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The substituent effects in the second-order reaction of Z-substituted benzyl tosylates and benzyl X-benzenesulfonates
with Y-substituted N N-dimethylanilines (DMAs) were studied in acetonitrile at 35 C. Rate constants for the reaction
of Z-benzyl tosylates with DMAs exhibited a curved Hammett plots, and the apparent p; values increased negatively
in the following sequence Y=m-NO,>H>p-MeO>p-NMe,. This means that the weaker nucleophile magnifies the
effect of the benzyl substituent Z. The plot of py against log (kz/kulv-u showed good linear relation with a slope
of 057 and it was discussed that the change in transition state structure was mainly attributed to C-N bond formation.
The |pyl value, determined by introducing of electron-withdrawing substituent in the leaving group, was decreased
from —1.75 X=p-Me) to —1.58 (X=p-NOy). This result indicates that a poor leaving group requires more nucleophilic

assistance.

Introduction

Curved Hammett plot is one of the most characteristic
feature of substituent effect in nucleophilic displacement re-
action of substituted benzyl system. Although various inter-
pretation have been offered for this borderline behavior,}!!
the way of mechanistic shift for the curvature in the Ham-
mett plot has not been resolved completely. In order to in-
vestigate the variation of the structure of Sy2 transition state
for benzyl reaction, it is important to evaluate the contribu-
tion between the bond formation of nucleophile-benzyl car-
bon (C,) and the bond fission of Ci-leaving group. However,
variations in the structure of either the nucleophile or the
leaving group would change several properties of the reac-
tant, which could not explain how the structure of the reac-
tants affects the structure of a Sy2 transition state.

The Menschutkin-type reaction of benzyl benzenesulfo-
nates with DMAs is a typical Sy2 displacement reaction and
accompanies a considerable change in mechanism with sub-
stituent changes. Furthermore, this system is highly appro-
priate to describe the shift of mechanism in terms of the
substituent effects for three variables, X, Y, and Z, in three
aryl moieties which are capable of monitoring the degree
of bond formation, bond fission, and central charge develop-
ment, respectively, without any steric change in the funda-
mental framework of the transition state. '

In the foregoing paper,! we have analyzed the substituent
effect on the reactions of substituted Z-benzyl tosylates with
DMA, and pointed out a remarkable mechanistic change with
substituent Z in the benzyl substrate. Electron-donating sub-
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stituents prompted the reaction, indicating positive charge
development at the benzyl reaction center in the transition
state. The negative pz values for the whole range of benzyl
Z substituents indicate the dominance of the bond fission
in the transition state, which becomes looser (or tighter) as
the substituent Z becomes more electron donating (or attrac-
ting). In this paper, we will concern mainly with the reactions
between typical benzyl tosylates and Y-substituted DMAs and
an elucidation of the relation between benzyl substituent Z
and the contribution to C-N bond formation. The effect of
the leaving group on the tramsition state structure is also
discussed.

Results and Discussion

The reaction rates of Z-substituted benzyl tosylates with
Y-substituted DMAs were measured in acetonitrile at 35 €
by the increase of the conductance of the quaternary ani-
linium salts at initial concentration of ester 0.0005 M (M
=mol dm~%) and DMAs 0.1 to 0.25 M as described in the
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Table 1. Second-Order Rate Constants (32X 10%, £.57'M ") for the
Reactions of Z-Substituted Benzyl Tosylates with Y-Substituted
N,N-Dimethylanilines at 35 T in Acetonitrile

Z Y=p-NMe. p-MeO H nt-NO, Py
p-MeS 351 137 483 -0.64
6-MeQ-2Naph 499 131 356 -0.78
#-PhO 337 981 142 -118
2-Fluorerenyl 1140 431 107 116 —1.36
»-MeO-m-Cl 825 337 868 104 —1.30
34,5-Mes 977 375 9.1 118 -1.22
34-Me, 576 228 529 505 @ —144
»-MeS-m-Br 560 393 455 —132
p-Me 39% 158 376 339 —147
p-t-Bu 409 153 351 334 —144
»-Ph 332 117 253 209 —153
3.5-Me, 377 133 281 220 —156
m-Me 219 91.0 188 127 ~165
H 159 57.3 115 0684 -173
m-MeS 184 57.9 106  059%6 —176
p-Cl 149 4.6 877 0402 —189
p-Br 147 463 882 0428 —185
m-Cl 889 24.3 442 0167 —201
m-Br 101 30.2 499 0211 —194
m-CF; 805 231 368 0139 —201
p<CF, 260 00912 —205
m-CN 775 202 3117 00941 —214
p-CN 484 146 2184 00705 -—2.10
m-NO, 745 19.0 3005 00847 —2.19
p-NO, 4.1 113 1820 00458 —227
3,54CF); 53.1 125 1680 00404 —228

