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The title reaction has been suggested to proceed through
zwitterionic tetrahedral intermediate with a change in the
rate determining step on the basis of the curved Brgnsted
type plots obtained. The curvature center of the curved
Brgnsted-type plots is atkp = 6.4 regardless of the

electronic nature of the substituent X in the benzoyl moiety.

Aminolyses of esters have been suggested to proceed concert-

edly or through a stepwise mechanism with a zwitterionic
tetrahedral intermediate *Jt~1° depending on the reaction
conditions (e.g., solvenis? the nature of amines?®and the
structure of substraté&19. Aminolysis of esters with a good

Note

change at the curvature center of the curved Bragnsted-type plot,
defined as [, . 1710

The K, value increases as the substituent in the nonleaving
group becomes a stronger electron withdrawing group (EWG)
for quinuclidinolysis of diaryl carbonates in water as reported
by Gresser and JencksThis has been explained through the
argument that the departure of the amine fromig favored,
over that of the leaving group, as the electron withdrawing
ability of the substituent in the nonleaving group incredses.
Castro et al. have found a similar result for pyridinolysis of
2,4-dinitrophenyl X-substituted benzoates (i.&;p= 9.5 when
X = H but pKg' > 9.5 when X= ClI, CN, or NQy)? andS-2,4-
dinitrophenyl X-substituted thiobenzoates (i.eKapincreases
from 8.5 to 8.9 and 9.9 as X changes from 4-Me to H and
4-NO,, respectively) in aqueous ethariél.

In contrast, we have shown that th&p value is not
influenced by the electronic nature of the substituent in the
nonleaving group for reactions of 2,4-dinitrophenyl X-substi-
tuted benzoates and benzenesulfonates with alicyclic secondary
amines in HO containing 20 mol % dimethyl sulfoxide
(DMSO)>7 It has been found that the Hammett plots for these
reactions are curved downwardly as the substituent in the
nonleaving group changes from electron donating groups (EDG)
to EWG?37 Such a curved Hammett plot has traditionally been
interpreted as a change in the RB$lowever, we have shown
that stabilization of the ground state through resonance interac-
tion between ther-electron donor substituent and the carbonyl
#r sulfonyl functionality is responsible for the nonlinear
Hammett plots since the Yukawdsuno plots for the same

_reactions are line&’

(4) (a) Castro, E. A.; Aliaga, M.; Santos, J. &.0rg. Chem2005 70,
2679-2685. (b) Castro, E. A.; Gazitua, M.; Santos, J.JGOrg. Chem.
2005 70, 8088-8092. (c) Castro, E. A.; Aliaga, M.; Santos, J. L Org.
Chem.2004 69, 6711-6714. (d) Castro, E. A.; Cubillos, M.; Santos, J. G.
J. Org. Chem2004 69, 4802-4807. (e) Castro, E. A.; Cubillos, M.; Aliaga,
M.; Evangelisti, S.; Santos, J. G@. Org. Chem2004 69, 2411-2416.

(5) (&) Um, I. H.; Kim, K. H.; Park, H. R.; Fujio, M.; Tsuno, Y. Org.
Chem.2004 69, 3937-3942. (b) Um, I. H.; Min, J. S.; Lee, H. WCan. J.
Chem.1999 77, 659-666. (c) Um, I. H.; Chun, S. M.; Chae, O. M.; Fujio,
M.; Tsuno, Y.J. Org. Chem2004 69, 3166-3172. (d) Um, I. H.; Hong,
J. Y.; Kim, J. J.; Chae, O. M.; Bae, S. K. Org. Chem2003 68, 5180-
5185. (e) Um, I. H.; Hong, J. Y.; Seok, J. A. Org. Chem.2005 70,

leaving group has often resulted in a curved Brgnsted-type plot 1438-1444.

(i.e., the slopefnuo decreases from ca. 0.8 to ca. 0.3 as the
amine becomes more basic than the leaving groupty @,

(6) (@) Um, I. H.; Kim, E. J.; Park, H. R.; Jeon, S. E.Org. Chem.
2006 71, 2302-2306. (b) Um, I. H.; Han, H. J.; Baek, M. H.; Bae, S. K.
J. Org. Chem2004 69, 6365-6370. (c) Um, I. H.; Lee, S. E.; Kwon, H.

units)¥19 Such a curved Brgnsted-type plot has been interpreted J. 3. Org. Chem2002 67, 8999-9005.
as evidence of a stepwise mechanism with a change in the rate (7) (@) Um, I. H.; Lee, J. Y,; Lee, H. W.; Nagano, Y.; Fujio, M.; Tsuno,

determining step (RDSY.1° The RDS has been suggested to
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TABLE 1. Summary of Apparent Second-Order Rate Constants

