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Abstract

In this study, reaction model and reactions rate accelerated by o-iodosobenzoate ion(IB%) on hydrolysis reaction of
p-nitrophenyl valate(NPV) using ethyl tri-octyl ammonium mesylate(ETAMSs) for quaternary ammonium salts, the phase
transfer catalysis(PTC) reagent, were investigated. The effect of IB® on hydrolysis reaction rate constant of NPV was weak
without ETAMs solutions. Otherwise, in ETAMSs solutions, the hydrolysis reactions exhibit higher first order kinetics with

respect to the nucleophile, IB”

, and ETAMs, suggesting that reactions are occurring in small aggregates of the three species
including the substrate(NPV), whereas the reaction of NPV with OH"

is not catalyzed by ETAMs. Different concentrations

of NPV were tested to measure the change of rate constants to investigate the effect of NPV as substrate and the results
showed that the effect was weak. This means the reaction would be the first order kinetics with respect to the nucleophile.
This behavior for the drastic rate-enhancement of the hydrolysis is referred as 'Aggregation complex model' for reaction of
hydrophobic organic ester with o-iodosobenzoate ion(IBg) in hydrophobic quarternary ammonium salt(ETAMs) solutions.
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Rahhal, 1986; Fendler2} Fendler, 1975).

= *J 7ro]] Yofuf= phase transfer catalyst
(PTC)E H]Eh of 2] AHE/d Aol ofgt Zuek-g- 2
oANFS o] QI Belsfsl, £713fe), Aslel, 8
sfa, Alofsel, TEAEe} 5, A9le Hololxl &
ulE &1 QltDekeijer 5, 1988; Maximiano 5.



o
o

120

2006; Romsted 2} Cordes, 1968).

At 7] oflaE 2ot f7] EAHO|ESS] T}
T3l Hk-{(hydrolysis) % 2Ql4FaRE-g(dephospho-
rylation)5-& & ARG TASte] B TAS 7HA
1 QJti(Al-Lohedan 5, 1982; Buntoni} Cuenca,
1987; Foroudian &, 2002).

AlolsZalo] thgt 7R Scheme 13} 7] quaternary
ammonium salt Q1 benzyl tri-ethyl ammonium
chloride @] Z-g-0] alkali <=8 o]l 4] cyclohexanol
3} benzyl chloride 2] A& 410]X] &= & Ak 719 |t
o= WA SHAFE TSI THarrouse L}
Gelod, 1951).

SHH, oJu|thE(imidazole)?}t 1 A& ot
A5h-S(deacylation)ol L} EHolAIERES o] WhO- &
el Alokolni, oj5o] wk-L ulAlsie AwEhy
A|(micellized surfactant)o]] ]3] ¥h-2-o0] ZZ =} o]
i 7HA 18] 739, mlsliE]E o]n]thE F(nonionic
imidazole moiety)-2 &1 7](general base) 2 2185}
sfg]® olu]tlE 20]&(anion)2 ZIMA|(nucleophile)
2 2831 B 317} Q)tiBuntond}t Moffatt, 1988;
Buntun £, 1979).

ESF Bunton 5(1981)-2 phase transfer agentZA]
ethyl tri-n-octyl ammonium bromide(ETABr)2} ethyl
tri-n-octyl ammonium mesylate(ETAMs)7} benzi-

OH

Ll

midazolide ion(BI )} naphth-2, 3-imidazolide ion(NI")
of 9J3}| p-nitrophenyl dipheyl phosphate(p-NPDPP)
£ 7hrsl(EelalEh e of 7t S22 vy
& Bleta, 11 WhS- w7l S-S FEsgich ol BI”
2 NI“:= 997)(general base)7} ofugl s
(nucleophile)® 283ttty sFQict 1831 Kim¥}
Kim(2004)-> CTAX Al §-Hofl 4 {-7]<] o AE| =
3IFHE9] ERlAksES-of tgl o-iodosobenzoate O]
22] FaFoll sl sk Cm, Kim(2005)2 202
A Fol nAdl-g Aol 4 S o ot F-7]Z2uy]
o] E o] el itahik-g-of thaiA = wHEketGit

2 Aol 7l Wsat wEste] Adols
Zuj(PTC)Ql quaternary ammonium saltsZA] ethyl
tri-octyl ammonium mesylate(ETAMs)S& ARE5}o],
p-nitrophenyl valate(NPV) 2] 7}=23f wh-gol|A 2
SN 9] o-iodosobenzoate ion(IB7)o]| oJ3] F=71¥=
HH-3-4 =9} BE-g-model of] thafiA] A+t5}3ich

