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The effect of polyethylene glycol-600 monolaurate (PEG-ML) reversed micelles on the 
reaction of 2-alkylaminomethylphenols (AMP) with 4-nitrophenyl-bis(chloromethyl) 
phosphinate in toluene has been investigated. PEG-ML increases the observed rate constant 
of the reaction by more than one order of magnitude. AMP concentration in solution affects 
the position of the maximum on the concentration dependence of the rnicellar-catalyzed- 
reaction rate constants. The reaction rate constant in the micellar phase and the binding 
constant of the substrate with micelles depend on the alkyl chain length and AMP 
concentration. Inhibition of the reaction studied is observed in the presence of high PEG- 
ML concentrations and low AMP concentrations. 
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ortho-Aminophenols exhibit nucleophil ic features to 
the esters of acids of tetracoordinated phosphorus. I In 
aqueous borate solutions the miceIles of the cationic 
surfactant accelerate the reaction of 4-n i t rophenyl -  
dimethyl phosphate with 2-dialkylaminomethylphenols.  2 
The study of the micellar effect on the reaction of 
nucleophil ic  substitution in the 2-alkylaminomethyl-  
phenols (AMP) in a nonaqueous  low-polar medium is of 
interest. In the present work we studied the reaction of 
2 - p e n t y l -  (1), 2 -oc ty l -  (2), 2 -dodecy l -  (3), and  
2-hexadecylaminomethylphenols  (4) with p-ni t rophenyl-  
bis(chloromethyl) phosphinate (PNCP)  in toluene mi-  
cellar solutions of polyethylene glycol-600 monolaurate  
(PEG-ML) .  

Experimental 

2-Alkylaminomethylphenols were synthesized via conden- 
sation of phenol with paraform and the corresponding amines. 3 
The purity of the substances produced was shown by potentio- 
metric titration and by microanalysis. The properties of com- 
pounds 1--4 are given in Table 1. PNCP was produced follow- 
ing the described procedure. 4 PEG-ML by Ferak was used as it 
was. Toluene was purified by the standard procedure before 
use. The reaction kinetics was studied spectrophotometrically 
using the appearance of the 4-nitrophenol absorption band at 
322.6 nm with Specord UV-VIS and SF-26 spectrophotom- 
eters. All stock solutions were exposed no less than 4 h before 
introducing the substrate. Substrate concentration was 10 -4 M. 
In the kinetic experiments ethanol addition was 0.5 vol. %. 

Table 1. Physicochemical properties of AMP 

AMP B.p. or riD20 Found ,~ ,  
m.p./oc Calculated iT~ 

(p/Torr) C H N 

Molecular formula 

1 97--99 (0.02) 1 .5110 74.50 ~ 7.32 CI2HI9NO 
74.61 9.84 7.25 

2 120 (0.02) 1.4910 76.30 10.90 6 . 0 1  ClsH25NO 
76.60 10.64 5.96 

3 45--47 -- 78.59 11.98 4.92 CI9H33NO 
78.35 11.34 4.81 

4 60--61 -- 79.27 12.06 4.13 C23H41NO 
79.54 11.82 4.03 

Translated from [zvestiya Akademii Nauk. Seriya Khimicheskaya, No. 12, pp. 2134--2138, December, 1994. 
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The value of kob s of the reaction was calculated by the least- 
squares method on an Electronika DZ-28 microcomputer by 
the equation 

I n ( D  - D )  =kob s 'x  + c o n s t ,  

where D and Do~ are the solution optical densities at the time 
and when the reaction was over, respectively. 

The rate constant deviation in the parallel measurements 12 
was less than 10 %. 31p NMR spectra were recorded with a 
Broker MSL-400 (161.6 MHz) at 35 ~ The chemical shift 
determination was carried out in toluene with the addition of 
1.5 vol. % of ethanol without surfactant and with the addition 
of 10 vol. % of ethanol in the presence of PEG-ME Ethanol 
addition results in the appearance of weak signals at 24.6 and 
25.0 ppm in the course of the reaction of 3 with PNCP 8 
without and with the surfactant, respectively. These peaks were 
attributed to a product of the substrate ethanolysis formed 
concurrently with the main reaction product. 

