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Kinetics and Mechanism of the Reaction of 
2,2'-Dichlorodiethylamine with Aqueous Carbon Dioxide 
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Contribution from the Department of Chemistry, Rensselaer Polytechnic Institute, 
Troy, New York 12181. Received February 22, 1972 

Abstract: Aqueous carbon dioxide with 2,2'-dichlorodiethylamine gives 3-(2-chloroethyl)-2-oxazolidinone. At 
37° over the pH range of 6.3-7.5 and buffered with 5 X 10~4 to 170 X 10~4 M carbon dioxide, the half-lives of the 
pseudo-first-order reactions vary from 1.5 to 35 min. Rate and equilibrium constants bearing on the formation of 
the oxazolidinone have been determined. Ring closure from the carbamate anion, ( C I C H 2 C H Z ) 2 N C O 2

- , is the 
rate-controlling step, h = 1 0 - 1 6 ± o s sec -1; closure from the zwitterion, (ClCH2CH2)2NH+COr, and reactions 
involving the aziridine are kinetically unimportant. The pK* of 2,2 '-dichlorodiethylamine hydrochloride, mea
sured by pH titration and confirmed by the kinetic results, is 6.41 at 37 °. 

The secondary nitrogen mustard 2,2'-dichlorodiethyl
amine (NSC-10873) reacts with aqueous solutions 

of carbon dioxide to form 3-(2-chloroethyl)-2-oxazoli-
dinone.2-4 Since secondary nitrogen mustards are 
not effective as biological alkylating agents56 and since 
the reaction of 2,2'-dichlorodiethylamine with aqueous 
carbon dioxide is extremely rapid, we have examined 
the mechanism of the reaction in order to further our 
understanding of the behavior of these compounds 
in biological systems. Rauen2bc and Williamson7 

and their coworkers have measured the rate of oxazolidi
none formation, but have made no detailed mechanistic 
studies; our work was directed toward a determination 
of the mechanism. 

Golumbic and Bergman and their coworkers8 

demonstrated that /3-chloroethyl tertiary amines behave 
as alkylating agents through the intermediate formation 
of quaternary aziridinium ions, but a tertiary aziridine 
intermediate in the formation of 3-(2-chloroethyl)-
2-oxazolidinone from 2,2'-dichlorodiethylamine is not 
possible since even at low carbon dioxide concentra
tions the oxazolidinone is formed remarkably faster 
than is the aziridine. 2b'c'4 

C°2 
(C1CH2CH2)2NH - ClCHXH2N , 

C1CH2CH2N<] O^ ^O 

Experimental Section 

3-(2-Chloroethyl)-2-oxazolidinone was isolated in 86% yield, dis
tilled, from an aqueous solution 0.28 M in 2,2'-dichlorodiethyl
amine and 0.60 Min sodium bicarbonate after 3 hr at 31 °.4 
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The 2,2'-dichlorodiethylamine used was made by the reaction of 
diethanolamine with thionyl chloride in chloroform according to 
the procedure of Ward.8 It was recrystallized from acetone four 
times to a constant mp 212-213° (uncorrected) (lit.8 mp 216°). The 
material was stored under vacuum over Drierite in the dark. Over 
long periods of time no decomposition was ever detected. 

All solutions were made with degassed water. Phosphate buffer 
solutions were prepared in liter quantities to reduce aging effects. 
Sodium carbonate solutions were freshly made for each kinetic run 
to reduce loss of carbon dioxide. Standard sodium hydroxide 
solutions were stored in polyethylene bottles under Ascarite. No 
2,2'-dichlorodiethylamine hydrochloride stock solutions were used; 
the solutions were freshly prepared from weighed amounts of 
mustard before each kinetic run. 

Apparatus. The analytical method for following chloride ion 
evolution was essentially that of Swain and Ross.10 Modifications 
involved the use of closed, four-necked flasks, with the stirrer 
introduced through a rubber sleeve in one of the necks. The use of 
closed cells with volumes only slightly greater than that of the solu
tions minimized the loss of gaseous carbon dioxide. 

