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The kinetics of hydrolysis of the potential pesticides, phenyl, methyl, and dodecyl N-(4-pyridyl)car- 
bamates (1-3, respectively), were investigated in micellar H,O-dioxane solutions containing sodium 
dodecyl sulfate (SDS) or cetyltrimethylammonium bromide (CTAB) and compared with the kinetics 
in H,O-dioxane media. For compounds 1 and 2, the rate constants observed are slightly reduced by 
the SDS micellar media. On the other hand, the CTAB micellar media speed up the hydrolysis rate 
for 1, whereas a small decrease is observed for 2. These results can be explained by means of the 
pseudophase kinetic model coupled with the mechanisms of hydrolysis of these compounds in water- 
dioxane solution. Lastly, for 3, the micellar SDS or CTAB media inhibit the hydrolysis reaction, 
which may be attributed to the tensioactive character of these substances. 

The carbamates have a variety of biological actions. 
The aryl esters of the N-methyl- and N,N-dimethylcar- 
bamic acids such as carbaryl and carbofuran have insec- 
ticidal activity while the aliphatic carbanilates such as 
propham and chlorpropham have herbicidal activity. In 
human therapeutics, esters of unsubstituted carbamic acid 
such meprobamate and mebutamate are used as tran- 
quillizers and muscle relaxants. 

We have recently synthesized a series of aryl and alkyl 
N-(4-pyridyl)carbamates with potent herbicidal activity 
and showed that the ElcB or B,,2 mechanisms gener- 
ally found for carbamates (Bergon and Calmon, 1983; Ber- 
gon et al., 1985) also apply to these compounds (Matondo 
et al., 1989). The switch between mechanisms ElcB and 
B,,2 depends on the nucleofugal potential of the leav- 
ing group RO-. 
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The poor solubility of many pesticides in water means 
that they are often used in micellar solutions. I t  is thus 
important to determine the effects of such media on their 
kinetics of hydrolysis. We report here the results obtained 
in anionic and cationic media with three N-(4-pyridyl)- 
carbamates of varying hydrophobicity, selected from com- 
pounds examined in a previous study (Matondo, 1987) 
in which the mechanisms were determined, ElcB for 1 
and B,,2 for 2 and 3. 
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EXPERIMENTAL SECTION 

Chemicals. Phenyl, methyl, and dodecyl N-(4-pyridyl)car- 
bamates were synthesized by known methods previously described 
(Matondo, 1987). 

Sodium dodecyl sulfate (SDS) and cetyltrimethylammo- 
nium bromide (CTAB), used as anionic and cationic surfac- 
tants, were analytical reagent grade and were used without fur- 
ther purification. Fresh stock solutions were prepared for each 
series of experiments. 

Nitrogen was bubbled through the distilled water used to 
make the buffer solutions and the sodium hydroxide solutions. 
The ionic strength of the solutions was kept constant (w = 1.0) 
by addition of KCl. 

Apparatus and Kinetic Methods. The time course of the 
hydrolysis reaction was followed by the change in optical den- 
sity of substrate or product. This was recorded at a fixed wave- 
length, 276 nm for 1 and 240 nm for 2 and 3, in a Cary 210 UV 
spectrophotometer equipped with thermostated sample holder 
(k0.1 "C). The hydrolysis reaction was first-order with respect 
to the substrate. 

The observed rate constants kohsd were determined from the 
relationships 

log ( A ,  - A,) = log (A,  - A , )  - (k0,,/2.303)t 
where A,, A,, and A ,  are the absorbance readings at time t = 0, 
at the completion of reaction, and at time t ,  respectively. The 
rate constants were obtained by a least-squares fit with a regres- 
sion coefficient of 0.99. 

Owing to the low solubility of the N-(4-pyridyl)carbamates 
in water, the rate constants of hydrolysis were determined at a 
concentration of 5 x M in a mixture of water and dioxane 
(3:1, v/v) containing either 0.1 M sodium hydroxide (pH 13.42) 
for compounds 2 and 3 or lo-* M sodium borate (pH 9.18) for 
compound 1. 

The pH measurement was carried out by using a Radiome- 
ter PHM 64 pHmeter equipped with a Radiometer GK 2321 C 
electrode. 

The critical micellar concentrations (cmc) were determined 
from surface tension (obtained by means of a Prolabo Tensi- 
omat No. 3 apparatus) versus concentration plots. In water/ 
dioxane (3:1, v/v) at 25 "C in the presence of sodium hydrox- 
ide (0.1 M) or sodium borate (lo-' M), the cmc values of SDS 
are 2.50 x M, respectively, and the cmc and 1.25 X 
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Figure 1. Plot of kobsd vs the micellized surfactant concentra- 
tion [D 1: (a) influence of SDS on compound 1 in a mixture of 
water-8oxane (3:1, v/v) at 25 O C ;  (b) influence of CTAB on 
compound 1 in a mixture of water-dioxane (3:1, v/v) at 25 "C. 

values of CTAB, 3.80 X and 2.82 X respectively. 

mined due to its rapid hydrolysis. 

