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The results of kinetic studies on the reactions of 2-phenyl-1-propyl arenesulfonates with anilines and benzylamines
in methanol at 55.0C are reported. The transition state variation with the substituents in the nucleophile (X) and
leaving group (Z) is in accord with that expected from a negative px; value : A stronger nucleophile and nucleofuge
lead to a greater extent of bond-making and -breaking. Somewhat greater magnitude of px; compared to the nearly
constant value for the similar processes at a primary carbon atom has been interpreted to result from a partial

contribution of the concurrent frontal displacement path.

Introduction

The cross-interaction constants, p; in Eq. (1) where ¢ and
7 represent substituents in the nucleophile (X), substrate (¥)
or leaving group (2) in Scheme 1, are useful as a mechanistic
tool for organic reactions in solution.!

log(k;/kur) = pioi+ po;+ pyoio; 0

We have shown for nucleophilic substitution reactions that:
(i) The magnitudes of pxy and py; are directly proportional
to the extent of bond-making and -breaking respectively in
the transition state (TS), provided the fall-off of |p;l (by
ca. 2.8) due to an intervening nonconjugative group. e.g. CH,
or CO, between the substituent and the reaction center is
accounted for.? (ii) A positive [negative] pyxz, which can be
alternatively given as Eq. (2), leads to an earlier [later] TS
along the

v..f’..’f){___, P vz . &

nucleophile leaving group

substrate

Scheme 1.

o Gp @

Pxz= aO’x - 602

reaction coordinate for a stronger nucleophile (8ox<0) and/or
a stronger nucleofuge, 7.e., a better leaving group (50z>0).!
(iii) The magnitude of pxz, is a measure of the TS tightness;
the greater the |pxzl, the tighter is the TS (the shorter is
the d*yz in Scheme 1).
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Previous works on the aminolysis (with anilines, XC;H,NH,)
of 2-phenylethyl arenesulfonate,* I, and its 1-methyl analogue,
5 II, have indicated that the overall reaction proceeds by
an Sy2 mechanism with a relatively small degree of aryl
participation for the substrate with an electron donating sub-
stituent, Y=p-CH;0. The magnitude of pxz was, however,
found to be somewhat large (pxz= —0.45* and 0.16° in MeOH
at 65.0C for I and II with Y=H, respectively) compared
with those for other corresponding reactions which are
approximately constant for Sy2 processes with pxz=0.33 and
0.10 in MeCN at 65.0C at primary® and secondary carbon

centers, respectively.’
Y@CHzICHosozcsH‘Z

Y@ CH,CH,050:CeH,Z

I CH;

1l
@g{cmosozcsﬂ,z

CH,
III

Since the magnitude of px; provides a measure of the ti-
ghtness of the Sy2 TS, d*xz, the anomalously high |pxz| va-
lues for T and II have been interpreted as an indicative of
the involvement of a frontal nucleophilic displacement in
which the nucleophile (X) and leaving group (Z) come close
together, .., shorter d*x; leading to a greater magnitude
of Pxz.

In this work, we extend the aminolysis studies to the 2-
methyl analogue of I, Eq. (3), in order to gain further infor-
mation on such an anomaly in the reactions of I and IL

MeOH

I
CsHs;CH(CH;)CH,-NHRX +XRNH; + ~0S0.CsH,Z 3

R=C5H4 or C6H4CH2
X=p-CH;0, p-CH;, H, p-Cl, m-NO; or p-NO,
Z=p-CH,, H, pCl or p-NO,

Results and Discussion

The rate constants, k,, for the reactions of 2-phenyl-1-pro-
pyl arenesulfonates, III, with anilines and benzylamines in
methanol at 55.0C are summarized in Table 1. The rates
are seen to increase with a stronger nucleophile (80x<0)
and nucleofuge (80,>0) as expected from a Sy2 type process.
For the reactants with X=Y=Z=H, at 65.0C, the rate beco-
mes slower in the order T (11.0X1075 M~ 1s"H)>II (3.55X
107° M~ 1s7I>TII (1.71X 107° M~'s™") reflecting steric effect
of the methyl group in the last two, Il and IIL Efficient
stabilization of the incipient cationic charge in the TS by
the methyl group on C, may also contribute to the greater
reactivity of II compared to HI.

