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ABSTRACT: The effects of micelles of cetyltrimethylammonium bromide (CTABr), tetradecyltrimethylammonium
bromide (TTABr), sodium dodecyl sulfate (SDS) and polyoxyethylene 10 lauryl ether (C12E10) on the rates of
alkaline hydrolysis of securinine were studied at a constant [ÿOH] (0.05 M). An increase in the total concentrations of
CTABr, TTABr, SDS and C12E10 from 0.0 to 0.2 M causes a decrease in the observed pseudo-first-order rate
constants (kobs) by factors ofca2.5, 3, 7 and 4, respectively. The observed data are explained in terms of pseudophase
and pseudophase ion-exchange (PIE) models of micelle. The binding constants,KS, of securinine with SDS, C12E10,
CTABr and TTABr micelles are 32.4, 14.8, 22.1, and 9.1 Mÿ1, respectively. The magnitudes of the second-order rate
constants,kM, for the reactions in the micellar pseudophase are negligible compared with the corresponding rate
constant,kW, for the reaction occurring in the aqueous pseudophase for CTABr, TTABr, SDS and C12E10.  1998
John Wiley & Sons, Ltd.
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INTRODUCTION

Securinine (1), the major alkaloid fromBreynia corona-
ta, is a reportedly useful drug for diseases concerned with
the central nervous system. It is essential for a drug
molecule to be absorbed and then to diffuse through the
biological membrane with essentially no activation
barrier in order to repair the molecular damage that has
occurred at the so-called specific diseased site of the cell.

Although a normal micelle does not conform to a
complete or partial model of a biological membrane, it
does display certain characteristics of such membranes.
Micelles of certain characteristics have been exploited as
drug carriers.1 Perhaps because of this and other related
reasons, a significant amount of systematic kinetic work
has been carried out during the past decades.2 Micellar-
mediated reactions are generally rationalized in terms of
a pseudophase model for micelles1c,3. Bunton4 has
outlined both the shortcomings and usefulness of this
model.

Most of the studies on the effects of micelles on the
rates of organic reactions are concerned with the
hydrolysis of esters, activated aromatic compounds and
a few amides.2a,5 It appears from these studies that the
rate of a bimolecular reaction involving a neutral and an
anionic reactant is usually inhibited by an anionic

surfactant, i.e. a surfactant with a head group carrying a
negative charge. Such an inhibition is attributed to the
exclusive micellar incorporation of only one reactant.
The hydrophobicity of the organic substrates used in
these studies involves either an open-chain hydrocarbon
of a few methylene units or an aromatic skeleton or both.
We did not find any report on micellar-catalyzed organic
reactions where the surfactant contained a straight-chain
hydrocarbon and an organic substrate with a molecular
skeleton similar to that of securinine. The present study
was aimed at exploring the effects of ionic and non-ionic
micelles on the rates of alkaline hydrolysis of securinine.

EXPERIMENTAL

Materials. Optically pure (� )-securinine (1) was isolated
from Breynia coronata.Cetyltrimethylammonium bro-
mide (CTABr) and sodium dodecyl sulfate (SDS) were
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obtained from Aldrich and tetradecyltrimethylammo-
nium bromide(TTABr) and polyoxyethylene10 lauryl
ether(C12E10) from Sigma.All otherchemicalswereof
reagentgrade.

Kinetic Measurements. The kinetics of the alkaline
hydrolysisof securininein thepresenceof ionic andnon-
ionic micelleswerestudiedby monitoringthechangein
absorbanceat 290nm. The details of the kinnetic
procedureand data analysishave beendescribedelse-
where6.