RESULTS AND DISCUSSION 
For compounds 1 and 2, the changes in kobsd a t  25 OC 

as a function of micellized surfactant concentration [D,] 
in the various media are plotted on Figures l a  and 2a for 
SDS micelles and on Figures l b  and 2b for CTAB micelles. 
[D,] is given by [D,] = [DT] - cmc, [DT] being the total 
concentration of surfactant in the medium. 

For amphiphile 3, the plots kobsd vs [DT] were used to 
take into account the comicellization phenomena. 

According to the results from Hegarty and Frost (1973) 
and Broxton (1984), we assumed that ,  for the com- 
pounds studied, similar mechanisms took place in the 
micellar medium as in the water-dioxane system. The 
results can thus be explained by means of the pseudophase 
kinetic model proposed by Menger and Portnoy (1967) 
and developed by Bunton (1979), Romsted (1982), and 
Vera and Rodenas (1986a,b). These authors consider the 
total volume of the micelles as a separate phase uniform- 
ily distributed in the aqueous phase and the reaction occur- 
ring in both phases according to the following scheme 

The critical concentration of compound 3 could not be deter- 
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Figure 2. Plot of kobsd vs the micellized surfactant concentra- 
tion [D,]: (a) influence of SDS on compound 2 in a mixture of 
water-dioxane (3:1, v/v) at 25 O C ;  (b) influence of CTAB on 
compound 2 in a mixture of water-dioxane (3:1, v/v) at 25 "C. 

with K, = [S,]/[S,][D,]. w and m signify the aqueous 
and micellar phases respectively. D, is the micellized 
surfactant, S, the substrate in the micelles, and S, the 
substrate in the water. K, is the equilibrium constant; 
k, and k, are the rate constants in the aqueous and micel- 
lar phases, respectively. 

The rate law is expressed as 

u = kobsd[STl = k[OH-Tl[S,I = k w [ S w ]  + k m [ S m I  
with 

[S,I = [SwI + [ S m I  [OH-,] = [OH-,] + [OH-,] 

For a pseudo-first-order reaction in which OH- act as 
a nucleophile, the relation (1) is useable with k, = 
k,'[OH-w] being the apparent pseudo-first-order rate con- 
stant in the aqueous phase and k, = k,'[OH-,]/[D,] 
the apparent pseudo-first-order constant in the micelle 
medium. Since kobd = k[OH,] and [OH-,]/[D,] = mOH, 
kob,d can be expressed by 

products Moreover, when the OH- and Br- ions compete for access 
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Table I. Values of k,, k,, K,, and [s,]/[sT]" for Compounds 1 and 2 in the Different Media 

Matondo et ai. 

H,O/dioxane SDS CTAB 
substrate klw,b s-l k,, s-' KB, M-' [S,l/ [ST1 k,, s-l K,, M-' [sml/[sTl 

1 1.28 x 10-3 0.80 x 10-3 4.65 X 10' 0.18 5.02 x 10-3 18.89 0.84 
2 3.85 x 10-5 3.40 X 1.20 x 102 0.06 6.35 X lo4 46.60 0.05 

a [S,] used corresponds to beginning of the level in the plot kobsd = f([D,]). k , ,  = rate constant in H,O-dioxane medium (Matondo et 
al., 1989). 

to the charged micellar surface, Romsted (1984) assumes 
that the interactions are governed by an ion-exchange 
equilibrium such as 

k%? 
OH-, + Br-, 2 OH, + Br-, 

Considering that the 0 fraction of the neutralized micel- 
lar surface is constant (0 = 0.8 for a halogenated coun- 
terion; Romsted, 1982), mOH is expressed versus GF from 
the equation (3). 

[OH-,] + ki;[B~-~]  
moH2 + moH[ (e: - l)[D,] -4 - 

The experimental results can be fitted to eq 1 or 2, 
and k,, k,, and K,  are determined by simulation tech- 
nique. Table I shows the values of k,, k,, K,, and 
[S,]/[S,] for compounds 1 and 2. 

