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ABSTRACT: The effects of micelles of sodium dodecyl sulphate (SDS) on the rates of reactions of ionized phenyl
salicylate (PS) with n-butylamine, piperidine and pyrrolidine were studied at@5Pseudo-first-order rate constants
(kope show a linear increase with increase in the total concentration of amine {jAahja constant [SDS]. An
increase in the total concentration of SDS from 0.0 to 0.2 molHresults in a decrease in the observed nucleophilic
second-order rate constants by the factorsa.6, 5.2 and 3.9 for the reactions of P8ith n-butylamine, piperidine

and pyrrolidine, respectively. The rate constakig, Show a non-linear increase with increase in [NaOH] from 0.0 to
0.04 mol dm™3 at a constant [SDS] and [Am] The observed results of aminolysis of P the presence of SDS
micelles are rationalized in the light of the pseudophase model of micelles. Copyrig®®9 John Wiley & Sons,

Ltd.
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INTRODUCTION The most obvious reason for the limited attempts at
studies of the rates of aminolysis of esters and related
Micelles are perhaps the simplest colloidal assemblage incompounds is that these reactions generally require the
terms of their structural complexities and effects on use of amine buffers and the ionic micelles significantly
chemical reactivities. A huge amount of work has been affect the apparent Ky, values of buffer components
carried out on the effects of micelles on the rates of owing to differential micellar incorporation of the buffer
hydrolysis of esters, activated aromatic compounds and acomponents. This in turn complicates the kinetic analysis
few amides: Although the aminolysis of esters and of the aminolysis of organic compounds. In earlier work,
related compounds has been extensively studied and theve studied the effects of anionic micelles on the rates of
mechanistic details of these reactions have been underreactions of propylamine, 1-aminopropan-2-ol and hy-
stood to a great extent, attempts to study micellar effectsdrazine with ionized phenyl salicylate (P where the
upon the rates of these reactions appear to be limited.use of amine buffers was shown to be unnecesjsﬁa’rg/.
Bunton and co-workers studied the effects of micelles on Recently, the effects of cationic micelles on rates of
rates of reactions of trigtmethoxyphenyl)methyl cation  reactions ofn-butylamine, piperidine and pyrrolidine
with aliphatic amine¥ and aromatic nucleophilic ~ with PS™ have been studied in the absence of amine
substitution by both aliphatic and aromatic amings. buffers'® The present work is an extension of the
The kinetics of aminolysis of carboxylic esters, in the previous work on the effects of anionic micelles on rates
presence of micelles, were studied by Betrenhal.*? Al- of aminolysis of PS. The results and the probable
Lohedanet al'® studied the effects of cationic and explanations are described in this paper.
anionic micelles upon the reactions of methylamine,
dimethylamine and trimethylamine with 2-chloropyridi-
nium salt. Recently, the effects of ionic micelles on the
rates of reactions of several secondary amines with alkyl ExpERIMENTAL
nitrites (2-bromoethyl and 1-phenylethyl nitrites) have

4,15
been reported’ Materials. Reagent-grade chemicals such as phenyl

salicylate, n-butylamine, piperidine, rrolidine and
*Correspondence toM. N. Khan, Department of Chemistry, Faculty d'y dod ?/ Ioh ppSDS Py btained f
of Science, Universiti Malaya, 50603 Kuala Lumpur, Malaysia. sodium dodecyl sulphate ( ) were obtained from
Email: niyaz@kimia.um.edu.my BDH, Aldrich and Fluka. All other chemicals were also

Contract/grant sponsorUniversiti Malaya; Contract/grant number: of reagent grade. Glass-distilled water was used through-
F408/96.

Contract/grant sponsorlRPA; Contract/grant number:09-02-03- out. 5“?9" solutions of phenyl salicylate were prepared in
0003. acetonitrile.
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Table 1. Effect of [SDS]; on the apparent nucleophilic second-order rate constants (k) for aminolysis of phenyl salicylate®

