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IGB - assisted rate enhancement due to o - 0" in 1 is > 8 x 10* - fold

The rates of the hydrolyses bif(o-hydroxyphenyl)phthalimidel] andN-(o-methoxyphenyl)phthalimide
(2), studied at different pH, show that the hydrolysisloinvolves intramolecular general base (IGB)
assistance where tleeO~ group of ionizedl acts as IGB and pD as the reactant. The rate enhancement
due to the IGB-assisted reaction of®with ionizedl is >8 x 10*-fold. Pseudo-first-order rate constant
for the reaction of water witl is ~2 x 10-fold smaller than the first-order rate constant (0.1¥ $or
pH-independent hydrolysis df within the pH range of 9.6010.10. Second-order rate constarksj

for hydroxide ion-assisted hydrolysis of ionizddand 2 are 3.0 and 29.1 M s™%, respectively. The
solvent deuterium kinetic isotope effect (dKIE) on the rate of alkaline hydrolysisanfd2 reveals that
the respective values é&b/kop are 0.84 and 0.78, whelep represents the second-order rate constant
for DO -assisted cleavage of these imidésagd 2). The value ofk,H°/kPL is 2.04, withk,H° and
k{P° representing pseudo-first-order rate constants for the reactions of ichiwméith H,O and RO,
respectively.

Introduction many IGA-assisted reactions where EM values for more efficient
. . . IGA-assisted reactions range from310 1 M. The value of
Intramolecular or induced intramolecular general acid (IGA)-, EM for IGB-assisted hydrolysis of phenyl salicylate, where the
general base (IGB)-, and coupled IGAGB-assisted rate 0-O- group acts as IGB, is 10° EM.8 We have been’studying
enhancements have been the subject of active study since th?he mechanistic aspec,ts of %B catalysis in addition

awareness of the fact that such rate enhancements are th%Iimination reactions where the leaving groups do not have free

O e ko of e 12/ rotatonaround he ond bein e n e e detrriin
. . o : step? In the continuation of such study, we have investigated
by the effective molarity (EM), which is the ratio of the
unimolecular rate constank;j for the intramolecular reaction (3) Brown, C. J.; Kirby, A. JJ. Chem. Soc., Perkin Trans1997, 1081.
to that k) of the analogous (i.e., reference) bimolecular  (4) Barber, S. E.; Dean, K. E. S.; Kirby, A. Gan. J. Chem1999 77,
reaction! Intramolecular general aciebase-assisted rate en-  792. o
hancement is intrinsically inefficient: EMs ranging from 1 to 23&)). Brown, C. J.; Kirby, A. JJ. Chem. Soc., Chem. Commu:896
10 M only! Pascal has argued the low effective molarity of (6) Kirby, A. J.; Parkinson, AJ. Chem. Soc., Chem. Commui994
IGA—IGB assistance in terms of induced intramolecularity in 707. ) )
the reference reactichKirby and co-worker 7 have studied (7) Abell, K. W. Y.; Kirby, A. J.J. Chem. Soc., Perkin Trans 1883

1171.
(8) Khan, M. N.J. Phys. Org. Cheni999 12, 1.
(1) Kirby, A. J. Adv. Phys. Org. Chem198Q 17, 183. (9) (a) Khan, M. N.; Ohayagha, J. E. Phys. Org. Chenl991], 4, 547.
(2) Pascal, RJ. Phys. Org. Chen002 15, 566. (b) Khan, M. N.Int. J. Chem. Kinet2002 34, 95.
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Hydrolysis of N-(o-Hydroxyphenyl)phthalimide

TABLE 1. Values ofkg and ky, Calculated from Equation 1, for
the Cleavage of 1 Under Buffer of DABCO at pH =9.56

pH 10 ko/st 108 ko/M~1st
9.56+ 0.01° 92.84+ 1.4 11.7+£ 2.7
9.78+ 0.01 95.5+ 2.7 22.3t55
9.90+ 0.01 90.2+ 1.3 43.7+ 2.7
10.11+0.01 955+ 1.6 44,0+ 3.1

a[1]o=3 x 104 M, 35°C, 1 = 300 nm, the aqueous reaction mixture
for each kinetic run contained 1% v/v GEN. ° The values ofk, at pH
<9.56 are statistically not different from zero, and total buffer concentration
range is 0.16-0.80 M. ¢ Error limits are standard deviations.

the kinetics of aqueous cleavage bif(o-hydroxyphenyl)-
phthalimide where the expected IGA-QOH) or IGB (0-O")
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wherea, 8, and® are empirical constants and fH= 10~P"/y
with activity coefficienty = 0.7 at 1.0 M ionic strength The
nonlinear least-squares calculated valuesxof, and ® are
(4.844 0.30) x 1019M s7%, (—4.94+ 10) x 10* s, and
(4.86+ 0.35) x 107° M, respectively. The negative value pf
with standard deviation of more than 200% merely indicates
that the contribution offfH"] compared too. is insignificant
under the pH range of the study. Thus, the values ahd ®
were also calculated from eq 2 with= 0, and these respective
values are (4.78 0.26) x 1019M s~ and (4.79+ 0.31) x
107° M. The fitting of observed data to eq 2 is evident from
Figure 1, where a solid line is drawn through the calculated
data points, and also from the valueskgfi.qlisted in Table A

of Supporting Information.

rate-enhancing group is attached to the leaving group. The = A te\y kinetic runs for alkaline hydrolysis of were also
results and probable explanations are described in this paper.a ried out within [NaOH] range of 0.002.0500 M, and the

Results

Hydrolysis of N-(o-Hydroxyphenyl)phthalimide (1) at
35°C. A series of kinetic runs was carried out in buffer solutions
of sodium acetate (pH 3.9%.12), NaBPO, (pH 6.08-7.43),
tris(hydroxymethylaminomethane) (TRIS) (pH 7-7826), and
1,4-diazabicyclo[2.2.2]octane (DABCO) (pH 8430.11).
Pseudo-first-order rate constantk were found to be
independent of total buffer concentration ([Byfat a constant
pH for acetate buffer ([Buf] range 0.26-0.80 M), phosphate
buffer ([Buf]y range 0.16-0.50 M), TRIS buffer ([Buf} range
0.20-0.80 M), and DABCO buffer at pH: 9.38 ([Buflr range
0.10-0.80 M). A mild buffer catalysis is observed in the
presence of DABCO buffers of pH 9.56. The values dfgps
under such conditions, fit to eq 1

kobs: k0 + kb[BuﬂT

where [Buffr represents the total buffer concentration of

1)

values ofkyps Obtained under these conditions, fit to eq 3 with
least-squares calculated valueskg? andkoy as (96.8+ 3.0)
x 1078 st and 3.0+ 0.1 M1 s71, respectively.

