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The micellar effect of the sodium
bis(2-ethylhexyl)sulfosuccinate—decane—water reverse system
on the hydrolysis of phosphonic acid esters
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The reactivity of alkyl aryl chloromethyiphosphonates in alkaline hydrolysis in the so-
dium bis(2-ethylhexyhsulfosuccinate—decane —water reverse micetlar system is mainly deter-
mined by the electronic properties of substituents and depends only shightly on their hydro-

nhobiciy.
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Reverse micelles and microemulsions present mnterest
as close analogs of biocatalvsts.! Previously, we studied

the intluence of the surfactant nature on the reactivity of

esters of phosphorus-based acids in reverse micellar

systems. 23 Catalvtic alkaline hvdrolysis of esters of

tetracoordinated phosphorus acids has been observed in
systems based on sodium dodecyl suifate (SDS). while in
systems based on sodium bis(2-ethylhexyl)sulfosuccinate
{AOQT), the reaction is inhibited. The reactivity of a
broad range ol esters of phosphonic acid in the
SDS—hexanol—water system has been studied.? In the
present work, we investigated the kinetcs of afka-
line hvdrolysis of alkyl aryl chloromethylphospho-
nates (1—=9) in the sodium bis(2-ethylhexylsulfosuc-
cinate (AOT)—decane—water reverse micellar svstem
(Scheme 1) in order to elucidate the role of the surfac-
tant nature and study the problem of substrate specificity
in reverse nmicellar systems.
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Experimental

Compounds 1—9 were svnthesized by a procedure reported
previouslvs: AOT (Sigma) was used as received. The reverse
micellar svstems were prepared by mixing the components and
shaking the mixture unt:d a transparent solution formed, as
proposed in a known procedure.® The molar ratios of the system
components W = [H,0]/|AOT] and Z = [decane]/|AOT] var-
ied from 9.8 to 37.6 and from 5 10 22, respectively. The micellar
solutions always remained opitcally uniform and. according to
the phase diagram of AOT.” their state corresponded (o the
region of reverse micelar systems. The kinctics of hydrolysis
was studied by spectrophotometry using u Specord M-400 in-
strument at 23 °C to measure absorption of the leaving-group
anion under the conditions of observed pseudo-first-order ki-
netics. Quanutative anaiysis of the kinetic data was performed
in the same way as in a known studv? using the equation®

F== A'IAK»:K()HIOHII,
K Z) Ko - WLAOTY

&

where &./s71 is a rate constant related to the pseudo-first-order
rate constant k,'/s”! and 10 the second-order rate constant
ky /L mol™! 57 by the retations A" = kJOHI/[AOT) 4y, =
k V. ¥ is the molar volume of the surfactant, taken to be
0.37 L mol™': [OH]/mot L7" is the total concentration of
OH™: K is the distribution constant for the substrate between
the oil phase and the surfactant; Kqyy is the distribution con-
stant for hvdroxide ions between the aqueous phase and the
surfactant: the subscripts i. o, and w refer 10 the surface faver
and to the oily and agueous pseudo-phases, respectively.

Results and Discussion

Three microregions can be distinguished in this type
of reverse micelles. namely, the aqueous core (formed by
solubilized water), the surface laver (consisting of sur-
factant molecules oriented with their head groups toward
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the water pool). and the bulky oit pseudo-phase.® Ac-
cording to published data® and our earlier resulis,2—4
alkatine hydrolysis of hydrophobic substrates proceeds in
the surface layer of the micelles. It was found? that the
dielectric constant (&) of the surface lover increases with
an increase in W from 2.3 (W= 0) 10 9.0 (W= 12) and
then remains constant. ! This is attributed to the hydra-
tion of the head groups and the surfactant counter-ions.
The properties of the aqueous core also vary with an
increase in W.1% When W is low, water is completely
consumed in solvation shells. Due to the high content of
ions in the shell, the properties of the "bound” water
differ substantially from those of bulk water: in particu-
lar. the polarity decreases (g < 36). When W > G, water
in the surtace Javer shows the properties of the aqueous
phase. with a network of individual molecules cross-
linked by hvdrogen bonds. The foregoing implies that
the reactivity of compounds is largely determined by the
properties of the micellar microenvironment and change
when the reaction 18 transferred from an aqueous solu-
tion to a micellar medium.