The Hammett (px and pz) and Bronsted (Bx and B7) coeffi-
cients are collected in Table 2. The magnitude of these coef-
ficients increases, and hence the TS shifts toward a later
position along the reaction coordinate, e, the extent of
bond-making and -breaking increases, with a stronger nu-
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Table 1. Second Order Rate Constants, k.X10° dm® mol™! s7,
for Reactions of Z-substituted 2-Phenyl-1-propyl Arenesulfonates
with X-substituted Anilines and Benzylamines in MeOH at 55.0

o

C

V4
P'CHS H P-Cl p-NOz

Nucleophile X

Aniline pCH:O 158 186 275 792
$-CH, 110 132 191 525
H 603 776 977 245

a7y

p-Cl 275 316 437 977
m-NO, 0501 0562 0692 112
»-NO, 0.388 0437 0550 0.832

Benzylamine p-CH;0 316 347 437 802
p-CH; 224 258 302 540
H 151 162 195 289
p-Cl 955 105 120 174
p-NO, 345 363 389 457

*At 65.0C

Table 2. The Hammett (px and pz) and Bronsted (Bx and Bz)
coefficients for Reactions of Z-substituted 2-Phenyl-1-propyl are-
nesulfonates with X-substituted Anilines and Benzylamines

Nucleophile Z [ B X pZ B

Aniline p-CH:,O +—153 051 p-CH;O 076 —0.25
H —157 053 p-CH; 073 —024
p-Cl —-163 053 H 063 —021
p-NO, —-189 064 p-Cl 059 —020

m-NO, 037 -012
. NG, 035 —0.12
Benzylamine p-CH; —089 0.76 p-CH;O 044 -015

H —092 079 p-CHs 040 -0.13
p-Cl —098 084 H 030 -0.10

p-NO; —116 099 p-Cl 028 —0.09
© p-NO, 013 —0.04

“The o values were taken from J. A. Dean, “Handbook of Organic
Chemistry” McGraw-Hill, New York, 1987, Table 7-1. The corre-
lation coefficients were better than 0.994 in all cases. * The pK,
values were taken from: J. A. Dean, “Handbook of Organic Che-
mistry” McGraw-Hill, New York, 1987, Table 8 for anilines, and
from R. V. Hoffman and J. M. Shankweiler, J. Am. Chem. Soc.
1986, 108, 5536 for arenesulfonates involving methyl transfers.
X=p-CH;0 is excluded from the Bronsted plot for Bx (benzyla-
mine) due to unreliable pK, value listed. The correlation coeffi-
cients were better than 0.994 in all cases.

cleophile (50x<0) and nucleofuge (602>0). This type of TS
variation with the substituents in the nucleophile (ox) and
nucleofuge (oz) is required by equation 2 when pxz is nega-
tive,! which is indeed observed as shown in Table 3. The
trend of TS variation is also supported by the secondary
kinetic isotope effects involving deuterated anilines. Refere-
nce to Table 4 reveals that a stronger nucleophile (X=p-CH;0)
and nucleofuge (Z=p-NO,) leads to a smaller ku/kp value
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Table 3. Cross-interaction Constants, pxz and Bxz, for Some Nucleophilic Substitution Reactions

Han Joong Koh et al.