foregoing paper.! The second-order rate constants are sum-
marized in Table 1. The rate enhancement with a more elec-
tron-donating benzyl substituent indicates that the positive
charge developed on benzyl carbon is stabilized by the elec-
tron-donating substituents in the transition state as described
previously.! The change in the benzyl Z substituent from
p-MeS to p-NO: produces a 32-fold rate decrease with a
fixed nucleophile, Y=p-MeO, while gives a 1055-fold rate
decrease with Y=m-NQ,. In other words, the weaker nucleophile
magnifies more remarkably the effect of the benzyl substi-
tuent Z. On the other hand, the rate ratio for the substituent
effect of nucleophile Y, (ky-n/ky=mnoy), varies from 2.8 for
p-MeS benzyl tosylate to 37 of p-NQO, one. This indicates
that the less electron-donating substituent Z becomes, the
larger contribution from the effect of DMAs is required. The
logarithmic rates of substituted benzyl tosylates are plotted
against 6* in Figure 1 for the Y=p-NMe,, p-MeO, H and
m-NO, DMA. The magnitude of the |pz]l values increase as
the substituent in the DMA is changed from Y=p-NMe; to
m-NO, (slope more negative). This fact suggests that the
greater positive charge is accumulated at the benzyl carbon
by a weaker nucleophile in the transition state. The transi-
tion state structure of Sy2 reaction becomes more carboca-
tionic as the nucleophile becomes less nucleophilic. It is wor-
th noting that the reaction of 3,5-bis(trifluoromethyllbenzyl
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Figure 1. Hammett plots for the reactions of Z-substituted ben-
zy] tosylates with Y-substituted N,N-dimethylanilines in acetoni-
trile at 35 .
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Figure 2. Logarithmic rate plots for the reactions of Z-substitu-
ted benzyl tosylates with Y=p-NMe,, #-MeO, unsubstituted and
m-NQ; N,N-dimethylanilines.

tosylate with strong nucleophile, Y=p-MeQ and p-NMe,-
DMAs give a rate increase compared with p-NO, one. in
general, the reaction between anionic nucteophile and substi-
tuted benzyl derivatives shows a U-shaped Hammett plot
with a minimum rate for the unsubstituted compound.*1
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Figure 3. Plot of py against log (ez/krky=p.

Similarly, the reaction of benzyl bromides with pyridine
showed U-shaped Hammett plot with a minimum rate for
b-vitro benzyl one.® These results are in agreement with
the rate increase for the reaction of 3,5-bis(trifluoromethyl)
benzy! tosylate with strong nucleophile as shown in Figure
1, and it can be interpreted that bond formation is ahead
of bond fission in the transition state. Figure 1 shows that
the transition state should become more Syl-like when the
substituent of N,N-dimethylaniline becomes more electron-
attracting, -Nevertheless, we see that a good linear free ene-
gy relationship (Figure 2) exists among the logarithmic rates
for the reaction with different nucleophile,

log (ez/Redy=prue,=0.75 log Chz/Ruly=n; )
(8D=0.02, R=0.995)

log (Rz/kwdv=pme0=085 log (kz/kulv=n; 3
(SD=0.01, R=0.997)

log (k2/kpkv=wno, =146 log (kz/kuly=n; (4?

(SD=0.03, R=0.995).

Thus, the mechanistic shift toward Syl induced by the reac-
tion of the benzyl substituent with a weaker nucleophile
must occur in a quite similar manner to the change with
a relatively stronger nucleophile even if the degree of change
is magnified with the weaker nucleophile. Based on the reac-
tivity change with Y=H and m-NQ,, py value can be estima-
ted for a series of Z-substituted benzyl tosylates. The py
values listed in the last column of Table 1 can be regarded
as a relative measure of the degree of C-N bond formation
in the transition state. The py values change widely and stea-
dily from —2.3 to —0.64 as the benzyl substituent Z changes
from p-NO; to p-MeS. The degree of bond formation in the
reaction of p-MeQ bhenzyl tosylate may be a quarter that
of p-NO. one. As reported before,' the effect of the benzyl-
Z-substituents can not be linearly described by any substi-
tuent constants, but only as a monotonically curved plot agai-
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Table 2. Second-Order Rate Constants (#,X 10%, .s~'M~") for the
Reactions of Benzyl-X-Benzenesulfonates with Y-Substituted N,
N-Dimthylanilines in Acetonitrile at 35 €