[SDSk 10% ko 10° ky K,P [Am]+°
Amine (mol dm3) (s (dm*mol™*s™  (dm®mol™) (mol dm™3) No. of runs
n-Butylaminé! 0.0 8.11+ 0.34 72.8+ 0.7 0.01-0.07 5
0.002 7.84+0.72 747+ 1.5 0.01-0.07 5
0.005 9.484+0.72 69.5+1.1 0.01-0.07 5
0.007 7.44+ 0.40 69.8+ 0.8 0.01-0.07 5
0.020 5.794+0.86 62.8+1.8 11.7+ 2.7 0.01-0.7 5
0.050 3.844+0.81 520+ 1.6 8.6+22 0.01-0.07 5
0.070 3.47+0.67 456+ 14 9.0+£1.6 0.01-0.07 5
0.100 2.34+0.87 40.4+0.5 8.44+0.2 0.03-0.10 6
0.140 1.49+0.30 345+0.4 8.2+0.2 0.03-0.10 6
0.200 1.13+0.85 27.2+1.2 85+ 0.6 0.03-0.10 6
0.200 4.21+0.34 28.3+ 0.5 8.1+0.2 0.01-0.10 7
0.200 -0.6+1.1 29.24+2.7 0.03-0.05 3
Piperidiné‘ 0.0 7.68+ 3.20 323+ 8 0.01-0.06 5
(8.22) 323+ 8
0.004 9.96+ 2.86 311+7 0.01-0.06 5
(8.22) 31747
0.007 8.43+0.94 303+ 2 0.01-0.06 5
(8.22) 304+ 2
0.010 3.494 2.58 305+ 6 0.01-0.06 5
(6.80) 293+ 9
0.015 6.61+ 1.7 273+ 4 0.01-0.06 5
(6.60) 273+ 4
0.020 4,684+ 3.01 267+7 0.01-0.06 5
(6.29) 260+ 8
0.050 2.19+0.84 198+ 2 0.01-0.06 5
(5.62) 185+ 10
0.070 0.53+1.96 171+ 5 0.01-0.06 5
(5.04) 155+ 10
0.100 0.51+1.64 136+ 4 0.01-0.06 5
(4.36) 12249
0.140 2.66+ 0.80 94.1+ 2.5 0.01-0.05 4
(4.21) 87.8+ 4.0
0.200 1.724+1.15 66.5+ 2.8 0.01-0.06 5
(3.37) 61.0+ 3.1
Pyrrolidiné1 0.0 15.6+5.1 797+ 12 0.01-0.06 5
(8.22) 823+ 17
0.004 17.9+5.0 767+ 15 0.01-0.05 5
(8.22) 810+ 31
0.007 15.54+4.2 744+ 12 0.01-0.05 5
(8.22) 776+ 23
0.010 6.44+ 4.41 775+ 13 0.01-0.05 5
(6.80) 774+ 13
0.015 5.00+ 2.92 754+ 9 0.01-0.05 5
(6.60) 748+ 8
0.020 3.42+2.21 726+ 7 0.01-0.05 5
(6.29) 713+ 13
0.040 —1.44+2.2 6077 0.01-0.05 5
(5.84) 574+ 24
0.080 —7.3+3.8 465+ 11 0.01-0.05 5
(5.00) 412+ 29
0.130 —5.6+ 3.6 343+ 11 0.01-0.05 5
(4.05) 302+ 21
0.200 -3.24+2.3 235+ 7 0.01-0.05 5
(3.37) 207+ 16

& [Phenylsalicylate} = 2 x 10~* mol dm~3; 35°C; A = 350nm; reactionmixture for eachkinetic run contained2% (v/v) CHCN.
b Calculatedfrom Eqn (8) asdescribedn the text.

¢ Total amineconcentratiorrange.

4 ExternallyaddedNaOH] = 0.005mol dm 2 andcmc= 0.008mol dm 2.

€ Error limits are standarddeviations.

f ExternallyaddedNaOH] = 0.04 mol dm ™3,

9 Externallyadded[NaOH] = 0 mol dm™3.

h Externally added[NaOH] = 0.02mol dm~ andcmc=0.009mol dm .

Copyright 1999JohnWiley & Sons,Ltd. J. Phys.Org. Chem.12, 1-9(1999)
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Figure 1. Dependence of the observed pseudo-first-order
rate constants (kpps) for aminolysis of ionized phenyl
salicylate (PS™) on total amine concentration ([Am]y) at 0.2
mol dm~2 SDS for (O) n-butylamine, (A) piperidine and ()
pyrrolidine

Kinetic measurements. Non-ionized phenyl salicylate
(PSH),N-substitutedsalicylamide salicylic acid, phenol,
salicylate and phenolateions do not show detectable
absorption at 350nm. However, PS and ionized
N-substituted salicylamide show strong and weak
absorptionrespectivelyat 350nm. The rateof cleavage
of phenyl salicylate in an aqueousalkaline solvent
containing an amine and SDS was studied spectro-
photometrically by monitoring the decreasein absor-
bance (Agp9 at 350nm. The details of the kinetic
procedureand data analysis were same as described
elsewheré/*® The absorbancevalues obtained at a
reactiontime t = oo werein agreementvith the products
formed as N-substituted salicylamide, salicylate and
phenolateons.

RESULTS

Effect of [amine] on the cleavage of phenyl
salicylate at a constant [SDS]; and 35°C

The cleavageof phenylsalicylatewasstudiedat various
total amine concentrations(JAm];) at constanttotal

CopyrightO 1999JohnWiley & Sons,Ltd.

concentrationof SDS ([SDS}E) and [NaOH]. Pseudo-
first-orderrate constantgk,,9 obeyedthe equation

Kobs = Ko + kn[Am]1 (1)

where ky and k,, representffirst- and second-orderate
constantsfor amine-independe and amine-depende

rate of cleavageof PS’, respectively.The linear least-
squaregechniquewas usedto calculateky andk, from

Egn (1) and thesevalues at different [SDS} for n-

butylamine,piperidine and pyrrolodine are summarized
in Table 1. Thefitting of the observeddatato Eqn (1) is

evidentfrom somerepresentativelotsin Fig. 1 andfrom

the standarddeviationsassociatedwith the calculated
parameter¥y andk, (Table 1). The valuesof k, for n-

butylaminolysisof PS™ at0.2 mol dm~2 SDSarealmost
independenof addedNaOH] within therange0.0-0.04
mol dm ™3 (Table 1). This showsthat the presencef n-

butylammoniumonsdueto thereactionof n-butylamine
with wateris kinetically insignificant.