The electrodes were 55 cm of no. 18 silver wire, 40-45 cm of which 
was wound into two concentric coils as the electrode surface; the 
remainder was coated with polystyrene to serve as the electrode 
shank. The electrodes were made as pairs from adjacent pieces of 
wire and were anodized in 2.0 TV hydrochloric acid for 45 min and 
shorted together as a pair overnight in 0.15 N sodium chloride to 
reduce small differences in potential. An electrode pair was used 
only if the potential difference between the electrodes was less than 
0.1 mV. No attempt was made to produce standard silver-silver 
chloride reference electrodes of definite potential. 

The salt bridge was made from a length of polyethylene tubing 
sealed at each end with a porous glass plug; the salt-bridge solu
tions, containing phosphate, carbonate, and nitrate, duplicated 
the kinetic run solutions in buffer, carbonate, and ionic strength. 

The chloride ion concentrations, measured by the concentration 
cell technique, were subject to the usual errors in electrical methods: 
liquid junctions of the salt bridge, changing electrode response, and 
changes in the stirring rate. In order to reduce the effect of these 
errors the kinetic data were treated by the Guggenheim method.11 

The kinetic cell assembly was mounted in a thermostat main
tained at 36.7 ± 0.05° measured with a thermometer calibrated 
against an N.B.S. thermometer. During the kinetic runs the pH 
was found never to vary more than ±0.01 pH unit as measured on a 
Beckman Research pH Meter capable of reading to ±0.002 pH unit. 

Kinetic Procedure. 3-(2-ChIoroethyl)-2-oxazolidinone Formation. 
In a typical run, sodium carbonate necessary ultimately to produce 
solutions 0.009-0.08 M was dissolved in 0.24 M phosphate buffer. 
Fifty milliliters of this solution was pipetted into each thermostated 
cell. Sodium nitrate necessary to give the desired ionic strength 
(0.26-0.36) was added. Equal amounts of water were added to 
each cell in order to make about 100 ml of total solution. The 
electrodes were mounted and the cells closed. Nitric acid, 1.0 N, 

(9) K. Ward, Jr.,/. Amer.Chem.Soc, 57,914(1935). 
(10) C. G. Swain and S. D. Ross, ibid., 68,658 (1946). 
(11) A. A. Frost and R. G. Pearson, "Kinetics and Mechanism," 

2nd ed, Wiley, New York, N. Y., 1961, pp 49-50. 
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Table I. Ka of 2,2'-Dichlorodiethylamine Hydrochloride 
(K,,) at 36.7 ± 0.05° 

WKa, mol 1." Ref 

3.9 ± 
3.2 
0.6306 

0.4» This work 
7 
c 

" Average of four titrations of 2,2'-dichlorodiethylamine hydro
chloride; 95 % confidence limits. b At 22°. ' N. Brock and H. J. 
Hohorst, Arzneim.-Forsch., 11, 164(1961). 

the approximate range found for a 95% confidence level in de
terminations where there were several measurements. 

Results and Discussion 

Table II summarizes the pseudo-first-order rate 
constants for formation of chloride ion in aqueous 
solutions of 2,2'-dichlorodiethylamine buffered for 
pH and carbon dioxide at controlled ionic strength. 
No systematic effects, within the limits of error of the 

Table II. Pseudo-First-Order Rate Constants for the Formation of 3-(2-Chloroethyl)-2-oxazolidinone from 0.0008 M 
Aqueous Solutions of 2,2'-Dichlorodiethylamine at 36.7 ± 0.05° 

PH 

7.48 ± 0.01 
7.49 ± 0.01 
7.50 ± 0.01 
7.49 ± 0.01 
6.62 ± 0.01 
6.63 ± 0.01 
6.63 ± 0.01 
6.64 ± 0.01 
6.63 ± 0.01 
6.64 ± 0.01 
6.33 ± 0.01 
6.32 ± 0.01 
6.34 ± 0.01 
6.32 ± 0.01 

