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The rcactwity of alkyl aryt chtoromethylphosphonates in alkaline hydrolysis in the s~- 
dium bisi2-ethylhexyJ)suJfosuccinate--decane--water reverse micetlar system is mainly deler- 
mined by the ~lectronic properties of subsntuems and depends only slightly on their hydro- 
phobictty. 
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Reverse micelles and mic roemuls ions  present  interest 
as close analogs of biocatatysts,  t Previously,  we studied 
the influence of the surfactant  nature on the reactivity o f  
esters o f  phosphorus-based  acids in reverse micellar 
systems, z,3 Catalytic alkaline hydrolysis  o f  esters o f  
te t racoordinated phosphorus  acids has been  obser,,ed m 
systems based on :,odium dodecyl  sulfate (SI.)S). ~,l~ilc in 
systems based on sodium bis (2-e thylhexyl )s tdfosuccinate  
(AOT), the reaction is inhibited. -[he reactivity of  a 
broad range of  es ters  o f  p h o s p h o n i c  acid  in the  
SDS--hexano l - -v ,  ater system has been  studied.  "I In the 
present work, we invest igated ttle k ine t ics  of  alka- 
line hydrolys~.,, o f  alkyt aryl c h l o r o m e t h y l p h o s p h o -  
hates (1 - -9 )  in the sod ium bis(2-e thylhexyl)sul fosuc-  
cina[e ( A O T ) - - d e c a n e - - w a t e r  reverse micel tar  system 
(Scheme 1) in order to elucidate the role o f  the surfac- 
tant nature and study the problem of  subs t ra te  speci{]city 
in reverse m i c e l l a r  systems.  
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Experimental  

Compounds I--9 v, ere synthesized by a procedure repmted 
previously5: AOT (Sigma) w:~s used as received. The reverse 
micellar svsterng were prepared by mixing d~e components and 
shaking the mixture unt:l a transparent solution formed, as 
proposed hi a known procedure, s The molar ra~ios of ~hc system 
components W = [I-I~O}/IAOT 1 and Z = tdec:mel/IAOT] var- 
ied from 9.8 to 37.6 and from 5 to 22, respectively. The micellar 
solunons always remained optically uniform and, according to 
the phase dmgram of AOT, 1 their state corresponded to 'he 
region of reverse miccllar systems. The kinetics of hydrolysis 
was studied by spectropimlomctry using a Specord M-400 in- 
strument at 25 ~ ~o measure absorption of the leaving-group 
anion under the conditions of ebser~'ed pseudo-first-order ki- 
netics. Quanhtative anaiysis of the kinetic data was performed 
in tile same way as in a known ~,tud_v 4 using the eqttation 6 

k,,i,. ' = k , K * K u H I O H I ~  
(K,, ~Z)(KOH - W I I A O I I "  

where ~:./s -I is a rate constam related to the pseudo-first-order 
rate constant s -I and to the second-order rate constant 
k2,i/L tool -I s -~ by the relations k i" = kiIOHI/IAOTI: k2. i = 
kiV; V is the molar volume of the surfactant, taken to be 
0.37 L tool-I: [OHl~./mol L -l is the total concentration uf 
OH-:  K, is the distribution constant tot the substrate between 
the oi1 phase and the surfactant: KOH is the dibtribution con- 
stant for hydroxide ions between the aqueous phase and tilt: 
surl~ctant; the subscripls i. o. and w refer to the surface layer 
and to ttle oily and aqueous pseudo-phases, respectively. 

Results and Discuss ion  

X = NO2: FI = Et (1), Bu n (2). n-CeH~a (3) 

R = Et: X = Br (4). H (5). Et (6), Bu n (7), n-CaH~7 (8), 
/-C 12H25 (9) 

Three microregions can be d is t inguished in this type 
o f  reverse micelles,  namely, the aqueous  core d 'ormed by 
solubil ized water),  the surli~ce layer {consisting of  sur- 
factant  molecules  oriented with their  head groups toward 
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the water  pool) ,  and  the  bu lky  oil pseu, . io-phase.  8 Ac- 
cording to publ i shed  da ta  6 and  our  ear l ier  r e suhs ,  z - 4  
alkaline hydrolysis  o f  h y d r o p h o b i c  suhstrates  p r o c e e d s  in 
the st, dace  layer of the micel les .  It was [~3und 9 tha t  the 
dielectric cons t an t  U:) o f  the  surface layer i n c r e a s e s  with  
an increase in 14,'from 2.3 ( W  --- 0) to q.0 ( W  = 12) and  
then remains  cons tan t ,  t~ Th i s  is aur ibu ted  to t he  h y d r a -  
lion of the  head groups  and  the  surfactant  c o u n t e r - i o n s .  
The proper t ies  of the a q u e o u s  core also vary  wi th  an 
increase in 1'1,: to W h e n  W is low, water is c o m p l e t e l y  
consumed  in solvat ion shells .  Due to the h igh c o n t e n t  of  
ions in the shell, the p rope r t i e s  of the " b o u n d "  wate r  
differ substant ia l l?  f rom those  o f  hulk water:  in pa r t i cu -  
lar, the polar i ty  decreases  (e, ~ 36). When  W > 9, water  
in the surface layer shows  the  propert ies  of  the  a q u e o u s  
phase, with a ne twork  o f  individual  m o l e c u l e s  cross-  
linked by hydrogen  b o n d s .  T he  foregoing imp l i e s  that  
the reactivity of  c o m p o u n d s  is largely d e t e r m i n e d  by the 
properties o f  the mice l la r  m i c r o e n v i r o n m e n t  a n d  c h a n g e s  
when the reac t ion  is t r ans fe r r ed  from an  a q u e o u s  solu-  
tion to a micel lar  m e d i u m .  