The valuesof kg at different [SDS} are negligible
comparedwith k,JAm]+ for highly reactiveaminessuch
aspiperidineandpyrrolidine. The valuesof k,, for these
amineswerealsocalculatedrom Egn (1) by considering
ko as a known parameter.The known valuesof k, at
different[SDS}; wereobtainedrom experimentsarried
out under similar experimental conditions with
[Am]+=0.2° These calculated values of k, are also
shownin Table 1.

The linearity of the plot of ks versus[Am]+ at a
constant[SDS}; shows that the ratio [AmH]/[Am]
(where AmH"™ and Am represent protonated and
unprotonatedamine, respectively) remains unchanged
with changein [Am]+. Sucha characteristidinear plot
alsoindicatesthat any micellar structuralchangedueto
the changein [Am]+ is kinetically insensitive.

Effect of [NaOH] upon aminolysis of phenyl
salicylate at a constant [Am}; and [SDS]+

The effect of [NaOH] upon the rates of reactionsof
phenyl salicylatewith n-butylaminewas studiedwithin
the [NaOH] range0.002—-0.040mol dm™2 at a constant
[Am]+ and [SDS};. Similar observationsvere obtained
with piperdine and pyrrolidine. Pseudo-first-orderate
constants(ko,p9 Were found to fit to the following
empiricalequation:
, a[NaOH
koo =0 = 5 NaOH + [ OH,,
wherek; is the pseudo-first-orderate constantobtained
undersimilar experimentalconditionswith [NaOH]=0

and [~ OH]J,e representshe hydroxideion concentration
producedby the reversiblereaction

Kb
N + H,0O = NH" + “OH (3)
whereN andNH™ represenfree andprotonatedorm of
J. Phys.Org. Chem.12, 1-9(1999)
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Table 2. Values of empirical parameters, o and g, calculated from Eqgn (2)*

[SDSk 10% o 10° B [= Ky api 10° ﬁcalcb 10° Bealc
Amine (mol dm3) (s (mol dm™>) (mol dm3) (mol dm3) \&
n-Butylaminé 0.02 5.73+0.78 23.0+ 6.7 0.21
0.05 6.75+0.87 18.8+5.2 0.34
0.10 7.19+0.75 26.1+5.4 0.47
Piperidiné 0.01 15.0+1.3 10.4+2.9 - - 0.44
0.02 17.7+1.4 12.3+ 2.7 11.6 11.6 0.64
0.05 18.2+1.1 171+ 2.5 18.4 18.3 0.87
0.10 14.14+1.9 22.0+6.7 21.2 21.3 2.01
Pyrroliding 0.01 455+ 2.7 7.16+1.72 8.48 6.90 0.80
0.02 59.3+4.8 17.0+ 3.5 16.4 17.2 1.06
0.05 61.5+6.5 259+ 5.6 25.3 25.8 141
0.10 53.5+25 29.2+ 2.6 29.7 29.2 1.8¢"

a[Phenylsalicylate, = 2 x 10~* mol dm~3; 35°C; A = 350nm; reactionmixture for eachkinetic run contained2% (v/v) CHsCN; unlessindicated
otherwise the total numberof kinetic runsandthe addedsodiumhydroxideconcentratiorrangeat each[SDS}r were6 and0.002—0.040nol dm™3,

respectively.

b Calculatedrom Eqn(12) with Ky, = 0.00244mol dm™3, Ky = 494, Ky = 61.dm® mol~* andecme= 0.009mol dm ™3 for piperidineandK;, = 0.00301
mol dm 3, Ky = 970+ 195, Ky = 91 + 22 dm® mol~* andcme=0.009mol dm~2 for pyrrolidine.

¢ Calculatedrom Eqn (12) with K, = 0.00244mol dm3, Ky = 447+ 147Ky = 54 + 23dm? mol~* andeme = 0.008mol dm~3 for piperidineand
Kp = 0.00301mol dm3, Ky = 817+ 28, Ky = 74 + 3 dm® mol~* andeme= 0.008mol dm ™2 for pyrrolidine.

dy= (Kobs, m — koéjs, iMKobsi, Wherekons, m @andKops i arethe observedoseudo-first-orderate constantobtainedat the maximumadded[NaOH]

(=0.04mol dm™) andat [NaOH] =0.

