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Synthesis, Mechanism of Action, and Herbicidal Activity of New Aryl

and Alkyl N-(4-Pyridyl)carbamates

Hubert Matondo, Norma Benevides, Michel Tissut, Michel Bergon, Alain de Savignac,
Jean Pierre Calmon,* and Armand Lattes

A series of aryl and alkyl N-(4-pyridyl)carbamates was synthetized and screened for potential inhibitory
activity on the germination of wheat seedlings. Activity was compared with that of isopropyl 3-
chlorocarbanilate (chlorpropham). The mechanism of hydrolysis of these carbamates was also investigated
and was found to follow either an E1cB or Bs.2 mechanism depending on the possible formation of an
isocyanate intermediate. The reactivities of two series, the N-(4-pyridyl)- and N-phenylcarbamates,
were also compared in order to assess the influence of structure on the biological activity of these new

compounds.

Substituted carbamic acid esters, carbamates,
R’NHCOOR, are widely used in agriculture as pesticides
(Melnikov, 1971). Carbanilic acid aliphatic esters, such
as isopropyl carbanilate (propham, IPC) and isopropyl
3-chlorocarbanilate (chlorpropham, CIPC), are selective
pre- and postemergence herbicides used for the control of
annual grasses and broad-leaf species in a variety of tol-
erant crops. 3,4-Dichlorocarbanilic acid methyl ester
(swep) is also used on rice crops in Japan (Kuwatsuka,
1972). Due to their antimitotic activity (Marth and Schulz,
1952), propham and chlorpropham are widely used as
sprout inhibitors during the storage of potato tubers, es-
pecially in France (Bailly and Dubois, 1981).

However, the carbamates derived from 2-aminopyridine
(Toyo Soda Manufacturing Co.) have rather weak herbi-
cidal activity. We therefore decided to attempt the syn-
thesis of aryl and alkyl N-(4-pyridyl)carbamates and screen
them for potential herbicidal activity. Compounds with
structures similar to that of propham were sought initially.
The phytotoxicity of these compounds was also determined
in a variety of experimental situations (cultured cells,
isolated organites, germinating seeds) and compared with
the activity of chlorpropham employed as a reference
standard.

The mechanism of hydrolysis of carbamates was also
investigated. Two main mechanisms, ElcB and B,2,
differing in the formation or absence of an isocyanate
intermediate were observed. Such intermediates can have
biological activity due to their strong reactivity toward
nucleophilic groups such as NH, and OH (Bergon and
Calmon, 1983; Bergon et al.,, 1985). The presence of a
4-pyridyl nucleus suggested a kinetic study of the hy-
drolysis of these new carbamate derivatives. Finally, the
reactivities of two series, the N-(4-pyridyl)- and N-
phenylcarbamates, were compared in order to assess the
influence of structure on the biological activity of these
new compounds.
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MATERIALS AND METHODS

Chemicals. The alkyl and aryl N-(4-pyridyl)carbamates
were synthetized by the action of an alkyl or aryl chloro-
formate on 4-aminopyridine in the presence of triethyl-
amine in chloroform or benzene (Matzner et al., 1964).
Phenyl N-methyl-N-(4-pyridyl)carbamate was obtained by
action of phenyl chloroformate on 4-(N-methylamino)-
pyridine, after N-methylation of the 4-aminopyridine
(Matondo, 1987).

The physicochemical characteristics of the resulting
compounds are shown in Table I. Their structures were
confirmed by IR and NMR spectroscopy.

Biological Test. Wheat seeds (Triticum aestivum L.
var. Tallent) were rinsed with sodium hypochlorite and
placed on filter paper in sterilized Petri dishes (10-cm
diameter). Final concentrations were obtained by adding
0.1 M solutions of the carbamates in dimethyl sulfoxide
(DMSO) to 10 mL of water. Ten seeds were put in each
dish, and each experiment was repeated four times. The
untreated seeds were put in Petri dishes with 0.01%, 0.1%,
or 1% DMSO in water. The experiments were carried out
in the dark at 25 °C and lasted 6 days.

