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A kinetic study on the aqueous cleavagéef2-methoxyphenyl)phthalimidel andN-(2-hydroxyphenyl)-
phthalimide ), under the buffers dii-methylmorpholine, reveals the equilibrium presence of monocationic
amide (Ctam) formed due to nucleophilic reactiondNefnethylmorpholine withl and 2. Pseudo-first-
order rate constants for the reactions of water and M@h Ctam (formed through nucleophilic reaction

of N-methylmorpholine withl) are 4.60x 107°s™* and 47.9 M s7%, respectively. But the cleavage of
Ctam, formed through nucleophilic reaction¥methylmorpholine witl®, involves intramolecular general
base (20~ group of Ctam)-assisted water attack at carbonyl carbon of cationic amide group of Ctam in
or before the rate-determining step.

Introduction certain reactions involve general acid and general base catalysis
while other reactions of the same class do not involve such
Mechanistic diagnosis of various types of catalytic processes catalysis?
has been the subject of tremendous interest during the last few A nycleophile, devoid of hydrogen attached covalently with
decades, and many facets of these catalytic processes have begficleophilic site such as tertiary amines, can catalyze the
understood to a reasonable degree of confidéite surge of hydrolysis of esters and amides (RCOX,=XOR; and NH)
interest in this rather highly complex field of research is simply - through either intermolecular nucleophilic catalytic mechanism
due to the realization that all or most of these catalytic processes(Scheme 1) or intermolecular general base catalytic mechanism
are involved in most of the biocatalytic processes such as (Scheme 2).
enzyme-catalyzed reactions. Despite the accumulation of large |5 Scheme 1, depending upon the physicochemical charac-
amount of information on these catalytic processes, we are still teristics of X and Nu, either thi,'—or k,'—step is the rate-
unable to answer some very simple questions such as whydetermining step provided Ctam is highly reactive compared
to RCOX toward HO. The derived rate laws shown in Scheme

(1) (a) Jencks, W. PAcc. Chem. Red976 9, 425. (b) Jencks, W. P. 1 (rate= kny[RCOX][Nu]) and Scheme 2 (rate ky[RCOX]-
Acc. Chem. Red.98Q 13, 161. (c) Guthrie, J. Rl. Am. Chem. S0d98Q [Nu] with kgp = kgo [H20] where [HO] > [RCOX]) are
102, 5286. (d) Jencks, W. Ehem. Soc. Re 1981, 10, 345. (e) Kerschner,
L. D.; Schowen, R. LJ. Am. Chem. S0d.971, 93, 2014. (f) Jencks, W. P.
Catalysis in Chemistry and Enzymolod¢cGraw-Hill: New York, 1969. (2) (a) Khan, M. NJ. Chem. Soc., Perkin Trans1885 891. (b) Khan,
(g) Khan, M. N. Micellar Catalysis. I8urfactant Science Serj@SRC Press, M. N. J. Chem. Soc., Perkin Trans1887, 819. (c) Khan, M. NJ. Chem.
Taylor & Francis Group, LLC: Boca Raton, FL, 2006; Vol. 133, Chapter Soc., Perkin Trans. 2985 1977. (d) Khan, M. NJ. Chem. Soc., Perkin
2. Trans. 21988 1129.
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kinetically indistinguishable, and consequently, these two whereky = kopsat [Am]r = 0, ky2PPrepresents apparent buffer-
alternative catalytic mechanisms cannot be easily and unam-catalyzed pseudo-first-order rate constant for the cleavage of
biguously differentiated from each other. However, solvent and K is an empirical constant (most likely an equilibrium
deuterium kinetic isotope effects and some other plausible constant for reactive complex formation between buffer Bnd
chemical reasons have been used to differentiate betweenThe nonlinear least-squares technique was used to caléylate
Schemes 1 and 2 under the typical reaction conditléAs. k2P, and K from eq 1, and these results are summarized in
The direct and perhaps the most convincing evidence for the Table 1. An apparent satisfactory fit of observed data to eq 1 is
occurrence of reaction mechanism in Scheme 1 is to characterizeevident from the standard deviations associated with the
experimentally the presence of Ctam during the progress of thecalculated kinetic parameterko( k,**", andK) and from the
reaction. There appears to be no such report(s) (to the best oflots of Figure 1 where solid lines are drawn through the
our literature search) where an intermediate like Ctam could calculated data points using eq 1 and the parameters listed in
be characterized experimentally except when Nu is an imida- Table 1.
zole? The stability of Ctam is significantly increased when Nu  Itis perhaps noteworthy that although the values of absolute
= imidazole because of the resonance dispersal of positiveresidual errors (ARE= |Kopsi — Keaical With Kopsi and Kealcai
charge between two nitrogens (one tertiary and the other representing respective observed and least-squares calculated
secondary) of imidazole. The present report provides, perhapsvalues of rate constants at ith value of [Amgt a constant
for the first time, the direct kinetic evidence for the presence of fraction of free base) are6 %, the calculated values &,
an intermediate or complex on the reaction path in the hydrolysis ki**" andK at pH 7.16 and 7.27 are associated with considerably
of N-(2-methoxyphenyl)phthalimidel] andN-(2-hydroxyphe- high standard deviations (Table 1). Furthermore, the negative
nyl)phthalimide ) in the presence oN-methylmorpholine  Vvalue ofko, at pH 7.27 is physically/chemically meaningless.
buffers. The observed results and their probable explanations g -
are described in this manuscript.