R e s u l t s  a n d  D i s c u s s i o n  

The process under  study occurs by Scheme 1. 
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n = 5 , 8 , 1 2 , 1 6  

This scheme was supported by the spectrophotometri-  
cally measured formation of 1 mole 4-ni t rophenol  from 
1 mole of the substrate, as well as by the data of 
31p NMR.  The P N C P  peak in the solution of 0.1 M 3 
without the surfactant is 37.1 ppm, and in the presence 
of 0.06 M P E G - M L  it is 38.2 ppm. In  the course of the 
reaction at the same condit ions we observed the appear- 
ance of a peak close to the parent one at 37.2 and 
38.6 ppm, respectively. This peak can be assigned to the 
nucleophil ic  substi tut ion product, the phosphorylated 
AMP. The variations of 31p N M R  peak intensities dur- 
ing the reaction of P N C P  with 3 in P E G - M L  solution 
are given in Fig. 1. The observed rate constant  (kobs) 
calculated from these data is 3.5 �9 10 -3 s -1 at 35 ~ 

Without  surfactant the dependence of/gobs on AMP 
concentra t ion  (CAMP) is l inear  for compounds  1, 2, and 

4 or close to linear for 3 (Fig. 2) and at 2 5 ~  is 
described by Eqs. (1) and (2). 

kob s = k 1 " CAM P , (1 )  

[ (rel.units) 

Q 

�9 21 
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Fig. 1. Variations in 31p NMR intensities of the peaks at 
38.2 (1) and 8 38.6 (2) in time in reaction of 0,01 M PNCP 
with 0.1 M o f 3  in a mixture of toluene--ethanol (90 : 10, v/v) 
with 0.06 M PEG-ML, 35 ~ 
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4 . /  
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CAM P /M 
Fig. 2. The observed rate constant of reaction of AMP 1 (1), 2 
(2), 3 (3), and 4 (4) with PNCP against AMP concentration, 
25 ~ 
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where the values of  k t (L mo1-1 s -1) for 1, 2, and 4 are 
1.02 + 0.04, 0.85 + 0.03, and 0.61 + 0.01, respectively. 

kobs = k2 .  CAMp -t- k 3 �9 C2AMP , (2) 

where for 3 k 2 = 0.47l  + 0.004 L mol - I  s -1, k 3 = 4.2 + 
0.1 L 2 mo1-2 s -~. The  constant  k 3 in Eq. (2) can be 
at t r ibuted to the  catalyt ic  react ion with the second A M P  
molecule .  4 

kob s �9 103/s-I 

12 

I I I [ 
0 0.1 0.2 CpEG-.ML/M 

Fig. 3. The observed rate constant of reaction of AMP 1 (1), 2 
(2), 3 (3), and 4 (4) with PNCP against PEG-ML concentra- 
tion, CAM p 0.003 M, 25 ~ 

Table 2. The observed rate constants of the reaction of 3 with 
PNCP at different PEG-ML concentrations, 25 ~ 

CpEG-ML kobs" 102/S -1 CpEG_ML kobs" 102/S -1 

/M 0.006 0.0l /M 0.006 0.0l 
M 3  M 3  M 3  M 3  

0 0.28 0.52 0.12 3.8 7.4 
0.005 0.67 1.1 0.14 3.8 7.4 
0.01 1.0 1.6 0.15 3.6 --  
0.015 1.3 2.l 0.16 3.2 7.4 
0.02 1.6 2.5 0.17 3.1 --  
0.03 2.0 3.4 0.18 --  7.5 
0.04 2.4 4.4 0.20 2.3 7.6 
0.05 2.7 4.9 0.22 --  7.2 
0.06 3.1 5.6 0.24 --  6.9 
0.07 3.3 6.2 0.26 1.0 6.5 
0.08 3.4 6.6 0.28 --  6.4 
0.09 3.6 6.9 0.32 0.56 5.6 
0.10 3.7 7.0 