© [Am]+=0.02mol dm 3,

" Error limits are standarddeviations.

9 [Am]+=0.01mol dm™3,

" The added[NaOH] rangewas0.001-0.040mol dm™3,

aminebaseand K, = K,,/K, with K,,=[H"] [ TOH] and
Ka=[N] [H")/[NH"]. Thevaluesof [ OH],. at different
[NaOH] werecalculatedfrom the equation

["OH],, = {~([NaOH + Ku/Ka) + (([NaOH
+ Ku/Ka)” + 4(Ku/Ka) [AM]1) Y} /2

where [Am]+ =[N] + [NH"] and [NaOH] is the exter-
nally addedhydroxideion concentration.

Theempiricalparameters andp werecalculatedrom
Eqgn(2) usingthe non-lineareast-squaretechniqueThe
calculated values of these parameters(o and f5) at
different [SDS} for n-butylamine, piperidine and
pyrrolidine are summarizedin Table 2. The fitting of
the observeddata to Eqn (2) is evident from some
representativplotsis Fig. 2 wheresolid lines aredrawn
throughthe calculatedpointsusingEqn (2) andfrom the
standarddeviationsassociatedvith o and 5 (Table?2). It
shouldbe notedthat althoughthe fitting of the observed
datato Eqn (2) appeardo be satisfactorythe valuesof o
andp atlow [SDS]}; arenot very reliablebecauseynder
such conditions, the contribution of o« [NaOH]/
(B + [NaOH] + [ OH],e) comparedwith kg in Eqgn (2)
is <50% (Table2).
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Figure 2. Plots showing the dependence of (kyps - ko) on DISCUSSION

[NaOH] for the reaction of PS™ with (O) n-butylamine
([Amszo.OZ mol dm™3), (A) piperidine ([Am};=0.01 mol
dm™) and ([J) pyrrolidine ([Am};y=0.01 mol dm~3) at 0.1
mol dm~3 SDS

The valuesof the molar extinctioncoefficients(6ssq) are
5700—600@m* mol~* cm ™ for PS™ andzerofor PSHat
350nm. The values of initial absorbance(AoobS at

Copyrightd 1999JohnWiley & Sons,Ltd. J. Phys.Org. Chem.12, 1-9(1999)
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reactiontime t = 0) of the reactionmixtures containing
2 x 10~* mol dm~3 phenylsalicylate,> 0.01 mol dm~=
amine (n-butylamine, piperidine and pyrrolidine)
and> 0.005 mol dm~3 NaOH were found to be un-
changedwith changein [SDS} from 0 to < 0.2 mol
dm~3. If the changein thereactionconditionssuchasan
increasein [SDS}; increasedPSH], then the valuesof
A< should have decreasedvith increasein [SDSYr.
Henceunchangedaluesof A% with changein [SDS};
andin [Am]+ showthe presenceof 100% ionized form
(PS") of phenyl salicylatein the reaction mixtures of
almostall the kinetic runscarriedout in this study.

Pseudo-first-orderate constantgkyn9 for hydrolysis
of phenyl salicylate were found to be independentof
[~OH] within the[ OH] range0.005—0.060nol dm 3 in
the absenceof SDS®’ Similarly, kops turnedout to be
independenof [TOH] within the [NaOH] range0.01—
0.04 mol dm™ in the presenceof 0.03 mol dm™3
cetyltrimethylammoium bromide?® It hasbeenascer-
tained unequivocally that the hydrolysis of phenyl
salicylateundersuchconditionsinvolves PS™ and H,O
asthe reactants®?! The rate of pH-independenhydro-
lysis of phenylsalicylatehasbeenshownto beincreased
by nearly 10°-fold owing to the occurrenceof intramo-
lecular generalbase(IGB) catalysis(T,). The detailed
mechanism of IGB-catalysed hydrolysis of phenyl
salicylate has beendescribedelsewheré? It has been
concluded elsewherethat the reactionsof PS  with
primary and secondaryaminesincluding piperidineand
pyrrolidineinvolve IGB catalysis(T).?* Themechanism
of thesereactionsn the absencef micellesis discussed
elsewheré?

o o
l c‘

*&Q/
:

Effect of [SDS]; on aminolysis of phenyl salicylate
in the presence of constant [NaOH] at 35°C

An increase in [SDS}r decreasedthe nucleophilic
second-orderrate constants(k,) for the reactions of
phenyl salicylate with n-butylamine, piperidine and
pyrrolidine (Table 1). These observations may be
explainedin terms of the pseudophasenodel of the
micelle2* which consistsof various assumptions2°
including onewhich considerghe aqueougpseudophase
and micellar pseudophasas two distinct static phases.
Despite the fact that micelles are highly dynamic
molecularaggregate$® almostall the kinetic datathat
haveso far appearedn the literature were found to fit
satisfactorilythe presumedstatic micellar pseudophase.

CopyrightO 1999JohnWiley & Sons,Ltd.

