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The kinetics of the reaction between 0.0-diethyl ester of I-amino-1 -methyl-ethane phosphonic acid 
and phenylisocyanate, producing diethyl ester of 1-methyl-1-(N-phenylcarbamoyl-amino)ethane 
phosphonic acid is studied by IR spectroscopy. It is established that the reaction is of second order. 
The probable scheme of the reaction mechanism is suggested. The rate constant k of the initial stage 
of the reaction is determined. It is established that the rate constant is increased at the advanced 
stage of the process. The observed enhancement is ascribed to the autocatalytic effect of the reaction 
product. 
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A recent paper"] reported on the interaction between 0,O-diethyl esters of 1- 
amino- 1 -methyl-alkanephosphonic acids and different isocyanates or isothio- 
cyanates, producing diethyl esters of 1-methyl- 1 -(N-substituted carbamoyl- and 
thiocarbamoyl-amino)-alkanephosphonic acids with high yields. The synthesized 
compounds showed physiological activity. 

It is of interest to study the kinetics of this interaction. No information on the 
kinetics of similar reactions is available. 

The interaction between amines and isocyanates has been studied more thor- 
oughly[2-81 but there still exists no general view about the exact mechanism of 
the reaction. On the other hand a complete analogy in behavior of the amines 
and aminophosphonates in their interaction with isocyanates is hardly possible 
to be derived. With a view to elucidate the mechanism of the title reaction we 
studied the kinetics of interaction between the diethyl ester of l-amino-l-methyl- 
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ethanephosphonic acid and phenylisocyanate in chloroform medium by IR spec- 
troscopy. The rate of the reaction was checked by the change in molar 
concentration of the phenyl isocyanate. The latter was evaluated by measuring 
the intensity of the characteristic band of stretching vibrations of the isocyanate 
group (-N = C = 0) at 2245 cm - I .  No bands were recorded in the near spectral 
range that could complicate the observed spectrum. The change in concentration 
of the PhNCO as a function of time was followed with varying phenylisocyanate 
(1) to 0,O-diethyl ester of 1 -amino- 1-methyl ethanephosphonic acid (2) molar 
ratio of 1:1, 1:2, 1.4 and 1:8, respectively. 

With an initial concentration (co) of 1 of 0.85 X lo'-' mol.dn-3 the intensity 
of the -NCO band at 2245 cm-. ' rapidly decreases with the increase in concen- 
tration of 2. At that the higher the excess the 2 the sharper is the decrease. We 
suggest that the reaction is of the second order and can be expressed by eq. 1 
in the case of diverse initial concentrations of the reagents: 

where cy and cy are the initial concentrations of 1 and 2 respectively, while c,  
and c2 are their current concentrations. 
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FIGURE 2 Change in concentration of 1 as a function of time. The 1 to 2 molar ratio was varied 
from 1:1, 1:2, 1.4 to 1:8 at 29°C 

In the case of equal concentrations of the reagents the corresponding equation 
is: 

Expressing c2 through c1 and integrating eqs. (1) and (2) one obtains equations 
(3) and (4). 

(c; - 4 )  + C] c; 
C I  4 In = k(c: - c7)t + ln- (3) 

Now eqs. (3) and (4) are transformed into eqs. (5) and (6) respectively, by 
introducing the function Y which is further plotted and discussed in the text. 
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1 
ln(c: - cy) + c I c , c ~ c ~  = kt = Y 

c; - cy ( 5 )  

Eq. ( 5 )  applies to the reaction with mole ratios of the reagents of 1:2, 1:4 
and 1% It agrees very well with experimental data as seen in Figures 3, 4. 

The curves a-f in Figure 3 and 4 illustrate the Y vs. time dependences plotted 
based on experimental data treated by regression analysis. Curves a-c in Figure 
3 refer to kinetic studies camed out at 23", while curves &fin Figure &to 
29"C, respectively. The mean values of rate constants k are 3.64 X lo-* 
mol-ls-' and 5.53 X lo-' mol-ls-' at 23°C and 29°C respectively. Based 
on the obtained values for k the activation energy of the reaction was calculated 
to be E, = 47.6 kJ mol-'. 

Having in mind the structure of 2 one could admit that the formation of 
intermolecular as well as intramolecular H bonds is possible. IR spectral meas- 
urements of solutions of 2 in chloroform with concentration ranging from 0.85 
X l op3  mol.dmP3 to 0.85X lo-* mol.dm-' revealed the absence of a free- 
NH, group. An evidence to this is the fact that the position of the absorption 
maximum and the profile of the wide band in the range 3200-3500 cm- ' char- 
acteristic of the N-H stretching vibrations in the -NH2 group do not change on 
dilution of the solution (see Figure 5) .  