For these compounds, the presence of SDS micelles 
has little influence. The shapes of curves l a  and 2a and 
the value of k, (compared to k,, in H,O/dioxane) show 
that the reaction essentially takes place in the aqueous 
pseudophase. The reduction in kobsd (Figures l a  and 2a) 
is attributed to micelle-substrate association in agree- 
ment with ElcB or B,,2 mechanisms. For compound 1, 
such associations hinder ionization of substrate S to S- 
and, for compound 2, inhibit the reaction between S and 
OH- because of the repulsion between the ions and the 
negatively charged micelles. 

For compound 1, the rates of hydrolysis in CTAB micel- 
lar medium are determined a t  pH 9.18, lower than the 
pK, value of this substance (pK, N 12) estimated in com- 
parison with the pK, of 2,2,2-trichloroethyl N-(4- 
pyridy1)carbamate (pK, = 12.84; Matondo et  al., 1989) 
as was observed for phenyl and 2,2,2-trichloroethyl N-ace- 
tylcarbamates (Bergon and Calmon, 1976). Under these 
conditions, the increase in kobed (Figure lb)  probably 
results, on the one hand, from an increase of S- concen- 
tration in the micellar cationic pseudophase in agree- 
ment with the behavior of various substances as phenols 
and acetonitriles (Minch et al., 1975). The 4-fold higher 
rate of hydrolysis (k, N 4k,; Table I) can be accounted 
for by an association between S- and the cationic micelles, 
which tend to favor the transition state, probably due to 
the poor polarity of the Stern layer (with respect to the 
polarity of the water) where the reaction takes place (Dun- 
lap and Cordes, 1968). 

On the other hand, the increase in kobsd could also be 
explained by a catalytic micellar decomposition of S- giv- 
ing the isocyanate and phenol forms. This result is in 
good agreement with those relative to the ElcB hydrol- 
ysis of the 2-nitrophenyl cyanoacetate in micellar media 
with pH values smaller than the pK, value of this com- 
pound (Al-Lohedan and Bunton, 1981). 

For compound 2, curve 2b is characteristic of an ion 
exchange (Br- and OH-) at  the surface of the CTAB 
micelles. With small quantities of Br- ions in the medium, 

b 

Figure 3. Plot of k vs the total surfactant concentration 
[DT]: (a) influence of 88s on compound 3 in a mixture of water- 
dioxane (3:1, v/v) at 25 "C; (b) influence of CTAB on com- 
pound 3 in a mixture of water-dioxane (3:1, v/v) at 25 "C. 

the excess OH- ions readily react with the substrate in 
the positively charged micelles (rising part of the curve). 
As the number of Br- ions increases, competition between 
OH-. and Br- for access to the positive charges on the 
micelles is in favor of Br- and the rate of reaction falls. 
When the quantity of Br- ions is such that ID,] > 2 X 
low3 M, the reaction takes place essentially in the aque- 
ous pseudophase (level part of the curve). The calcu- 
lated exchange constant = 0.051 is indicative of a 
weak association between OH- and the micelles. This 
value is close to that found by Bunton (1979). 

Lastly, the K,  and [S,]/[S,] values obtained are in 
good agreement with the poor hydrophobic character of 
compound 2 as compared to that of compound 1. 

The amphiphilic structure of compound 3 causes the 
peculiar behavior observed. Although the pseudophase 
model may still apply, eq 2 can no longer be employed 
for calculation of the kinetic parameters, as it includes 
[D,], the concentration in the SDS or CTAB micelles. 
With compound 3, mixed-micelles substrate/CTAB or 
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substrate/SDS are formed. The  fact that the substrate 
is readily hydrolyzed, forming a product that is itself a 
surfactant, complicates the situation and makes quanti- 
tative analysis of the aggregation phenomena more dif- 
ficult. Curves a and b in Figure 3 can thus only be inter- 
preted qualitatively. 

Figure 3a shows a rapid fall in reaction rate in the pres- 
ence of SDS micelles, indicating a significant association 
between the substrate and the negatively charged micelles 
hindering the reaction with OH-. For SDS concentra- 
tion above 5 X M, all the substrate appears to be 
associated with the micelles and the reaction does not 
take place. This graph can be compared to  Figure 2a for 
the nonsurfactant compound 2. 

Figure 3b is similar to  Figure 2b, although the maxi- 
mum is found at a CTAB concentration (2.5 M) lower 
than the critical micellar concentration of pure CTAB. 
This indicates the presence of comicelles of CTAB and 
substrate 3. Competition between Br- and OH- ions for 
access to the positively charged micelles is partly respon- 
sible for the slowing of the rate as [DT] increases. Com- 
plete inhibition of the reaction is thus due to  total comi- 
cellization of the substrate, thereby hindering access of 
OH- ions to  the reactive site. 