(kn, M1 s71) for the Reactions of Y-Substituted Phenyl 44 o B,=-158
X-Substituted Benzoates with Piperidine in HO Containing 20 mol PY ﬂg =_150
% DMSO at 25.0+ 0.1°C 1 f g2 ’
pKa ky (M~ts71)
\4 (Y-PhOH) X=NO,(1) Cl(2) H(@) Me (@) MeO ()
a, 3-COMe 9.19 0.0208 0.00650 0.00226
b, 3-Cl 9.02 0.0519 0.0203 0.0159 0.0105 0.00619
¢, 4-COMe 8.05 0.673 0.236 0.0982
d, 4-CHO 7.66 2.61 0.852 0.328
e 4-NO, 7.14 21.6 8.14 594 3.68 1.9
f, 3,4-(NQy)2 5.42 1140 251 191 758 323

aData from ref 7b.

We have extended our study to the reactions of Y-substituted
phenyl X-substituted benzoates with piperidine to obtain more
conclusive information about th&g' and reaction mechanism.
Various substituents X and Y have been employed both in the
nonleaving and in the leaving group, respectively. In the
previous studied; 10 the leaving group was fixed with a weakly
basic aryloxide or thioaryloxide (e.g., 2,4-dinitrophenoxide or
2,4-dinitrothiophenoxide), while the basicity of the attacking
amine and the substituent in the nonleaving group were changed. —+ 1~ T+ T T T
In the current study, the nucleophile is fixed with piperidine, a S 6 7 8 o 10
strongly basic alicyclic secondary amine, while the substituents pK, (Y-C,H,OH)
both in the leaving and in the nonleaving groups are changed.

All reactions in this study obeyed pseudo-first-order kinetics FIGURE 1. Brensted-type plots for the reactions td—f(O), 3a—
over 90% of the total reaction. Pseudo-first-order rate constantsf(®), and5a—f(0) with piperidine in HO containing 20 mol % DMSO
(kobsd have been determined from the equatioma(— A) = at 25.0+ 0.1 °C. The identity of points is given in Table 1.
—konsd + C. All the plots of kopsg VErsus the piperidine con- HEME 1
centration were linear passing through the origin, indicating that _

general base catalysis by a second amine molecule is absent Q = ki Q =
and that the contribution of 40 and/or OH from hydrolysis XOC_()@Y * HNC> —T: x@g—o@\(
to thekonsgis negligible. Thus, the rate law is given by eq 1, in ) H'}'_

which [S] and [NH] represent the concentration of the substrate =

and piperidine, respectively. The apparent second-order rate con- o

stants ky) have been determined from the slopes of the linear e x@&—“— . ‘0@

plots ofkopsgversus the piperidine concentration and summarized i \ 7y

in Table 1. The uncertainty in thi values is estimated to be  x = NO,(1), CI(2), H(3), Me(4), MeO(5)
less than 3% from replicate runs. The detailed reaction condi- y - 3.cowme(a), 3-Ci(b), 4-COMe(c), 4-CHO(d), 4-NO,(e), 3.4-(NOy)(f)
tions and kinetic results are shown in the Supporting Informa-

tion. Pig2 represent the slope of the Brgnsted-type plots for the
weakly basic and strongly basic leaving groups, respectively,
rate= Kypsd S], whereky,s = ky[NH] 1) while ky® refers to theky value at fKz°.

Effect of Leaving Group Substituent on Reactivity and 0y = — 0y —
Mechanism As shown in Table 1, thky for the reactions with 109/k") = FignlPKa pKi) logl(L+ a)fz], .
piperidine increases as the substituent X or Y becomes a stronger where logo. = (ﬁlgl - ﬂ|gz)(pKa —pKy) (2)
EWG. The effect of the substituent Y in the leaving group on ) )
reactivity is illustrated in Figure 1. The Brensted-type plots for _ The [Ka" determined for the reactions d&—f, 3a—f, and
the reactions ofla—f, 3a—f, and 5a—f with piperidine are 5a—f with piperidine is 6.4, which is ca. 4.6<Q units smaller

curved downwardly as the basicity of the leaving group than the ia of the conjugate acid of the attacking piperidine

decreases. Such a nonlinear Brgnsted-type plot is typical for (PKa= 11.02). This is consistent with the report that a change

the aminolysis of esters, which proceeds through a zwitterionic N the RDS occurs when the attacking amine becomes more

tetrahedral intermediate €] with a change in the RDS (Scheme ~ basic than the leaving group by-% pK, units or the leaving

1) (i.e., from breakdown of Tto its formation as the basicity ~9roup becomes less basic than the amine nucleophile-isy 4

of the leaving group decreases). pKa unlts.1x~"‘-_5x&10 It is noted that the Ka° determined in this
The nonlinear Bransted-type plots shown in Figure 1 have study remains c_onstant regaro_lless of the el_ectronlc nature of

been analyzed using a semiempirical equation (eq 2) on thethe substituent in the nonleaving group. This result supports

basis of the proposed mechanighi1%12In eq 2, Biy and our previous conclusion that th& is not influenced by the
electronic nature of the substituent in the nonleaving group for