102INa2CO3],
1' M 

1.778 ± 0.018 
3.531 ± 0.021 
5.138 ± 0.029 
6.79 ± 0.16 
1.809 ± 0.081 
3.47 ± 0.40 
5.249 ± 0.057 
6.263 ± 0.011 
7.047 ± 0.012 
8.628 ± 0.014 
0.976 ± 0.016 
1.823 ± 0.031 
5.137 ± 0.087 
8.48 ± 0.14 

CO2, mol % 

2.91 
2.81 
2.71 
2.72 

14.2 
13.8 
13.6 
13.5 
13.6 
13.6 
20.4 
20.4 
19.6 
19.9 

104[CO2], M 

5.17 ± 0.05 
9.92 ± 0.06 

13.92 ± 0.08 
18.47 ± 0.45 
25.7 ± 1.2 
47.9 ± 5.5 
71.4 ± 0.8 
84.6 ± 0.1 
95.8 ± 0 . 2 

117 ± 2 
19.9 ± 0.3 
37.2 ± 0.6 

101 ± 2 
169 ± 3 

Ionic strength 

0.258 ± 0.001 
0.281 ± 0.001 
0.301 ± 0.001 
0.321 ± 0.001 
0.291 ± 0.001 
0.297 ± 0.001 
0.321 ± 0.001 
0.326 
0.330 
0.313 
0.289 
0.307 
0.342 
0.364 

Wk',a sec - 1 

3.2 ± 0.4 
5.3 ± 0.3 
7.1 ± 0.3 
8.8 ± 0.8 
1.0 ± 0.2 
1.9 ± 0.5 
2 . 6 ± 0.6 
3.1 ± 0.6 
3.9 ± 0.8 
4.4 ± 0.9 
0.33 ± 0.06 
0.67 ± 0.13 
1.10 ± 0.20 
1.76 ± 0.40 

No. of 
runs 
in av 

5 
8 
5 
3 
2 
2 

" All errors are for a 95 % confidence level. Rate constants from a single determination are arbitrarily assigned a ± 20 % deviation. ' Aver
age stoichiometric concentrations. Where only a single value is used to represent this average concentration, a deviation of ± 1.7 % was as
sumed by averaging the 95 % confidence limits of average concentrations having multiple values. 

was added to adjust the pH to the value desired for the run. The 
circuit was closed and allowed to equilibrate for about 5 min; then 
0.01 M sodium chloride was added as necessary to either cell to 
balance one cell against the other. With the circuit open, sodium 
chloride equivalent to the chloride ion expected from the mustard 
hydrochloride counterion and enough water were added to the 
reference cell to bring the solution to a known total volume of about 
125 ml. At time zero a 20-ml aliquot of 2,2'-dichlorodiethylamine 
hydrochloride was blown from a pipet into the reaction cell to 
start the reaction quickly. This gave a mustard concentration of 
about 0.0008 M and a total volume of about 125 ml in the reaction 
cell. The chloride ion concentration at to was the same in both the 
reaction and reference cells; it was equal to about 0.0008 M plus a 
small amount of chloride ion that was added to balance the cells. At 
intervals thereafter the circuit was closed and excess sodium chloride 
solution was added to the reference cell, displacing the galvanometer 
from zero. The production of chloride ion in the reaction cell 
caused the galvanometer to move back to zero. When zeroed, 
the chloride ion concentration in both cells was taken to be the 
same. At the end of the reaction the chloride ion concentration 
had approximately doubled. 

l-(2-Chloroethyl)aziridine Formation. Conditions for measure
ment of the kinetics of aziridine formation were the same as those 
for oxazolidinone formation except that no sodium carbonate was 
added. All solutions were degassed in the cells before aziridine 
runs were started, and the runs were conducted under nitrogen. 

pKa of 2,2'-Dichlorodiethylamine Hydrochloride. The pK* of 
2,2'-dichlorodiethylamine hydrochloride, pK^ of eq 1, was deter
mined by a pH titration. Each pH titration of the four determi
nations was completed in less than 5 min. A comparison of the 
stoichiometric equivalence point with the experimental equivalence 
point showed no excess acid within the pH error limits; if the 
determination were carried out more slowly, a correction would 
have been necessary because of additional acid formed from the 
reaction of free mustard to aziridine (eq 2). All results are sum
marized in Table I. 