Kobs = Ky + Kop[HO] (3)

The satisfactory fit of observed data to eq 3 is evident from the
plot of Figure 1, where a solid line with definite positive
intercept is drawn through the calculated data points. The value
of ky? (96.8 x 103 s71) is similar too/® (0.10 s1) calculated
from eq 2.

A few kinetic runs for the reaction df were also carried out
within [HCI] range of 5.0x 1072to 1.0 M. The values okops
within [HCI] range of 0.08-1.0 M, fit to eq 3 with replacement
of kon and [HO'] with ky and [HCI], respectively. The linear
least-squares calculated valueskgfand H-catalyzed second-
order rate constanky, are (1.25 0.07) x 10¢s 1 and (4.20
+ 0.11) x 108 M1 s71, respectively. The linear dependence
of kops Versus [HCI] may be attributed from hydronium ion-

DABCO. The least-squares calculated values of buffer-indepen- catalyzed and uncatalyzed hydrolytic paths in the hydrolysis of

dent first-order rate constants, and buffer-dependent second-

order rate constantk, at pH= 9.56 are summarized in Table

1. Perhaps it is noteworthy that the maximum contribution of

ko[Buf]t in eq 1, obtained at the maximum value of [Buff

0.8 M, is =28% (Table 1), and consequently, the calculated

values ofk, in Table 1 may not be considered as very reliable.
Although the values ok, are not reliable for the reason

1 under such conditions.

Solvent Deuterium Kinetic Isotope Effect (dKIE) on the
Rate of Alkaline Hydrolysis of 1 and 2. The reaction rates
for the cleavage of were studied at 35C and within [NaOD]
range of 1.0x 1073to 5.0 x 1072 M in the solvents with RO
and acetonitrile contents of 99 and 1% vl/v, respectively. The
observed pseudo-first-order rate constakis’, as shown in

mentioned earlier in the text, the value of the second-order rate Table B of Supporting Information, fit to eq 3 with replacement

constant k,S") for the reaction of SH with free DABCO amine

of Kobs Ku kow, and [HO'] with kb, ki, kop, and [DOT],

base of nearly zero is plausible for the reason that a significant respectively. The linear least-squares calculated valudgPof

value ofk,S" should have caused perhaps higher valudsg af

andkop are (47.4+ 0.6) x 103 s 1and 3.58+ 0.02 M1s71,

pH <9.38 because the decrease in pH increases the value ofespectively. The respective values kof and kop, obtained

[SHJ/[ST] and KS" = 8.42 and K™ = 8.95 (Am =
DABCO),1% phut under such conditions, the values lgfare

under similar experimental conditions with solvents containing
99% v/v HO and 1% v/v acetonitrile, are (968 3.0) x 103

almost zero. These results show the absence of phosphate, TRIS; * and 3.0+ 0.1 M~* s™%. Similar D,O solvent isotope effect

and DABCO (at pH=<9.38) buffer catalysis in the aqueous
cleavage ofl. We tried to fit the values ok.ps Obtained at
different pH ranging from 3.97 to 10.11, as shown in Figure 1,
to the following empirical equation (eq 2)

_a+BMHT

CH+ o @)

kobs

(10) (a) Khan, M. N.J. Chem. Soc., Perkin Trans.1®88 1129. (b)
Khan, M. N. Micellar Catalysis. li'Burfactant Science SerigSRC Press,
Taylor & Francis Group, LLC: Boca Raton, FL, 2006; Vol. 133, pp 378
391. (c) Khan, M. NJ. Chem. Soc., Perkin Trans.1®9Q 435.

on the rate of alkaline hydrolysis @was also studied at 3%

and within [NaOD] range of 3.0 103t0 5.0 x 103 M in

the solvents with PO and acetonitrile contents of 98 and 2%
vlv, respectively. Thekopd values (Table C of Supporting
Information) were used to calculakg® andkop from eq 3 with
replacement okops kn?, Kon, and [HO™] with Kopd, KiP, Kop,

and [DO], respectively, and the respective calculated values
of kP andkop are 12+ 10) x 103stand 40.04+ 2.7 M1

s~1. The negative value with standard deviation of almost 100%
reveals the insignificant contribution &§® compared wittkop

(11) Hine, J.; Via, F. A; Jensen, J. H. Org. Chem1971, 36, 2926.
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pH

8.0 10.0 12.0 14.0

FIGURE 1. Plots showing the dependence of lkags on pH for hydrolysis ofl (with kops = ko whenk, = 0 in eq 1 at different pH) ang, where
pH ranges 0.162.46 (0) maintained by HCI, 3.9710.11 @) maintained by buffers, and 10.742.31 (A) maintained by NaOH fofl and pH
ranges 0.162.46 (©) maintained by HCI, 7.4510.06 @) maintained by buffers, and 10.881.41 @) maintained by NaOH foR. The solid lines
are drawn through the calculated data points using eq 2preg 3 for 0), (&), (@), and @), and eq 5 for©) as described in the text. The broken
line is not drawn through the calculated data points but rather drawn arbitrarily.

[NaOD] in eq 3, and hence, a relatively more reliable value of
kop (37.5+ 0.7 M~1 s71) was obtained from eq 3 witkh®? =

0. The value ofkoy, obtained under similar experimental
conditions with solvent containing 98% v/v,8 and 2% v/v
acetonitrile, is 29.2- 1.9 M1 s71,

The values okop/kop for alkaline hydrolysis ofL (kon/kop
= 0.84) and2 (kon/kop = 0.78) are consistent with the wide
held perception that DO(in D,0) reacts faster than HO(in
H,0) with esters and amides. These valuek®&fkop are in
agreement with the reported values lafi/kop for alkaline
hydrolysis of formamide Kon/kop = 0.77)12 ende5-[4'(5)-
imidazolyl]bicyclo[2.2.1]-hepende2-yl transcinnamate (B,
konw/kop = 1.0) 13 endo[4'(5')-imidazolyl]bicyclo[2.2.2]endo
2-yl trans-cinnamate (B, kon/kop = 0.95)12 and other simple
amides and esterkdy/kop = 0.71-0.77)12 The values okon/
kop for the reactions of HO'DO™ with ionized phenyl salicylate
and methyl salicylate are 0.98 and 1.04, respecti€khus, it
seems that the values k/kop are independent of the nature
(whether nucleophilic attack or expulsion of leaving group) of
the rate-determining steps involved in these additielimina-
tion reactions.