The  existence of  P E G - M L  in solut ion results in a 
substantial  (more  than an order)  increase in the  rate 
constant  of  the  A M P  react ion with P N C P  (Fig. 3, 
Table 2). This can be at t r ibuted to the  cata lyt ic  effect of  
the  non- ion ic  surfactant  on the  reac t ion  studied.  It is 
known that  in to luene  at 36 ~ the P E G - M L  crit ical  
concent ra t ion  of  micel l iza t ion ( C C M )  lies in the  range 
of  5" 10-4--2 �9 10 -3 M ( C C M - 1 ) ,  and at concent ra t ions  
0.07--0.1 M (CCM -2)  and 0.21--0.24 M ( C C M - 3 )  the 
structural  reorganizat ion of  the  mice l la r  aggregates oc-  
curs. 5 The micel lar  catalysis also affects the  shape of  the 
kob s dependence  on the surfactant  concen t ra t ion  with a 
sharp rise in the region of  C C M -  1 following the passage 
through a maximum.  The m a x i m u m  pos i t ion  depends  
on the A M P  concent ra t ion  in the  solution.  We observed 
kobs max at the higher  values of  C s as the A M P  concen-  
t rat ion increased.  As is known, the  m a x i m u m  in the  
concent ra t ion  dependence  can be a result  of  reagent  
di lut ion in the  micel lar  phase as its vo lume increases. 6 It  
appears that  increasing A M P  concent ra t ion  in solut ion 
makes the di lut ion more  difficult, and this results in a 
shift of  /Cob s max imum values of  the micel le  catalyzed 
react ion to high P E G - M L  concentra t ions .  

We de te rmined  the parameters  o f  the  mice l le  cata-  
lyzed react ion by least-square t rea tment  of  the kinetic  
data  (see Fig. 3, Table 2) in the surfactant  concent ra t ion  
range from CCM-1  to C C M - 2  using the equat ion  7 

kob s - k o 

k r n -  kobs - K b ~  Gin)  , 

where k 0 and k m are the react ion rate constants  in bulk 
solution and in the micel lar  phase,  respectively,  Kbond iS 
the substrate binding constant  with the  surfactant  mi-  
celles, C m is CCM.  Kbond and C m depend  on the alkyl 
chain length and A M P  concent ra t ion  (Table 3). The 
values of  k m and Kbond vary nonl inear ly  with an increase 
in the A M P  alkyl chain length. At  equal nucleophi le  
concentra t ions  an increase in k m and a decrease in /(bond 
occur  only for A M P  with n = 5, 8, 12. Fo r  c o m p o u n d  4, 
in compar ison with 3, the  reverse t rend  takes place.  An 
increase in the concent ra t ion  o f  3 in solut ion results in 
an increase in k m and a reduct ion  in Kbond (see Table 3). 

Table 3. The parameters of the micellar catalyzed reaction of 
AMP with PNCP in toluene solution of PEG-ML, 25 ~ 

AMP CAM P k m �9 102 Cbond C1n" 104 
/M /s -l /M -1 /M 

1 0.003 1.3 69 32 
2 0.003 1.6 54 11 
3 0.003 2.1 20 7.7 
4 0.003 1.7 30 1.6 
3 0.006 6.2 14 8.4 
3 0.01 16 8 9.1 
3* 0.003 2.3 19 7.2 
3** 0.003 2.3 18 9.4 

* T = 4 0 ~  T =  5 5 ~  



Table 4. The observed rate constants of the reaction of 3 with 
PNCP in PEG-ML micellar solutions at different AMP concen- 
trations, 25 ~ 

CAMP kob~" 102/s -1 

�9 102/M With- 0.04 0.12 0.2 0.26 0.32 
out sur- M PEG- M PEG- M PEG- M PEG- M PEG- 
factant* ML ML ML ML ML 

