Kinetics of the basic hydrolysis ofO-alkyl O-aryl chloromethylphosphonates in the
sodium bis(2-ethylhexyl)sulfosuccinate—decane—water reverse micellar system
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The reactivity of the substrates in the title system is mainly determined by the electronic effect of substituents and slightly
influenced by their hydrophobicity.

Reverse micelles and microemulsions are of interest because abm with the alkyl chain length. It is well known that the nature
their biomimetic properties® Previously:.8 the influence of the of a leaving group essentially influences nucleophilic substitu-
nature of surfactants on the reactivity of phosphorus acid estetion reactions. The higher stabilization of the electron-rich atom
in reverse systems has been investigated. The aim of this wodk the leaving group, the higher the reactivity of the substrate is.
is to examine the dependence of the micellar rate effect of thEhus, electron-seeking substituents favour the reaction, whereas
reverse systems on the substrate structure. We studied the badliectron-releasing ones retard it. In the sefigs9, a high
hydrolysis ofO-alkyl O-aryl chloromethylphosphonatés9 in sensitivity towards the substituent X is observedl{é+6 phos-
the sodium bis(2-ethylhexyl)sulfosuccinate (AOT)—decane—watephonates. A reduction in the reactivity within this series is due
reverse micellar system (Scheme 1). to the weakening of the electron-seeking effect of X, which
Substrated-9 were prepared according to the published proresults in destabilization of the leaving group. In the sé&8s
cedure?2 Commercial AOT (Sigma) and sodium hydroxide werea smoother decrease in the reactivity is observed because the
used without further purification. Decane was distilled prior topositive electronic effect increases with the alkyl chain lefgth.
use. Microemulsions were prepared by mixing AOT, decane anbloreover, a steric hindrance at the pentacoordinated phosphorus
doubly distilled water and shaking vigorously until a transparenatom in the §2 P transition state can be responsible for this
solution was obtained; the molar ratidé= [H,O)/[AOT] and  decrease in the reactivity.
Z = [decane]/[AOT] lied within the ranges 9.8-37.6 and 5-22, Reverse micellar systems are thermodinamically stable fluids
respectively. According to the AOT phase diagtérhe solu- composed of water and oil domains separated by a surfactant
tions used were reverse micellar solutions. monolayer, which reduces an unfavourable oil-water cotatt.
In accordance with the pseudo-phase approach, nano-sized water
0 droplets, a surfactant monolayer with polar head groups turned
CIH,C— Ll)_ OQX + 20 into the micellar interior and hydrophobic tails at the exteriors
RO~ and oil are considered as separated pseudo-pHdsegeneral,
19 the solubilization of reagents and their interaction can occur in
all the pseudo-phases. An increase in local reagent concentra-

O tions and a change in their microenvironments (micropolarity,
ClH,C ; 9 . nt polarity.
—_P-O0 + 0O X + HO0 solvation, etc) are responsible for the reactivity of the com-
RO pounds on their transfer to the micellar pseudo-pHashus, a
1 R=Et, X=NQ source of catalysis or inhibition of reactions in micelles can be
2 R=Bu, X=NQ elucidated only if local reagent concentrations and intrinsic rate
3 R=n-GHyg X = NO, constants for various microphases can be obtained from the
4 R=Et, X=Br sor ™ L [
5 R=Et,X=H | 02
6 R=X=Et 43 )
7 R=Et, X=Bu asr E
8 R=Et, X =n-GHy7 fﬁ
9R= Et, X= i-QZHZS 40
Scheme 1 r
P : 351 T T
Kinetic measurements were performed in freshly prepared 7, : : :
. .. . F [NaOH])/mol dm3
transparent solutions containing all the components, to which a g 20