Product Analysis. The hydroxide ion-catalyzedhydro-
lysis of the lactonemoiety of 1 is shownin Scheme1,
wherekopenrepresentstherateconstantfor thehydroxide
ion-catalyzedopening of the lactone ring. When the
alkalinehydrolysedproduct(s)mixturewasacidified,the
lactonizationof SAH was affirmed by the similarity of
theUV spectraof theacidicreactionmixture(obtainedat
theendof theexperimentwhenno furtherchangein the
UV spectrumwas noticed)and authenticsecurinine.A
reactionmechanismsimilar to Scheme1 hasbeenshown
to occurin thehydrolytic cleavageof champtothecin.7 It
shouldbe notedthat at alkaline pH, i.e. at pH> 7, the
cyclizationof SAÿ via SAH doesnot occur6. Similarly,
the kopen step is kinetically undetectableat acidic pH.6

Thus, under the experimentalconditionsof this study,
pseudo-first-orderrateconstants,kobs, representthekopen

steponly (i.e. kobs is not a compositeof kopenandkclose).

RESULTS AND DISCUSSION

Effects of anionic micelles on reaction rates

The rates of hydroxide ion-catalyzed cleavage of
securininewere studied using 0.05M NaOH at 35°C

and with total sodium dodecyl sulfate concentration,
[SDS]T, in the range9.00� 10ÿ4 – 0.20M. Thepseudo-
first-order rate constants,kobs, decreasedslightly more
than sevenfold with increasein [SDS]T from 0.00 to
0.20M. Suchan inhibitory effect causedby the increase
in micelle concentrationmight be attributed to the
following reasons:(i) one of the two reactants,(either
securinine or ÿOH) is excluded from binding with
micelles; (ii) the two micelle-boundreactantsare not
locatedin the samemicellar environment;and (iii) the
securininemoleculesare locatedin an environmentof
apparentlow dielectric constantwhere the nucleophile
(ÿOH) loses its intrinsic nucleophilicity owing to
possibleformationof a looseion pair with its counterion
(Na�). It is known from literaturethatÿOH ions do not
bind effectivelywith SDSmicelles.8 Henceonly thefirst
possibilityapplies,whereonly securinineseemsto havea
bindingaffinity with SDSmicelles.

The observedrateconstants,kobs, werefound to obey
the following empiricalrelationship:

kW=kobs� A� B[SDS]T �1�
wherekW is kobsat [SDS]T = 0. Theempiricalparameters
A and B were calculatedfrom equation(1) using the
linearleast-squaresmethodandthecalculatedvaluesof A
andB are1.01� 0.03and32.4� 0.4Mÿ1, respectively.
Thefitting of theobserveddatato equation(1) is evident
from thestandarddeviationsassociatedwith thevaluesof
A andB andfrom theplot in Fig.1 whereastraightline is
drawnthroughthe least-squarescalculatedpoints.

Reaction in the presence of cationic micelles

A seriesof kinetic runs were carried out to study the
effects of [CTABr] and [TTABr] on the pseudo-first-
order rate constants,kobs, for the alkaline hydrolysisof
securinine.Theresultsaresummarizedin Tables1 and2,
respectively.Theseresultsshoweda decreasein therate
of hydrolysis with increasein [CTABr] and [TTABr].
The decreasein kobs with increasein concentrationof
cationic micelles cannot be ascribedto the exclusive
micellar incorporationof only oneof the reactants.It is
knownthathydroxideionsbind effectivelywith cationic
micelles.9 Theobservedrateconstants,kobs, weretreated
with theempiricalequation(1) with [SDS]T replacedby
[CTABr]T or [TTABr] T. The least-squarescalculated
empirical parameters are A = 0.868� 0.031 and
B = 7.2� 0.3Mÿ1 for CTABr and A = 1.11� 0.09 and
B = 9.6� 1.0Mÿ1 for TTABr. Thefitting of theobserved
data to equation (1) may be seen from the standard
deviations associatedwith the calculated empirical
parametersand from the plots in Fig. 1 wherestraight
lines are drawn through the least-squarescalculated
points.

Scheme 1
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Reaction in the presence of non-ionic micelles

The rates of alkaline hydrolysis of securinine were
studiedin 0.05M NaOH at different concentrationsof
C12E10. An increasein [C12E10] causesa significant
decreasein the values of the pseudo-first-order rate
constants,kobs. The observedrate constantsshoweda

satisfactoryfit to equation(1) (with [SDS]T replacedby
[C12E10]) with least-squarescalculated values of
A = 0.878� 0.035andB = 14.8� 0.3Mÿ1. Thedecrease
in kobswith increasein [C12E10] maybeattributedeither
to extremelyweakmicellarbindingof highly hydrophilic
hydroxideionsor to differentpreferentiallocationsof the
two reactants,OHÿ andsecurinine,in themicelles.