The kinet ics  of hydrolys is  o f  substrates  in w a t e r  in 
the absence  of  su r f ac t an t s  have been desc r ibed  previ -  
ously. 4 The  kinet ic  da ta  [br  the A O T ~ d e c a n e - - w a t e r  
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Fig. !. Observed ;-ate constants (k.b 0 of the alkaline hydrolysi~ 
of compounds !- -3  in the AOT--decane--water reverse micellar 
system vs. surl3ctant concentration.  25 'C, 14/= 15.1. The inset 
shows Ihe observed rate constants of the alkaline hydrolysis of 
compounds 1--3 in the AOT--decane-wate r  reverse micellar 
system vs. NaOH concentration; the numbers of curves I---3 
~:oincide with the designations ot  .,,ubstrates in Scheme I. 
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Fig, 2. Observed rate constants (koh.,) of Ihc alka!lne hydrolysis 
of compounds 4--9 in 'A~e AOT--decane--~,ater reverse miccllar 
system vs surfactant concentration. 25 :'C. I.V = 15.11 the 
numbers of curves 4--q coincide with the designations of ~ub- 
strates in Scheme I. 

reverse micellar s3stern are presented  in Figs. I - 3  In 
general,  the reactivity in the  mice l ta r  system varies in the 
follov, ing series of  subs t i tuen ts :  Et > Bu ~ Hcx !for 

X = NO 2) >> Br ~ H > Et ~ Bu ~ n-C~Ht7 z i-Ci2H2:5 
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Fig. 3. Observed rate constants (kobs) of tile alkaline hydrolysis 
of compounds I (I), 3 (2), 5 (Yh and 7 (4) in tile 
AOT--decane--water reverse micellar system vs. content of 
water, 25 ~C, [AOT I --- 0 4  tool L -j. Other substrates of tile 
series exhibit a ,;imi~ar type of dependence. 
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(fbr R = Et) .  For  the first three  ~ubstrates, the rate o f  
hydrolys is carr ied out in a mice l la r  system sharply de- 
creases ( by  a factor  of  up to five) with respect  to thai  in 
water. l - h e  observed  rate c o n s t a n t  (kobs) depends  l inearly 
on the  a lkal i  c o n c e n t r a t i o n  and  decreases with an in- 
crease in [AOT]  and an increase  in the c o n t e n t  of  water  
tsce Figs. I and  3;. -[his is apparen t ly  due to the d i lu t ion  
of r e a c t a n t s  fol lowing an increase  in the vo lume fract ion 
of  the  d i spe r se  phase. Tiffs regularity is typical  of  reac- 
tions p r o c e e d i n g  in the surface  layer of  reverse micel lar  
Svslenls ,  2 - 4 - 6  A p r o n o u n c e d  change  in the reactivity is 
observed o n l y  on  going f rom compo tmd  I to c o m p o u n d  
2, whi le  a fu r the r  increase in the hydrophob ic i ty  of  R 
does  no t  c h a n g e  tile reac t ion  rate. 

T h e  e f fec t  o f  the subs t i tucn t  in the leaving group 
{substrates  !, 4---9) is s o m e w h a t  different. The  replace-  
meat  o f  t h e  itJtro group by the less e lec t ronega t ive  Br 
decreases  kob s by more t h a n  an order o f  magn i tude ,  
while f u r t h e r  decrease  in the  e lectronegat ivi ty  of  X (the 
r e p l a c e m e n t  o f  Br by Hi does  not inf luence  reactivity. 
The i n c r e a s e  in the hydrophob ic i ty  of X has an  effect 
only o n  pas s ing  from c o m p o u n d  5 to 6, while  fur ther  
increase in the  length of  the  alkyl group in the series of  
c o m p o u n d s  6 - - 9  does not  c h a n g e  k<,b~ (see Fig. 2). 

