatt, 1943). < o-phenylendiamine @} 3j 714k
2= &350 90 T 180 CE 7HESte] FAIFAL o AS
aectonitrile, ethnol2 AJZAA 3} H=FH(mp.)S =
2513 IR D NMR 24 122 sholskic.

7)Z)(substrate) 21 diphenyl-4-nitrophenyl phosphinate
(DPNPIN)= CR&3} 70| $Hgat0] ARga1T) Ethylene
chloride(200 ml)o] <1 0.1 ml €] dilphenyl phosphinyl
chloride(Sigma Co.)*f] 0.99 mole ] p-nitrophenol I}
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A A7z}, 0124 ethero] o] Sofo] 521 o
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A7y Az 9xshH AAo] A=Fr}h  Etherot
cyclohexane Z3F-g-Mof|A YAASte] ARSI IR
3 NMR 2 shels}sict

1 3,056(Ar-H), 1,575 and 1,340
(N=0), 1,284(P=0), 996(P-O-C),
872(P-0)

NMR 6 pmso ppm : 6.8~6.9(5H, Ar-H), 7.1~7.2(5H,

Ar-H), 7.6~8.5(4H, -O-Ar-NO,)

-1
IR YV KBr(max) €M

2.2. Alkylbenzimidazole®| ai2|AHx K, )Ztat PCyClat
o Zgdr(K)el &3

Alkylbenzimidazole(R-BI)> pH 8.5 o|5}of|A=
o] 23}EA] oF= AdHl = EARITE Z1eu pHE 7]
4 (pH 10.7)02 ZHshH R-Bli= ©|23} s}of
alkylbenzimidazolide ion(R-BI")& ¥3H=d] Fig. 2
o} 220] vepd 4= Sick af)E RBITE ae)E A
-2 R-BlIof| H3l] =88 ol 4] o}F= 22 ZISA =2
g5 4 9l ol ARK)E A (1)2 rehd
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of u] 2]+ Alkylbenzimidazole 2] 21814 & Cetylpyridinium chloride(CPyCl) n|Al Zuj a3t 567

H
|
N K N
,4»7& R H®
L) = -
(R-BI) (R-BF)

Fig. 2. Deprotonation of alkylbenzimidazole in cabonate
buffer(pH 10.7).
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Fig. 3. The relationship between the numbers of carbon in
alkyl group of 2-alkylbenzimidazoles and K with
CPyCL.

3.2. CPyCl O/ QALE LHoIM2] R-BIQ &

Carbonate 2--8M(pH 10.7)2] 4841} CPyCl
| golLzof A 2] 2]l R-BIT 2] HEE K, GHoR
-E] Akksto] Fig. 49} Table 20] YR QI Fig. 4

Table 1. The K and K, of 2-alkylbenzimidazole(R-BI)

of 4] H=H}e} ZHo| alkylbenzimidazole(R-BI)<] &
48l= CPyCl2) 71 6x10° M 74x] = 1] Adl-g-o)
o] =7t KRS FIskIeE 1Eu CPyCle)
=7t ST ol W ") He AeTt ga
= e Ho|ar Qltk 18|13l C4Hoe-BI K.} H-BI
O] Hpadl]= Frh suf e & S & 5 Uk

E3E nA 8N O] Al AR (pseudophase)©f]
ZAsh= R-BI79 5=, [R—BI] 1= th 4] 8)=2
HE] At ofs AojFr

[R—BI,]
(8)

[R—BIL.] = [R—BLS]

o}7]A4] [R—BI, ]+= carbonate $h-§-4o] A u]Al-&-
o Zof sjiEo] gl R-BIT9| A ol
[R—BI; &= 22 4382 =8 &oj4|9] R-BI
“o] =rzo|ch u)All 9A}Z(micellar pseudophase) U}
ool AAI= mAll JRE0] AA|Sh= EF-T|(molar
volume)+= 1 & =2 CPyCle] 739-0.28 ( /M o]|&
Z(Santiago 5, 2004) AR 4x10° M CPyCl 249
A= 8.4x107 0 /M o] E]2] oo m & 4] (8)0] AL
Aoz gl 7Hgsieint o]gA sto] d2 v
AR{ARE WAl e] [R —BIL] 42 Table 20f] ehy
Ack 2 ARoA= 718 A FEFA=
oAk CPyCle] &5 a2 Uit