2. Tz 3 digy

2.1, ez

ETAMSs®} o-iodosobenzoic acid+= Aldrich(USA)
Aok A glo] ARSI, Z12] 3L p-nitrophenyl
valate(NPV) = TSl o] FHAeISITh = p-
nitrophenol ¥} valeric acid-S- tetrahahydrofuran(THF)

CgHsCH,N'Et;CT
Ce¢HsCH,C1 + + NaOH _—

OCH,C¢Hs

O

+ NaCl

+ H,0

Scheme 1. Reaction of cyclohexanol and benzyl alcohol with PTC.

CH,CH;
l®
C3H17—IT—C8H17

CgHyy

ETAMs

© o)
SO3CH; I
CH3CH2CHZ—C—0ON02

NPV

Scheme 2. Structure of ethyl tri-octyl ammonium mesylate(ETAMSs) and p-nitrophenyl valate(NPV).
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of 7¥sto] £Pds] =<l thZ, of7]e] NN'-dicyclo-
hexylcarbodiimide(DCC)E 0C=Z {-X|3PHEA HAd
5| 7igheh e|ar Aol A 24 A7 wRkeE o3, RE
o] &A= AAE N,N'-dicyclohexylurea(DCU)
£ oifstar, oAE S AR A Y4E 2HAE
ethero]] &0]31 goHo] T Z w7}HA] cyclohexaneS
7ksto] & 2E(0~5C)olA 10A17F A= 2] 6HH
AR o] AZE) o] A& Ether?} cyclohexane &35H-8-
Hof| A JAAEFo] %38}l IR 2 NMR 2 2H15}+3)
=%

IR Victimay cm” 1 3,076(Ar-H), 2,975(-CHs), 1,780
(C=0), 1,590 and 1,510(N=0),

NMR 8pmso ppm : 7.5~8.1(4H, Ar-H), 1.5~
2.5(4H, -CHy-CHa-), 1.2(3H, -CHs)

2.2, Mgy

=2

HE A1$]2 25+0.2 Col|A4] 0.01M carbonate buffer
(pH 10.7) =107 ~10" M NaOH 89} 2:0f|A] AlA]
31t} Carbonate buffer®] pH+ HCIS-H-& 71445}
HA pH meter=2 2731t 712 NPV 5=
2.0x10° M R85t A#HAQl OH” L} 1B o] H]
off v FABHEE o8 =2 ETAMs 894
13107 M o4& ZR740} 3]4slo] A8k

71231 o-iodosobenzoate ion(IB~)-S Scheme 39|

S
C-O—H

o
IB

A9} Z+o] carbonate buffer(pH 10.4) -8-oH<zo) A
o-iodosobenzoic acid(IB)ZF-E dfg]& o] TtEol=
=%

= RESO &S/ (ky, sec™)
o]-83}o] 400 nmoj|A ¥-3-o] A} AYAE p-nitro-
phenoxide ©|-29] F=3FE SA45t0] FAH A} ¥R
25 A3(pseudo first order rate constant, ky, sec )2
2431tk =@ WkSof4= UV-visible Spectro-
photometer (Beckmann DU-8B)2} Diode Array
Spectrophotometer(HP8450 & HP9451, USA)E A}
sl on, 1231 wE WkSoA= Stopped-Flow
Spectrometer(Durrum 2274, USA)E AR5

hKi W= [e)
— o?i]—?fj Ho}‘tg‘é‘

3. Znt A v

b=}

3.1. Carbonate buffer =2 £0|AMQ| NPVO| 7|2
sHErS

o-iodosobenzoate ion(IB)o]] 2|3+ NPV 2] 7}4~5
3l WkSA12- Scheme 40]] LRSIk iAol 1B
71ERINPV & o AH|27]E -5-43PH p-nitrophenoxide
o] o] Hojx| il IB-ester S}gt=o] WHEofXIth

Table 19 7] %1 NPV E] 7hp-afit-g-of thsf Lt
ERIEE ol sEmel ETAMs O] s =rsh= 7h=
Zo LR QLaL, J3AIQ) IBT 9] e sk Al 23

O
IB

Scheme 3. Formation of o-iodosobenzoate ion(IB”) from o-iodosobenzoic acid(IB) in carbonate buffer solution.