Figure 1. Plots showing the dependenceof k'W/kobs upon total concentration of surfactant, [Surf]T, for (*) SDS, (&) CTABr, (~)
TTABr and (!) C12E10. Solid lines are drawn through the least-squares calculated points using equation (1) as described in the
text
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Pseudophase model of micelle

Therateof alkalinehydrolysisof securininewasfoundto
be first order with respectto eachof the two reactants,
securinine and hydroxide ion.6 The contribution of
uncatalyzed(i.e. solvent-assisted)hydrolysisto the rate
turned out to be negligible compared with that of
hydroxide ion-catalyzed hydrolysis even at
ÿOH = 0.02M. The observed pseudo-first-orderrate
constants,kobs, at different micelle concentrations(Dn)
canbe explainedquantitativelyin termsof the pseudo-
phasemodel of micelles.Both reactants,securinine(S)

andÿOH, maybeassumedto bedistributedbetweenthe
aqueous(W) andmicellar(M) pseudophasesasshownin
Scheme2, whereDn representsthemicellizedsurfactant.

Sw � Dn�
Ks

SM

ÿOHW � Dn �
KOH ÿOHM

SW � ÿOHW ÿ!kW Product(P)

SM � ÿOHM ÿ!kM Product(P)

Scheme 2

The concentrationof micelles ([Dn]) is given by the
total surfactant concentration [D]T less that of the
monomerremainingin theaqueouspseudophase,taking
this as the correspondingcritical micellar concentration
(CMC). Thereare severalassumptionsinvolved in the
data treatmentin terms of Scheme2 which are best
explained by Bunton.2c In Scheme2, KS and KOH

representthe micelle–securinineandmicelle–hydroxide
ion associationconstants,respectively.The ÿOH-cata-
lyzed rate constantsfor the reactiontaking placein the
aqueouspseudophase(W) is representedby kW andthat
in the micellar pseudophase(M) by kM. Sinceit is not
possibleto knowtheexactvolumeof thespecificmicellar
region where micellar-boundhydroxide ions exist, the
rateof micellarmediatedreactionis definedasrate= kM

[SM][ÿOHM]/[Dn].
The observed rate law (rate= kobs [S]T, where

[S]T = [SW] � [SM]) and the derived rate law basedon
Scheme2 maygive theequation

kobs� k0w � k0MKOHKS�Dn�
�1� KOH�Dn���1� Ks�Dn�� �2�

where [Dn] = [D]TÿCMC, k'W = kW [ÿOH]T,
k'M = kM[ÿOH]T/VM (where VM is the partial molar

Table 1. Effect of [CTABr] on the alkaline hydrolysis of securinine (1)a

[CTABr] 103 kobs 103 kcalcd
b 103 kcalcd

c 103 kcalcd
d

(M) (sÿ1) (sÿ1) (sÿ1) (sÿ1)

0.0 1.83 — — —
0.002 1.97� 0.03e 1.92 1.94 2.06
0.010 2.05� 0.03 1.99 1.99 1.98
0.015 1.93� 0.04 1.96 1.95 1.91
0.030 1.72� 0.03 1.78 1.77 1.72
0.060 1.45� 0.04 1.44 1.44 1.42
0.090 1.18� 0.03 1.20 1.21 1.21
0.120 1.04� 0.02 1.03 1.03 1.05
0.180 0.800� 0.009 0.798 0.803 0.837
0.270 0.670� 0.012 0.597 0.600 0.640
109 � di

2 16.61 12.83 17.18

a [1]0 = 1.38� 10ÿ4 M, [NaOH] = 0.05M, � = 290nm, temperature= 35°C andthe reactionmixture contained4%, (v/v) MeCN.
b Calculatedfrom equation(7) with k@M = (7.57� 0.20)� 10ÿ3 sÿ1, Ks = 22.1� 2.6Mÿ1, KBr