substrate was added. The reaction was monitored by the absorp:;g
tion of the leaving group. A Specord M-400 spectrophotometer 2
with temperature-controlled cell holders was employed. All runs o5k
were performed at a substrate concentration of 16l dm-3
with a large excess of sodium hydroxide so that the first-order
kinetics was followed. The observed rate constayg) (were
determined from the equation: IA(—A) = k,,d + const, where r
A andA,, are the absorbance of micellar solutions at the point 15
in time and after completion of the reaction, respectively. The R T T T S R
k,ps Values were calculated using the weighted least-squares com- 020 025 030 035 040 045 050 0.55
puting methods from the mean of at least three independent [AOT)/mol dm-3
determinations differing by 4%. Experiments were performed
at AOT concentrations between 0.2 and 0.8 motiwith the Fig”“‘a 1 Obse”’fd rate constants of thfe bafic hy?ro'yfsiﬁafi” the
; ; AOT-decane—water micellar system as functions of surractant con
o O ecrease i 14 55 = 5., 003 NG o e chaoed e conir
A gt e basic hydrolysis in the AOT—decane—water micellar system as
reactivity of 1-3 towards the OHion is observed due to an tions of NaOH concentration (25 °®/ = 15.1, 0.04M AOT). The curv
increase in the steric hindrance at the electrophilic phosphorusimbers in the insert correspond to the substrate numbers in Schen
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Figure 2 Observed rate constants of the basic hydrolysid-6fin the

Table 1 Kinetic data treated in terms of the pseudo-phase model.

Substrate K, Koy kist K3 /dmEmotis?t kB, /dmemottst

1 90 1.3 90 243 4.0
2 45 1.3 6.0 222 3.6
3 45 15 50 185 3.0
4 40 6 0.2 0.074 0.55
5 30 15 0.65 0.24 0.24

aThe value ok, ; was calculated using = 0.37 dn?# mok-=2. %k, ,, = 0.2 (fo
6), 0.16 {7), 0.12 @) or 0.08 dmM mol-1s1(9).

1 and 3). This may result from the dilution of reactants as the
volume fraction of the dispersed phase increases. Such a ten-
dency is usually observed in reactions occurring at the surface
layer of reverse micelles’.8 We found previoushs that, as a

rule, the basic hydrolysis of phosphonates proceeds at the sur-
face layer of AOT and sodium dodecyl sulfate based reverse
micellar systems. Note that a change in the reactivity is ob-
served only on going frorh to 2, whereas a further increase in
the hydrophobicity of R has no effect on the reaction rate.

The effect of substituents in the leaving group (substrates
1,4-9) is different from that iri—3. The replacement of an NO
group by the less electronegative Br results in a more than
10-fold reduction ofk,,, and a further decrease in the elec-
tronegativity of X (the replacement of Br by H) produces no
effect on the reactivity. An increase in the hydrophobicity of X
exerts a noticeable influence on the reactivity only on going
from 5 to 6, whereas a further increase in the alkyl chain length
in 6-9 has no effect ok, (Figure 2). Note that in substrates
1,47 the reaction was inhibited, as compared to water, whereas

AOT—decane-water micellar system as functions of surfactant concentrdOr phosphonate8 and 9 nearly identical reactivities both in

tion (25 °C,W=15.1, 0.02v NaOH).

water and in the micellar system were found.
In addition, the tendency df,,. to decrease with surfactant

overall apparent rate data. Presently, the kinetic models that giend water concentrations is preserved for substtatéand5

access to these intrinsic reactivity constants are still scarce.

& =NO,, Br, H), whereak,, is independent of AOT con-

pseudo-phase model analogous to that widely used for reactionsntration at a constai¥ for 6-9 (X = n-butyl, n-octyl, isodo-
in direct micelles and which assumes competition between readecyl), although it decreases withat a fixed [AOT] (Figures 2
tions in three microphases (oil, water and the interface) hasnd 3). Apparently, this means that the reaction transferred

been proposetl However, it is limited by reactions occurring
a priori in a microphase. Based on published datawe

from the surface layer to another pseudo-phases. This can be
explained by the fact that substrag® are amphiphiles and

assume that the alkaline hydrolysis of phosphonates proceedsdan be involved in the formation of mixed micelles, which can
the surface layer, where a balanced hydrophilic—lipophilic enviresult in changes in the micellar structure and location of the
ronment provides a contact between hydrophobic substrates areghgents and hence in a transfer of the reaction from the surface
a highly hydrophilic nucleophile. For interface reactions when dayer to another pseudo-phase. The independenkg, dfom

reactant is distributed between an aqueous pseudo-phase and
the surface layer and the other, between an oil pseudo-phase

and the surface laydy, . is expressed as follovis®

_ KKKoiOH]
Koos = (T 2Ky + WLAOTT @

wherek; can be expressed in terms of the pseudo-first-order rate
constant} and the molar ratio between the nucleophile at the 50

interface and the AOTK{ = k[OH]/[AOT]); K andK,,, are the

partition coefficients of the substrate and the nucleophile, res-
)

pectively.