The value ofk,H29/kPL (=k,kL) = 2.04 for 1 may be
compared with the reported values for hydrolysis of phenyl
salicylate k,"/kPL = 1.615 1.749), p-nitrophenyl 5-nitro-
salicylate k,"2°/ksP=° = 1.7-7), catechol monobenzoatig,(*-°/
k{L° = 1.89), and B and B (k,"C/k{P° = 3.0, where the

occurrence of intramolecular general base (IGB) assistance ha
been strongly supported by some indirect chemical evidence

(12) Slebocka-Tilk, H.; Neverov, A. N.; Brown, R. $.Am. Chem. Soc.
2003 125, 1851 and references cited therein.

(13) Komiyama, M.; Roesel, T. R.; Bender, M. Proc. Natl. Acad.
Sci. U.S.A1977, 74, 23.

(14) Khan, M. N.J. Chem. Soc., Perkin Trans.1®9Q 675.

(15) Khan, M. N.J. Chem. Soc., Perkin Trans.1®89 199.

(16) Capon, B.; Ghosh, B. d. Chem. Soc. B966 472.

(17) Bender, M. L.; Kezdy, F. J.; Zerner, B. Am. Chem. S0d.963
85, 3017.

(18) Shafer, J. A.; Morawetz, H.. Org. Chem1963 28, 1899.

(19) Fife, T. H.; DeMark, B. RJ. Am. Chem. S0d.976 98, 6978.

(20) Fife, T. H.; Benjamin, B. MJ. Am. Chem. Sod 973 95, 2059.

(21) Khan, M. N.J. Chem. Soc., Perkin Trans.1®88 213.

(22) Khan, M. N.; Ismail, EJ. Phys. Org. ChenR004 17, 376.
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Since theo-OH group is only five atoms away from the
electrophilic carbonyl carbon, it is quite plausible to think that
pH-independent cleavage dimight involve an intramolecular
nucleophilic additior-elimination process, as shown in Scheme
1. Such a reaction mechanism predikt82°/k{°° ~ 1.0, and
thus, the observed value &"2°/k{P° = 2.04 rules out the
possibility of the occurrence of the reaction mechanism shown
in Scheme 1. However, a skeptic might argue #atC/k,P=C
of >1 may be expected if the product in tke step is5 formed
through transition state % SIf this view is plausible, then it is
difficult to explain the observed unity or slightly inverse solvent
deuterium kinetic isotope effect (dKIE) obtained for alkaline
hydrolysis of esters and amides, including formanitéwhere
it is almost certain that expulsion of the leaving group is the
rate-determining step (similar to the! step) in an addition
elimination mechanism for hydrolysis of amides and nonacti-
vated esters, while nucleophilic attack is the rate-determining
step for hydrolysis of activated esters. Although solvent dKIE
does not seem to favor the reaction mechanism shown by
Scheme 1, there is always a significant amount of uncertainty
in the mechanistic conclusion drawn from solvent dKIE.
However, other indirect evidence for the absence of formation
of 5~ through reaction steps shown in Scheme 1 may be
described below.

A brief and plausible reaction scheme for the aqueous
cleavage of S by both hydrolysis K, step) and O-cyclization

?kf step) may be shown in Scheme 2 whég® kp?, k2, and

Kow? represent pseudo-first-order rate constants.

The detailed mechanism for the reaction & 5 — 37 is
shown in Scheme 1, and thus comparing Scheme 2 and Scheme
1, ki = kilkolk_ 1! and kp? = (k2K HO™])/K,, provideday
> KawhereK, = [57]aw/[5] andKy = apaon. If ke? = ks [HOT],
thenky = k_'K4/Ky. The reported values & for some related
reactions are shown in Table 2.

The reported data listed in Table 2 demonstrate thakghe
values are highly sensitive and almost insensitive to #egb
conjugate acid of the leaving group aniorKg®) and nucleo-
philic anion (KJ\Y), respectively. In all these reactions, the
expulsion of the leaving group does not accompany with any
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x 1071 M~1s71 respectively. The values oKp of conjugate
acids of the leaving groups, amide anion, and methoxide ion in
these respective reactions are-142° and~1526 and therefore,

the ratio 27/0.125= 216 reflects the rate enhancement due to
release of the five-membered ring strain in the alkaline hy-
drolysis of N-methylphthalimide. The release of the eight-
membered ring strain in the conversionsab 3~ may increase
the kon value but certainly<200-fold because the eight-
membered ring is probably less strained than a five-membered
ring. The value of K, of 37 is 9.7, which is not significantly
different from K, of phenol (Ka = 9.9). Even if the increase

in ko? due to release of the eight-membered ring strain is 200-
fold, the value of the pseudo-first-order rate const&?) for

the concurrent conversion of"So 3~ through thekop? step is

~7 x 10°5t0 7 x 10°® 571 (k2 = koreft kP[HO ]/ky'[HO ],
wherekorZ,ef = 200 x kop), wWhich is~1.4 x 1073 to 1.4 x

release of ring strain for the reason that the leaving groups in 10-4-fold smaller thark,? (0.05 s'1).
these cyclization reactions have free rotation about the bond Furthermore, in a recently published reddn the intramo-

being cleaved during the rate-determining step. In view of the
reported values df, and K -¢ in Table 2, it may be reasonable
to assume the value’' of 10°—10° M~ s~ for conversion of
5t0 S

If one assumes arbitrarily an equal contribution of kKé
step andk? step in Scheme 2, then the valuekgfis 0.05 s
becausekops = ky? + k2 = 0.1 s'1 at pH 9.60. The expected
value ofky’ = 10°P—10° M~ s71 givesky? = 9—90 s'! at pH
9.60. Thus, 5J/[S7] = ki/kp? ~ 5.6 x 103t0 5.6 x 10~* and
consequentlyq)/([5] + [S7]) ~ 5.6 x 103to 5.6 x 10* at
pH 9.60. This shows the equilibrium presencesadnd S as
0.56-0.06% and 99.499.9%, respectively. Such a low pres-
ence of5 (<0.6%) is hard to detect by any spectral method.
Furthermore, the half-life period for irreversible disappearance
of S~ in the k,? step (Scheme 2) is only14 s if k,? = 0.05
st

The expected value df, (=k,%[HO™)) is in the range of
10°—10° Mt s7%, which is nearly 1.5< 1P to 1.5 x 10°-fold
larger tharkoy for alkaline hydrolysis of phenyl benzoate(
= 0.68 M1 s71). The values okoy for alkaline hydrolysis of
N-methylphthalimidé® and methyl benzoatéare 27 and 1.25

lecular carboxylic group-assisted cleavag&att 0.05 M HCI,
the reactan8 was generated in situ from alkaline hydrolysis of
S, and the rate of reaction was initiated by adding 0.20 mL of
1.25 M HCl to the alkaline reaction mixture (4.80 mL)-at00
half-lifes of the reaction, which ga&in aqueous acidic solution
containing 0.049 M HCI. One kinetic run was also carried out
at 0.05 M HCI using synthesize8 as the reactant. In both
reactions (one with synthet®and the other witl3 obtained in
situ from alkaline hydrolysis of 9, the final products were
100% phthalic acid ana-hydroxyaniline. Since produch
cannot hydrolyze to a significant extent withir®00 s (equiva-
lent to ~100 half-lifes for hydrolysis ofl under a pH range of
9.60-10.11) at pH 9.60, a significant parallel formation ®f
could have caused less than 100% formation of phthalic acid
ando-hydroxyaniline in the acidic aqueous cleavag8,offhere

(23) Ariffin, A.; Khan, M. N. Bull. Korean Chem. So@005 26, 1037.