H 10° K2
‘ a
N} M.P.(C) -
N R in CPyCl in water in 4x10° M CPyCl
R =-H" 172 39.0 1.20 2.80
-CH; 177 54.6 0.52 132
-CH,CH; 174 89.4 0.51 1.24
-CH,CH,CH; 157 0.37 1.15
-CH,CH,CH,CH; 155 0.32 0.94
a) alkylbenzimidazole : 3x10° M
b) Tris buffer(pH 8.35)

¢) monitored wave lengths are 284 nm
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Fig. 4. CPyCl micellar effects upon the deprotonation of
benzimidazole in carbonate buffer(pH 10.7).

H X olu

18] 31 Table 20]| 4] & 4= 9J= v}9} ZFo], CPyCl 1]
A FARS WellAe] R—BI 9] 5%+ H—BI 9]
siof Bigte] FA3] Fraskck H—BI] of oigt
R—BILY 9] %%8|([R—BLY/H—BL])= CHs-BI”
o] A 0.422 F43] WojA|w, 27| 9| ghagrt
20|45 B 7Hasto] CHoBI 9] A% 028S
Uep it Aok o 2 ald|e) Bhadr) 2l

f

- 18k

Ho

of

nPAARS A o] BA 9] s =T} Hashe BEE
Ho|il gtk

—_

3.3. CPyCl O] MLojlA R-BI 0f J5t =IAts
29 RARUREEAR(K,), (sec)

21811 R-BI o] ©J3]) 3215 CPyCl n|dg
o w2 DPNPIN ] B14Fe}EFE o] el At Al
L=/d=(pseudophase first order rate constant, k,,) gk
< Fig. 5 2 Table 39 YEMYQIC] Fig. 594 =
o} 0] SAIASEARRS] 72 CPyCle] 27}
F7Kgol wket S7bstol kel gholl westi T
A A8] ZFaskglom, FAFAARS 0] ZThghS
4x10° M CPyCl %% F.Lof| Lhefytcy. o]2jgh Hd
SE7b Yehs e njdge) Zojxe] sl
(nucleophile)?} A~4=A] 7]Zl(hydrophobic substrate)
o] 232} wk-o] WAl woln], CPyCle] &
ste] whet FAFAREEARK, , sec’)7F SV}
7t 94 oA Zdi(maximum) 7} B3 ThA] 74
ol AR Holizt, o AE Tk 4] ()2} e
HESof| A 4] (10)S w2 7] wj&o]ciBunton} Hong,
1982).

Table 2. The concentration of R—BL,, R—BL and R—BI" at optimum CPyCl micellar concentration”

N‘f 107 [R-BI7| [R-BLY]
@EN/} K [R—BL, 1" [R—BL ] [R—BL 1" [H=BI,]
R=-H 15.62 479 10.83 1.0
-CH; 7.11 2.55 4.56 0.42
-CH:CH; 6.09 2.08 4.01 0.37
-CH:CH;CHs 5.20 159 361 0.33
-CH>CH>CH,CHs 418 117 3.01 0.28

a) optimum micellar concentration of 4x1 0°M CPyCl

b) the molar concentration( [R— BL

1) of R-BI” in 4x10° M CPyCl solution(carbonate buffer, pH 10.7)

¢) the molar concentration([R— BI’]) of R-BI in water solution (carbonate buffer, pH 10.7)

d) the molar concentration([R— BI

m

1) of R-BI” in the micellar pseudophase(b-c)