The kinetics of hvdrolysis of substrates in water in
the absence of surfactants have been described previ-
ouslv.4 The kinetic data for the AOT—decane —water
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Fig. 1. Observed rate constants (k) of the alkaline hydrolysis
of compounds 1—3 in the AOT—decane~-water reverse miceliar
system vs. surfactant concentration. 25 °C. W = |5.1. The inset

shows the observed rate constants of the afkaline hydrolysis of

compounds 1—3 in the AOT-—decane—water reverse micellar
svstem vs. NaOH concentration: the numbers of curves 13
coincide with the designations of substrates in Scheme 1.
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Fig. 2. Observed rate constants (X4} of the alkaline hydrolysts
of compounds 4—9 in the AQT—decane—water reverse micelior
svstern vs. surfactant concentration, 25 *C, W = 1311 the
numbers of curves 4—9 cotncide with the designations ol sub-
strates in Scheme 1.

reverse micellar svsiem are presented in Figs. [=3 in
general, the reactivity in the micellar system varies in the
following series of substituents: Et > Bu = Hex (for
X =NOy) > Br=H > Et x Bu = n-CgH 7 = i-C3Hys
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Fig. 3. Observed rate constants {Aqy,,) of the alkaline hydrolysis
of compounds 1 (), 3 (2). 5 (3. and T (4 in the
AOT~ decane—water reverse micellar svstem vs. content of
water, 25 °C. {AOT} = 0.4 mol L™, Other substrates of the
series exhibit a similar type of dependence.
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(for R = Et). For the first three substrates, the rate of

hvdrolysis carried our in a miccllar system sharply de-
creases (by a factor of up to five) with respect to that in
water. The observed rate constant {4} depends linearly
on the atkah concentration and decreases with an in-
crease in JAOT] and an increase in the content of water
{see Figs. 1 and 3). This is apparently due to the dilution
of reactants following an increase in the volume fraction
of the disperse phase. This regularity is typical of reac-
tions proceeding in the surface layer of reverse micellar
svstems. 246 A pronounced change in the reactivity is
observed only on going from compound 1 1o compound
2. while a further increase in the hvdrophobicity of R
does not change the reaction rate.

The cffect of the substituent in the leaving group
(substrates 1, 4--9) is somewhat ditfferent. The replace-
ment of the nitro group by the less clectronegative Br
decreases Kune by more than an order of magnitude,
while further decreuse in the electronegativity ot X (the
replacement of Br hy H) does not influence reactivity.
The increase in the hydrophobicity of X has an effect
only on passing from compound 5 to 6, while further
mcerease in the length of the alkyl group in the serics of
compounds 6--9 dogs not change 4, (see Fig. 2).

Although the replucement of the aqueous medium by
the micellar system inhibits the reaction for substrates
=3 (kop/kw < 1), the inhibition ctfect gradually de-
creases in the series 1. 4—9. In the case of substrates 8
and 9. the rates of hydrolysis in water and in the micellar
system are equal (Kyny/'ky = 1). In addition, whereas for
substrates 1. 4. and 5 (X = NO,. Br, H). the kg, value
tends to decrease with an increase in the surfactant
concentration and water content, in the case of 6—9
(X = Et, Bu, n-CyH,5, -CaH)s3). ks does not depend
on fAOT] as long as W remains constant, although it
does decrease as W increases (see Figs. 2 and 3). This
apparently points to a change in the localization of
reactants in the case of reactions involving highly hydro-
phobic substrates, caused by changes in the distribution
constants. Thesc substrates might be involved in the
formation of mixed micelles; this could also resuit in the
transfer of the reaction from the micelle surface layer to
another pseudo-phase. The foct that A, does not de-
pend on the surfactant concentration implics that the
reaction proceeds in the aqueous core of the micelles, as
has been observed previously. 1!

The results of quantitative analysis of kinetic data for
substrates 1—5 are summarized in Table 1. Since kg,
does not depend on |AOT] and the reaction of substrates
6—9 1s supposed 10 proceed in the aqueous core, the
kinetic data for these substrates cannot be analyzed in
terms of the psecudo-phase model. It follows from Table
! that the structure of the substrate virtually does not
influence the distribution constants for the reactanis
between the phases: an exception is compound 1 for
which K is twice as great as those for other phosphonates.
Evidently, the chunge in &, in the series 1—5 is mainly
due to the difference between the substrate reactivities in

Table 1. Results of quanutative analysis of the kinetic data in
terms of the pseudo-phase model

Substrate K, Kow k; ka; Ky W~
75 /Lomoi™t 57!

1 90 1.3 9.0 2.43 4.0

2 45 1.3 6.0 222 3.0

3 435 1.3 5.0 1.83 3.0

4 40 6.0 0.2 0.074 0.53

5 30 1.3 0.65 0.24 0.24

* For compound 6. k> /L mol ™1 571 = 0.2, 7, 0.16: 8. 012
9, 0.08.

the surface layer. which is characterized by the &, | value.
This value is lower than the similar sccond-order rate
constant in water (k, ) for all substrates, which ac-
counts for the retardation of the reaction in the reverse
micellar system with respect to that in water.

Thus. the rate of alkaline hydrolysis of the series of
reactants in question performed in the AOT-—de-
cane—water reverse micellar system decreases with re-
spect to the reaction rate in water. This is due 1o the
unfavorable influence of the microenvironment of the
compounds in the micellar phase. The reactivity in the
series of compounds 1—9 is mainty determined by the
electronic effects of substituents and depends slightly on
their hvdrophobicity,
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