The kinetic data for the AOT—decane—water reverse micella@
system and substratds5 are summarised in Figures 1-3 and

Table 1. The kinetics f&-9, which exhibit constark,,; values
at various surfactant concentratioaspriori cannot be treated

in terms of equation (1). It is likely that in this case the reaction
occurs not only in one phase. In particular, the factkhais -
independent of [AOT] suggests a noticeable contribution made
by the reaction in the aqueous phase to the observed rate con- 20
stant® Whereas in the single-phase model the overall kinetic
equation is simplified, it becomes too complex in the case of
simultaneous processes occurring in more than one phase. There-
fore, we restricted ourselves to the qualitative kinetics for the
phosphonate6-9.

In general, the reactivity changes in the ortler2 = 3>>
>>4=5>6=7=8=09. In the seried-3, the reaction was
inhibited by a factor of 5, as compared to the case of water. T

15

sl 135
i 3.0
425
&
401 1208
=
3 R
2 115 %
30
1.0
0.5
0.0
10+

h’—qgure 3 Observed rate constants of the basic hydrolysis bf2, 3; 3,5

observed rate constant linearly increases with NaOH concentrand4, 7 in the AOT—decane—water micellar system as functions of

tion and decreases with AOT and water concentrations (Figuresntent (25 °C, 0.4 AOT, 0.02M NaOH).
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the surfactant concentration at a constAhtan be considered 5 M. L. Moya, C. lzquierdo and J. Casadd, Phys. Chem 1991, 95,
as a kinetic argument supporting that the reaction occurs in the 6001. _
aqueous core of droplétsr at the interface and in the water 6 ?C qu;gé7T;\7A57Huang and G.-G.Chang, Chem. Soc., Perkin
core simultaneously. rans. , .

Table 1 shows that the substrate structure has a minor effed; | Y2 Zakharova, F. G. Valeeva, L. A. Kudryavtseva, N. L. Zakhartchpnko

- - d Yu. F. Z deleev C 1998, 224.
on the partition coefficients of the reagents between pseud af‘ a_ua al:g\\,lgﬂ er_] e‘ezvee\?amrr.lu. Tdryaviseva and E. P ZhTHova
phases with the exception of phosphonhtéor which K; is Mendeleev Communl999, 125.
about twice as large as that for the other compounds. Thusy D.F. Toy and K. H. Rattenbur{JS Patent2922810, 1960 Ghem.
changes irk,, in the seried-5 are mainly influenced by dif- Abstr, 1960,54, 9848).

ferences in the reactivity of the substrates in the surface layet) S.Perez-Casas, R. Castillo and M. CosfasPhys. Chem. ,B1997,
which is characterised by ; values. The latter are lower than ~ 10%7043. _ _
the corresponding second-order rate constants of the reactionih N- A. Loshadkin, in Toxic ‘Phosphorus Estersed. P.D. O'Brain,
water &, ) for all the substrates; because of this, the process, A;TW%ZE;SEZ}#epgve\rgrgkéglggoi
was inhibited in t.he mlce"ar. SyStem In comparison Wlth Wate.r' 13 R. Zana and J. Lang, Microemulsions: Structure and Dynamiesis.
Thus, the basic hydrolysis was inhibited In comparison with S. E. Friberg and P. Bothorel, CRC Press, Inc. Boca Raton, Florida,
water as a result of the effect of reactant microenvironments at 1g9gg.
the interface. The reactivity in the serie9 is mainly influ- 14 J. Biais, B. Clin and P.Lalanne, Microemulsions: Structure and
enced by the electronic effect of the substituents and is unaf- Dynamics eds. S. E. Friberg and P. Bothorel, CRC Press, Inc. Boca
fected by the hydrophobicity. Raton, Florida, 1988.
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