X Y=H m-NO, Py

p-Me 115 0678 -175
H 20.8 124 -173
pCl 65.2 3.89 —-1.72
p-Br 684 415 _ -172
m-Cl 110 7.60 —1.64
m-NO, 473 333 -162
#-NO, 459 348 —158

nst o*. In order to investigate the quantitative relation bet-
ween C-N bond formation and the electron density of benzyl
carbon, the py values are plotted against log (kz/kiv=u values
in place of oz as shown in Figure 3. The |pyl values increase
linearly with the decrease in electron density at the benzyl
carbon. This means that the transition state shifts to loose
state (tight) with an increase in the electron-donating (with-
drawing) ability of the benzyl Z-substituent.

The same discussion can be applied to the py values!
which indicates the degree of C-O bond-breaking, and we
obtained the slope of 0.07 with correlation coefficient, 0.998.
It is worthy of note, the magnitude of slope. The great sensi-
tivity (slope=0.57) of py to the change of charge distribution
on benzyl carbon can be rationalized in terms of the variation
of the relative importance of bond-formation and bond-
breaking in the transition state.

For the curvature of the Hammett plot, three possible ex-
planations have been proposed:** (i) a mechanistic change
from Sp2 to Syl as electron-withdrawing substituents are
changed to electron-donating ones;**~V (ii) a change in the
relative importance of bond formation and bond fission in
transition state;*#*181 (jii} 3 variable resonance effect of the
substituents.™*

The first mechanism can be ruled out because the present
Menschutkin reaction displays clean second-order kinetics
and is first-order in the substrate and nucleopile, respecti-
vely, as far as we treated here. The third possibility can
be also excluded because the meta substituent which is ab-
sent the resonance effect correlates with the single concave
Hammett plot-along with the para substituent. Experimental
results of the present study support the second explanation
and thus the concave Hammett plot in Figure 1 are explain-
ed by that greater slope (more carbocationic) for strongly
electron donating benzyl substituent should arise as a result
of the decrease in the C-N bond formation. The more impor-
tant contribution by C-N bond formation to the mechanistic
change obtained here is compatible with the result of the
MC kinetic isotope effect. Yamataka and Ando® have deter-
mined the MC kinetic isotope effect for the Menschutkin-type

" reaction between Y-DMAs and benzyl X-arenesulfonates,

They found that substituent Y has a large effect of the £%/k4
than substituent X. This may be characteristic of a typical
Sn2 reaction in which the bond formation is relatively more
important rather than the bond breaking in the rate-deter-
mining step.
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Figure 4. Hammett plots for the reactions of benzyl X-benzene-
sulfonates with N,N-dimethylanilines in acetonitrile at 35 €.

To study the transition state variation by the leaving
group, the second-order rate constants for the reactions of
benzyl (X)-substituted benzenesulfonates with DMAs are de-
termined and summarized in Table 2. The Hammett plots
of the rate data in Table 2 show good linearity except the
p-nitro substituent (Figure 4). The anomalous behavior of
p-nitro substituent along with all para +R groups has been
revealed in solvolytic or nucleophilic displacement reaction
of the benzene sulfonate systems?® The n-delocalization
from aryl n-system to the NO; group is saturated because
of repulsive interaction of charge produced at adjacent posi-
tion with positive charge at the sulfur atom.”® The downward
deviation of p-nitro substituent in Figure 4, thus, can be
explained in terms of the diminution of n-acceptor resonance.
In Figure 4, the px value increases fron 1.86 (Y=H) to 1.96
{Y=m-NO.), which means that the bond breaking is more
progressed as the nucleophile becomes weaker.

The relationships between bond formation and nucleofuge
in benzyl reaction can not be explained clearly. Ballisteri
¢t al. have reported the Hammett py values for the reactions
of benzyl halides with Y-anilines;® the py value decreased
from —146 to —0.87 when the leaving group changed from
iodide to chloride. Furthermore, Westway and Ali measured
the py value and isotope effect for the reaction between Y-
thiophenoxide ion and aryl benzyl dimethylammonium ion,
‘and concluded that more nucleophilic assistance is required
to displace a better leaving group given.® These results sug-
gest that changing to a better leaving group leads to product-
like transition state structure. However, Table 2 shows that
the Ipyl values decrease gradually as the substituent in the
leaving moiety is changed from p-Me to p-NOs, which means
that C-N bond formation decreases progressively with a bet-
ter leaving group. This is in complete agreement with the
result of the Bronsted treatment for present reaction in ace-
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tone? In the case of present reaction system, thus, the bet-
ter leaving group do not yield a “product-like” transition
state but 2 “loose” one. This suggestion agrees with the
prediction of More O'Ferrall diagram for the effect of leaving
group variation on Sy2 transition state structure.’®