Error Treatment. Where enough measurements of a value were 
available, deviations from the arithmetic mean have been expressed 
to a 95% confidence level. Where there was only one measure
ment of a value, a 20% range has been assumed corresponding to 

measurements, were found when the ionic strength of 
the solutions was varied from 0.26 to 0.36. The carbon 
dioxide concentrations were calculated from the stoi
chiometric concentrations of sodium carbonate using 
published values for the equilibrium constants12 which 
relate carbonate and bicarbonate to carbon dioxide. 

The effects of pH and carbon dioxide concentrations 
on the rate of oxazolidinone and chloride ion formation 
can be expressed in terms of eq 1-8. From these 
equations, the rate of formation of chloride ion in 

+ tf.i 
(ClCH2CH2I2NH2 ^—- (C1CH2CH2)2NH (D 

MH M 

(C1CH2CH2)2NH — - ClCH2CH2^ 

M / 

H + C P (2) 

A", + 
(C1CH2CH2)2NH + CO2 = = * (C1CH2CH2)2NH CO 2

- (3) 

M 

(C1CH2CH2)2NH+C02~ 

M+CO 2
-

'-'I 

M+CO2" 

H 
Cl CHoCH?, 

-N+- C 
I + c r 
O 

(4) 

(12) H. S. Harned and R. Davis, Jr., /. Amer. Chem. Soc, 65, 2030 
(1943); H. S. Harned and F. T. Bonner, ibid., 67, 1026 (1945); H. S. 
Harned and S. R. Scholes, Jr., ibid., 63, 1706 (1941); D. Berg and A. 
Patterson, Jr., ibid., 75, 5197 (1953); K. F. Wissbrun, D. M. French, 
and A. Patterson, Jr., J. Phys. Chem., 58, 693 (1954). 
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PH 10'[H+], M Slope, sec-
Intercept, 

mol Ir sec- 1OV[H+], 1. mol-
10-6slope/[H+], 
1. mol - 1 sec - 1 

7.49 ± 0.01 
6.63 ± 0.01 
6.33 ± 0.01 

0.324 ± 0.008 
2.34 ± 0.06 
4.7 ± 0.1 

0.14 ± 0.05 
2.3 ± 0 . 6 
5.3 ± 2.2 

42 ± 20 
48 ± 41 

267 ± 644 

31 ± 1 
4.3 ± 
2.14 d 

0.1 
: 0.05 

4.4 ± 1.5 
9.8 ± 2.5 

11.3 ± 4.7 

All errors are for a 95 % confidence level. 

# a S 

( C l C H 2 C H 2 ) 2 N H + C 0 2
- = = t ( C l C H 2 C H 2 ) 2 N C 0 2 - + H + ( 5 ) 

M C O 2
-M + C O 2 " 

(C1CH2CH2)2NC02H = = t ( C I C H 2 C H J ) 2 N C O 2
- + H + ( 6 ) 

MCO2H M C O 2
-

(C1CH2CH2)2NH+C02H ^ t (C1CH 2 CH 2 ) 2 NH + C0 2
- + H + 

M CO2H M + C O 2
- (7) 

(C1CH2CH2)2NC02~ 

M C O 2
-

ClCH2CH2^ 
N C ' 

(8) 

h + C1" 
terms of free mustard results (eq 9). The mustard 

dfcl~J = (kt + ^4^3[co2] + kaKMco2]\[U] (9) 
dt [H+] 

initially added, however, exists not only as free mustard 
and as product but also as those compounds identified 
with the equilibria represented by eq 3,13 5, 6, and 7. 
Consequently, the concentration of free mustard is 
given by eq 10 and the rate of chloride ion formation 