A l t h o u g h  the  r eph icement  of  the aqueous  m e d i u m  by 
the m i c e l l a r  sys tem inhibi ts  the reaction lbr  substrates  
1---3 (kobs/k  w < 1). the inh ib i t ion  effect gradual ly  de-- 
creases in  the  series i ,  4 - - 9 .  In the case of  substra tes  8 
and 9, the  ra tes  of  hydrolysis  in water and in the micel lar  
system are  equa l  (ko~.v,'/, w -~ I). In addi t ion ,  whereas  tor 
s t ,bstrates  ! ,  4. and  5 (X = NO-,, Br, H), the  koh s value 
tends to d e c r e a s e  with an increase in tile surfactant  
c o n c e n t r a t i o n  and  water  cor t teni ,  in the case o f  6 - - 9  
(X = Et, Bu,  n-Cxl-1!7, i-Ci2l-|25 ), kob s does  not depend  
on I A O F I  as long as 14," rernains  cons tant ,  a l though  it 
does d e c r e a s e  as W increases  Isee Figs. 2 and  3). This  
a p p a r e n t l y  p o i n t s  to a c h a n g e  in the loca l iza t ion  of  
reac tan ts  in t he  case of  r eac t ions  in,,olving highly hydro-  
phobic  subs t r a t e s ,  caused by changes  in the d is t r ibut ion  
cons t an t s .  "lr'hesc substra tes  might be involved in the 
l b r m a t i o n  o f  mixed micelles:  tills could also resuit  in the 
t ransfer  o f  tile react ion f lom the micelle surface layer to 
a n o t h e r  p s e u d o - p h a s e .  The  fact thai kob,, does  not  de- 
pend o n  t he  su r l ac ian t  c o n c e n t r a t i o n  intplies that  the 
reac t ion  p r o c e e d s  in the aqueous  core of  the miceltes,  as 
has b e e n  o b s e r v e d  previously.  It 

The  re su l t s  o f  quan t i t a t ive  analysis of kinet ic  data for 
subs t ra tes  1 - - 5  are s u m m a r i z e d  in Table 1. S ince  kob s 
does no t  d e p e n d  on  IAOT] and  the react ion o f s u b s t r a t e s  
6 - -9  is s u p p o s e d  lo p roceed  in the aqueous  core,  the 
kinetic d a t a  for  these subs t ra tes  cannot  be analyzed in 
terms o f  t h e  p s e u d o - p h a s e  model .  It tollows from Table 
I that  t he  s t ruc tu re  o f  the  substrate virtually does  not 
in f luence  the  d is t r ibu t ion  cons tan t s  for the  reac tants  
be tween  t he  phases:  an excep t ion  is c o m p o u n d  I for 
which K s is twice  as great as those for o ther  phosphonates .  
Eviden t ly ,  t he  change  in kob s in the series ! - - 5  is mainly 
due to t h e  d i f f e rence  betv, e e n  the substrale reactivit ies in 

Table I. Results of quantitative analysis of the kinetic data in 
lerms of the pseudo-phase model 

Substrme K, KOH k i k2. i k~..,,.* 

/%-! /L  tool -I s -I  

I 90 1.3 9.0 2.43 4.() 
2 45 1.3 6.0 2.22 3.6 
3 45 1.5 5.0 1.85 3.{) 
4 40 6.0 0.2 0.074 0.55 
5 30 1.5 0.65 0.24 0.24 

* For compound 6, M,v/L tool q s -1 = 0.2; 7, 0.16; 8, 0.12: 
9, (LOS. 

the surface layer, which is c h a r a c t e r i z e d  by the k:. i value.  
This  value is lower than ~l~e s i m i l a r  s e c o n d - o r d e r  rate 
cons tan t  in water (k2.,~} for all subs t ra tcs ,  which  ac-  
COI.IIIIS for the re tardat ion of  the  r e a c t i o n  in the reverse  
micellar  :,ystem with respect to  t h a t  in water. 

Thus.  the rate of  alkaline hydro lys i s  of  the series o f  
r eac t an t s  in ques t i on  p e r f o r m e d  in the A O T - - d e -  
cane - -wa te r  reverse micellar  sys t em decreases  with re- 
spect to the react ion rate in water .  Th i s  is due to the  
unlhvorable inf luence of  the m i c r o e n v i r o n m e n t  o f  tile 
c o m p o u n d s  in the micelktr phase .  T h e  reaclivity in the  
series of  compounds  1--9 is m a i n l y  d e t e r m i n e d  by the  
e lectronic  effects of  subs t i tuents  a n d  d e p e n d s  sl ightly on  
thei r  hydrophobici ty.  

This work was financially s u p p o r t e d  by the Russ ian  
Founda t ion  lbr Basic Research  (P rq jec t  N o s  9 7 - 0 3 -  
32372, 99-03-32037a) .  
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