12 

0.05 0.024 0.018 . . . .  
0.1 0.048 0.078 0.015 0.0084 0.0063 0.0057 
0.15 0.072 0.21 0.036 -- -- -- 
0.2 0.096 0.4 0.086 0.048 0.03 0.019 
0.25 0.12 0.57 0.16 -- -- -- 
0.3 0.15 1.0 1.0 0.16 O.11 0.074 
0.4 0.2 -- 1.8 0.28 0.18 0.12 
0.5 0.25 1.8 3.1 0.67 0.34 0.26 
0.6 0.3 -- 3.7 2.1 1.0 0.55 
0.7 0.35 -- 4.6 2.4 1.5 0.75 
0.8 0.4 -- 5.5 3.5 2.4 1.2 
0.9 0.46 -- 6.4 4.5 3.7 2.3 
1.0 0.51 4.1 7.4 7.6 6.5 5.6 

* kob s are calculated by Eq. (2). 

Table 5. The observed rate constants of the reaction of 1, 2, 
and 4 with PNCP in PEG-ML micellar solutions at different 
AMP concentrations, 25 ~ 

CAMp/M kobs" 102/s -I 

1 2 4 

0.0015 0.085 0.12 0.054 
0.003 0.53 0.5 0.67 
0.0045 1.6 1.8 1.9 
0.006 3.0 3.5 4.0 
0.0075 4.4 5.1 5.4 
0.009 6.1 7.3 6.6 
0.0105 7.3 8.9 8.4 

The character of the dependence of the observed rate 
constant  on the AMP concentra t ion is defined by the 
surfactant concent ra t ion  (Tables 4 and 5). A depen- 
dence close to l inear occurs only for the low values of 
C s (0.04 M of P E G - M L ,  see Table 4). For  higher sur- 
factant concentra t ions  the slight dependence of kob s on 
the concent ra t ion  of 3 is characteristic of the initial part 
of  the curve, but  then  a dramatic increase in kob s occurs 
(see Tables 4 and 5). The peculiarity of the curves 
described is the existence of regions not  only of the 
catalytic act ion of surfactant micelles but of inhibi t ion 
action as well (see Table 4). Micellar inhibi t ion of the 
reaction at the initial  part of the curves appears to be a 
result of reagent separation due to the weak affinity of 
AMP molecules to the micellar  core. Inhibi t ion is most 
p ronounced  for high surfactant  concent ra t ions  (see 
Table 4). 

The dependences  of the effective values of the acti- 
vation energy (Ea) and the activation entropy (AS~), 
calculated from the temperature  dependences of kob s at 

]gobs " 103/s-1 
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Fig. 4. The observed rate constant of reaction of 0.003 M of 3 
with PNCP against PEG-ML concentration at 40 (1) and 55 
(2) ~ 
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Fig. 5. The activation energy (1) and the activation entropy (2) 
of the reaction of 0.003 M of 3 with PNCP against PEG-ML 
concentration, 25 ~ 

25, 40, and 55 ~ (see Figs. 3 and 4) on P E G - M L  
concentrat ion are of a complex shape (Fig. 5). This is a 
result of the occurrence of three concurrent  processes - -  
the reaction in the bulk solution, the reaction in the 
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micellar phase, and reagent solubilization. Each of  these 
processes makes a contribution to the activation param- 
eter values determined, and the contribution magnitude 
depends on the surfactant concentration.  8,9 When the 
surfactmat concentrat ion is below C m, the process ther- 
modynamics  is mainly defined by the reaction param- 
eters in the bulk solution. When C s ~ C m, solubilization 
makes a substantial contribution. At high surfactant 
concentrat ions the thermodynamic  parameters deter- 
mined are close to those for the micellar phase. Struc- 
tural reorganization of  the micelles can play some role, 5 
because according to the literaturO ~ variation of the 
surfactant aggregate shape can influence the reagent 
solubilization, its location, and the local mobility inside 
the micellar associates. 

The results obtained indicate that the effect of  P E G -  
ML micelles on the reaction of  AMP with P N C P  is 
determined by the concentrat ions of  AMP and the sur- 
factant in solution. The micelles inhibit or catalyze the 
reaction as a function of  the ratio of  AMP and the 
surfactant concentrat ion.  
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