The absence of two separate bands at 3350 cm-' for symmetric and at 3450 
cm-' for asymmetric N-H vibrations in a free amine group shows that a free- 
NH2 group is absent in the molecule of 2. Hence the formation of an intramo- 
lecular bond is more likely to occur and 2 could probably take part in the 
reaction as a monomer according to the scheme: 

An additional indication to the proposed scheme is the appearance of bands 
of low intensity at 2400 cm-'. They are probably obertones of the P = O  band 
at 1120 cm-'. The formation of intramolecular hydrogen bonds in 2 contributes 
to the additional polarization of the N-H bond thus facilitating the proton transfer 
to the nitrogen atom in isocyanate providing that two molecules are too close. 

With a mole ratio of 1 to 2 of 1:l the rate constant is changed in the course 
of the reaction as seen from Figure 6 and Figure 7. 

Values of the rate constants k for the initial stsge of the reaction with 1:l 
mole ratio of the reagents at 23°C and 29"C, are 4.27.10-' and 1.31.10-I 
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FIGURE 3 Y vs. time dependences at 23"; 1 to 2 molar ratio of 1:2 (a). 1.4 (b) and of 1:s (c) 
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FIGURE 4 Y vs. time dependences at 29"; 1 to 2 molar ratio of 1:2 (d), 1:4 (e )  and of 1:8 (f) 
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mol-ls-' respectively. The enhanced rate constant in the advanced stage of the 
reaction can be attributed to a weak autocatalytic effect produced by the product 
0,O-diethyl- 1 -methyl- 1 -N-phenyl-carbamoyl amino-ethanephosphonate 3. This 
effect is due to the participation of 3 in the electron transfer from 2 to the 
isocyanate moiety of 1. Thus the formation of a transient state is realized com- 
prising in the cleavage of the T-bond in N = C  and formation of a N-H bond. 
A similar considerable autocatalyc effect of urea derivatives has been established 
by other in reactions between amines and isocyanates. In our case 
the observed autocatalytic effect is lower judging from the increase in the rate 
constant value. 

In order to obtain additional evidence about the autocatalytic effect of the 
abovementioned product 3 we carried out the reaction in the presence of 3 with 
a 1:2:3 mole ratio of 1:1:1 at 23°C. The calculated rate constant was 5.45 X 
lo-' mol-'.s-' with a correlation coefficient of 0.997 and standard error of 
2.56 X lop3. The obtained value is commensurable with the value of k" cor- 
responding to the advanced reaction with a I:1 mole ratio when product 3 has 
already been accumulated. 
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FIGURE 6 Y vs. time dependence at 23" (1 to 2 molar ratio of I : 1 )  
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FIGURE 7 Y vs. time dependence at 29" (1 to 2 molar ratio of 1:l) 
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EXPERIMENTAL 

0,O-diethyl ester of 1 -amino- 1-methyl-ethanephosphonic acid was synthesized 
as described elsewhere."] Phenylisocyanate was purchased from Merck and was 
distilled additional1 prior to use. Chloroform (Merck) was dried over anhydrous 
CaCl, and distilled before use. 

SPECORD 75-IR (Carl-Zeiss) and Bomem FT-IR spectrophotometers were 
used in the experiments. 

The experimental data were treated using a regression analysis. 

References 

[ I ]  V. I. Lachkova, G. Petrov and A. H. Hussein. Phosphorus. Su@c andSilicon, 85, 161 (1993). 
[2] G. W. Beker and D. N. Bailey, J. Chem. SOC., 1957, 4649, 4652, 4663. 
[3] T. L. Davis and F. Ebersole, J.  Am. Chem. SOC., 56, 885 (1934). 
[4] R. L. Craven, Am. Chem. SOC. Div. Paint, Plastics and Printing Ink. Chem. Paper No33, Am. 

Chem. SOC. Meeting, Atlantic city, New Jersey, September, 1956. 
[5] J. M. Briody and D. Narinesingh, Tetrahedron Lett., 44, 4143 (1971). 
[6] W. Vanassche and G. Hoornaen, Bull. SOC. Chem. Belg., 80, 505 (1971). 
171 D. P. N.  Satchell and R. S. Satchell, Chem. Snc. Rev., 4, 231 (1971). 
[8] I. Aguim and J. Ch. Jungers. BUN. SOC. Chetn. Fr, 2, 1316 (1965). 