. . 16 A o
Results and Discussion o

Effects of Total Concentration of N-Methylmorpholine 14 4
Buffer, [Am] 1, on Kkgps for the Aqueous Cleavage of 1 at
35 °C. The aqueous cleavage bfwas kinetically studied by
carrying out kinetic runs within [Am] (where [Am}r = [Am] 12{ Jo* ¢
+ [AmH*] with Am and AmH" representing unprotonated and g
protonatedN-methylmorpholine, respectively) range).005- " 10 - o - =
0.80 M at a constant pH and ionic strength (1.0 M by NaCl). £ o
Pseudo-first-order rate constarits,, calculated fromeq 5 (in &
the Experimental Section), are shown graphically in Figure 1. 8 1 o -
Such observations were obtained at different pH ranging from o
7.16 £ 0.01 to 7.82+ 0.02 as shown by Figure 1. The values 1
of kops at a constant pH, were found to fit to eq 1 = .

o+ kS PR[AmM] “f
b= 1T KAM], 1) 2

(3) (a) Gresser, M. J.; Jencks, W.P.Am. Chem. S0d.977, 99, 6963.
(b) Oakenfull, D. G.; Jencks, W. B. Am. Chem. S0d.971, 93, 178. (c) 0+ v T T T T T T 1
Fersht, A. R.; Jencks, W. B. Am. Chem. So&97Q 92, 5432. (d) Hubbard, 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
P.; Brittain, W. JJ. Org. Chem1998 63, 677. (e) Shieh, W.-C.; Dell, S.; [Am]y/ M
Repic, O.J. Org. Chem2002 67, 2188. (f) Jencks, W. P.; Gilchrist, M.
Am. Chem. Sod 968 90, 2622.

(4) (a) Jencks, W. P.; Carriuolo, J. Biol. Chem1959 234, 1272. (b)

FIGURE 1. Effect of totaIN-methylmorpholine buffer concentrations,

Wolfenden, R.; Jencks, W. B. Am. Chem. So&961, 83, 4390. () Bruice, [Am]+, on pseudo-first-order rate constakjs for the aqueous cleavage

T. C.; Schimir, G.-L.J. Am. Chem. Sod957, 79, 1663. (d) Bruice, T.C.; ~ of 1atpH7.16 &), 7.27 @), 7.45 @), 7.57 (0), 7.79 A), and 7.82
Schimir, G.-L. J. Am. Chem. Socl958 80, 148. (e) Bender, M. L, (O). The solid lines are drawn through the calculated data points using
Turnquest, B. WJ. Am. Chem. S0d.957, 79, 5432. eg 1 and the parameters listed in Table 1.
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TABLE 1. Values of Kinetic Parameters,ko, kp2°P, and K Calculated from eq 1 for the Aqueous Cleavage of 1 and 2 in the Presence of
N-Methylmorpholine Buffers 2

