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Aminolysis of O-alkyl O-4-nitrophenyl chloromethylphosphonates 
in reverse miceilar solutions of the nonionic surfactant 
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The reaction of n-hexylamine with O-alkyl O-4-nitrophenyl chloromethylphosphonates 
in toluene solutions of poly(ethylene glycol)-600 monolaurate (PM) has been studied by 
spectrophotometry. The reverse mieelles of the nonionic surfactant increase more than 
tenfold the observed rate constant of aminolysis. The catalytic activity of the surfactant is 
practically independent of the alkyl radical length of phosphonate. An increase in the 
concentration of amine results in a decrease in the catalytic efficiency. The character of the 
dependence of the rate constant on the concentration of PM is affected by the alkyl chain 
length of the substrate. 
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The  p resence  o f  su r fac tan t s  in solut ions  results in a 
not iceable  c h a n g e  in the  reactivity of  organic c o m -  
pounds.  We  have previously  shown 1-3 that  the  effect of  
reverse mice l les  on  processes  depends  substant ia l ly  on  
the  s t ruc ture  and  c o n c e n t r a t i o n  of  a sur fac tan t  and  a 
nuc leoph i l e  in the  so lu t ion .  However ,  the  d e p e n d e n c e  
of  the  ca ta ly t ic  effect of  micel les  on  the  s t ruc ture  of  an  
o r g a n o p h o s p h o r u s  subs t ra te  was not  studied.  In this  
work, we s tudied  the  effect  o f  po ly(e thy lene  glycol)-600 
m o n o l a u r a t e  ( P M )  mice l les  on  the react ions  of  n -hexy l -  
a m i n e  wi th  O-alkyl  O - 4 - n i t r o p h e n y l  c h l o r o m e t h y l -  
p h o s p h o n a t e s  in to luene .  

confirmed by elemental analysis data. n-Hexylamine (high- 
purity grade) was kept above NaOH and distilled prior to use 
The PM sample (Ferak) was used without preliminary purifica- 
tion. Toluene was purified by a standard method. 

The kinetics of the reactions was studied using spectropho- 
tometry on Specord UV-VIS and SF-26 spectrophotomete~ 
by the appearance of the absorption band of 4-nitrophenol at 
317 nm. The concentration of the substrate in all experiments 
was I " 10 -4 tool L -I.  The values o f  observed first-order rate 
constants (/c) were calculated by the least-squares method on 
an IBM PC. 

Results and Discussion 

CoH2n+IO(CICH2)P(O)OC6HaNO2-P + n-CsH13NH2 

1--4 

�9 CnH2n~.IO(CICH2)P(O}NHC6H~3-n + HOC6HaNO2-p ( [ )  

n = 2 (1), 4 (2), 6 (3). 8 (4) 

Micel le  fo rma t ion  o f  PM has been  s tudied previ-  
ously. 2 It has been  es tab l i shed  tha t  in to luene  at 36 ~ 
the cri t ical  micel le  c o n c e n t r a t i o n  (cmc)  of  PM ranges 
from 5" 10 -4 to 2" 10 -3 mol  L -I  ( c m c - l ) ,  whereas  at 
c o n c e n t r a t i o n s  equal  to 0 .07- -0 .10  tool L - j  ( c m c - 2 )  
and  0 .21- -0 .24  tool L - I  ( c m c - 3 ) ,  the  s t ruc ture  of  mi-  
cel lar  aggregates  is rear ranged.  

Experimental 

Esters 1--4 were synthesized according to the procedure 
described previously. 4 Purity of the compounds obtained was 

In tile absence  of  su r fac tan t s ,  the  d e p e n d e n c e  of  the  
observed f i rs t -order  rate c o n s t a n t  of  reac t ion  ( I )  on  tile 
concen t r a t i on  o f  amine  (CA) is n o n l i n e a r  (Fig. 1) and 
can be descr ibed by Eq. (2). 

k = klC A + k2CA 2 (2) 

The  k I and  k 2 values for the  reac t ions  involving 
c o m p o u n d s  1--4  are p resen ted  in Table  1. The  k 2 cola- 
s tant  in Eq. (2) call be ass igned  to a cata lyt ic  process 
involving the  second  a m i n e  mo lecu l e .  5 The  decrease  in 
the  rate cons t an t  of  the  r eac t ion  o f  es ter  3 wi th  n -hexy l -  
amine  as c o m p a r e d  to t ha t  of  t he  aminolys i s  of  c o m -  
pounds  1 and  2 may be t he  result  of  s ter ic  effects. 
However,  as the  length o f  the  hyd roca rbon  radical  of  
phosphona t e  increases ,  a s soc ia t ion  of  the  subs t ra te  in 
the n o n p o l a r  m e d i u m  mos t  l ikely begins  to play a favor- 
able role a long with the  s te r ic  factor.  Th i s  leads to 
h igher  rates of  amiqolys is  o f  e s t e r  4 than  those  o f  es ter  3 
(see Fig. 1). 
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Table 1. Coefficients in Eqs. (2) and (3) describing the kinetics 
of anainolysis of esters i - -4  in toluene in the presence of PM 
(005 mol L - I )  and in the absence of PM at 40 ~ 