OH = 5 andCMC = 1� 10ÿ4 M.
c Calculatedfrom equation(7) with k@m = (13.8� 0.4)� 10ÿ3 sÿ1, Ks = 15.6� 1.3M

ÿ1, KBr
OH = 20 andCMC = 1� 10ÿ4

M.
d Calculatedfrom equation(7) with k@m = 1.968� 0.150sÿ1, Ks = 8.9� 0.6M

ÿ1, KBr
OH = 104 andCMC = 1� 10ÿ4 M.

e Error limits arestandarddeviations.

Table 2. Effect of [TTABr] on the alkaline hydrolysis of
securinine (1)a

[CTABr] 103 kobs 103 kcalcd
b 103 kcalcd

c

(M) (sÿ1) (sÿ1) (sÿ1)

0.0 2.26 — —
0.010 1.97� 10.03d 2.05 2.02
0.015 1.94� 0.05 1.92 1.92
0.020 1.79� 0.02 1.82 1.83
0.040 1.64� 0.03 1.53 1.54
0.40 1.65� 0.03 1.53 1.54
0.060 1.32� 0.02 1.33 1.33
0.060 1.35� 0.02 1.33 1.33
0.08 1.06� 0.02 1.18 1.18
0.080 0.992� 0.009 1.18 1.18
0.120 1.03� 0.02 0.967 0.957
0.200 0.788� 0.012 0.714 0.695
109 �di

2 = 93.54 90.20

a [1]0 = 1.424� 10ÿ4 M, [NaOH] = 0.05M, � = 290nm, tempera-
ture= 36°C andthe reactionmixture contained4% (v/v) MeCN.
b Calculatedfrom equation(7) with k'M = (ÿ0.7� 7.2)� 10ÿ3 sÿ1,
Ks = 4.8� 4.8Mÿ1, KBr

OH = 4 andCMC = 0.0035M.
c Calculatedfrom equation(7) with k'M = (3.14� 1.76)� 10ÿ3 sÿ1,
Ks = 9.1� 5.2M

ÿ1, KBr
OH = 4 andCMC = 0.0010M.

d Error limits arestandarddeviations.
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volume of the reactive region in the micellar pseudo-
phase)and[ÿOH]T = [ÿOH]W� [ÿOHM]. All concentra-
tions usedrefer to the total volumeof the solutionsand
the dimensionsof k'W, k'M, kM and VM are sÿ1, M sÿ1,
Mÿ1 sÿ1 andMÿ1, respectively.

The highly hydrophilic hydroxide ion is known to
exhibit an extremely weak binding affinity towards
anionic SDS micelles. It is therefore conceivableto
assume that 1>> KOH[Dn] under the experimental
conditionsimposedandthisassumptionreducesequation
(2) to

kobs� k0W � k0MKOHKS�Dn�
1� KS�Dn� �3�

Thereportedvalueof CMC for SDSis 0.008M.2b The
decreaseof nearly30% in kobs with increasein [SDS]T
from 0.0 to 0.01M, however, indicates the probable
reduction in the CMC under the presence of
1.38� 10ÿ4 M securinine.An attemptto fit theobserved
datato equation(3) with CMC = 0.008M wasunsuccess-
ful. The comicellizationof a micelle-formingsubstance
in thepresenceof a hydrophobicsoluteis well known.10

It is interestingthatcomicellizationof SDScouldnot be
detected11 in thepresenceof PSÿ (wherePSÿ represents
anionic phenyl salicylate), whereasa nearly 10-fold
decreasein the CMC of CTABr was observedin the
presenceof 2� 10ÿ4 M PSÿ.12

The kinetic CMC of SDSwasdeterminedasfollows.
The unknownparameters,kMKOH andKS andthe least-
squares,�di

2 (where di = kobsiÿ kcalcdi), values were
calculatedfrom equation(3) atagivenvalueof theCMC
using the non-linearleast-squaresmethod.The magni-
tudesof the least squares(� di