The reaction scheme for the cleavage of phenyl
salicylate,in the presenceof amineand SDS micelles,
may be given as shown in Scheme 1l where the
subscriptdV and M representhe aqueouspseudophase
and micellar pseudophasetrespectively, N and NH™*
representespectivefree and protonatedform of amine
baseandD,, is the micellized SDS.

K1
PSw+D, = PSwm

Kn
Nw + Dy = Nwm

Knh

NH*w +Dn = NH'y

kh
PSw — product(s)

kh
PS™wm M product(s)

n

K
PSw + Nw - W product(s)

n

k
PSwm + Ny —2 product(s)
Schemel

The equilibrium for micellar binding of PSH and the
reactionstepsfor hydrolysisandaminolysisof PSHare
notincludedin Schemel for the reasondescribedat the
beginning of the Discussionthat [PSH} ~ 0 (where
[PSHE =[PSHy] + [PSHy]) under the experimental
conditionsimposed.

The observed rate law (rate=k,,dPS ]y, where

[PS1+=[PS w] + [PS m]) and Schemel lead to the
equation

khW + khM Kl[Dn]

kobs =
(K"wfNy, + K" K1Kam®PENy, [Dr]) [AM) 1
(1+ Ka[Dn]) (1 + Kam*¥[Dy])

where  Kam™P= (INm] + [NH "w])/(INw] + [NH w])
[Dy] with [Dy] = [SDS]T — cmc(crltlcal micelle concen-
tration), fNW Ka' wl (@ + Katw), Vv =Kg w/

(anm + Ka'm) with KN anday representinghe ioniza-
tion constanbf NH" andactivity of proton,respectively,
[Am]+ = [Nw]t + [Nm]t with [Nw]t =[Nw] + [NH W]
and[Ny]t=[Nwm] + [NH ] andk™y =K'/ V, whereV
is themicellar molarvolumein which micellar-mediated
reactionoccurs.It may be notedthat the derivation of
Eqgn (5) involves many assumptionsvhich are critically
discussedy Bunton'® and Romsted?®
Equation(5) is similar to Egn (1) with

K'w + kK1 [Dy)

o= kDY)

(6)

and
J. Phys.Org. Chem.12, 1-9(1999)
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Figure 3. Plots of Yversus [SDS]y for the reaction of PS™ with
(O) n-butylamine, (A) piperidine and ([J) pyrrolidine, where
Y=k, (1 + K; [Dy]), and plots showing the dependence of W
on [SDS}y for the reaction of PS™ with (V) piperidine and (0)
pyrrolidine, where W= (k" w N w — Y/Y

K, — Kwf Ny + k"Suf Ny, KiKam®PP[Dy)
(1 + K1[Dn])(1 + Kam®*P[Dn])

(7)

In orderto fit the observeddata(Table 1) to Eqns(6)
and (7), one needsthecmc values under the present
experimentalkonditions.The valuesof cmc were deter-
mined using the graphicaltechniqueof Broxton et al.?’
andthevaluesobtainedareshownin Tablel. Thevalues
of ko (Table 1) obtainedfor n-butylaminolysisof PS
were treatedwith Eqn (6) using the non-linear least-
squaresechniqueThevaluesof k', andK; turnedoutto
be (-0.2+0.5)x 10 % s* and 26+ 5 dm* mol™ %,
respectively The value of k", usedwas obtainedfrom
the kinetic runs carried out at [SDSE =0 and also
[SDS}; < cmc. Thenegativevalueof k", with astandard
deviationof >200% merely indicatesthat the contribu-
tion of k" Ky [D] is insignificantcomparedwith k" in
Eqgn (6). Similar observationgvere obtainedat different
[NaOH] in the absencendpresencef hydrazine!’ The
calculatedvalue of K; (=26 dm® mol™) is largerthan
the morereliablevalue (= 8.9dm?® mol1).?® Thevalues
of k"» and K; obtainedin the presentstudy are less
reliable becausehey are derivedfrom kg valueswhose
contributionstowardskyps vary from 48 to 12% within
the [Am]+ range0.01-0.07mol dm~2 at 0.02mol dm3

CopyrightO 1999JohnWiley & Sons,Ltd.

SDSandfrom 12 to 4% within the [Am]+ range0.03—
0.10mol dm~2 at 0.20mol dm> SDS.