(24) Hegarty, A. F.; Bruice, T. CJ. Am. Chem. Sod.97Q 92, 6575.

(25) Barlin, G. B.; Perrin, D. DQuart. Re.. Chem. Soc1966 20, 75.

(26) Hupe, D. J.; Jencks, W. B. Am. Chem. Sod.977, 99, 451.

(27) Sim, Y.-L.; Azhar A.; Khan, M. NiInt. J. Chem. Kinet2006 38,
746.
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TABLE 2. Values ofky’ for Cyclization Reactions Related to One in theky? Step of Scheme 2

ky' /M Ts!

. Le Nu
reaction at 35 °C pKa pK, ref.
o] o
NH. . kp'
@omze e @#N” * Moo 0 60x10° 15 14-15 18
o 0
NH, ok :
@gowle The @QNH TMEOTEO T 9x10° 15 27-34 19
0 o)
OH k' |
@;;oa *Ho @o +EIO+ RO 14x10° 15 15 20
o e}
(o) [e]
NH ky' _
(j:\;mj +HO —— @NH +NH; + H;0 11.5 35 14-15 18
2
0 0
o o) (0]
N-C-OEt o K - 4
NHOH NOH + HNCO,Et + H,0 55x10 15 << 14 21
o )
Ky’ present
5 + HO b § + Hy0 8.5 13.7 work
(0]
@JL OO v HO or @COZ . ”°\© 0.68 99 156 22

3 was generated in situ from alkaline hydrolysis of IBcause
the rate of H-assisted hydrolysis is expected to be much slower
than HO -assisted hydrolysis &. So it is certain beyond any

MeNH;" is 10.85 and K, of amide group ob is <14 at 30°C
and under similar conditions). Furthermore, thd NMR
spectrum ofl in 100% v/v DO solvent containing 3.% 102

reasonable doubt that the immediate detectable hydrolysisM 1 and 8.7x 102 M NaOD obtained quickly turned out to

product of S is 3.
A perfect simple first-order rate law has been found for the

be similar to thelH NMR spectrum of authenti® obtained
under similar conditions. This shows nearly 100% conversion

rate of reaction monitored both by disappearance of reactantof 1 to 3 within the time period of obtaining théH NMR

(S7) at 300 nm and appearance of prodB@cat 320 nm as a
function of reaction time for the reaction period o%.5 half-
lifes for each kinetic run. The value &fs for the kinetic run
carried out at 300 nm was similar t@ps for the same kinetic

spectrum. This is plausible for the fact that 10 half-lifes
(equivalent to~99.9% completion of the reaction) for hydrolysis
of 1, under the conditions of obtaining tAEel NMR spectrum,

is equivalent to only~70 s. Thus, these observations do not

run carried out at 320 nm. The immediate products for these show the presence oflel NMR detectable amount of Huring

kinetic runs were also the same in view of similar UV spectra
of authentic3 and reaction mixtures obtained under similar
experimental conditions at 6020 s (~10—20 half-lifes). These

observations support the conclusion that the immediate hy-

drolysis product of Sis 3. In a closely related study on the
aqueous cleavage bF(2-aminophenyl)phthalimide at pH range
of 0—6, Perry® could not detect N-cyclization product similar
to O-cyclization producb of S™.

One of the reviewers suggested thanight be equal or even
more stable than Sat basic pH, which is apparently incom-
prehensible in view of the kinetic analysis described earlier in
the text. However, if the assumption thatnhight be equal or
even more stable tharm Sthen the value of equilibrium constant
Kit (=ki¥/k-1! in Scheme 1) must be:1 at basic pH. The
experimentally determined value &fys within pH range of
9.60-10.11is 0.10s%, and under such reaction conditiokgss
= k'Kt which givesk,! < 0.10 s1. The value ok,! of <0.10
s lis >10'%fold smaller than rate constart8 x 10° s™1) for
the expulsion of methylamine from 2,which is difficult to
explain in terms of structural features of &and T (K, of

(28) Perry, C. JJ. Chem. Soc., Perkin Trans.1®97, 977.
(29) Gresser, M. J.; Jencks, W. .Am. Chem. Sod 977, 99, 6970.
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the course of the reaction.

7
MeArO—C—CHs
NH,Me

T

Hydrolysis of N-(o-Methoxyphenyl)phthalimide (2) at
35 °C. The rate of hydrolysis o2 was studied at different
[NaOH] ranging from 2.0x 1073 to 5.0 x 103 M, and
observed pseudo-first-order rate constakgs)(were fit to eq
3, which resulted irk,® andkopy of (—1.4 4+ 0.6) x 102!
and 33.84+ 1.6 M~1 s71, respectively. The calculated negative
value of k,° is meaningless, and thereforkoy was also
calculated from eq 3 with,? = 0, and such a calculated value
of kon is 29.2+ 1.9 M1 s7L In an attempt to get a reliable
value ofk,?, the rate of hydrolysis 02 was also carried out at
different pH ranging from 7.45 to 10.06 maintainedNtynethyl
morpholine and DABCO buffers. The valueskgfsat different
total amine buffer concentrations, [Bwf{[Buf]t range is 0.2
0.8 M for bothN-methyl morpholine and DABCO buffers) fit
to an empirical equation (eq 4)
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ko + kbapFK[BUf_lT SCHEME 3
Kobs = 1 1 KB, @ K
SH —— S

where k,2PP represents the apparent buffer-catalyzed pseudo- L
first-order rate constant for the cleavage dfand K is an
empirical constant (most likely an equilibrium constant for kaw [H20] ko’ [H20]
reactive complex formation betweéhand buffer). The non- kon [HO'] kon” [HOT
linear least-squares calculated valuesk®fk,?PP, andK at a
typical pH 8.94+ 0.03 in DABCO buffer are (1.1 0.09) x
103 s1 (4.01+ 0.26) x 103 s1, and 2.40+ 0.59 M1, 3+ 3 3
respectively. The values & fit to eq 3 wherekops= ko, [HO]
= 10°PH-PKu/y with pK,, = 13.62° and activity coefficienty = whereky = kaw[H20], k' = kow/[H20], andKa3H = [ST][H ¥}/