2) were determinedat
different valuesof the CMC and the specific CMC at
which the � di

2 value turned out to be minimum was
consideredto be the kinetic CMC. The value of the
kinetic CMC for SDSwasfoundto be9� 10ÿ4 M under
the experimentalconditions of the presentstudy. The
calculated values of k'MKOH and KS are
(1.9� 6.2)� 10ÿ5 sÿ1 and35.1� 3.8Mÿ1 respectively,
with CMC = 9� 10ÿ4 M andk'w = 0.00183sÿ1 (thevalue
of kW’ wasobtainedby carryingout thekinetic run in the
absenceof micelles).Thecalculatedvalueof k'M KOH is
associatedwith a relativestandarddeviationof> 300%
andhenceit is not statisticallydifferent from zero.The
maximum contribution of k'M KOH KS [Dn] to
k'W� k'M � KOH KS [Dn] turnedout to be< 8% under
the experimentalconditionsof the study. This showed
that k'MKOHKS [Dn] may be neglectedin comparison
with k'w in equation(3). Undersuchconditions,equation
(3) is reducedto

kobs� k0W=�1� KS�Dn� �4�
which is similar to the empirical equation (1) with
A = 1ÿ KSCMC and B = KS. It is interesting that the
calculatedvalueof A (= 1.01)revealeda negativevalue

of CMC (= -0.0002M), which is physicallymeaningless,
and the value of B (= 32.4Mÿ1) is not significantly
different from Ks (= 35.1Mÿ1).

The observeddataobtainedin the presenceof C12E10

micelles showeda reasonablygood fit to equation(1)
[which is equivalent to equation (4)]. This may be
attributedto theextremelyweakbindingof hydroxideion
to C12E10 micelles, i.e. 1>> KOH[Dn] and hence
kW'>> k'M KOH KS[Dn]. It seemsthat the high hydro-
philicity of the hydroxideion makesits binding affinity
extremelyweak towardseven neutral C12E10 micelles.
The value of KS for C12E10 was found to be 14.8Mÿ1,
which is nearlyhalf of thevalueof Ks for SDS.

Pseudophase ion-exchange model of micelle. For
ionic micellar mediatedreactionswherea reactiveion
(suchasÿOH) andaninertcounterion(suchasBrÿ) carry
a similar charge,the pseudophaseion-exchange(PIE)
modelis generallyusedto discusstheobserveddata.The
assumptionsinvolvedandtheusefulnessandweaknesses
of this model were critically discussedby Bunton et
al.13,14In termsof thePIEmodel,thenucleophile(ÿOH)
andinert counterion(Brÿ) of a cationicmicellecompete
at the micellar surfaceaccordingto the ion-exchange
equilibrium describedby theequation

OHÿM � BrÿW �KBr
OH

OHÿW � BrÿM �5�

The relationships [ÿOHÿ]T = [OHÿW] = [OHÿM],
[Brÿ]T = [BrÿW] � [BrÿM], mOH�mBr = b, where
mOH = [ÿOHM]/ [Dn] andmBr = [BrÿM]/ [Dn] andequa-
tion (5) yield theequation

m2
OH�mOH

�ÿOH�T � �Brÿ�TKBr
OH

�KBr
OHÿ 1��Dn�

ÿ �
� �

ÿ ��ÿOH�T
�KBr

OHÿ 1��Dn�
� 0 �6�

The PIE modelwasinitially developedto accountfor
theobservedbiphasicplotsof kobsversus[Dn] wherethe
first-order rate constants,kobs, increasedsharply with
increasein [Dn] at low [Dn] followed by a slow, non-
linear decreasewith increasein [Dn] at high [Dn]. The
PIE model hasbeenalso applied to micellar mediated
reactionswhere the usualbiphasicplots of kobs versus
[Dn] were not obtained.15 The pseudo-first-orderrate
constants,kobs, reveal a slight increase(ca 12%) with
increasein [CTABr]T from 0.0 to 0.010M followed by a
significantdecrease(ca 67%)with increasein [CTABr]T