©
T

f

(E_CH2CH2CH3

l\ ﬁ) I\ Q
0+ CH3CH2CH7C—OON02 — 0 + 0 NO,
g

Scheme 4. Hydrolysis of NPV mediated by o-iodosobenzoate ion(IBe) in ETAMs solution.
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Table 1. Effect of ETAMs on hydrolysis of NPV

al

i

Ll

mediated by IB”

10° [IB7],

rate constant, ky(sec”)x1 0’

10° [ETAMs), M

M 0.00 0.25 0.50 1.00 1.50 2.00
0.00 7.50 7.62 7.69 7.72 7.79 8.03
0.25 7.80 9.76 10.5 13.2 16.4 235
0.50 7.92 11.3 14.2 23.4 31.6 52.6
1.00 8.04 12.6 17.5 353 51.2 112
1.50 8.15 15.3 19.3 59.2 96.5 223
2.00 8.38 18.5 25.6 85.3 169 431

25°C, 107 M carbonate buffer(pH 10.7), 2.0x10° M p-nitrophenyl valate(NPV)

OFrO A

o] R SIck. ETAMs @} BTS2 ARE5HA] oF2: 525
31 10” M carbonate buffer(pH 10.7) <504 71291
NPV O] 7}eBaHhS LAk (k,) = 7.50x107 sec”
o]ltl. 18]3 107 M carbonate buffer Z50]A]
o-iodosobenzoate ion(IB7)o] Qa4 =A== &w
Aba=zke 1x10° M IBY £ollof| A= 8.04x107 sec”,
2x10° M IB” -olof A= 8.38x 107 sec”’ 2 A] 42223}
&l LA (ETAMs7} & wf) NPV 9] 7hpit
kg LAl m] A= BT Zuljo] oL ujuls}
ek E3F IBT2 H%7} 02 u), ETAMs?] 5 S
371et9S We NPV 7hRafivhg Srid4 gt
o] Wzt Ao gigict. o] 22 NPV Q] 7h=Ea) vh-g-
oA IB” tHE B ETAMs THE0 2 AR FH3u)=

Heo] Y= A g

le) o
=T w5

o g,

. AO|SE0§QI ETAMs 229 20M2] OH"
o|20] oI5t NPVl 7hEaHHIS
Table 2014 & 4= Qli= uje} o], W2 OH™ ] &

E(1x10° M)o| A= ETAMs 9] 5ol A 310] OH”
9] Hwr} ZrNetel| wheh &EAkRe] 2717} ulu]g

ou, Br} &2 OH 9 H=dx107 M)A A9
AR o2 Z718H3 o] A2 7]Z(NPV)o] Lx A
o OH” EL [B79} -2 aiA|o] oja) 7l4Ha]
2|9k, Bof| E-8-0]7] wjiLo] 4ol xlo] OH”
of &gt R-g-2 vl g, oA} Fof Ho} =
OH":= & Ao]EZu)o] AHo|A v-galA ek
weka] ko2 AR A Q] FETL STt
mel TREEET AlEG STkt fAHARESSE
(pseudo first order rate) & YT R| Y=t} = 2
Aol Lo F7h= AHA oA FEe] TS
oJujs}7| wjFof Bhe-&H w7t ST ks A SR ity
u, o] Y82 Aol -Zu Alwo] Ao 22413l Fi
Hr} o] AL A1 NPV 54T ETAMs &
ofo]] ©] # 48511, IB7= B3} ETAMs &4 Zo
A FYE FABHHA F Fof A7) &l AL
2 AAEH EHE 9 YA & Foll XA Uh. 1
#Ut OH S A2 AME31%S o, ETAMs ] &
T 7k vheE =l A RS FA] Yh=tt oA
2 7|AJA NPV L7t At H o2 ufp- W2 Al
ol 4] 21444 2] OH" 7} Abd o] Zulj ol ETAMSs 89 <
o] YH F8E7|= AT E5 02 o] 2|-A
Q7] W&o, theF =8ER= o] il Ae=

Table 2. First order rate constant of hydrolysis of NPV by OH" in ETAMs solutions

rate constant, ky(sec’)x10°

10°[OH], >
10’ [ETAMs), M
M 0.00 1.00 2.50 5.00
0.00 7.50 7.57 7.56 7.61
1.00 8.52 9.14 9.46 9.67
2.00 17.9 235 25.7 28.5
4.00 45.6 46.6 47.8 48.5