| Experimental

Materials. Purification of acetonitrile, substrate prepara-
tion, and product analysis have been previously described.!
N,N-dimethylaniline and its p-NMe; and m-NO; derivatives
were commercially available and were further purified by
distillation or recrystallization before use. N,N-Dimethyl-p-
methoxyaniline was synthesized” by the reduction of N,N,N-
trimethyl-(p-methoxyphenyl) ammoniumiodide with LiAlH,
which was prepared from p-anisidine and methyl iodide by
Sandler's method,? mp 452-459 T (lit. mp® 47 T, 4849
(o) R .

Kinetic Measurements. Rates were measured conduc-
timetrically as described before.! The pseudo-first-order rate
constants were determined by the least-squares computer
program. The precision of the fit to pseudo-first-order kine-
tics was generally satisfactory, with correlation coefficient>
0.99995 over 2.5 half-lives of the reaction. For more reactive
substrate than p-methylbenzyl tosylate, second-order rate
constants were determined from the linear part with correla-
tion coefficients20.999 of the plot of k4 vs. amine concentra-
tion. Second-order rate constants of other substrates were
determined by dividing pseudo-first-order rate constants by
the initial amine concentration.

This work was supported by the Korea Science and Eng-
incering Foundation and Monbusho International Scientific
Research Program, Japan (06044264).
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Resolution of Amide Derivatives of Naproxen on
Pirkle-Type n-Acidic Chiral Stationary Phases
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A chiral recognition model which explains the chiral resolution behavior of N-alkyl amide derivatives of naproxen
on the Pirkle type n-acidic CSPs derived from N-~(3,5-dinitrobenzoyl)-(R)-phenylglycine and N-(3,5-dinitrobenzoyl)-(S)-
leucine has been proposed. Based on the proposed model, an effort to improve the resolution of racemic naproxen
derivatives on the CSP has been devoted and consequently, N-alkyl N-aryl amides of naproxen or N-alkyl N-cyclohexyl
amides of naproxen have been found to be resolved quite well on a Pirkle type n-acidic CSP. Based on the reciprocity
conception of chiral recognition, CSPs which might show excellent resolving ability for m-acidic racemic compounds

have been suggested.

Introduction

~ Enantiomers of chiral drugs often show different biological
activities’ and, in consequence, the enantiomeric composition
of chiral drugs has been an important issue in developing
and using them? The nonsteroidal anti-inflammatory drugs
(NSAIDs) related to a-arylpropionic acids are one class of
pharmaceutical compounds which exhibit the contrasting be-
havior of the two enantiomers. In general, the (S)-enantio-
mers of NSAIDs are more active for the desired therapeutic
effect than the corresponding (R)-enantiomers and the (R)-
enantiomers undergo metabolic inversion of configuration n
vivo® In this instance, accurate and convepient means of
measuring the enantiomeric purity of chiral drugs including
NSAIDs has been sought.!

Chiral liquid chromatography based on chiral stationary
phases (CSPs) has been most successfully applied to separate
the two enantiomers of NSAIDs related to c-arylpropionic
acids.5 Among others, the alkyl amide derivatives of racemic

NSAIDs have been resolved on CSP 1 derived from (R)-N-
(3,5-dinitrobenzoyl)phenylglycine. ¥~ To rationalize the chro-
matographic resolution results of the alkyl amide derivatives
of NSAIDs on CSP 1, Wainer and Doyle proposed a chiral
recognition model utilizing the dipole stacking of amide di-
poles and the r-n interaction between the dinitrobenzoyl
group of the CSP and the aryl substituent of the analyte®
Subsequently, this chiral recognition model was recognized
by Pirkle as a “head-to-head” chiral recognition model®
However, resolving a homologous series of alkyl amide deri-
vatives of racemic naproxen on CSP 2 derived from (S)-N-
(3,5-dinitrobenzoylleucine, we found that the chromato-
graphic resolution results are somewhat different from those
on CSP 1. To rationalize the differences between the chro-
matographic resolution results on CSP 1 and 2, we herein
propose an improved chiral recognition model utilizing the
face-to-edge n-n interaction which has attracted considerable
attention as an associative force between aromatic rings in
the recent studies® and the hydrogen bonding interaction