from 0.010to 0.27M. However,an increasein kobs with
increasein [TTABr] T could not be detectedwithin the
[TTABr] T range0.010– 0.200M.
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Equation(2) canbe rearrangedto give

kobs� kW�OHÿ�T � �k00MKSÿ kW�mOH�Dn�
1� KS�Dn� �7�

wherekM@ = k'M/[OHÿ]T = kM/VM. In order to calculate
unknownparameters,k'M andKS from equation(7), the
values of mOH at different [Dn] were calculatedfrom
equation(6) atagivenvalueof KBr

OH with knownvalues
of [OHÿ]T, [Brÿ]T andb = 0.8.Thesevaluesof mOH were
subsequentlyusedin equation(7) to calculatek'M, KS and
least-squares(� di

2, where di = kobsiÿ kcalcdi) values
usingthe non-linearleast-squaresmethod.The reported
values of CMC for CTABr range from 1� 10ÿ4 to
9� 10ÿ4 M,12 dependingon thepresenceor absenceof a
solutein themicellarsolution.TheCMC for CTABr was
consideredto be 1� 10ÿ4 M.16 Suchcalculationswere
carriedout at differentpresumedvaluesof KBr

OH (range
5 – 104. The� di

2 valuesdiffer only slightly with increase
in themagnitudeof KBr

OH from 5 to 104. Thecalculated
valuesof the rateconstants,kcalcd, at KBr

OH = 5, 20 and
104 aregivenin Table1. In termsof thesevaluesof kcalcd,
it is noteasyto ascertainwhichvalueof KBr

OH is themost
appropriate.This is a generalweaknessof PIE model,as
mentionedby Germaniet al.17 It is interestingthat a
change in KBr

OH from 5 to 104 increaseskM@ from
7.57� 10ÿ3 to 1968� 10ÿ3 sÿ1 anddecreasesKS from
22.1to 8.9Mÿ1. Most of thereportedvaluesof KBr

OH lie
between2 and20.15–18Thecalculatedvaluesof k@M and
KS are (7.57� 0.20)� 10ÿ3 sÿ1 and 22.1� 2.6Mÿ1,
respectively,with KBr

OH = 5, b = 0.8 and CMC = 1�
10ÿ4 M. It is interestingthat thevaluesof k@M [= (7.60�
0.24)� 10ÿ3 sÿ1] andKS (= 22.8� 3.3Mÿ1) at CMC =
9� 10ÿ4 M are not appreciably different from the
correspondingvaluesat CMC = 1� 10ÿ4 M.

Although the exactvalueof VM is difficult to obtain,
the estimatedvalues of VM vary in the range 0.14–
0.37Mÿ1.13 If we considerVM = 0.25Mÿ1, the value of
kM turnsout to be 18.9� 10ÿ4 Mÿ1 sÿ1, which is nearly
19-fold smaller than kW. Although the value of kw/
kM = 19 is a crudeestimate,it certainlyindicatesthat the
hydroxideion-catalyzedreactionis much slower in the
micellar pseudophasethan in the aqueouspseudophase.
The maximum contribution of the (k@MKSÿ kW)mOH

[Dn] term in equation(7) obtainedat 0.27M CTABr is
56% with KBr

OH = 5 and CMC = 1� 10ÿ4 M. Although
the calculatedvalueof k@M is associatedwith a reason-
ably good standarddeviation, it cannotbe considered
very reliablebecauseof its relatively small contribution
to kobs (�56%) and uncertaintyin the valuesof KBr

OH

andb.
Pseudo-first-orderrateconstants,kobs, for thecleavage

of securinine obtained at different [TTABr] T in the
presenceof 0.05M NaOHweretreatedwith equation(7)
considering CMC = 3.5� 10ÿ3 M8 and 1� 10ÿ3 M.16