[M] = ([M0] - [Cl - ] ) /A + [-|^-] + /ST3[CO2] + 

Aa5A3[CO2] + KMCO2] + A3[H+][CQ2]\ 
[ H + ] Aa6 Aa7 

by eq 11. If the pH and carbon dioxide concentrations 

d[Cl-] 
dt 

1 + 
A"al 

k2 + /V4^3[CO2] + 

+ A3[CO2] + 
[H+] ^ ^ r r , ^ n _, A36A3[CO2] , ^5A3[CO2] 

[H+] 

A3[H+][CQ2] 
K^ 

Ac8Aa5A3[CO2]' 
[H+] 

Aa + 
( [Mo]- [Cl - ] ) (11) 

are held constant, the pseudo-first-order rate constant 
for chloride ion formation is then given by eq 12. 

(13) Justification for the inclusion of the reaction represented by eq 3 
as an equilibrium rather than as the slow step in the formation of ox-
azolidinone results from a comparison of our results with the rates of 
reaction of carbon dioxide with secondary amines as measured by 
Faurholt, I4>IB vide infra. 

(14) C. Faurholt, J. Chim. Phys., 11, 1 (1925); V. Lund and C. Faur
holt, Dan. Tidsskr. Farm., 22,109 (1948). 

(15) A. Jensen, M. B. Jensen, and C. Faurholt, Acta Chem. Scand., 
8,1129(1954); M. B. Jensen, ibid., 11,499(1957). 

k2 + ICiK3[CO2] + 
Ac8Aa5A3[CQ2]' 

[H+] 1 + 

[H+J I ~ r r r , T I Aa5A3[CO2] Aa5A3[CO2] 
-J^ + W O 2 ] + [H+] + ^ + 

A3[H+][C02] 
Kg 7 

(12) 

3-(2-Chloroethyl)-2-oxazolidinone Formation. Four 
possible kinetic pathways for the formation of oxazoli-
dinone can be envisioned: (1) formation of aziridinium 
ion with subsequent production of oxazolidinone, eq 2, 
(2) carbon dioxide attack on the amine as the slow 
step in oxazolidinone formation, eq 3, (3) ring closure 
to oxazolidinone from the carbamate zwitterion as the 
slow step, eq 4, and (4) ring closure to oxazolidinone 
from the carbamate anion as the slow step, eq 8. 

Since oxazolidinone is formed 50 times faster than is 
aziridine,2| 4 vide infra, the aziridinium ion (eq 2) cannot 
play any role in oxazolidinone formation. 

Carbon dioxide attack on the amine (eq 3) cannot 
be the slow step since Faurholt, Jensen, and coworkers14 •n 

have shown that carbon dioxide in excess reacts with 
amines to give carbamates at pseudo-first-order rates 
about 106 times greater than those we have observed 
for oxazolidinone formation. 

If the slow step were that represented by eq 4, the 
second term in the numerator of eq 12 would be larger 
than the other two which, consequently, can be deleted; 
the reciprocal of the resultant equation is then given by 
eq 13. A plot of l/k' vs. 1/[CO2] at constant pH gave 

1/k' 
1 + rH+] + 1 + 

Ar4A3[CO2] Aa1A3Ar4[CO2] k, 
Ka5 + _*•?_ + Oi+I (i3) 

Ar4[H+] A:4Aa6 ^ k4Ka7 

a line whose slope divided by the hydrogen ion con
centration is given by eq 14. A plot of values (Table 

slope _ 1 
IrF] ~ Ac4A3[H+] + 

1 
AalA3A;4 

(14) 

III) for slope/[H+] vs. 1/[H+] resulted in a line of nega
tive slope, 1/Ac4A3 = —0.234 sec, with an intercept, 
l/AalA3fc4, of 11.4 X 106 sec. Such a result has no 
chemical significance, since it would require negative 
values for two rate or equilibrium constants; conse
quently the slow step in the reaction cannot be ring 
closure through the carbamate zwitterion. 