25°C, 10> M carbonate buffer(pH 10.7), 2.0x10°° M p-nitrophenyl valate(NPV)
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Table 3. Effect of substrate concentration on hydrolysis of NPV in ETAMs solutions

rate constant, k.l,(sec")X 10°

5
107[NPVI, 10° [ETAMs), M

M 2.5 5.0
0.30 10.2 11.4
0.50 10.3 11.6
0.75 10.7 12.1
1.00 10.9 11.9
1.25 10.9 123
1.50 11.1 12.3
2.00 11.2 11.9

25C, 10" M carbonate buffer(pH 10.7), 2.5x10° M IB®

Ay Zkict,
2|3 71 NPV vt wha o] 713=
B A7) 9Aste] NJANPV)O FEE 03~
2.010° ME WSPAA 783 S5 SA5)
o] Table 30 LhefLiick. Table 30)4] & 4= 9l vl
o o), 7140 57t F7IRlolE Tt a S
o] Wishs 79 Qlglek. ol o] whgo] ABAL 1B”

off thsf 12} SRk e ST
322, ETAMs 8% £014 NPVO| 7t4-E5fitS oA

B” sz Bg

Ao TR WS BT FE]
GG dokny] $15te] ETAMs 89 o] 4] IB7 2]
s esto] tit S-S S745}o] Table 13} Fig.

500

T T T T

10°[IB], M

100

0.5 1.0 1.5 2.0 25

10°[ETAMSs], M

(a)

sec™

y?

3+log k

Lol Ui ITh 9bA] o133t uie} o], IB"S AMg-
5}A] 94l carbonate buffer 8- 4xof A BFS-A1Z 7
© ETAMs 9] 557} Z7}8lo] i yhemt 7 o] 2
7VSHA] RO, IBTE ARSE 7 o] WA 5
=7t Z7k5t] e whgo] S48 welye B 4= gl
t}. o]t o] HRGoA] IB7 7} HEG-S 2|7 Zu)
AThS TS ¢FAI8kL Qek E3L YAHFHBT Y] Hw
o5 ETAMs®] 5%& S7HA 7o) ube} vhe-5=7}
F43] 2715k & 4= Qli(Table 1 2 Fig. 1). o]
Eof| B-8491 NPV} UK gaf5l= IB“ S ETAMs
7} 7 4=8-810] NPV B O] S EWES o] 3
o] WM& =S Z7HA7S Ttk 123l Fig. 1(b)
oA Bz upel o] Hhg=gho A8ti4x(log) 2

3.5 T T T T

10°[IB"], M

-0

2.0 25

0.5

1.0
10°[ETAMS], M

1.5

(b)

Fig. 1. Effect of ETAMSs on hydrolysis of NPV mediated by IB® solution.
(a): plot of ky against [ETAMs], (b): plot of log ky against [ETAMs]
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X o0f | 415 1
o -0 20
o
t 15+ 1
3]
10F g
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10°[1IB"], M
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Fig. 2. Effect of IB” on hydrolysis of NPV mediated by ETAMs solution.
(a): plot of ky against [IB7], (b): plot of log ky against [IB7]
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400 - 10° [ETAMS], M )
-0
- —v— 025
' —— 05
§ 300 —>— 10 1
—A— 15
x"s —0— 20
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0.0 05 1.0 15 2.0 25
10°[IB'], M
(a)
wASHE 718717F A A e r Sk AL o 4
ek
3.2.3. IB7 UM NPV 7E5HH20) A2

ETAMs &= &g

o] ke dolry] $Jslo] IBY 89 oA
ETAMs®] 5528 #shA|7|HA SE44S 248
o] Fig. 20l YERHGITE 2ol A2t o] &S 1879
FE(2x107 M) 4] ETAMs ©] =2 27470
2 Wk vt 23] 71 & 4 9o o] AL
1 ApR2 1z A o] W] SRt o] FollA At
Ble} o] Eof] E-249 NPV} Y &35k IB”
£ ETAMso| 37| 4=83t0] NPV} IB7 9] SE0I=
£ o] oy AT E ZUMAY)E AoR A
FEEh 283 Fig. 2(b)of| A B v} o] vh-g<:
EZHe A8 Ta(log) 2 BASH 7]27]7F 24E 0