Kinetic Measurements. The time course of the hy-
drolysis reaction was followed by the change in optical
density of substrate or product. This was recorded at a
fixed wavelength in a UV spectrophotometer (Cary 210
equipped with thermostated sample holder, £0.1 °C). The
hydrolysis reaction was first order with respect to sub-
strate. The rate constants &4 were determined graphi-
cally from log (4. — 4,) = log (A. — Ap) — kpeat/2.303 by
plotting log (A, — A.) vs time. A, and A, are the absor-
bance readings at infinite time and time ¢, respectively.
The biomolecular rate constants koy were equal to the
values calculated from &,/ [OH™] for four concentrations
of hydroxide ions.

Due to the low solubility of the N-(4-pyridyl)carbamates
in water, the rate constants of hydrolysis were determined
in a mixture of water and dioxane (3/1, v/v).

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

RESULTS AND DISCUSSION

Biological Activity of Isopropyl N-(4-Pyridyl)car-
bamate. Table II and Figure 1 show the effects of this
compound on the growth of wheat seedlings after 6 days
at 25 °C in the dark. At concentrations of 100 uM and 1
mM, the compound inhibited growth of roots and co-
leoptile and prevented leaf formation. The meristem re-
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Figure 2. Plot of log k,peq vs log [OH™] for the hydrolysis of
isopropyl N-(4-pyridyl)carbamate at 25 °C.

growth for these substances at a concentration of 1 mM
cannot, therefore, be accounted for by specific inhibition
of mitosis.

In summary, aryl and alkoxycarbonylation of 4-amino-
pyridine gives N-(4-pyridyl)carbamates with activities at
least equal to that of chlorpropham, when the alkyl group
is isopropyl. Replacing the m-chlorophenyl ring with a
pyridine nucleus conserves the antimitotic activity. It has
been suggested (Tissut et al., 1986) that the para position
of the phenyl ring is involved in the binding of chlor-
propham to its cellular site of action. It can thus be
supposed that the binding of carbamates to their site of
action is not unduly hindered by the presence of either a
C or N atom at this position.

As for the N-phenylcarbamates, shortening the chain
length of the esterifying moiety of the molecule reduced
its effectiveness. Moreover, when the esterifying moiety
was a phenyl or substituted phenyl nucleus, inhibitory
activity was very low. This may be due to an effect of
steric hindrance of this side chain, coupled with an effect
due to its lipophilic nature. However, it is interesting to
note that the highest biological activities were found in
derivatives with high pK, values of the esterifying group.

Alkaline Hydrolysis of a Series of Alkyl and Aryl
N-(4-Pyridyl)carbamates and Effects of Sodium Hy-
droxide Concentration. The rates of hydrolysis were
measured spectrophotometrically at 25 °C for concentra-
tions of NaOH ranging from 0.001 to 1.0 M. Figure 2
shows the plot of the logarithm of the observed pseudo-
first-order rate constants k.4 against hydroxide ion con-
centration for isopropyl N-(4-pyridyl)carbamate. The
straight line of slope 1.0 was in agreement with the sim-
plified expressions (Bgpsq = 21K,/ 0y and Ropeq = Ro[OH™]
when ay > K,) of rate laws corresponding to E1¢B and
B, 2 reaction schemes respectively (cf. Figure 3):

kobsd = lea/(Ka + ay) (1)
kopsa = RoKo/ (K, + ay)you- 2

The straight line of unity slope is followed by a plateau
at higher values of pH (ay < K).

The two lines cross at a value of pH equal to the pK,
of the substrate. The pK, values of the carbamates were
determined graphically (Table IV) except for the phenyl,
p-nitrophenyl, and m-chlorophenyl esters for which pla-
teaus were not reached due to their lack of stability.

Reaction Mechanism. Two criteria were used to
evaluate the reaction mechanism: the parameter 3 of the
Brensted relationship and the influence of N-methylation.
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Figure 3. Mechanisms of alkaline hydrolysis of aryl and alkyl
N-(4-pyridyl)carbamates.