The non-linear least-squarescalculated best values
of k@M and KS at KBr

OH = 4 turned out to be

(ÿ0.7� 7.2)� 10ÿ3 sÿ1 and4.8� 4.8Mÿ1, respectively,
at CMC = 3.5� 10ÿ3 M8 and (3.14� 1.76)� 10ÿ3 sÿ1

and9.1� 5.2Mÿ1 at CMC = 1� 10ÿ3 M.16 Thefitting of
the observeddatato equation(7) may be realizedfrom
thecalculatedvaluesof therateconstants,kcalcd, listedin
Table 2. Although the fitting of the observeddata to
equation (7) appears to be slightly better at
CMC = 1� 10ÿ3 M, thevalueof k@M is not very reliable
becauseof its extremelysmall contribution(nearly0%)
to kobs in equation(7).

The lower valueof KS (= 9.1Mÿ1) in TTABr micelles
comparedwith KS (= 22.1Mÿ1) in CTABr micelles is
conceivablein view of the reporteddata on a related
system.16

The significantly lower rate of alkaline hydrolysisof
SM comparedwith thatof SW in cationicmicellescannot
be attributed to the ionic strength effect (the ionic
strengthof theionic micellarsurfaceis roughlyestimated
to be3 – 5 M3) becausetherateof alkalinehydrolysisof
securininewasfound to be almostindependentof ionic
strengthwithin therange0.2– 1.2M.6 Pseudo-first-order
rate constantsfor the alkaline hydrolysisof securinine
revealedadecreaseof approximatelyfour fold dueto the
increasein the MeCN contentfrom 4 to 50% (v/v) in
mixed aqueoussolvents.6 The dielectric constantof the
micellarsurfaceis concludedto be34 – 46.19 Hencepart
of the non-ionic and cationic micellar inhibition of the
alkaline hydrolysis of SM may be attributed to the
medium polarity effect. The lower reactivity of SM

comparedwith SW may be partly attributed to the
different sitesof averagelocationof both reactants(SM

and ÿOHM) at the micellar surface.20 The anionic
micellar inhibition of the alkaline hydrolysis of secur-
inine maybeattributedto themicellar incorporationand
exclusionof securinineandÿOH, respectively.

CONCLUSIONS

The values of the kinetically determined binding
constants,KS, of securininewith anionic (SDS),neutral
(C12E10) andcationic(CTABr andTTABr) micelleshave
beenfound to lie within the range35 – 9 Mÿ1. These
valuesaresignificantlysmallerthanKS (=2� 103 Mÿ1)21

for phenyl saicylate (PSH) with SDS micelles. Both
securinineand PSH contain 12 carbonsand could be
consideredasmoderatelyhydrophobic.Hencethenearly
100-fold largervalueof KS with SDSmicellesfor PSH
than for securininecannotbe attributedto the intrinsic
hydrophobicity(baseduponthenumberof carbonatoms
presentin the molecule)of thesemolecules.The most
plausiblereasonwecouldspeculateat themomentis that
significant steric interaction might result if the highly
hindered securinine molecule is incorporatedwith a
micelle of a surfactantwith straight-chainmethylene
units. The nearly100-fold largervalueof KS with SDS
micelles for PSH than for securininemay be partly

 1998JohnWiley & Sons,Ltd. JOURNAL OF PHYSICAL ORGANIC CHEMISTRY, VOL. 11, 209–215(1998)

214 N. H. LAJIS AND M. NIYAZ



attributed to probablehydrogenbonding betweenthe
phenolic hydrogenof PSH and anionic headgroupsof
SDSmicelles.

The rate constants,kM, for hydroxide ion-catalyzed
cleavageof securininein the micellesof SDS,C12E10,
CTABr andTTABr turnedout to be considerablylower
thanthecorrespondingrateconstant,kW, in theaqueous
pseudophase.Thismaybeattributedto oneor bothof the
following reasons:(i) different average locations of
reactantmolecules,ÿOHM andSM, in the non-ionicand
cationicmicellarpseudophaseor [ÿOHM] � 0 in theSDS
micellar pseudophase;(ii) the micellized securinine
molecules,SM, arelocatedin themicellar regionof very
low dielectricconstant.
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