R
2 Z715He 2 & 4 gk

g

3.3. ETAMs 8% 20IM2| 1870 2 FEIEl= 7}
+Eaiugel 2y

Table 10| Vrebdl ARG =43k} 5 ETAMs

2 B9 & W2 plot 31o] Fig. 1,2,3 9 40] L}

ERQILE o] A & 4= Qi uke} o], IBY

3 ETAMs 9] Friisto] up2 £ei4=0] Wk o

Hhg-o] Tt 12} 9 22} 9hg-& e Ao Uhz] ob=t}.
WA Fig. 1 Y28 5, 54~/ 1B 2 ETAMs
9 g7t Mk G435 e o 4= qltk
$tH, ETAMs 9] 5= 2} log k= plotgt Fig. 1(b)
9B 9] %9} log k2 plotdl Fig. 2(b) S K, <

SR 40] Mg EEo| % B Go A A4

35 , : : : : :
30 10°[IB" ], M 1
- -0
g 251 | o025 1
(7] —&— 05
g - 10
x 20+t —A— 15 b
[=2] 3
E -0 20
+ L 4
o 15 /
10} - | j 1
05 1 1 1 1 1 1
00 02 04 06 08 10 12 14

4+log [ETAMs], M

Fig. 3. Effect of ETAMs on hydrolysis of NPV mediated by
IB solution.
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3.0 : : : : . ; ;
3
o5  10°[ETAMsL M |
K
® 20t
>
K4
(=]
L2 15} 1
+
(]
1.0 [ 1
05 1 1 1 1 1 1 1
00 02 04 06 08 10 12 14
3+log [IB'],M
Fig. 4. Effect of IB” on hydrolysis of NPV mediated by
ETAMs solution.

ISR R =2 5 FoollA= 48] 12l A4
o2 7|23 Q). E3 log [ETAMs] Y log [IB7]
¢} log ky= plot3t Fig. 3 W 45 B £reab4do] 2
7ol AA e m Helort w7t ARl ol whet 5413
Bl WA 2 Wi, BT 2 ETAMs?] 7 g
L=7h 7Rl wet 21419] 71&717F w4 8] AR

]2} -2 FAFE 8N LoflA] I+ HEG A|2FRINPV
% 1B° 2} Jo]5Zul 3] ETAMs Afo]ofl W 4:0] %
& SHE YA aggregates)S FTS onlRith 4
Bl Lo A= B-84J91 NPV} 48491 IB 7} 3
Eato] 958 7] 3|7} #-2-d) ¥iste], ETAMs <=8
ol A= o] 7 Aloke T 48510 All AF Aol g
gl doldo= NPV BT/} W}/ ]of] 31
& Ae] ol Q7 Fick vlpo] W, o]  whgE
Aol 111 WA ER WHgel7| ks ETAMs 48
Ol0] B 0] WS A1 50] SRS o] L
< 53t o] & Scheme 5of YR G

Z1EJAL Fig. 1(b)eF2(b)ollA W 7]&7|7} A5
of|A] Hrf Alm ol A Ath= 21 ETAMs 9] T
(monomeric form)7} 714 42 & elj(most active
form)7} o}y i1, = 9-3-E2 53} Zujj 9]l ETAMs A}
o)of] A& &5 Z-8-(cooperative interaction)©] 3l
= 53tk webA o] 2et vk AU S-S thHEARS-
| X Hl(poly molecular aggregation complex model)
A 4= QL& Aolch. Fhal, JA| 2 B t4lo]

m

Xl

Hu o

©

ETAMs - NPV ETAMs - NPV —— Product
1B°
NPV
IBNPV  ETAMs- IB®
ETAMs —_—— — Product
NPV
TE I(NPV)
li n-1(ETAMs)
| m(1B°)
(ETAMs),,

——  Product

o
(IB®),, (NPV),

Scheme 5. ‘Aggregation complex model’ on hydrophobic
phase transfer catalysis(EETAMs) of hydrolysis
of NPV(substrate) mediated by IB®, where I, m
and » are intergers.
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AoFEe M2 NS ZHN HeEEE
ZHAIZIE wEeF 5 o) iFe) axpide] 2 71
A S HSAZ A, Rt Aolesies 7
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Aolk
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T ol

-

S~
TS A

4 28

2 Atof A= Aol 5= H(PTC) ) quaternary ammo-
nium salts24] ETAMs& ARE-3}1o], 71221 NPV
7453l vk ollA] 218iH]2] o-iodosobenzoate ion(IB )
of olg] == WS4 o} HhS modelof thalA]
Atstelem I vk ot Zrh

&R 8 S A(ETAMso] gl2ul) NPV
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AeFr oz 271s9lk o] WS Ao Al o] 22} vt
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ZoA] WYL GHBIHA T Zof] E25}7] el
Zlog gohEch
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EE WA SEAE 248G 74 B
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