If the mechanism were to proceed through the reac
tion represented by eq 8, ring closure to oxazolidinone 
from the carbamate anion as the rate-controlling step, 
the last term in the numerator of eq 12 would be larger 
than the other terms in the numerator; the reciprocal of 
the resultant equation if the first two terms in the numer-

Robinson, Herbrandson / 2,2'-Dichlorodiethylamine 
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T 1 1 r 

8 12 16 20 24 28 
i/[co2]ag x io-2 

Figure 1. Mk' vs. 1/[COj]11,, at pH 7.49 ± 0.01 and 36.7°; eql5. 

Figure 2. Slope/[H+] vs. [H+] for ring closure from carbamate 
anion; eq 16. 

ator are deleted is eq 15. A plot, Figure 1 is typical, of 
l/k' vs. 1/[CO2] at constant pH gives a line whose slope 

l/k' = [H+] 

[H+] 
ksK^ 

+ 
[H+] = 

ksK^KsKdCOz] + 
+ i + [H+] ^ [H+]= 

kg k%K&% ksK^K^ 
(15) 

divided by the hydrogen ion concentration is represented 
by eq 16. From this a plot of values (Table III) of slope/ 

slope 1 
+ 

[H+] 
[H+] ksK^Kz ksKaaKzKzi 

(16) 

[H+] vs. [H+] (Figure 2) gave a line with a slope l/ksK&i • 
KsKz1 = (1.7 ± 1.2) X 1013I. sec mol-1 and an intercept 
1/ksKtsKi = (4.1 ± 1.9) X 106 sec. Division of the 
slope by the intercept gives a value for A"ai = (2.5 ± 2.0) 
X 10~7 mol I.-1. The agreement between this value 
and that which was determined directly by pH titra
tions on 2,2'-dichlorodiethylamine, (3.9 ± 0.4) X 
1O-7 mol I.-1, is excellent evidence that the rate-control
ling step in the formation of the oxazolidinone is ring 
closure from the carbamate anion. 

,-^ iooo -
CM 

O 

> 800 

600 -

- 400 -

- 200 -
O 

""9 I i i i i i i 

0 1 2 3 4 5 6 
CH+] X IO7 

Figure 3. Intercept vs. [H+] for ring closure from carbamate anion; 
eql7. 

40 60 
[H+] X IO8 

Figure 4. \jk' vs. [H+] in the absence of carbon dioxide; eq 18: 
O, this work; • , fromref 2b,c. 

Table IV. Pseudo-First-Order Rate Constants for 
l-(2-Chloroethyl)aziridinium Ion Formation at 36.7 0.05° 

PH 

7.48 ± 0.02 
6.62 ± 0.01 
6.31 ± 0.01 
7.2 
6.0 

" Reference 2c. 

Ionic strength 

0.283 ± 0.015 
0.290 
0.298 ± 0.001 

103A', sec '1 

0.56 ± 0.03 
0.32 ± 0.03 
0.15 ± 0.06 
0.5° 
0.07« 

No. of 
runs 
in av 

4 
3 
2 

The intercept of a plot of l/k' vs. 1/[CO2] (eq 15) is 
expressed by eq 17. When the intercept is plotted 

intercept 
_1 [H+] [ [H+] ( [H+] = 

MT.. k$Ka$ kgKabKi 
(17) 

against the hydrogen ion concentration (Figure 3) 
the intercept of the resulting line provides a value for 
h = (2.4(+5.3, -1.0)) X 10-2SeC"1. 

l-(2-Chloroethyl)aziridine Formation. The pseudo-
first-order rate of chloride ion production from aziri-

Journal of the American Chemical Society j 94:22 j November 1, 1972 
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dine formation (eq 2) can be obtained from eq 12 by 
dropping all carbon dioxide containing terms. The 
reciprocal of such a reduced equation is given by eq 18. 