The plots of k, (1+ K; [D,]) versus[D,] for n-
butylamine piperidineandpyrrolidine areshownin Fig.
3. The values of K; usedare 8.9 dm®> mol~ for n-
butylaminolysisat 0.005dm® mol~* NaOHand4.8 dm®
mol~?* for piperidinolysisand pyrrolidinolysisof PS™ at
0.02 mol dm™3 NaOH. The valuesof K; =8.9 and 4.8
dm® mol~* wereobtainedat 0.0075and>0.02mol dm—2
NaOH, respectivelyjn the absencef any amine?®

Theplot for n-butylaminein Fig. 3indicateshatthek,
(1+ Ky [Dy)) values are almost independentof [D,]
within the [SDS} range 0.0-0.2 mol dm3. Similar
observationsvere obtainedfor hydrazinolysisof PS™ at
0.0075 and 0.050 mol dm—3 NaOHZ!’ As concluded
elsewheré, these observations indicate that K
Ny~ KSy fNw K1 Under such conditions, Eqn (5)
yields

Kl = {kan Nw[Am]T - (kobs_ kO)}/(kObS_ kO) [Dn]
(8)

wherek, is pseudo-first-orderateconstantat [Am]+ =0,
[Am] + is thetotal concentratiorof n-butylamine 10° k"
fNw =71.7dm>® mol~* s~ andcmc=0.008 mol dm™2.
Equation(8) wasusedto calculateK; at different[Am]+
with a constant[SDS};. The averagevaluesof K; at
different [SDS} are summarizedin in Table 1. The
values of K; at [SDS} > 0.05 mol dm™3 are not
significantly different from K; (=8.9 dm® mol™?)
obtained under similar experimental conditions with
[Am]+=0. Thevalueof K, (=11.7+ 2.2dm> mol™) at
0.02 mol dm~2 SDSis associatedvith a high standard
deviation and is higher than K; obtained at
[SDS}; > 0.05 mol dm 3. This may be attributedto a
slight errorin thecmcvalue. The statisticalreliability of
ko + K fNw [Am] T — kopsapparentlydecreaseas[D,]
~ Oandalso[D,] ! -~ w0 as[D,] - 0. Thus,the data
treatmentwith Eqn (8) is very sensitiveto errorswhen
[Dn] - O.

The plots of k, (1+K; [Dy]) versus [D,] for
piperidinolysis and pyrrolidinolysis of PS reveal
negativeslopes(Fig. 3). Thesedata were treatedwith
the equation

1+ KAmapp[Dn}

kn(1 + K4[Dn))

(9)
which is the rearrangedorm of Egn (7). The non-linear
least-squaresalculatedrespectivevaluesof k™S Ny K1
andKam®PPare(4.59+ 2.80)x 10 2dm® mol* st and
13.24 3.2 dm® mol ™%, respectively,for piperidine and
0.2+ 4.0 dm®> mol™* s ! and 9.1+ 1.2 dm® mol?,
respectively for pyrrolidine. The fitting of the observed
datato Eqn(9) maybeseerfrom theplotsin Fig. 3where
solid lines aredrawnthroughthe calculatedpoints.

The calculatedvaluesof k", fNy K, are associated

J. Phys.Org. Chem.12, 1-9(1999)
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with extremely high standarddeviationsand therefore
thesevaluesare not statisticallyreliable. The maximum
contributionof k™S, fNy Ki Kam?PP[D,], obtainedat the
highes{SDS}r (= 0.2mol dm~3), turnedoutto be27 and
30% for piperidinolysis and pyrrolidinolysis of PS,

respectively.Hencek™y fNy Ki Kam?PP [D,] may be
neglectecomparedwith k", f™\y in Eqn(9). Undersuch
conditionsEqgn (9) is reducedto

(K'wfNy — Y)Y = Kam®P[Dy] (10)

whereY =k, (1 -+ K{D,]). The observeddataappeared
to fit Eqn (10) (Fig. 3) and the calculatedvalues of

Kam?PP are 10.1+ 1.8 dm*® mol™?* for piperidine and

6.3+ 0.7 dm> mol~* for pyrrolidine.

Althoughthe calculatedvaluesof k™, "y K1 arenot
veryreliable,asconcludeckarlier,thevaluesof k™5, fNy
may be calculatedfrom thesevaluesas 9.6 x 102 s *
for piperidineand 4.2x 1072 s * for pyrrolidine with
K;=4.8 dm®> mol™ Y. The value of K%, fNy
(=8.1x 102 s for n-butylaminolysisof PS™ may
be calculatedfrom the relationshipk™y Ny Ki =k
N, whereK; = 8.9 dm® mol~2. The valuesof second-
orderrateconstantgk™y f Ny =V K"y £y with V= 0.14
dm® mol~Y)* turnedoutto be1.1 x 10 3dm®*mol *s™?
for n-butylamine, 1.4x 103 dm® mol™* st for
piperidineand5.9 x 103 dm® mol~* s~ for pyrrolidine.
Thesecalculatedvaluesindicatethat k"\y N/ K fNm
are 65 for n-butylamine,225 for piperidineand 135 for
pyrrolidine. Although these calculated values of k"\y
Nk FNy arenot reliable becausef the largeerrors
in the k" f™Ny values,they do indicatethat the rate of
aminolysis of PS™ is much slower in the micellar
pseudophas¢hanin the aqueouspseudophaseSimilar
resultswere obtainedin the nitrosationof piperidine*
and pyrrolidine®® with 2-bromoethyl nitrite and 1-
phenylethylnitrite in the presencef SDSmicelles.