imide pH 10 ko (s 10Pky,2PP (s71) Yb KM [Am]+ rangé (M)
1 7.16+0.01¢ 1.53+0.63¢ 6.72+0.53¢ 3.89+ 1.80d 0.10-0.80
(1.44y (6.66+ 0.27)f 1.7 (4.13+ 0.53)f
7.27+0.01 —1.19+ 2.57 7.13+ 0.36 10.8+ 6.7 0.16-0.80
(1.86) (7.924 0.52) 1.9 (3.64= 0.84)
7.454+0.01 3.13+-0.64 9.45+ 0.56 5.31+ 2.20 0.05-0.80
(2.81) (9.264 0.31) 1.9 (6.36% 0.86)
7.57+0.01 5.39£ 0.75 11.5+ 0.6 5.54+ 2.68 0.05-0.80
(3.71) (10.9+ 0.3) 15 (11.8£ 1.7)
7.794+0.01 8.27+ 0.82 14.2+£ 0.2 11.8+ 3.9 0.05-0.80
(6.16) (14.0£0.1) 1.3 (22.2: 1.9)
7.82+0.02 7.74+ 0.51 16.4+ 0.5 11.7+ 2.8 0.005-0.80
(6.59) (16.0+ 0.4) 2.1 (18.2+ 2.5)
2 7.65+0.02 (1300y (2450 30) - (9304 224) 0.002-0.15
8.11+0.03 (3000) (5080 60) - (597+ 136) 0.003-0.10

a[1g] =2.0x 1074 M, A =290 nm, Ro] = 3.0 x 1074 M, 2 = 300 nm, ionic strength 1.0 M (maintained by NaQly= 35 °C, aqueous reaction mixture
for each kinetic run contained 2% v/v GEN. Y = Kgps (at [AM]T™)/Kqps (at [AM]r™") with [Am]t™2*and [Am}™n representing respective maximum and
minimum values of [Amj attained in the study: Total amine buffer concentration rang€Error limits are standard deviatiorParenthesized values are
buffer independent rate constanks)(calculated from the relationshifko = kon [HO~] wherekon = 29.1 M1 s7%, [OH"] = aon/y andy = 0.7.7 Values
in parentheses are calculated from eq 1 using knkywalues.9 Values in parentheses are the buffer independent rate condtgnesilCulated from the
relationshipky = 60/(ay + @) with 6 = 3.34 x 100°M s tand® = 3.36 x 10°° M.

Thus, the values dfy, k2P, andK at pH 7.16 and 7.27 are not  almost unchanged and changésvalues significantly (56

very reliable. It is evident from these data that a satisfactory fit 112%) at higher pH. Thus, under such conditidds,alues are

of the observed data to a multiparameters kinetic equation doedess reliable.

not depend only upon considerably low values of ARE but also  An analytical look at eq 1 reveals that (i)kif*PPko > 1 then

on the calculated values of various kinetic parameters. In the the increase in [Am] should cause nonlinear increasekis

case of an empirical multiparameter kinetic equation, it is (ii) if k,2PRko = 1, thenkyps Should be independent of [Am]

generally difficult to test the reliability of the values of various and (iii) if ky2P?ky << 1 then the increase in [Amkhould result

empirical constants/parameters because the physicochemicain a nonlinear decrease ings The values ok,#*Rk, decrease

nature of these empirical constants is generally unknown. It is from 4.6 to 2.4 with increase in pH from 7.16 to 7.82 for

therefore advisable to use a kinetic equation with the least N-methylmorpholine buffer (Table 1). It is evident from the plots

possible number of kinetic parameters. The validity of the values of Figure 1 that the observed data at pH 7.79 Kemethyl-

of the least-squares calculated kinetic parameters decreases witmorpholine buffer can fit equally well (in terms of low ARE

the increase in the number of such parameters of the kineticvalues) to both egs 1 and 2, and consequently, the calculated

equation. It is quite possible that a large positive error in one parameter&,?*?, K, anda, S may not be considered as reliable

of the parameters is counterbalanced/compensated by almostinder such conditions. In eq &, and 5 represent empirical

equally large negative error in the other parameters leaving noconstants. It seems that the nature of eq 1 is such that the use

net effect on the low ARE values. of either a nonlinear least-squares method or a linear least-
In the present reaction system, the relatively more reliable squares method to a linearized form of eq 1 cannot yield reliable

values ofkg at different pH were obtained from the relationship values of bothk,?PandK if k,2PPky < 3 andY < 1.5 whereY

ko = koH[HO~] wherekoy represents second-order rate constant = kops (@t [AM]T™)/kops (@t [Am]r™M) with [Am]+™& and

for the reaction of HO with 1 and [HO] = 10°H-PKw/y with [Am]{™in representing respective maximum and minimum values

pKy = 13.62 (whereK,, is the ionic product of water) and  of [Am] attained in the study.