(12) Gresser, M. J.: Jencks, W. 2.Am. Chem. Sod.977, 99, 6963 aminolyses of 2,4-dinitrophenyl X-substituted benzoates and
6970. benzenesulfonatés.
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However, Castro et al. have recently argued against our 8 -
conclusiont®bThey have suggested that the aminolysis of 2,4-

=111 r=0.75
dinitrophenyl X-substituted benzoates performed by us proceeds 1 / P r
1

bnd

very likely through a concerted mechanism, although the kinetic =074 r=075
study resulted in curved Brgnsted-type pf&?It is because 64
the slopes of the curved Brgnsted-type plots are not in
accordance with those obtained for reactions that have been =064 r=075
suggested to proceed through a stepwise mechanisnpfie., 2] _E/ﬁ/era/w

0.74 at the low K4 region is not large enough, e.@z = 0.8—
1.0), while; = 0.34 at the high i§; region is not small enough
for a stepwise mechanism (e.g; = 0.1-0.3)10ab

To examine the previous argument, the microscopic rate
constants (i.e., théy/k—1 ratio andk;) associated with the
reactions ofla—f, 3a—f, and5a—f with piperidine have been |
calculated as shown in the Supporting Information using the 2
eqgs S1S8. Theky/k-; ratio has been calculated to be strongly 0 e 4
dependent on the basicity of the leaving group (i.e.,kiffle-1
for the reactions ofa—f increases from 6.19% 10~*to 0.0356 1
and 13.4 as the substituent Y in the leaving group changes from
3-COMe to 4-CHO and 3,4-(N£, respectively (Table S20 in 24
the Supporting Information)). A similar result has been obtained b
for the reactions oBa—f and5a—f. On the contrary, th&/k—; T T T T
ratio is not dependent on the substituent X in the nonleaving
group. As shown in Table S20, thek—; ratio remains nearly 19

constant on changing t?e substituent X In.the benzoyl moiety FIGURE 2. Hammett plots and YukawaTlsuno plots (inset) for the
(e.g., (6.20+ 0.4) x 10 for the least reactivéa, 38 and5a  reactions oflb—5b(0), 1e-56(®), and 1f—5f(0) with piperidine in

or 13.4+ 0.3 for the most reactivéf, 3f, and5f). Thus, the H:O containing 20 mol % DMSO at 254 0.1 °C. The identity of
current result is consistent with our preceding argument that points is given in Table 1.

the ko/k—1 ratio is independent of the electronic nature of the

substituent in the nonleaving group for the aminolysis of 2,4- zenesulfonates, and other related estétén all casesfuchas
dinitrophenyl benzoates and benzenesulforates. been reported to increase as the substituent X in the nonleaving

The effect of the leaving group basicity on tkek_; ratio is group changes from an EDG to an. EWE. .
illustrated in Figure S1 in the Supporting Information. It is  Effect of Nonleaving Group Substituent on Reactivity and
shown thak, = k_; at pKa = 6.4, regardless of the substituent Mechanism As shown in Table 1ky increases as the
in the nonleaving group. Besides, thgk_; ratio exhibits a substituent X in the nonleavmg group changes fr_om an EDG
strong dependence on the basicity of the leaving group (i.e. to an EWG. The effect of substituent X on the rate is illustrated

the slope of the linear plots is ca. 1.350.01). Such a large "in Figure 2. All the Hammett plots consist of two intersecting

slope can be explained as follows. The nucleofugality of the _stralght lines. A curvature in Hammett plots has generally been

. : . interpreted as a change in the RDS or the reaction mechanism
leaving group from ¥ (kz) would be influenced by the electronic . .
. . . . depending on the shape of the curvature: convex and concave
nature of the substituent Y in the leaving group (ike.would

i.e., downward and upward curvature, respectivEyf. 16 The

. i i
Increase as the substituent ¥ becomes_a stronger EWG (or a%ownward curvature in the Hammett plots observed in this study
the leaving group becomes less basic)). On the contrary, nighy he interpreted as a change in the RDS (i.e., from the

expulsion of the amine from=T(k-1) would be more difficult 1, a1 down of T to its formation as the substituent X changes

as the substituent Y becomes a stronger EWG since the aming,om EWG to EDG). This argument appears to be reasonable
departs from f with the bonding electron pair. Accor.dingly, at first sight, since an EWG in the benzoyl moiety would

the ko/k, ratio is strongly dependent on the electronic nature gccelerate the attack of the nucleophile) (but retard the