The micellar-mediatedeactionsare believedto occur
in an environment of significantly low dielectric
constant® An increasein CHsCN contentfrom 2 to
50-60%(v/v) in mixed aqueoussolventsdecreasedhe
rate of n-butylaminolysis,piperidinolysisand pyrrolidi-
nolysisof PS™ by nearly6—8-fold3° A furtherincreasen
CHsCN contentfrom 50 or 60% to 80 or 90% (v/v) did
not bring any appreciablechangein k, Hence the
significantlylow rateof aminolysisof PS™ in themicellar
pseudophaseomparedvith thatin the aqueougpseudo-
phasecannotbe attributedonly to a mediumeffect.

Themicellesaredynamicmolecularaggregateandas
suchthemicellarpseudophasmay not be expectedo be
similar to the aqueougpseudophasi termsof medium
properties. Experimental observationsindirectly show
that the micellar pseudophasés non-homogeneous
termsof polarity, concentratiorof wateranddistribution
of differenttypesof micellized moleculesHenceit may
not be unreasonablé¢o proposethat different average
locationsof aminesand PS™ moleculesin the micellar

fN

CopyrightO 1999JohnWiley & Sons,Ltd.

pseudophasarepartly responsibldor thelower valueof
k" comparedwith K"y.

The values of K2 of 13 or 10 dm® mol ! for
piperidineand9 or 6 dm® mol~* for pyrrolidine may be
comparedwith the correspondingvalues (3.0-5.5dm*
mol~?! for piperidinéd* and 1.4 dm* mol~* for pyrroli-
dine*®) obtainedby a spectrophotometritechnique.A
recentcompilationof alargenumberof Kg valuesshows
a considerablespreadin the experimentalvaluesof Kg
determinecby differenttechniques?

Effect of [NaOH] on aminolysis of phenyl salicy-
late in the presence of constant [Am]; and [SDS}+
at 35°C

The apparentbase ionization constant[Kpp) of the
aminein the presencef SDSmicellescanbe definedby
the equation

o INHL[OH;
e =N,
~ ([NH*w] 4 [NH"])([TOHw] + [ OHw])
[Nw] + [Nm]
(11)
or
Kap = Kb (1 4+ Kon[Dn])(1 4+ Knn[Dn)) (12)

1+ Kn[Dp]

where Koy [Dn] =[ OHu]/[ OHw] and Ky, =[NH ]

[TOHW}/[Nw]. InEqn1l,["OH}r =["OHJag+ [ OHlre,

where [ OH].q and [T OH],e representhydroxide ion

concentrationsproducedby added NaOH and by the

reactionbetweenamineandwater, respectively.
Schemel andEqn (11) leadto

(K"w + K™uK1Kn[Dn]) [ OH],¢[Am];
1+ Ky[Dn])(1+ KN[DnD{Kb(ap) + [ OHJ+}
(13)

wherek} is the observedrate constantat [T OH],4=0.
Equation(13)is similar Eqn (2) with o = (K" + K" K1
Kn [Da)[AM]+4(1 + Ky [Dnl)(1 + Ky [Da])} and =
Kb(apy

It is evidentfrom Eqns(7) and(13) thato/[Am]+ must
be equal to k, provided that K,,oPP=Ky and
Ny =fNw =1 at 0.02mol dm 2 [NaOH] (=[ OHJaq.
This prediction appearsto be correctonly at 0.1 mol
dm~2 SDSfor n-butylamineand >0.05mol dm—3 SDS
for piperidineandpyrrolidine (Tablesl andTable 2). At
lower values of [SDS};, the of[Am]+ values are
considerablylower than the correspondingk, values.
The mostobviousreasonfor sucha discrepancyis the
considerableincertaintyin theo valuesatlow [SDS}y, as
discusseckarlier.

The value of Kyapy (=0.017 mol dm™) obtainedat

kobs—k(/):(

J. Phys.Org. Chem.12, 1-9(1999)
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Table 3. Values of Ka,,°PP calculated from Egn (16) at different [NaOH] in the presence of 0.1 mol dm~—35SDS and 0.01 mol dm™3

amine
Piperidine Pyrrolidine
103[7OH]£a K£mapp (Ka ap%calib 1§[7OH] é Kamapp (Ka apF)cal(ib
(mol dm™) (dm® mol™) (dm® mol™) (mol dm ™) (dm® mol™) (dm® mol™)
3.868 39.2 38.1 4.180 40.2 38.4
5.196 30.7 317 4.836 36.7 34.8
7.464 25.0 24.6 6.250 26.9 28.7
11.72 15.8 17.2 7.788 21.4 23.8
21.04 10.0 10.4 12.01 13.4 154
30.74 7.0 7.3 21.24 7.3 7.2
40.57 7.1 5.6 40.69 35 11

& Total concentratiorof hydroxideion (=["OH]aq+ [ OHJe).

b Calculatedrom Eqn(16) with [TOHy] ~ [ OH]r andKy; =93+ 3 dm®mol~* andKy = —0.3+ 0.9dm® mol~* for piperidineandKyy = 95+ 5

dm® mol~t andKy = —6.5+ 2.0 dm® mol~ for pyrrolidine.