activity coefficienty = 0.76 at 1.0 M ionic strength. The value

of kow = 29.1 M™* s7! was obtained by carrying out kinetic Kops= 0 + S[AM] ¢ )

runs on alkaline hydrolysis df at 1.0 M ionic strength, 35C,

and varying concentration of NaOH as well as different pH of  gtfacts of Total Buffer Concentration, [Am]t, of N-

buffers where buffer catalysis was insignificant compared 0 pethyimorpholine on ks for the Aqueous Cleavage of 2 at

kor[HO"].” These calculated values kifwere used to calculate 35 °c A few kinetic runs were carried out for the aqueous

kp*PPandK from eq 1 using a nonlinear least-squares method ¢jeavage of within the [Am}r range 0.2-0.8 M at a constant

for two unknown parameters. Such calculated valuek,8P pH 7.03+ 0.01 and 1.0 M ionic strength. The valueslgs

andK at different pH are also summarized in Table 1. The yersys [Am} are shown graphically in Figure 2. Similar

quality of the fit of observed datdysversus [Amf) to eq 1 is observations were obtained at different pH, 728.03, 7.57

evident from the plots of Figure 1 where solid lines are drawn 02 7.66+ 0.01, 7.88+ 0.01, and 8.12+ 0.01 as shown

through the least-squares calculated data points and from theyraphically in Figure 2. There is a regular yet small decrease
standard deviations associated with the calculated parameters(.g 17 27, 35, 24, and 30% at respective pH 7.03, 7.23, 7.57

kp2PP and K, as shown in Table 1. It is evident from Table 1 7.66, 7.88, and 8.11) ikobs With the increase in [Am] from
that a moderate change (130%) in ko values leavesy™® 0.02 to 0.8 M (Figure 2). The increase in [M¥CI] from 0.01

to 1.0 M decreasekls for hydrolysis ofl or 2 at 1.0x 1073

Chf,LRgf,Tfé% 57-? l\Allgght, D. J.; Huang, D.-S.; Kamego, A. A.Am. M NaOH by ~20%. Similarly, the increase in [NaBr] from 0.0
6) Hine. J.: Via, F. A.: Jensen, J. H. Org. Chem1971 36, 2926. to 1.0 and 1.5 M decreasédys for hydrolysis of2 at 1.0 x
(7) Sim, Y.-L.; Ariffin, A.; Khan, M. N. J. Org. Chem2007, 72, 2392. 103 M NaOH by~20 and 30%, respectively. The equilibrium
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FIGURE 2. Plots showing the dependence of pseudo-first-order rate
constantsko,s on total N-methylmorpholine buffer concentrations,
[Am]+, for the aqueous cleavage »fat pH 7.03 #), 7.23 @), 7.57

(a), 7.65 (A), 7.88 @), and 8.11 ), respectively. The solid lines are
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0.0015, 0.0020, and 0.0025 M at pH 8.11 as welhd$5% at
[Am]+ = 0.001 M and pH 7.65.

Although weak effects of [Am]on kops do not appear to be
irregular, one might considégps values to be independent of
[Am]t at a constant pH. But this is not correct for the reason
that average values &f,s (= kay) as shown in Table 2 are nearly
2-fold larger than the corresponding valuekg€alculated from
the relationshigk = 0/(ay + ®) with 6 = 3.34x 1001°M s!
and® = 3.36 x 107° M.” Thus, it is apparent that the observed
data at pH 7.03, 7.23, 7.57, and 7.88 (Figure 2) should obey eq
1.

An attempt to fit the observed data at pH 7.03, 7.23, 7.57,
and 7.88 to eq 1 was unsuccessful. However, these observed
data were used to calculateand from eq 2 where, at least,
the values ofx may be considered as very closek#P values
because the average valueskgfs (= kay) at different pH,
obtained within [Am} range at a constant pH attained in the
study, are not significantly different from the corresponding
values ofa (Table 2). Furthermore, the valuesofat pH 7.66
and 8.12 (Table 2) are similar kg?PPvalues at the corresponding
pH (Table 1). The least-squares calculated valuesarfid at
different pH are summarized in Table 2.

Discussion

The second-order rate constarkof) for hydroxide ion
catalyzed cleavage of the amide bond in phthalamigdg €&
4.9 M1 s71)8 is ~10’-fold larger than that in benzamidkof
=6 x 1077 M~1s71).2 More than a million-fold rate enhance-

drawn through the calculated data points using eq 2 and the parametersnant in the alkaline hydrolysis of phthalamide is attributed to

listed in Table 2 as well as eq 1 and the parameters listed in Table 1.

for the plots (pH 7.6%A and pH 8.1100) shown as inset.

nucleophilic substitution cationteanionic productl4-, Scheme
5) formed in the reaction dfi-methylmorpholine with anionic

intramolecular carboxamide group assistance in the mild alkaline
medium. The kinetics of the rate of agueous cleavage of
phthalimide under the buffers of primdfyand secondary

amined! have been found to be complicated due to fast

2 contains an additional positive charge compared to anionic equilibrium formation ofN-substituted phthalamide followed