Reaction Solvent Temp.© Pxz Biz
1. XCsH,NH,+ CH,CH,0S0,C¢H,Z? MeOH 65 0.33 0.19
MeCN 65 0.34 021
2. XC¢H,NH;+ (CH3):SiCH,050,CcH,Z" MeOH 65 0.31 0.18
MeCN 65 0.33 0.20
XCsH,CH,NH, + (CH;);SiCH;0S0,CsH,Z*2 MeCN 65 0.08 0.12
3. XC¢HNH+(CH;3);CCH;0S0,CsH,Z" MeOH 55 031 0.18
XCeH(CH:NH,+ (CH3);CCH,050.C-H,Z" MeOH 55 0.11 0.15
4. XC¢H,NH,+ C¢H;CH(CH3)OS0,C¢H,Z* MeOH 25 —0.56 —0.32
5. XC¢H,NH,+ C(CH;);CHC:H50S0,CsH,Z*® MeOH 35 0.0 0.0
6. XC:H,NH,+ CsH;CH,0S0.C:H,Z'® MeOH 30 —0.10 —0.06
7. XC¢H,NH;+ C¢H;CH.CH.0S0,C:H,Z* MeOH 65 —045 —0.28
8. XCeH,CH,NH,+ CsHs;CH,CH,0S80,CsH,Z" MeOH 65 —-0.13 —-021
9. XC¢H,NH,+ CsHsCH,CH(CH2)SO.CsH,Z° MeOH 65 0.16 0.02
10. XCsHsNH,+ CsHsCH(CH3)CH,0S0,CH,Z? MeOH 55 —0.39(0.999y —0.23(0.999)
XCsH,CH:NH; + CsH;CH(CH;3)CH,0S0,CsH,Z* MeOH 55 —0.29(0.996) —0.42(0.995)

¢This work; ®The values in parenthesis are the correlation coefficients at 99% confidence level.

Table 4. The Kinetic Isotope Effects (ks/kp) for the Reaction of 2-Phenyl-1-propyl Z-arenesulfonates with Deuterated X-anilines
(XC¢H,ND,) in Deuterated Methanol (CH;OD) at 55.0T

X 4 MeOH M~ !s™ 1) MeOD (M~! 57} kulko

p-CH;0 p-NO;, 79.2 (+ 1y X107 886 (+2) X10°¢ 0.894+ 0.007*
p-CH:0 p-CH; 15.8 (£ 0.6)X107¢ 175 (= 0.2)()( 106 0.901+ 0.008
p-Cl p-NO, 9.77(x 0.5)X10°¢ 105 (£0.7)X10°¢ 0.924% 0.010
p-Cl p-CH, 2.75(+ 0.4) X 107¢ 2.94(+ 05)x107¢ 0.935% 0.007

sStandard deviation, ®Standard error.®

reflecting a greater degree of steric crowding due to a grea-
ter degree of bond formation.

It is interesting to note in Table 3 that the reaction type
with a negative py; value is rather rare, and occurs only
in the Sy2 processes at a benzylic and primary 2-phenylethyl
carbon centers. The magnitude of Bz in Table 2, is relatively
smaller, especially for the reactions with benzylamines, than
those for the normal Sy2 processes, B;= —0.30~ —0.45,% sug-
gesting a relatively low degree of bond cleavage in the TS.
This is in line with a relatively greater magnitude of pxz
and Bx; for III in Table 3. For the reactions with anilines,
the magnitude of px; (= —0.39) and Bxz (= —0.23) is some-
what greater than those for other Sy2 processes at a primary
carbon center (px;=0.31-0.33 and Bx,=0.18-0.19). It is to be
noted that very little change in |pxz| may be expected for
the 10T rise in temperature? The magnitude of py; and
Bxz is especially greater for the reactions with benzylamine;
the magnitude is more than twice of that for other reactions
at a primary carbon center, reactions 2, 3, and 8 in Table
3. Since the magnitude of pxz (and Bxz) is a measure of
the TS tightness, these larger values obtained in this work
seem to reflect a somewhat tighter TS for the reactions stu-
died in this work, Eq. (3). In view of our earlier results,
however, the following alternative interpretation seems more
plasusible.