0.05mol dm™2 SDSfor piperidinemaybecomparedvith

the values of Kyp) of 0.032 in the nitrosation of

piperidine by 2-bromoethyl nitrite and of 0.029 mol

dm~2 in the nitrosationof piperidine by 1-phenylethyl
nitrite at 0.055mol dm 2 SDSand25°C.** Althoughthe
valuesof Ky ap) are not very reliable at lower valuesof

[SDS}, an attemptwas madeto fit the Ky, valuesto

Eqn (12) by consideringl >> Koy [Dy]. The non-linear
least-squaretechniquegavethe respectiveKyy and Ky

values as 494+178 and 61+28 dm® mol™*

with cmc=0.009mol dm~2 and447+ 147 and54 + 23

dm® mol™* with cmc=0.008 mol dm~2 for piperidine
and970+ 195and91+ 22dm® mol * with cmc=0.009
mol dm3 and 817+28 and 74+3 dm® mol*

with cmc=0.008mol dm~2 for pyrrolidine. The reason-
ably goodfit of the Ky, 4p) valuesto Eqn (12) (Table 2)

appeardo be fortuitous asthe calculatedKy valuesare
significantly larger than the experimentally observed
values.

Pseudo-first-orderate constants(k,p,9 Obtained for
aminolysisof PS™ at a constanfAm]+ and[SDS}; with
variousconcentration®f NaOH were also treatedwith
the equation

K p 8PP — Kwf NW[Am]T - (kObS_ kO)X
A (Kobs — ko)X [D]

whichis therearrangediorm of Eqn(5) wherekg = kopsat
[Am]+=0 and X=(1+K; [Dy]). The assumption
involved in the use of Eqgn (14) is that the rate of
aminolysis is negligible in the micellar pseudophase
comparedwith that in aqueouspseudophasenderthe
experimentaktonditionsof this study.

The valuesof kyps at different [NaOH] were usedto
calculate Ka®P from Eqn (14) with K,;=4.8 dm®
mol~*, cmc=0.009mol dm 3, [SDS} = 0.1 mol dm™3,
[Am]+ = 0.01mol dm 2 andk", f N = 0.315dm® mol~*
st for piperidine and 0.803 dm® mol™* st for
pyrrolidine (K ™ valueswere obtainedat 0.02 mol

(14)

Copyright( 1999JohnWiley & Sons,Ltd.

dm~3 NaOHand[D,] = 0). Theseresults summarizedn
Table 3, reveal a decreasdn K,,2"P with increasein
[NaOH]. The Kam?PP values were not calculated at
[SDS} < 0.1mol dm™2 becausas[D,] - 0,[D,] * -
oo andky fNw [Am] — (kobs — ko) X — 0, andhence
undersuchlimits slight errorsin thecmc and k" N
would addalargeamountof uncertaintyto thecalculated
valuesof Kamn2PP.

The decreasén K, PP with increasen [NaOH] may
be explainedasfollows. By definition,

Kam®? = {[NHy] + [Nu ]} /{ (INH" w] + [Nw])[Dn]}
(15)

The following equation can be easily derived from
Schemel andEqgn (15):

Kam®P = (KnnKww + KnKa ™y [TOHW])/
(Kww + Ka Ny ["OHw])

whereK,,w =[H*w] [TOHw].

The non-linear least-squaresechniquewas usedto
calculateKyy and Ky from Eqgn (16) using the known
valuesof k,w (=2.43x 10 ** mol dm™°) andK Ny
(=8.96x 10 ** mol dm™ for piperidine and
7.31x 10 *2 mol dm~2 for pyrrolidine). The calculated
respective values of Kyy and Ky are 93+ 3 and
—0.3+ 0.9 dm® mol~?* for piperidineand 95+ 5 and
—6.5+ 2.0 dm® mol~* for pyrrolidine. The negative
valuesof Ky with significantly high standarddeviations
merely indicate that the valuesof Ky are not different
from zero. The experimentallydeterminedvaluesof Ky
(=3.8dm> mol~* for piperidiné* and1.4dm® mol~* for
pyrrolidine*® at 25°C) were also usedto calculateKy,
from Eqgn (16) andthesecalculatedvaluesturnedout to
be 70+ 16 dm® mol~* for piperidineand 654+ 22 dm?®
mol~?* for pyrrolidine. Although the calculatedvaluesof
Knn are associatedvith high standarddeviations,these
Knn Valuesappearto be realistic becausethe cetyltri-
methylammoniunbromidemicellar binding constantof

(16)

J. Phys.Org. Chem.12, 1-9(1999)
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relatively more hydrophobicsubstratesuch as ionized
acetylsalicylic acid®® and N-hydroxyphthalimid® are
120and 102 dm® mol ™%, respectively.
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