2. The rate of hydrolysis 014~ may be more sensitive to the
specific salt effect compared to that of aniogicAlthough we
could not find any report on the effects of salt(s) on the rate of

by a slow rate of hydrolysis of phthalamide as shown in Scheme

In view of Scheme 3, a plausible reaction mechanism for the

hydrolysis of closely related cationic amide(s), the mild decrease ¢/€@vage ofl in the presence of buffers of tertiary amines

(5—35%) inkops With an increase in [Am] (Figure 2) may be
ascribed to aN-methylmorpholinium chloride salt effect.

Pseudo-first-order rate constants for hydrolysis of acetylimida-

zole at 0.1 M HCI and 25C decreased by-67% with the
increase in [NaCl] from 0.0 to 3.0 MR

Following the suggestion of one of the reviewers, a few more
kinetic runs were carried out at two higher pH values (pH 7.65
+ 0.02 and 8.11+ 0.03) where the values of [Am]were
attained as low as 0.001 and 0.0015 M. The valuek,gfas

(R1R2R3N) may be shown in Scheme 4.
The observed rate law (rate kopd 1]t where fi]t = [1] +
[11]) and Scheme 4 can lead to eq 3

ko [HO] + (k,'[H,0] + K, THO DK [Am] ¢
bs ™ 1+ K'[Am],

©))
whereK' = fKH0)[HO T, fo = KA/ (ay + KAM), KA =

shown in Figure 2 reveal the presence of maxima in the plots [Am]as/[AmH™], K* = [11][HO J/[1][H20][Am] = ki*/k_1%,

of kopsversus [Am}. Although the decrease in ptApH) during

a kinetic run was significant at [Ara]< 0.005 M (e.g.ApH =
0.10, 0.21, 0.30, and 0.49 at [Am§ 0.005, 0.003, 0.002 and
0.0015 M, respectively, at pH 8.11 as well AspH = 0.10,
0.18, 0.25, and 0.54 at respective [Amt 0.005, 0.003, 0.002,
and 0.001 M at pH 7.65), the observed dakg,{versust) for

all these kinetic runs fit perfectly to eq 6 for the reaction periods
of >10 half-lives. The values d¢ns wWithin [Am]+ range 0.003
0.10 M at pH 8.11 and 0.0620.15 M at pH 7.65, were found
to fit to eq 1 withky,®*PandK as unknown parameters, and the
least-squares calculated valueskg? andK are summarized

in Table 1. These calculated valueskgfP andK predict the
decrease ikyps compared to the corresponding calculated rate
constants Kcaicd by ~15, 10, and 9% at respective [Am¥

and Am= R;R;R3N. Equation 3 is similar to eq 1 witky =
ko' [HO™], kp?P = ky*[H20] + k[HO™], andK = K'. The
relationships,®P = k,*[H20] + k{HO™] andK = fyK*[H,0]/
[HO™] predict that the plots di,2PPversus [HO] and K[HO ]
versusf, should be linear. Such plots as shown in Figures 3
and 4 appear to be linear but with significant deviations of
observed data points from linearity at higher valuedyoih
Figure 4. As discussed earlier in the text, the valueX aft
higher values ofy, are not reliable, and consequently, the large

(8) Shafer, J. A.; Morawetz, Hl. Org. Chem1963 28, 1899.
(9) Bunton, C. A.; Nayak, B.; O'Connor, d. Org. Chem1968 33,

2.
(10) Khan, M. N.J. Org. Chem1995 60, 4536.
(11) Khan, M. N.Colloids Surf. A2001, 181, 99.
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TABLE 2. Values ofa and 8, Calculated from eq 2 for the Aqueous Cleavage of 2 in the Presence bNfMethylmorpholine Buffers 2

pH 1Ca (s7Y) 16 (M~1sY 10%ay P (s79) 10%° (s Rd [Am]+ rangé& (M)
7.03+0.0f 7.85+0.13 —0.884+ 0.31 7.50+0.16 3.45 1.0 0.26-0.60
7.23+0.03 9.99+ 0.09 —1.89+0.18 9.14+ 0.48 5.37 1.1 0.160.80
7.57+0.02 23.4£ 0.2 —7.58+0.35 19.6+ 1.6 11.0 1.2 0.260.80
7.66+ 0.01 24.9+ 0.3 —8.80+£0.70 225+ 23 13.2 1.1 0.020.80
7.88+0.01 47.4+ 3.0 —155+55 39.7£ 4.5 20.2 1.2 0.260.80
8.12+ 0.01 50.9+- 0.5 —174+15 46.5+ 4.5 30.5 1.1 0.020.80