Table IV. Bimolecular Rate Constants for the Hydrolysis
of Aryl and Alkyl N-(4-Pyridyl)carbamates at 25 °C in 3/1
(v/v) Water-Dioxane and pK, of Carbamate and of Leaving
Group ROH

pK,

(carba- ko, L correln

R mate) pK,(ROH) molls?  coeff (r)
p-O,NCGH, 715 125X 10°  0.988
m-ClCeH, 9.13° 206 X 10°  0.999
CeH; 10.00° 091 X 10  0.999
Cl,CCH, 12.84 12.24® 221X 102  0.999
CH;, 13.80 15.54° 3.75 x 10~ 0.999
CH,CH, 13.90 16.00° 276X 104  0.998
CH,0CH,CH, 13.76 1482 368X 104  0.998
(CH,),CH 14.10 17.1° 587X 10°  0.999

9Barlin and Perrin, 1966.
°Ballinger and Long, 1960.

bJencks and Gilchrist, 1968.

The Bronsted relationship between the logarithm of the
bimolecular rate constant kqy and the pK, of the leaving
group can be used to distinguish between E1c¢B (8 < ~1.0)
and B, .2 (8 > —0.5) mechanisms (Williams, 1973; Bergon
and Calmon, 1976; Sartoré et al., 1977).

In order to plot the Bronsted relationship, log ko =
f(pK,) (cf. Figure 3), the bimolecular rate constants kRog
shown in Table IV were calculated from kqoy =
koveauYor/ K, with K, = 1.0 X 10718 for a water—dioxane
mixture (3/1, v/v) (Harned and Fallon, 1939). The value
of the activity coefficient of OH", yox-, was determined
from pH measurements of solutions of NaOH (0.001-0.01
M) in a mixture of water and dioxane (3/1, v/v), giving
a value of 0.31 (Bergon and Calmon, 1983).

On figure 4, the points corresponding to the phenyl,
p-nitrophenyl, m-chlorophenyl, and 2,2,2-trichloroethyl
derivatives lay on a straight line from log koy = -1.38 pK,
+ 15.05 (r = 0.87, s = 0.08) while the methyl, ethyl,
methoxyethyl, and isopropyl N-(4-pyridyl)carbamates
characterized by a “poor” leaving group (pX,(ROH) > 13)
lay on a straight line from log koy = —0.37pK, + 2.15 (r
= 0.918, s = 0.19). These lines intersected at a point
represented by a pK, value of 13.00. The abrupt change
of slope from —1.38 to —0.37 observed in the Brensted plots
indicated a changeover in the reaction mechanism from
E1lcB to B, 2. The B,2 mechanism is represented by the
line of highest slope and is thought to be when hydroxyl
ion attack on the carbonyl group is the determining factor
(Bergon and Calmon, 1983).

Furthermore, the bimolecular rate constant koy = 4.79
%X 1078 mol s7! of phenyl N-methyl-N-(4-pyridyl)carba-
mate indicated that this derivative is much less reactive
than its nonmethylated homologue (kog = 9.1 X 10 mol™
s1). Since the N,N-disubstituted compound can only be
hydrolyzed via a B,.2 mechanism, we concluded that
phenyl N-(4-pyridyl)carbamate, along with the other de-
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Figure 4. Bronsted plot of log koy vs pK, of leaving group for
the hydrolysis of alkyl and aryl N-(4-pyridyl)carbamates at 25
°C.

rivatives lying on the Brensted line of slope —1.38, are
hydrolyzed via an E1cB mechanism, while the carbamates
including phenyl N-methyl-N-(4-pyridyl)carbamate lying
on the line of slope 8 = —0.37 are hydrolyzed via B,.2
mechanism.

In conclusion, the results showed that the isopropyl
derivative of N-(4-pyridyl)carbamate had phytotoxic ac-
tivity similar to that of chlorpropham. The similar chem-
ical reactivity of the two compounds with respect to hy-
drolysis would indicate that they have a similar mechanism
of action in vivo.