0.701! The least-squares calculated valuekg¥f and ko are [SH]. Comparison of eqs 2 and 3 with eq 7 giyes= ky, a0 =
(5.3+ 7.0) x 105 st and 25.3+ 0.5 M~ s, respectively.  Kw'Ka®" + konKy' with Ky = [H*][HO"] and @ = Kz". The
The calculated value d,° with standard deviation of more  Vvalue ofKSH{= ® = (4.79+ 0.31) x 10" M} is comparable
than 100% merely indicates that the contributionlkgf is to Kz5" (=5.33 x 107° M) at 35°C determined independently
insignificant compared withoy[HO ] in eq 3. Thus, thekon by UV spectrophotometric technique. At significantly high pH
(=29.1+ 6.7 M~ s7%) was also calculated from eq 3 wiky® where [H] < K, andky [H*] < ky' K&, eq 7 reduced to
= 0. The satisfactory fit ok, to eq 3 is evident from the plot ~ €d 8 which is similar to eq 3 with,® = k' + kon Ku//Kz>"

of log kepsversus pH (withkops = ko) shown in Figure 1, where ~ andkon = kon'.

a solid line is drawn through the calculated data points, and , s SH g~

also fromkeacq Values summarized in Table D of Supporting Kobs = Ky’ 1 KoKy /K™ + Koy [HO ] (8)

Information. N , _ N .
The rate of aqueous cleavage2dias also been studied within Th? kmenc 'Ferr.nﬂ.QW [HZO][S ]and kOH[H.O JISH] Ineq 6
are kinetically indistinguishable. However, if these kinetic steps

[HCI] range of 0.005-1.0 M. Although some light precipitates do not involve an efficient intramolecular assistance/catalysis,

visible to the naked eye appear in the reaction mixtures after » z
- - : thenkyy/ [H20][S™] may be neglected comparedkey[HO™][SH]
0.5 and 4 h a0.02 and 0.5 M HCI, respectively, the reaction f the fact that, although [0] >> [HO] under the

mixtures remained transparent, and the observed data apparent! . o .
xperimental conditions imposed, HOds a much stronger

fit to eq 9 for the reaction period af 10 half-lifes for all kinetic . ; .

runs. The values okys followed the following empirical _nucleoph|le than lzD(pKapf H20 is 15.74, Wh”e,KaOf HsO*

equation (eq 5) is —1.74). Thus, under this conditions,= konKy', and hence
kon = a/Ky' = 1.0 x 10* M~1 s71 with 104 K,/ = 4.9 M2.30
The value ofkoy = 1.0 x 10* M~ st is ~330-fold larger

0
Kype = L (5) thankoy (=30 M1 s7%) for 2, which cannot be explained in
* 1+ K[HCI] terms of simple resonance and polar effects-GfH ando-OMe
- substituents because oy = 0*ome = 1.88 and opon =
Wherekwol (=kopsat [HCI] = 0) andK are empirical constants.  _g 3782 a5 well asop-ome = —0.2733 Nearly 330-fold larger
The nonlinear least-squares calculated valudg,5BndK are value ofkoy for 1 than that for2 demonstrates the occurrence

(6.204 0.49) x 1075 s and 3.354 0.96 M1, respectively. of intramolecular general acid (IGA)-assisted reaction of HO
) ) with nonionized 1 (=SH) involving transition state TS
Discussion However, under such circumstances, the occurrence of kineti-
¢ cally indistinguishable intramolecular general base (IGB)-
assisted reaction of 4@ with ionized 1 (=S") involving
transition state T$cannot be ruled out based upon simply much
H lower nucleophilicity of HO compared to that of HQ

A brief reaction scheme for buffer-independent cleavage o
1 at pH =4 is shown in Scheme 3.

The mechanisms for tHe,, step andk,,,/ step are similar to
the one shown in Scheme 7 with replacement of X with O
and O, respectively. Similarly, the mechanisms for they o

0
step andkoy' step are similar to the one shown in Scheme 7
with respective replacement of X withOH ando-O~. Scheme N‘@ N‘@
3 can lead to the rate law for the aqueous cleavadeaifpH (E.o ('Ow
: 1) O_

>4 as expressed by eq 6 LHQ
rate= K, [H,O1[SH] + Ky, [H,01[S ] + ko HOI[SH] + W

ko [HO 1[S'] (6) TS, TS;
where SH and Srepresent nonionized and ionized formiof It is almost impossible to ascertain with absolute certainty
respectively. The observed rate law (ratéopd 1], where [L]t whether transition state 7Sr TS; is involved in the pH-

= [SH] + [S7]) and eq 6 can lead to eq 7

(30) Ritchie, C. D.; Wright, D. J.; Huang, D.-S.; Kamego, A. AAm.

+ e SH + S — Chem. Soc1975 97, 1163.
- KH'T+ KK (KoH '] + ko K [HOT] (31) Fastrez, JJ. Am. Chem. S0d977, 99, 7004.
bs ™ T SH + SH (32) Hine, J.Structural Effects on Equilibria in Organic Chemistry
[H]+K, [H']+ K, Wiley: New York, 1975; pp 9899.
(7) (33) Khan, M. N.J. Mol. Catal.1987, 40, 195.
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SCHEME 4
o IGA o) .
ket ko N@
N—S > + Nu N—</ >
kgt IGB Nu O
O ng IGB NS OH O- 9
SH Iy
SCHEME 5
o IGB 0 0 4
kq® ko® N
N + NuH N —_—
k4% IGA Nu O
o -0 IGA -0 'Nu HO o}
s Is
SCHEME 6
o} 0 o)
kq® k,® H@
N + Nu N _—
: k4 H Nu O
O nd nd Co Co 0
SH le
SCHEME 7 such solvent dKIE could not differentiate between intramolecular
o Ho O general acid (IGA)-assisted nucleophilic reaction of H@ith
k{7 [HO] nonionized salicylate esters and IGB-assisted nucleophilic
N@ 7 N@ reaction of HO with ionized salicylate estet$.:33 However,
5 0 X other indirect evidence reveals the occurrence of IGB-assisted
o X ; S )
hydrolysis of ionized salicylate estéfs3?
7 , ) (b) The classical way of differentiating between, B8d TS
_..izo ka' [H20] ke is to use nucleophiles devoid of hydrogen at the nucleophilic
atom (such as fR;R3N).17-23 Thus, to find out whether TSor
HO. OH TSz is involved in the hydrolysis of, the rates of cleavages of

ke EZC:
N _
. N
0 = OG0
0 X o0

independent hydrolysis ol because both transition states

constitute kinetically indistinguishable kinetic terms in the rate
law. The notion of absolute certainty in almost any scientific
domain, including the reaction mechanism, is difficult to show
with a high degree of confidence. Indirect evidence (both
experimental and theoretical) could be provided to give prefer-

ence to one among alternative transition states or reaction

mechanisms. Such an attempt is described below:

(a) An apparent look at ;&nd TS reveals that solvent dKIE
might be used to differentiate between the occurrence ef TS
and TS. The observed value &f,:/ks"2° = 2.04 is consistent
with the reaction mechanism involving transition states.TS
However, if the reaction mechanism involvingIi the critical
rate-determining step is assumed to be operative, kbgfop
(=ka"KK W PIkPK LK, whereKH andK P represent ioniza-
tion constant of SH in kD and RO, respectivelyk," = apaon
andK,P = apagp) will give the measure of the solvent dKIE.
Using the values oK,H/K,P = 6.517 KH/KL = 4.216 and
ka/k® = 2.04, one get&op/kop = 1.32. The values okop/
kop for alkaline hydrolysis of esters and amides vary from 0.7
to 1.01213 The calculated value dfon/kop (=1.32) for pH-
independent hydrolysis df is slightly higher than the upper
range ofkor/kop (=1.0), and consequently, it seems that solvent
dKIE is not in the favor of Ta Perhaps it is noteworthy that
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1 and2 have been studied in the presence of buffers of DABCO
(pH range 8.43t 0.03 to 10.11+ 0.01 forl and 8.84+ 0.01

to 10.11+ 0.01 for2). The values okqpsfor the cleavage of
remain almost independent of total DABCO buffer concentration
within its range of 0.+0.8 M at a constant pH9.38. The
attempt to fitkopsto eq 1 resulted ik, values that were slightly
negative under such conditions. These results show that DABCO
is nonreactive toward the cleavage bfHowever, the values
of kops for the cleavage of at different total DABCO buffer
concentration ranging from 0.2 to 0.8 M at a constant pH fit to
eq 4. The value ok,2PP at constant pH 8.94 0.03 is (4.01+
0.26) x 103 s7L. The absence and presence of DABCO buffer
catalysis in the aqueous cleavage Jofand 2, respectively,
support the occurrence of IGB assistance (i.e.3)Ti§ the
reaction of HO with 1 under alkaline pH.

However, a skeptic might argue that the reactions of non-
ionizedl (i.e., SH) with HO and DABCO involve, most likely,
nucleophilic attack (i.e., théq* step) and expulsion of the
leaving group (i.e., the step) as the rate-determining step in
an addition-elimination mechanism, as shown in Scheme 4.
Intramolecular general acid (IGA)-assisted rate enhancement is
expected only when thi* step is the rate-determining step,
while such rate enhancement disappears whenkthestep
becomes the rate-determining step. So the absence of IGA
assistance in the reaction of DABCO with SH does not
necessarily negate the presence of. F®wever, this specula-
tive perception is not entirely correct in view of the following
consideration. It has been convincingly shown that the rate of
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expulsion of a leaving group from an intermediate like | IGB-assisted reaction of 4 with S~ involving TSs is impos-
depends upon thekp of the conjugate acid of the leaving group  sible because [§ ~ 0. Nearly 46-50-fold larger value ok,°
and the electronic push provided by the other atoms attachedfor 2 than that forl rules out the presence of IGA assistance
to the carbon to which the leaving group is also attacidtis involving a transition state similar to BSvith replacement of
apparent from the structural feature afthat, although the nucleophile from HO to H,O. As explained earlier, IGA
magnitudes ok_;* andk* should be significantly larger in the  assistance should be detectable under the condition where either
presence than in the absence of IGB assistance, the magnitudesucleophilic attack or expulsion of the leaving group is the rate-
of the ratiok,*k-1* should be same in the presence and absencedetermining step. Thus, these observations support the absence
of such IGB assistance because the electronic push providedof IGA assistance under both acidic and alkaline pH.
by OH group in the cleavage of€Nu and C-N bonds in } is The occurrence of IGB assistance makes the kinetic term
the same. Thus, the IGA assistance is reflected by the value ofkon[HO™][SH] insignificant compared to the kinetically indis-
ki* and not by the value ok;*/k_1%. Since experimentally  tinguishable kinetic terrkp,/ [H,O][S7] in eq 6 and consequently
determined rate constakg = k;* if the k;* step is the rate- a = ky'KS" =k ®@. The calculated values af (=4.78 x
determining step ankl, = ki%k>%k_1# if the k.* step is the rate-  107°M s™1) and® (=4.79 x 10°° M) from eq 2 givek, =
determining step, the presence of IGA assistance should increas®.10 s*. The value ofk,’ = 0.10 st is 8 x 10*fold larger
the k, value compared to the absence of such assistancethank,? (=1.25x 10°%s™1), wherek,? represents the pseudo-
regardless of whether the* or k»* step is the rate-determining  first-order rate constant for pH-independent hydrolysis of
step. Almost zero value ok,SH (where k. represents the  nonionizedl (SH). Perhaps the more accurate rate enhancement
second-order rate constant for the reaction of DABCO with SH) due to IGB-assisted hydrolysis of ioniz&¢S~) should be equal
and significant value ok (eq 4) for DABCO-catalyzed  to k,/(for 1)/k,/'(for 6), where 6 represents ionizedN-(p-
cleavage of respective SH ardrules out the possibility of ~ hydroxyphenyl)phthalimide. The values @f-on, op-0~, and
occurrence of Tg(i.e., Scheme 4 with Nu= HO"). 0p-0~ are —0.37, —0.81 (not very reliablej} and —2.63°

A brief reaction mechanism for IGB-assisted nucleophilic respectively. The value ofif of the 2-hydroxyanilinium ion
cleavage of Sis shown in Scheme 5. Itis evident from Scheme S larger than the I, of the anilinium ion by only 0.03 ¥
5 that IGB-assisted rate enhancements are expected when eithfits: which shows thabio_or ~ 0. These Hammett substituent
thek,® step ork.® step is the rate-determining step, and expected constant values predict thi/(for 6) < ka(for SH) provided
IGA-assisted rate enhancements in kg5 step andk,® step p > 0, and consequently, the rate enhancement due to IGB-
do not change the value &§5/k 15 compared tde5/k 45 value assisted hydrolysis oszh(_)uId be larger by-8 x 10*-fold. _
in the absence of IGA assistance. However, if the expected IGA- 1h€ value of the Taft reaction constant for alkaline hydrolysis
assisted rate enhancements inkhe step andS step are such ~ ©f N-substituted phthalimides is 10.