log kI M's”

log k,/ M''s™

of the leaving group substituent. departure of the negatively charged leaving group frontkp),
Using theky values in Table 1 and the/k- ratios in Table while an EDG would decreade but increasek.
S20 in the Supporting Information, tHe values have been However, we propose that the curved Hammett plots shown

calculated and summarized in Table S21 in the Supporting in Figure 2 are not due to a change in the RDS, on the basis of
Information. One can see thiatincreases as the leaving group the following argument. The RDS is not determined by the
basicity decreases. The effect of the leaving group basicity on magnitude ofk; andk». This is becausé; andk, cannot be
ky is illustrated in Figure S2 in the Supporting Information. The
slope of the linear Brgnsted-type plotsfq1) increases as the (13) (a) Lee, I.Chem. Soc. Re 1995 223-229. (b) Oh, H. K.; Yang,
reactivity increases (i.efig1 increases from 0.23 to 0.33 and  J- H. Sung, D. D.; Lee, U. Chem. Soc., Perkin Trans220Q 101~105.
. (14) Swansburg, S.; Buncel, E.; Lemieux, RJPAm. Chem. So2000

0.39 as the substituent X changes from 4-MeO to H and 4;NO 155 55946600,
respectively), indicating that the reactivitgelectivity principle (15) (a) Um, 1. H.; Lee, J. Y.; Kim, H. T.; Bae, S. K. Org. Chem

i i 1 imilar 2004 69, 2436-2441. (b) Um, I. H.; Hahn, H. J.; Ahn, J. A;; Kang, S.;
(RSITt) If] not te)tpphcable :odtr;e ctl;]rrent re51lct|on S)f/sier.r:. SILT'IHB.I’I Buncel, E.J. Org, Chem2002 67, 84758480
results have been reported tor the aminolyses of 4-nitropnenyl(16) cevasco, G.; Guanti, G.; Hopkins, A. R.; Thea, S.; WilliamsJA

X-substituted benzoates, 2,4-dinitrophenyl X-substituted ben- Org. Chem 1985 50, 479-484.

5802 J. Org. Chem.Vol. 71, No. 15, 2006



JOCNote

compared directly due to the difference in their units (e.g:1 M
s tvs s%). Accordingly, the RDS should be determined by the  v_gypstitued phenyl X-substituted benzoates were readily
ko/k—1 ratio. Itis obvious thak, andk-; are strongly dependent  nrepared and purified as reporféd®2°A kinetic study was

on the basicity of the leaving group and the nucleophile, performed with a UV-vis spectrophotometer for slow reactions
respectively. The nucleophile used in this study is piperidine, (t;, > 10 s) or a stopped-flow spectrophotometer for fast
and the leaving group is also fixed for a given Hammett plot in  reactions {, < 10 s). Detailed kinetic methods and a product

Experimental Section

Figure 2. Accordingly, thé/k_; ratio should be constant for
each Hammett plot since tHe/k—; ratio has been shown to

remain nearly constant on changing the electronic nature of the
substituent in the benzoyl moiety (Table S20 in the Supporting
Information). Thus, one cannot attribute the nonlinear Hammett

plots in Figure 2 to a change in the RDS.

analysis are described in the Supporting Information.
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Supporting Information Available: Tables S+S19 for the
kinetic conditions and results for the reactions of Y-substituted
phenyl X-substituted benzoates with piperidine. Eqs-S& to

A careful examination of Figure 2 reveals that the substrate getermine the microscopic rate constakitend thek/k_; ratios.

with a s-electron donating substituent in the benzoyl moiety

Table S20 for the summary of the/k_; ratios in the reactions of

deviates negatively from the Hammett plots. Besides, the la—f, 3a—f, and5a—f with piperidine. Figure S1 for the plots of
deviation is more significant for the substrate with a stronger l0og k2/k-; versus [, for the reactions ofla—f(?), 3a—f(?), and
EDG. Accordingly, one can ascribe the nonlinear Hammett plots 5&—f(?) with piperidine. Table S21 for the summary lofin the

to stabilization of the ground state through the resonance

interaction between tha-electron donor substituent and the

reactions ofla—f, 3a—f, and5a—f with piperidine. Figure S2 for
the plots of logk; versus [K, for the reactions ofla—f(?), 3a—
f(?), and5a—f(?) with piperidine. This material is available free

carbonyl functionality. This argument can be further supported of charge via the Internet at http:/pubs.acs.org.

by employing the YukawaTsuno equation (eq 3):18 As
shown in the inset of Figure 2, the Yukaw&suno plots exhibit
excellent linearity with am value of 0.75 in all cases.

log ke/k, = plo” + (0" — 0”)] ®)

In summary, (1) the reactions of Y-substituted phenyl
X-substituted benzoates with piperidine proceed througtvith
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