A plot, Figure 4, of \jk' vs. [H+], Table IV, yields a line 

The alkaline hydrolysis of substituted acetanilides 
has been studied by a number of workers and re

cently reviewed by O'Conner.1 Biechler and Taft2 

showed that the pseudo-first-order rate constant for 
the hydrolysis of trifluoroacetanilide displayed a para
bolic dependence on O H - concentration. They pos
tulated a model in which abstraction of a proton by 
hydroxide (i.e., ionization of the neutral form of tri
fluoroacetanilide) produced a nonreactive species. 
From their data they calculated a pATa of 11.9 in water. 
Mader3 measured the pATa of trifluoroacetanilide spec-
trophotometrically and showed it to be 9.5. He pro
posed a mechanism for the hydrolysis in which a reac
tive intermediate arises either by addition of hydroxide 
to the un-ionized form or water to the ionized form of 
trifluoroacetanilide. Eriksson and coworkers45 stud
ied the effect of various bases as catalysts for the hydrol
ysis of trifluoroacetanilide. They postulated that the 
tetrahedral intermediate was formed by addition of 
hydroxide ion to the un-ionized substrate. Ionization 
of the trifluoroacetanilide in their model represented a 
nonhydrolytic pathway. Bender and coworkers6,7 as
sumed that the intermediate for the hydrolysis of acetan-
ilide was formed by addition of OH - . With this sub
strate no ionization of substrate takes place in the range 
of O H - concentrations studied. Schowen and his 

(1) C. O'Connor, Quart. Rev., Chem. Soc, 24, 553 (1970). 
(2) S. S. Biechler and R. W. Taft, Jr., / . Amer. Chem. Soc, 19, 4927 

(1957). 
(3) P. M. Mader, ibid., 87, 3191 (1965). 
(4) S. O. Eriksson and C. Hoist, Acta Chem. Scand., 20, 1892 (1966). 
(5) S. O. Eriksson and L. Bratt, ibid., 21, 1812 (1967). 
(6) M. L. Bender and R. J. Thomas, / . Amer. Chem. Soc, 83, 4183 

(1961). 
(7) R. M. Pollack and M. L. Bender, ibid., 92, 7190 (1970). 

whose intercept divided by the slope provides another 
value ofATai, (2.4(+0.7, -0.9)) X 1O-7, to be compared 
with the value of (3.9 ± 0.4) X 1O-7 obtained titri-
metrically. 

Rauen's results2bc are included in Figure 4 but have 
not been used in the calculation of the slope or intercept. 
From the intercept, Ar2 = (6.3 ± 1) X IQ-4SeC-1. 

coworkers8-11 used a model similar to that of Bender 
for analyzing their data on the hydrolysis of N-methyl-
trifluoroacetanilide. Again, no ionization is possible 
with this substrate. 

The hydrolysis of acylanilides might be thought a 
reasonable model reaction to compare with the en
zymatic hydrolysis of amides, much as the catalyzed 
hydrolysis of esters has been used as a model of en
zymatic hydrolysis of esters.12-14 In fact, published 
data have not supported the analogy for the anilide 
case. Studies of the hydrolysis of A^-acetyltyrosyl-
anilides by chymotrypsin16-18 have yielded negative 
p values with respect to the effect of substituents in 
the anilide moiety on the rate of acylation of enzyme 
by the substrate. In contrast, p values derived from 
studies of the hydroxide ion catalyzed hydrolysis of 
anilides611 have been positive. 

In this paper I report some studies on the hydroxide-
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Abstract: The hydrolysis of seven trifluoroacetanilides having various substituents in the aniline ring was in
vestigated at low and high pH. The rate constants for all reactions postulated to occur were obtained separately, 
and Hammett p coefficients for each rate constant were calculated. Positive or zero p values were obtained for 
the reactions: addition of OH - to trifluoroacetanilide to form a tetrahedral intermediate (ki); expulsion of OH -

from the intermediate (k-i); and donation of a proton to the intermediate by water (&2) to form products. The OH " 
catalyzed breakdown of the intermediate (k3) had a negative p coefficient. The rate-limiting step for ks is considered 
to involve a proton transfer, while that for k* is concluded to be heavy-atom rearrangement. The implications of 
these findings for the mechanism of action of serine proteases (where hydrolysis of anilide substrates has a negative 
P value) is discussed. 
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