Registry No. Methyl N-(4-pyridyl)carbamate, 79546-31-9;
ethyl N-(4-pyridyl)carbamate, 54287-92-2; isopropyl N-(4-
pyridyl)carbamate, 117652-47-8; methoxyethyl N-(4-pyridyl)-
carbamate, 117652-48-9; phenyl N-(4-pyridyl)carbamate, 20951-
01-3; m-chlorophenyl N-(4-pyridyl)carbamate, 117652-49-0; p-
nitrophenyl N-(4-pyridyl)carbamate, 117652-50-3; 2,2,2-tri-
chloroethyl N-(4-pyridyl)carbamate, 117652-51-4.

LITERATURE CITED

Bailly, R.; Dubois, G. Index des Produits Phytosanitaires, 17th
ed.; Acta: Paris, 1981; p 138.

Matondo et al.

Ballinger, P.; Long, F. A. Acid Ionization Constants of Alcohols.
II. Acidities of Some Substituted Methanols and Related
Compounds. J. Am. Chem. Soc. 1960, 82, 795.

Barlin, G. B.; Perrin, D. D. Prediction of the Strengths of Organic
Acids. Q. Rev. Chem. Soc. 1966, 20, 75.

Bergon, M.; Calmon, J. P. Hydrolyse alcaline de N-acétyl-
carbamates. Changement de mécanisme lié a la nature du
groupe ester. Bull. Soc. Chim. Fr. 1976, 797.

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.

Bergon, M.; Ben Hamida, N.; Calmon, J. P. Isocyanate Formation
in the Decomposition of Phenmedipham in Aqueous Media.
J. Agric. Food Chem. 1983, 33, 571.

Harned, H. S.; Fallon, L. D. The Properties of Electrolytes in
Mixtures of Water and Organic Solvents. II. Ionization
Constant of water in 20, 45 and 70 % Dioxane-Water Mixtures.
J. Am. Chem. Soc. 1939, 61, 2374.

Jencks, W. P.; Gilchrist, M. J. Nonlinear Structure-Reactivity
Correlations. The Reactivity of Nucleophilic Reagent towards
Esters. J. Am. Chem. Soc. 1968, 90, 2622.

Kuwatsuka, S. Environmental Toxicology Pesticides; Matsumura,
F., Boush, G. M., Misato, T., Eds.; Academic: New York,
London, 1972; p 385.

Macherel, D.; Nurit, F.; Lescure, A. M.; Tissut, M. Effects of
Carbanilates on the Growth and Development of Cell Sus-
pension Cultures of Acer pseudoplatanus. Physiol. Plant. 1986,
66, 536.

Marth, P. C.; Schultz, E. S. A New Sprout Inhibitor for Potato
Tubers. Am. Potato J. 1952, 29, 268.

Matondo, H. Synthése de N-(4-pyridyl)carbamates & activité
herbicide potentielle. Etude cinétique de I'influence des so-
lutions micellaires sur leur hydrolyse. Thése d’Etat &s-sciences,
Paul Sabatier University, Toulouse, 1987.

Matzner, M.; Kurkujy, R. P.; Cotte, R. J. The Chemistry of
Chloroformates. Chem. Rev. 1964, 64, 645.

Melnikov, N. N. Chemistry of Pesticides; Gunter, F. A., Gunter,
J. D., Eds.; Springer-Verlag: New York, 1971; pp 183-205.

Sartoré, G.; Bergon, M.; Calmon, J. P. Kinetics and Mechanism
of Hydrolysis of O-Aryl N-Phenylthiocarbamates. J. Chem.
Soc., Perkin Trans. 2 1977, 650.

Tissut, M.; Nurit, F.; Ravanel, P.; Mona, S.; Benevides, N.;
Macherel, D. Herbicidal Modes of Action Depending on Sub-
stitution in a Phenylcarbamate Series. Physiol. Veg. 1986, 24,
523.

Toyo Soda Mfg. Co. Ltd. Carbamates Derivatives. Belg. BE
897,021, Oct 3, 1983; Chem. Abstr. 1984, 101, 7029d.

Williams, A. J. Participation of an Elimination Mechanism in
Alkaline Hydrolyses of Alkyl N-Phenylcarbamates. J. Chem.
Soc., Perkin Trans. 2 1973, 1244.

Received for review July 29, 1987. Accepted April 28, 1988.