a[20] =3.0x 104 M, A = 300 nm, ionic strength 1.0 M = 35 °C, aqueous reaction mixture for each kinetic run contained 1% vACBH® Average
values ofkops Obtained within [Am} range attained in the studyThe values oky were calculated from the relationshipy = 6/(ay + ®) with 6 = 3.34
x 10019 M s tand® = 3.36 x 102 M. 4R = a/ka. ¢ Total buffer concentration rang&Error limits are standard deviations.

SCHEME 3
3 P s
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deviations of data points from linearity of the plot IgfHO]

versusf, at higher values ofy, are understandable. The least-

squares calculated respective valuekgf[H.0] andky* are

(4.604 0.45) x 10 ° st and 47.9+ 3.1 M1 st with ky as

the known parameter and (4.270.59) x 10-°s1and 51.3+

4.0 M~1 st with kg as the unknown parameter. The least-squares

calculated value oK*H;0O], from the equatioiK[HO~] = K*-

[H2O]fy, is (13.6+ 5.8) x 1076 with kg as the known parameter

and (14.84 10.9) x 1075 with kg as the unknown parameter.
The respective values &,*[H.0] (= 4.60 x 107°s™1) and

ko* (= 47.9 M1 s71) for N-methylmorpholinolysis ol are~70-

fold and ~2-fold larger than the corresponding rate constants

ke (= 6.74 x 1077s 112 and kop* (= 29.1 Mt s for

(12) Cheong, M.-Y; Ariffin, A.; Khan, M. N. Unpublished observations.

8456 J. Org. Chem.Vol. 72, No. 22, 2007
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FIGURE 3. Plot showing the dependence &f**? on [HO™] for
N-methylmorpholine buffer-catalyzed hydrolysis bfvhere the solid
lines are drawn through the calculated data points using relationship:
kPP = ky* [H20] + k2* [HO] for k,2P derived from eq 1 withk as
known parameterlf) andk, as unknown parametefrlj.
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FIGURE 4. Plot of K[HO™] versus fractions of free basg, for the
aqueous cleavage df under N-methylmorpholine buffer where the
values ofK were calculated from eq 1 considerikg as unknown
parameter{) and known parametel.

hydrolysis of 1.” Similarly, the values ok, [H20] is (2.7 x
109)-fold smaller thark, (= 12.2 x 1072 s%) for the reaction

of water with acetylimidazolium iof2 But the value ok,* (=
47.9 M1 s71) is only 20-fold smaller thatkoy {= 970 M1
s1= 2.7 x 1074/(107-13:62)y) with y = 0.86 at 0.2 M ionic
strength for the reaction of HO with acetylimidazolium iorf2

The addition-elimination reaction mechanism for the reactions
of water with 1, 11, and acetylimidazolium ion involves
expulsion of leaving group as the rate-determining step. But
nucleophilic attack by hydroxide ion becomes the rate-determin-
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SCHEME 5
llo “o 5 91"
©:Q H* @:C\N kq® [R1R2R3N] [H20] CNRR,R;
N = h —_—
c : Ka™ c 5 - @ -
o g o Ho k47 [HOT] g”
HO
z 2 14
H+ Kacam
9
.
Kim® [H20] @ECONH@ Kam® [H20] @KCNR1R2R3
co, HO - R{RoRgNH" 9”@
o _
(0]
4 14"

ing step in the reactions of HOwith 1, 11, and acetylimidazole.  cleavage oR2 in the presence oN-methylmorpholine buffers
Thus, the values d&;* andk,* should be expected to be weakly may be shown in Scheme 5.
and highly sensitive to thelf of the leaving groups, respec-

tively. Q

The values of hydroxide ion catalyzed second-order rate (9fNR1R2R3
constantsKon = kp*) are~10"—10%-fold larger than the values @G/Q\' e
of koy for alkaline hydrolysis ofN-methylbenzanilidé? ben- c—:@
zamide? N-methylbenzamid&,N,N-dimethylbenzamidé,and g H

N-benzylphthalamic aci# More than 10-fold larger reactivity
of cationic amides than that of neutral amides toward HO
cannot be attributed to onlyKg values of leaving groups in
these reactions but also to electrostatic effects as well as to the The observed rate law (rate kopnd2]r where Pt = [2] +
loss of the electrondonation resonance effect of an amino [27] + [14] + [147]) and Scheme 5 can lead to eq 4 (a brief
group in the cationic amide compared to that in neutral amide derivation of eq 4 is mentioned in the Supporting Information)
as shown inl2 and 13.