that the value ok.5/k 15 becomes larger than the’/k 15 value A brief and plausible mechanism for alkaline hydrolysis of
in the absence of IGA assistance, then the valug ¢fk,5k,% 2 is shown in Scheme 7 with X% OMe, where the;’ step and
k_15) would be larger thark? (wherek,? = kik5/k_15 when ks’ step are presumably rate-determining steps. Hydroxide ion-
the value ofk,5/k_15 remains unchanged compared to && assisted hydrolysis of Sis also expected to involve reaction

k_:5 value in the absence of IGA assistance). On the other hand,StePs shown by thie” andk,’ steps in Scheme 7 with X O~

if the IGA assistance decreases the valudk_,5 compared ~ First- and second-order rate constamigandkon, calculated
. . — k.7 0 — k.7

to k5/k_15 in the absence of IGA assistance, thgwould be from eq 3, may be expressedias: = ki" andka” = ks'[H20].

smaller thark,?. Thus, the value of IGB-assisted rate enhance- 1 he value ofkon for 2 is nearly 2-fold sm_all_er thahoggor

ment depends not only on the IGB assistance inkifiestep ~ the cleavage oN-(p-methoxyphenyl)phthalimideptPT)* If

but also on expected IGA assistance in #g® step andk,® polar (1) and resonancesk) components ofio-ome aNdap-ome
step under the conditions when the® step is the rate-  are the only factors responsible for tke, values, then th&on
determining step. value forp-PT should have been lower than that Bipecause

substituent OMe acts as an electron donor by resonance
interaction, and this electron donor ability of OMe from the
para position is stronger than from thertho position. The
change in coplanarity between tbeOMe substituent and the

An alternative reaction mechanism for IGA-assisted nucleo-
philic cleavage of SH is shown in Scheme 6, which predicts
the absence of IGA-assisted rate enhancement ikfhstep is

the rate-determining step. However, under the reaction condi- benzene ring due to significant steric hindrance-@Me with

tions where thek® step is the rate-determining step, IGA- . ide f ionali d he el d h bility b
assisted rate enhancement is expected to occur. The rate. 1 0© unctionality reduces the electron-donating ability by
determining steps in the reactions of SH with H&nd DABCO resonance o6-OMe compared tp-OMe. However, the values

69 P 6 . of koy seem to be almost insensitive to polar and resonance
are thek;® step andk® step, respectively, and consequently,

; ffects of substituents attached to the leaving aryl group for
IGA-assisted rate enhancement should be absent and prese .
in the reactions of SH with HO and DABCO, respectively. q e reason thaktoy values are almost the same for hydrolysis

i e A
However, experimentally observed large rate enhancement inOf p-PT andN-(phenyl)phthalimides? This is plausible in view

the pH-independent rate of hydrolysis dfand absence of

(34) Hansch, C.; Leo, A.; Taft, R. WChem. Re. 1991, 91, 165.

DABCO buffer catalysis in the hydrolysis df rule out the  (35) ym, 1. -K.; Lee, J.-Y.; Fujio, M.; Tsuno, YOrg. Biomol. Chem.
possibility of occurrence of reaction mechanism shown in 2006 4, 2979. We thank one of the reviewers for providistp,-o~ value
Scheme 6. and reference.

. . 36) Sim, Y.-L.; Ahmad, W. H. W.; Ariffin, A.; Khan, M. N. Submitted
(c) Pseudo-first-order rate constakyt) for pH-independent for(puzjncation.

(at pH>1 and<2.5, where concentration of ionizéds almost (37) Khan, M. N.Int. J. Chem. Kinet1987, 19, 143.
zero) hydrolysis ofl (10° k, = 1.25 s1) is ~40—50-fold 31((338) Sim, Y.-L.; Ariffin, A.; Khan, M. N.Int. J. Chem. Kinet2004 36,
smaller than the corresponding rate constant2f¢t0® k,° = (39) Aviffin, A; Leng, S. Y.: Lan, L. C.; Khan, M. Nint. J. Chem.

62.0 s1) (Figure 1). Under such condition, the occurrence of Kinet. 2005 37, 147.
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of the reaction mechanism shown in Scheme 7, which predicts
a significant sensitivity okoy values to substituents of leaving
aryl groups only when thi’ step is the rate-determining step.
However, the rate-determining step is tké step. However,
nearly 2-fold smaller value okon for 2 than for p-PT does
reveal a significant amount of steric hindrance affecting the
nucleophilic attack by nucleophile at the carbonyl carbon in
thek,” step (Scheme 7). Nearly 9-fold smaller valuekef; for

S~ thankon for 2 may be attributed to electrostatic repulsive
interaction between the anionic nucleophile (H@nd theo-O~
group of S in the ky’ step.

Conclusions

Pseudo-first-order rate constants for hydrolysislaind 2
under varying pH reveal the occurrence of IGB assistance in
the hydrolytic cleavage of where theo-O~ group of ionized
1(S7) acts as IGB. The occurrence of kinetically indistinguish-
able IGA assistance due to tleeOH group of nonionizedl
(SH) in the reaction of HOwith SH has been ruled out based
upon indirect experimental evidence. The estimated rate ac-
celeration due to the IGB-assisted reaction gOHvith S~ is
>8 x 10*fold.

Experimental Section

Stock solutions oN-(o-hydroxyphenyl)phthalimidel] (0.03 M)
andN-(o-methoxyphenyl)phthalimide2f (0.01 M) were prepared
in acetonitrile. The buffer solutions of desired pH were freshly
prepared just before the start of the kinetic runs. The values of pH
for all kinetic runs at pH>3 were measured at the end of the kinetic
runs using a digital pH meter at 3&. The pH meter was calibrated
just before the pH measurements with standard pH buffers of pH
4.02 and 6.98 for pH<7.00 and of pH 6.98 and 9.16 for pH7.00.

The pH meter was not used to determine the pH of the reaction
mixtures at [HCI] ranging from 5.6 10-3to 1.0 M. The pH values

of these reaction mixtures were calculated from the relationship
pH = —log(y[H]), where activity coefficienty = 0.70 at 1.0 M
ionic strength.