Substrate k I - I04 k2" 104 /~3" 103 
/L  tool -t  s -I /L 2 rno1-2 s -I /L nlol -I s -I 

I I.I 3.6 3.3 
2 1.1 3.7 2.5 
3 1.5 1.5 2.6 
4 1.2 2.4 3.1 

k 104/s -I 
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Fig. 1. Dependences of the observed rate constant (k) of 
aminolysis of  esters ! (I), Z (2), 3 (3), and 4 (4) on the 
concentration of n-hexylamine (CA) in toluene at 40 ~ in the 
absence of the surfactant. 

In the  p r e sence  o f  PM,  the  rate cons tan t  of  react ion 
( I )  increases  more  t han  by an  order  of  magn i tude  (Figs. 
2 - -4 ,  Table  2). The  d e p e n d e n c e  of  k on  the  amine  
c o n c e n t r a t i o n  b e c o m e s  l inear  (see Fig. 2) and  can be 
descr ibed  by the  equa t ion  

k = k3C A_ (3) 

The  k 3 values  o f  the  aminolysis  of  p h o s p h o n a t e s  in 
the  p resence  o f  PM (0,05 mot L - l )  are presented  in 
Table  I. The  t ransfe r  of  the  reactants  from the  solvent  
bulk  to the  po la r  nuc leus  o f  a micelle results  in replace-  
m e n t  of  the  m i c r o e n v i r o n m e n t  of  the reactants .  The 
nuc leus  .of t h e  PM micel le  is formed by head  groups 
c o n t a i n i n g  t he  carbonyl  group and hydroxyethyl  frag- 
m e n t s  capab le  of  forming  hydrogen bonds .  The  first 
o rde r  of  the  reac t ion  with respect to a m i n e  in Eq. (3) 
can  be due to  t h e  fact tha t  the  surfactant  begins  to act as 
the  catalyst  o f  the  process instead of  the second nuc leo-  
phi le  molecu le ,  

T h e  d e p e n d e n c e s  of  the  observed rate c o n s t a n t s o f  
amino lys i s  o f  p h o s p h 0 n a t e s  on  the surfac tant  c o n c e n t r a -  
t ion  are p r e s e n t e d  in Figs. 3 and  4. The  c h a r a c t e r  of  the 
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Fig. 2. Dependences of the observed rate constant of aminolysis 
of esters 1 (/), 2 (~ ,  3 (3), and 4 (4) on the concentration of 
n-hexylamine in toluene in the presence of PM (0.05 tool L - t)  
at 40 ~ 
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Fig. 3. Dependences of the observed rate constant of the 
reaction of n-hexylamine with esters I (I), 2 (2), 3 (3), and 4 
(4) on the conccntration of PM in toluene at 40 ~ C A = 
0.05 mol I_. -I,  

curves  changes  with an increase  in tile length o f  ~.he 
hydroca rbon  radical  of  the  substrate .  For  c o m p o u n d s  
1- -3 ,  the c o n c e n t r a t i o n  d e p e n d e n c e  tends  to rench a 
p la teau,  while  in the  case o f  es ter  4, the curve  passes 
t h rough  a m a x i m u m .  The  catalyt ic  effect of  su r fac tams  
is related to. the  c o n c e n t r a t i o n  of  the reac tan t s  when  
they  are tr,~nsferred f rom the  solvent  bulk to micel les  
and  to the inf luence  of  the mice l ta r  m i c r o e n v i r o n m e l a t  
on  the  t rans i t ion Slate of  the process.  The  c o n c e n t r a t i o n  
curves  reacli a pla teau,  which  is expla ined  by the  c 0 m -  
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Fig. I .  Dependences of the observed rate constant of the 
reaction of n-hexylamine with ester 1 on the concentrntion of 
PM in toluene at 40 ~ (1), 50 "C (~,  and 60 ~ (3); C A = 
0.3 mol L -I (I) and 0.05 mol L -I (2, 3). 