TS,

) = K fo "[H,0] + Ky fo S H,OIK [AM]
? ./ Qe 2/ ” L+ KA,

-— R_Q_N< R—C—N\ -— R—C:N\
12 13

4
Q@ ./ @
R—C—N<
wherefim = Kim/(ay + KJiM), flam = K fam(ay + KL2m) and
K' = fofdMK5[H0]/(f-La"[HO ) with K5 = k;%k_;°, fim =1 —
) fbim, facam =1- fbcam’ fb — KaAm/(aH + KaAm), KaAm - [Am]-
The values _okobsfor hydro_IyS|s of2 ata con_stant pH 7.57 a[AmH*] and Am = unprotonatedN-methylmorpholine.
+ 0.02 gnd different [Am] with Am representmg\l-methy_l- Equation 4 is similar to eq 1 witky = kin5fs™ [H20], ks?PP =
morpholine are 170- to 270-fold larger thigs for hydrolysis KanSfe®2H,0], andK = K'.
of 1 under similar experimental conditions (Figures 1 and 2).
Such an apparent significantly larger rate of hydrolysis?of

than that ofl in the presence dN-methylmorpholine buffers in the aqueous cleavages df and 2 in the presence of

,Of constant pH is due to the respective presence and absencg -methylmorpholine buffers as depicted in Schemes 4 and 5.
intramolecular general base (IGB) assistance in the hydroly3|s-|-he value of rate constant for the reaction of water viitis

of 2 and 1. Mechanistic details of IGB-assisted hydrolysis of negligible compared to that of HOwith 1 at pH > 7.0. But

2, where 0-O~ group acts as IGB, have been described o 'value oky“[H-0] is not negligible compared tHO ]
elsewhere. Although the values ok,*? andK could not be  gyen at pH 7.8. Thus, the values lafk, increase with the
calculated from eq 1 using the observed data on the agueousjecrease in pH for the aqueous cleavagg iof N-methylmor-
cleavage o® in the presence di-methylmorpholine buffers,  pholine buffers. However, the values kif,5H>0] and Kan?-

the values otx (Table 2) may represent the approximate values [H,0] remained essentially unchanged with the change in pH
of ky?*P as mentioned earlier in the text. Nearly 2-fold larger for the cleavage of in N-methylmorpholine buffers. This
values ofa. compared to those d (Table 2) reveal that the  chemical characteristic predicts that the valuek,®#ko should
cationic amide 14) formed from nucleophilic reaction of  remain almost unchanged with change in pH providgtt ~
N-methylmorpholine an@ converts to hydrolysis product) Ksam The observed values oflk; ~ 2 at different pH (Table
involving IGB assistance as shown in i3n view of these 2) is the reflection of this prediction.

conclusions, a brief reaction mechanism for the aqueous Nonlinear plots ofkops versus [Am}, similar to those in
Figures 1 and 2, could not be observed in the aqueous cleavage
(13) Broxton, T. J.; Duddy, N. WAust. J. Chem1979 32, 1717. of phthalimide N-bromopropylphthalimide, anN-hydroxyph-

The distinct difference between the shape of the plots of
Figures 1 and 2 is basically due to the mechanistic difference
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thalimide in the buffers of DABC@? phthalimide in the buffers
of triethanolaminé® N-ethoxycarbonylphthalimide in the buffers
of DABCO,16 and maleimid® in the buffers of DABCO,

Sim et al.

highest available purityN-Methylmorpholine was doubly distilled
before use. Standard solutions10.01 M) and2 (0.03 M) were
prepared in acetonitrile. Stock aqueous solutionsl-ofiethylmor-

triethanolamine, trimethylamine, and triethylamine. The most pholine were freshly prepared. Similarly, buff_er s_olutions of desired
obvious reason for these observations is the presence ofPH were prepared just before the start of kinetic runs.

inequality k.14 [HO™] < (ky* [H20] + k2* [HO™]) when1 is
replaced by maleimide, phthalimide am#alkyl substituted
phthalimides. The magnitude of ¥ may not be very sensitive
to the nature of substituent attached\tin phthalimide moiety

CN-R

where R= H, OH, CH,CH,CH,Br, and CQC,Hs.” But the
magnitudes ok,* andk,* may be expected to be significantly