In conclusion, these results throw more light on the 
mechanism of hydrolysis of N-(6pyridyl)carbamates. Espe- 
cially, the behavior in micellar media is consistent with 
the E lcB  or B,,2 mechanism proved in aqueous media. 
The study also shows that it is possible to  increase, reduce, 
and even prevent hydrolysis in micellar media, either by 
altering the substituent group on the carbamate or by 
changing the surfactant. These results open new per- 
spectives for the formulation of pesticides belonging to  
this chemical class. 

LITERATURE CITED 
Al-Lohedan, H.; Bunton, C. A. Micellar Effects upon the ElcB 

Mechanism of Ester Hydrolysis. J.  Org. Chem. 1981,46,3929- 
3930. 

Bergon, M.; Calmon, J. P. Hydrolyse alcaline de N-acbtylcarba- 
mates. Changement de mecanisme lib A la nature du groupe 
ester. Bull. SOC. Chim. Fr. 1976, 797-802. 

Bergon, M.; Calmon, J. P. Structure-Reactivity Relationships 
in the Hydrolytic Degradation of Propham, Chlorpropham, 
Swep and Related Carbamates. J.  Agric. Food Chem. 1983, 
31, 738-743. 

J. Agric. Food Chem., Vol. 38, No. 4, 1990 1109 

Bergon, M.; Ben Hamida, N.; Calmon, J. P. Isocyanate Forma- 
tion in the Decomposition of Phenmedipham in Aqueous 
Media. J .  Agric. Food Chem. 1985,33,577-583. 

Broxton, T. J. Micellar Catalysis of Organic Reactions. Basic 
Hydrolysis of Some Alkyl and Aryl N-(4-Nitropheny1)car- 
bamates. Aust. J .  Chem. 1984, 37, 47-54. 

Bunton, C. A. Reaction Kinetics in Aqueous Surfactant Solu- 
tions. Catal. Rev.-Sci. Eng. 1979, 20, 1-56. 

Dunlap, R. B.; Cordes, E. H. Secondary Valence Force Cataly- 
sis. VI. Catalysis of Hydrolysis of Sodium methyl orthoben- 
zoate by Sodium dodecyl sulfate. J .  Am. Chem. SOC. 1968, 

Hegarty, A. F.; Frost, L. N. Elimination-Addition Mechanism 
for the Hydrolysis of Carbamates. Trapping of an Isocy- 
anate Intermediate by an o-Amino-Group. J .  Chem. SOC., 
Perkin Trans. 2 1973, 1719-1728. 

Matondo, H. Synthese de N-(4-Pyridyl)carbamates B activite 
herbicide potentielle. Etude cinetique de l'influence des solu- 
tion micellaires sur leur hydrolyse. These d'Etat, Universitb 
Paul Sabatier. Toulouse, France, 1987. 

Matondo, H.; Benevides, N.; Tissut, M.; Bergon, M.; de Savig- 
nac, A,; Calmon, J. P.; Lattes, A. Synthesis, Mechanism of 
Action and Herbicidal Activity of New Aryl and Alkyl N44- 
Pyridy1)carbamates. J .  Agric. Food Chem. 1989, 37, 169- 
172. 

Menger, F. M.; Portnoy, C. E. On the chemistry of reactions 
proceeding inside molecular aggregates. J .  Am. Chem. SOC. 

Minch, M. J.; Giaccio, M.; Wolff, R. Effect of Cationic Micelles 
on the Acidity of Carbon Acids and Phenols. Electronic and 
'H Nuclear Magnetic Resonance Spectral Studies of Nitro 
Carbanions in Micelles. J. Am. Chem. SOC. 1975, 97, 3766- 
3772. 

Romsted, L. S. Micellisation, Solubilization and Microemulsion; 
Mittal, K. L., Ed.; Plenum Press: New York, 1982; Vol. 2, p 
509. 

Romsted, L. S. Surfactant in Solution; Mittal, K. L., Lind- 
mam, B., Ed.; Plenum Press: New York, 1984; Vol. 2, p 1014. 

Vera, S.; Rodenas, E. Inhibition effect of cationic micelles on 
the basic hydrolysis of aromatic esters. Tetrahedron 1986a, 

Vera, S.; Rodenas, E. Influence of N-cetyl-N,N,N-trimethylam- 
monium bromide counterions in the basic hydrolysis of neg- 
atively charged aromatic ester. J .  Phys. Chem. 198613, 20, 

90,4395-4404. 

1967,89,4698-4703. 

42,143-149. 

3414-3417. 

Received for review May 16,1989. Accepted December 5,1989. 
Registry No. 1, 20951-01-3; 2, 79546-31-9; 3, 125329-97-7; 

SDS, 151-21-3; CTAB, 57-09-0. 