plete bonding of  the reactants by micelles of  the surfac- 
rants. 6 However ,  when the reactants are strongly bound, 
they are transferred to the micellar  pseudo-phase al- 
ready at a low concent ra t ion  of  the surfactant. In this 
case, further increase in the content  of  the surfactant in 
the solution can result in a decrease in the rate constant 
due to di lut ion of  the reactants and in the appearance of  
maxima in the kinetic curves. 6 Table 2 presents the 
pa r ame te r s  o f  m i c e l l e - e a t a l y z e d  reac t ions  in the 
c m c - l - - c m c - 2  concent ra t ion  range calculated by the 
equat ion 7 

k = k,,,Kbo,,a(Cs - cmc) + k a 
I + Kbond(CS - c m c )  

where k m and k o are the rate constants of  the reaction in 
the micel lar  phase and the solvent bulk, respectively; 

Table  2. Parameters of  the PM-catalyzed reaction of n-hexyt- 
amine" with esters 1--4 in toluene 

Subs- T kmax'104 kn=x'k~ -I k,n'104 Kbo,~l cmc-l'103 
trate /~ /s -t /s -I /L tool -I /mol L -1 

1 40 3.9 35 6.3 5.6 1 
Z 40 3.2 29 6.5 4.3 I 
3 40 3.3 31 6.7 4.3 l 
4 40 3.5 32 7.2 5.0 4.5 
I b 40 20 28 41 4.7 4 
! 50 5.2 41 20 1.9 2.5 
1 60 6.9  49  33 1.3 l_4 

Kbond is tile reduced bouding cons tan t  of  the substrate 
with surfactant micelles; and C s is the suffactant con-  
centration. It can be seen that t h e  Kuo,d value for the 
substrate is almost independent  o f  the alkyl chain length. 
In the case of  micel le-bound phosphona te ,  an increase 
in the length of  its hydrocarbon radical can result, on 
the one hand, in the r ep l acemen t  of  the region of  
localization of  the substrate in t h e  micel le  and, on the 
other  hand, in a change in the parameters  (cmc,  size, 
etc.) of the micelles. The rea r rangement  of  the structure 
of  micellar  aggregates 8 - ' ~  can a lso  result in a change in 
the parameters of  the whole sys tem (dielectr ic constant ,  
packing density of  surfactant m o l e c u l e s  in the aggregate, 
solubilization of  the reactants). As  a result, for substrates 
with different hydrophobicit ies,  t he  dependences  of  the 
rate constant on the surfactant concent ra t ion  can be 
different. 

The experimental ly observed catalytic activity of  re- 
verse micelles (the kma• rat io,  where k,n.~ x are the 
maximum k values that are ach ieved  in the concen t ra -  
tion dependences)  changes sl ightly as the alkyl chain of  
the substrate increases (see Tab le  2). The max imum 
catalytic effect was observed for aminolysis  o f  phospho-  
nate with the ethyl substi tuent .  An increase in the 
concentrat ion of  n-hexylamine  results in a decrease in 
the catalytic effect of  the surfaetant  (see Table 2). 

The effective values of  ac t iva t ion  parameters  of  the 
reaction of  ester 1 with n -hexy l amine  are presented in 
Table 3. It can be seen that in the  presence o f  PM,  the 
activation energy increases, and the absolute value of  
activation entropy decreases,  i .e . ,  in the case of  ami-  
nolysis of  4-ni trophenyl  ester of  acids of  te tracoordinated 
phosphorus in the presence o f  t he  cat ionic  surfactant in 
chloroform,  3 the accelerat ion o f  aminolysis  of  com-  
pound 1 in micellar  solutions o f  PM is caused by a 
favorable change in the ent ropy factor.  

Thus,  the catalytic activity o f  reverse micelles of  the 
nonionic surfactant in the react ions  o f  n -hexylamine  
with O-alkyl phosphonates  depends  weakly on the hy- 
drophobicity of  the substrate. 

Table 3. Effective vakles of activation energy (Ea,ef f) and 
entropy (ASen-') of the PM-catalyzed reaction of n-hexylamine 
with ester 1 in toluene 

cp,~ E~ ~rr - a s ~ #  
/tool L -I /kJ tool -I /J tool -I K -I 

0 10.5 315 
0.04 13.7 284 
0.08 t 7.9 266 
0.10 22.2 251 
0.14 25.6 239 
0.18 26.0 236 
0.22 23.8 242 
0.26 24.5 240 
0.30 25.2 238 

a CA = 0.05 tool L - I .  b CA = 0.3 tool L -1. Note. C A = 0.05 tool L -I. 
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