Kinetic Measurements. The rates of hydrolysis of and2, in
the presence of a constant total buffer concentration (fBuét
constant pH and 35C, were studied spectrophotometrically by
monitoring periodically the respective appearance of reaction
product ofl at 290 nm and disappearance of react@htat 300
nm. Details of the kinetic procedure have been described in a
previous report? The observed dataAf,s versust, where Agps
represents absorbance at any reaction tijr®llowed eq 5 for
appearance of hydrolysis product baind eq 6 for disappearance

sensitive to the steric requirements of R. Thus, the presence ofof reactant2. In eqs 5 and 6

inequalityk_;4{HO™] > (ks [H20] + kx*[HO™]) in the cleavage

of 1 is presumably caused by the significant steric hindrance

of R in ky*—andkz*—steps. Theé_;* step becomes insignificant
compared tdk,*—andky*—steps wherl is replaced by esters
or amides wher&_;*—step involves intermolecular bimolecular
process.

Conclusions

Pseudo-first-order rate constanks,§ for aqueous cleavage
of 1 in the presence oN-methylmorpholine buffers revealed
the nonlinear plots okgps Versus [Amj (total tertiary amine

buffer concentration) where the slope of a typical plot decreased

with the increase in [Am] at a constant pH. Such nonlinear
plots are attributed to the kinetically detectable equilibrium
presence of cationic amided 1) formed due to nucleophilic
substitution reaction of tertiary amine with Although the

(%)
(6)

Aobs: 6ap;{R0][1 - eXp(_kobst)] + AO
Agps= 6apJR0] exp(_kobg) + A,

Oapp IS the apparent molar extinction coefficient of the reaction
mixture, [Ro] represents the initial concentration of reactahn#nd

2, Ag = Agpsatt = 0, A, = Agpsatt = oo, andkoyps is the pseudo-
first-order rate constant for hydrolysis dfand 2. The rates of
reactions under variety of reaction conditions were generally
monitored for the reaction period of more than¥8 half-lives.
The observed data fit to either eq 5 or eq 6 was satisfactory for all
kinetic runs as evident front1 % standard deviations associated
with calculated kinetic parametetigy,s dapp andAg or A, as well

as from= 1% absolute residual errors, ARE|Aopsi — Acaicd] Where
AopsiandAcaicgiare observed and least-squares calculated absorbance
at ith reaction timet;, respectively. The value @f.p,is related to

mechanistic aspects of tertiary amine-catalyzed hydrolysis of the molar extinction coefficients df (d1), 2 (82), and productdp)
esters, imides and amides have been discussed extensively ity the relationshipap, = dp — 91 (for eq 5) anddap, = 02 — Jp

terms of nucleophilie-and general basecatalyzed hydrolysis

mechanisms, direct experimental evidence, similar to one

(for eq 6).
Product Characterization. UV spectra of reaction mixtures at

described in this manuscript, for the presence of highly reactive =3 half-lives (for1) and=20 half-lives (for2) for the kinetic runs
cationic amide intermediates in the nucleophilic reactions of at0.20 M [Am}r with Am = N-methylmorpholine and 1.0 M ionic

tertiary amines except imidazéiith esters, imides, and amides
is lacking in almost all previous reports;18

Experimental Section

Materials. N-(2-Methoxyphenyl)phthalimidelj and N-(2-hy-
droxyphenyl)phthalimide2) were synthesized as described else-
where? All other chemicals used were commercial products of

(14) Khan, M. N.J. Chem. Soc., Perkin Trans.1®9Q 435.

(15) Khan, M. N.; Ohayagha, J. B. Phys. Org. Cheni991], 4, 547.

(16) Khan, M. N.J. Chem. Soc., Perkin Trans.1®88 1129.

(17) Khan, M. N.J. Chem. Soc., Perkin Trans.1®85 891.

(18) (a) Hine, J.; Khan, M. Nndian J. Chem1992 31B 427. (b) Jencks,
W. P.; Gilchrist, M.J. Am. Chem. S0d.968 90, 2622. (c) Gresser, M. J.;
Jencks, W. PJ. Am. Chem. Sod977 99, 6963. (d) Werber, M. M.;
Shalitin, Y. Bioorg. Chem1973 2, 202.
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strength were found to be similar to the UV spectra of the
corresponding authentid-(2-methoxyphenyl)phthalamic aci8)(
andN-(2-hydroxyphenyl)phthalamic acid) under similar experi-
mental conditions (Figures | and 1l in the Supporting Information).
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