¢) the concentration ratio of [R—BI "] and [H—BI ] in CPyCl micellar pseudophase

m m
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(10)

e

2 o714 Dy ‘ulskE  AWeA Al (micellized
surfactant)'®] 5= & AHZ/GAS] FZ(D)ollA
CMCE ®IZH([CPyCI]-CMC)o]ch. EaF [Ny] 2 [Nu]

& 823} 0l §AZ 4] A9 FEolH, K,
= 7133} CPyCla}e] AgHAl(binding constant)o]
1, ul 71-71— 27 X Q_onﬁ\_ X 0] o]z
Fig. 5. Micellar effects upon dephosphorylation mediated ko Sk 2727 S v G4 2] o))
by benzimidazolide ion, 6.0x10°° M DPNPIN, 10~ 2T AR a1, k' B k' ZF7F | 2} e Akzo|Th 11
M carbonate buffer(pH 10.7). 3 K= ka[Nw] 2 HEFE 4= 3L, K'n2 K [Nin]/Da
O FAETh 714 [Nu]@F [Nml2 22} &0l A]
of ulagAZolAe] WHYR-BHE] Frwoln,

10° M [CPyCI]

K [Nml/Dn = vAE o] gt 2 AE2] EH](molar

D, + Sy Sm ratio)©]th
31 Table 304 DPNPINS| 2Helialakgof of
Ky | N, K | Npn o HRS & Hlwso] WY, CPyClo] ZAJ5r] oF

52 mlo

], carbonate buffer -8H<o]| A H-BIES ARR35}A]
ke 7 E‘:} H-BIE AR83F 7ol ¢F 36 v} H=
w2 W35 et Z1e]3 H-BIZF 24 o
2 A% £(4x10 M)9] CPyClS ARG5S AL0)
L= CPyCl= AFEEHA] b9k wiHE T oF 14
o) A2 WA ek

a3 HASE4x10° M)e] CPyClS AFE3HS

products

©

].1

Table 3. The first order rate constants of dephosphorylation of DPNPIN® by alkylbenzimidazole” in CPyCl solution®

rate constant, k,(sec™)x10*

H
N

@ >—R concentration of CPyCl, 10°[M]
N4

(R-BI) 0 0.5 1 2 4 6 8 10 50 100
R=-H" 73 32 45 78 102 82 57 45 32 25
-CH; 6.2 15 26 43 52 47 36 21 18 12
-CH,CH; 53 10 18 27 42 37 25 17 12 10
-CH,CH>CHj 42 8.0 12 24 38 32 22 14 11 8.0
-CH,CH,CH>CHj 3.7 7.5 10 17 29 23 18 13 10 7.8
without R-BI 0.2 1.1

a) diphenyl-4-nitrophenylphosphinate : 6.0x10° M
b) alkylbenzimidazole : 1x10™ M
¢) carbonate buffer : pH 10.7
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Table 4. The relationship between the R-BI and R-BI® concentration and first order rate constants of the dephosphorylation
of DPNPIN at optium CPyCl micellar concentration”

g 10 k, 10°k, 10°k, 10° k, 10° k.

©[N/} R (sec™)? (sec™)? (sec™)® (sec™)? (sec’ )

R=-H 10.2 1.14 9.06 0.12 0.23
-CH; 5.2 1.14 4.06 0.11 0.23
-CH,CH;3 4.2 1.14 3.06 0.13 0.22
-CH>CH>CHj3 3.8 1.14 2.66 0.12 0.21
-CH,CH>CH>CHj3 2.9 1.14 1.76 0.11 0.21

a) apparent first order rate constant of dephosphorylation in 4x10° M CPyCl solution
b) apparent first order rate constant of the reaction mediated by OH " (carbonate buffer, pH 10.7) without including R-BI in the

4x10” M CPyCl solution

¢) apparent first order rate constant of the reaction mediated by R-BI” in the 4x10° M CPyCl micellar pseudophase
d) apparent first order rate constant of the reaction in aqueous solution(carbonate buffer, pH 10.7)
e) apparent first order rate constant in aqueous-dioxane mixture(50:50 volume %)(carbonate buffer, pH 10.7)
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