Kinetic Measurements. The rates of hydrolysis ofl in the
presence of different [HCI], [NaOH], and buffers of different pH
were studied spectrophotometrically at 1.0 M ionic strength (NaCl)
and 35°C by monitoring the disappearance bfit 300 nm as a
function of reaction timet]. Similarly, the rates of hydrolysis &
were studied at 290 nm by measuring the appearance of the
hydrolysis product o2 and disappearance @fperiodically at pH
>7.16 and pH=2.46, respectively. Pseudo-first-order rate constants
(kobg for hydrolysis ofl and2 were calculated from eqs 9 and 10
for the reaction rate monitored by measuring respective disap-

pearance of reactant and appearance of products as a function o

t 10b

Aobs= 5app[x] 0 exp(= kobg) +A,
Aops= OapdX] o1 — exp(—kypd)] + Ag

In eqs 9 and 10A.s represents absorbance of the reaction
mixture at a fixed wavelengthl); dap is an apparent molar
extinction coefficient of reaction mixture dt [X]o is the initial
concentration of reactant,or 2, A, = Agpsatt = o0 andAg = Agps
att = 0. The observed dat#\{,s versust), obtained for all kinetic
runs, were found to fit to eq 9 or eq 10 up to 3.5 (slowest reaction-
(s)) — 100 (fastest reaction(s)) half-lifes of the reactions. In the
observed data treatment with egs 9 andkigy, dapp andA, or Ag
were considered as three unknown parameters. A-U%ible
spectrophotometer equipped with thermostated multicell compart-
ment was used throughout the studies. The initial concentrations

9)
(10)
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TABLE 3. Values of Molar Extinction Coefficients of 1, 2, 3, 4, 7,
8, and 9 and Reaction Product Mixtures att = o for Hydrolysis of
1land 2

A =300 nm A =290 nm
pH ot 03 o7 08 Ot 02 64 88 89 D2
<25 2680 1930 40 30 2160 4550 470 175

[2400] [3730] [30] [470]

>11.0 7530 5560 3410 ~10 3100 5530 75 2190

[6870] [3740] [3330] [75]

16 70 560
0.25 90 640
0.46 150 670
7.16 5570
7.79 5580
10.25 5610
10.74 5370
11.41 5450
11.66 5650
12.31 5450

a[1]o=3 x 1074 M; [2]o = 2 x 10°* M; values in square brackets are
at 290 nm; the unit of molar extinction coefficient isMcm=; 6" and
d."2 are apparent molar extinction coefficients of reaction product mixtures
att = o for hydrolysis of1 and2, respectively.

of 1 and2, in each kinetic run, were kept constant at Q04
and 2.0x 10 M, respectively. The details of the kinetic procedure
and data analysis are described elsewHere.

Product Identification. In order to identify the products of acidic
and alkaline hydrolysis of and2, the molar extinction coefficients
of expected hydrolysis productsl-(o-hydroxyphenyl)phthalamic
acid 3), N-(o-methoxyphenyl)phthalamic acid)( o-hydroxyaniline
(7), phthalic acid 8), ando-methoxyaniline 9) have been deter-
mined under the reaction conditions of kinetic runs using authentic

samples of these compounds. These results are summarized in Table

3. The values 0d..” (=A./[X] ) for a few typical kinetic runs are
also listed in Table 3, which reved@® and 4 as the hydrolysis
products ofl at pH>6.1 and2 at pH >7.2, respectively. However,
at pH <2.46, the hydrolysis products aret 8 for 1 and8 + 9 for

2. These observations are conceivable for the reason that the rate

of hydrolysis of3 is >100-fold larger than that of its formation
from 1 within [HCI] range of 5.0x 10-3to 1.0 M2’ Similarly, the
pseudo-first-order rate constamtd) for the hydrolytic cleavage
of 4 at 35°C, 0.05 M HClI, is 130x 107° s%,2” which is~19-fold
larger thank,ps obtained within [HCI] range of 5.c 103 to 1.0
M for the formation of4 from 2.

The values 0f.,” at pH >11 and<1 for the hydrolysis o2
reveal the absence of possible hydrolysis of the methoxy group,
that is, hydrolytic conversion df to 1 and4 to 3, at these extreme
pH values. However, the possibility of hydrolysis of the methoxy
group of2 to producel under very low and very high pH may be

uled out for the following reasons. (i) The values &f are
ignificantly different from the values @f! or 62 at these extreme
pH values (Table 3). (ii) If the rate of formation dffrom 2 is
much faster than the rate of hydrolysislofinder such conditions,
then the logk.ps — pH profiles for hydrolysis ofl and2 should
have been the same. Contrary to this, suchkdgg— pH profiles
for 1 and 2, as shown in Figure 1, are very different from each
other. (iii) If the rate of hydrolysis ot is much faster than the rate
of its formation from hydrolytic cleavage of ttemethoxy group
of 2, then the values od..”? should have been similar to the sum
of 07 and 68 However, such similarity does not exist at pH.1
(Table 3). Although the values od.,”2 at pH <2.5 are not
significantly different fromy” + 68, the values okopsfor hydrolysis
of 2 are significantly larger than those for hydrolysis biinder
such conditions (Figure 1).

Spectrophotometric Determination of pK 8" of 1 at 30 °C.
Significant initial absorbancei%us (i.e., observed absorbance at
reaction timet = 0), change {1.39 absorbance units) has been
observed at 300 nm, 3.0 104 M 1 and within the pH range of
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6.08-10.11 at 1.0 M ionic strength. These valuesASf,s were
used to calculat& S, dspy, andds- from eq 11

6SH[H+] + 5S*KaSH
[H+] 4 KaSH

0 —
A obs

[Xlo (11

whereKSH is the ionization constant df, dsy and ds- represent
molar extinction coefficients of nonionized and ioniz&dat 300

nm, respectively, and [X]is the initial concentration df and [H']

= 10 PH/y with activity coefficienty = 0.7 at 1.0 M ionic strength-

The nonlinear least-squares calculated respective valuks®Bf

Osn andds- are (3.91+ 0.29) x 10°° M, (2.80 + 0.07) x 1C®
M~tcm™t, and (7.534 0.07) x 10° M1 cmL. A satisfactory fit

of observed data to eq 11 is evident from the standard deviations
associated with the calculated paramet#tS, osy, andds- and

JOC Article

from the percent residual errors=L00A%ps — Alaicd/A%pd Of
<4%. The calculated values 6§y andds- may be compared with

the corresponding values obtained experimentally at 300 nm and
0.05 M HCI sy = 2.56 x 10° M~1 cm™1) as well as 0.005 M
NaOH (s = 7.46 x 10° M~1 cm™1).
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