The structure of the 2-phenylethyl arenesulfonate analo-
gues, IV, suggests that the normal rear-side Sy2 attack by

an aniline molecule must be sterically inhibited due to the
relatively large size of the (Y) benzene ring (e.g the Taft
steric constants'® are —0.07 and —0.38 for CHs and CiHy)
lending probability to a front-side attack. In the front-side
Sa2 attack the nucleophile and leaving group can come close
together leading to a greater magnitude of px; (and Bxz).
Indeed such a frontal attack has been predicted for the reac-
tions of I based on the large magnitude of pxz (and Bxz)
observed.*

>
I Ri=R,=H
I, R1=H, RZICHB
Z 111, R1=CH3, R2=H

For the 1-methyl analogue, III, however, the frontal attack
should be somewhat limited by an extra methyl group on
Cs. In any of the reactions of I-III it is hard to conceive
of the total front-side attack process, since the normal rear-
side attack process is intrinsically more favorable and can
compete with the frontal process.!! Therefore, the relatively
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greater magnitude of pxz (8xz) obtained for I-III appears most
likely to result from partial involvement of the frontal pro-
cess. The extent of such contribution may decrease in the
order I>II>III, considering an additional steric inhibition
by the methyl group on C, and Cp in II and III respectively.
The increment of the magnitude, Apxz= pxzosssrPxzmormaty 1S
0.14, 0.06 and 0.05 for the reactions of I, II and III, respecti-
vely, assuming the normal |pxz| value in MeOH at 65.0T
of 0.31° and 0.107 for the reactions at a primary and secon-
dary carbon atom. The decrease in the increment, Apyz,
should reflect the decrease in the extent of the fronatal pro-
cess contribution.

The greater increase in pxz and Bxz for the reactions of
I with benzylamines may arise from a greater contribution
of the frontal process due to a greater degree of steric inhi-
bition in the rear-side attack by the relatively larger nucleo-
phile, benzylamine.

We therefore conclude that in the Sy2 reactioins of 2-phe-
nylethyl arenesulfonates, I-III, with anilines and benzylami-
nes the frontal attack process contribute partially. The con-
tribution of the frontal process results in a greater magnitude
of pxz and Bxz, and the contribution is greater, the greater
is the steric inhibition in the rear-side attack, and the lower
is the steric requirement in the front-side attack.

Experimental

Materials. Merck analytical grade methanol was used
without further purification. The nucleophiles, aniline, were
Aldrich G.R. purchased, which were redistilled or recrystalli-
zed before use. Preparation of deuterated anilines were as
described previously.>® The analysis (NMR spectroscopy) of
the deuterated anilines showed more than 99% deuterium
content, so no corrections to kinetic isotope effects for incom-
plete deuterium were made.

Substrates, 2-phenyl-1-propyl arenesulfonates, were prepa-
red by reacting Aldrich G.R. 1-phenyl-2-propanol with ben-
zenesulfonyl chlorides.!® The substrates synthesized were co-
nfirmed by spectral and elementary analyses as follows.

CsHsCH(CH3)CH,0S0,C¢Hs. Vv, (neat) 1360, 1195
(S0,), 1020 (SO) and 815 cm™! (S-0-C); &y (CDCly) 1.2 (B-
CH;, 3H, d), 29 (CH, 1H, m), 4.1 (-CH,-, 2H, d), 7.2-7.4 (phen-
yl, 10H, m). (Found: C, 73.7; H, 6.7. Calc. for CysHs05S:
C, 738, H, 6.8%).

CsHsCH(CH3)CH;0S0;C¢Hy-p-CH;. mp. 45C, vpu
(KBr) 1350, 1165 (S0Oy), 1020 (SO) and 810 cm™ (S-0-C);
81 (CDCly) 1.3 (B-CH,;, 3H, d), 1.9 (»-CH,, 3H, s), 2.8 (CH,
1H, m), 40 (-CH.-, 2H, d), 7.2-7.8 (pheny}, 9H, m). (Found:
C, 742, H, 7.1 Calc. for C15H130351 C, 744, H, 70%)

CoHsCH(CHa)CHzOSOzCqu'p'Cl- mp. 74-750C, Viax
(KBr) 1355, 1180 (SO), 1010 (SO) and 810 cm™ (S-O-C);
8u (CDCl;) 1.3 (B-CH,, 3H, d), 29 (CH, 1H, m), 4.2 (-CH-,
2H, d), 7.2-7.8 (phenyl, 9H, m). (Found: C, 74.2; H, 6.1 Calc.
for CisHis0sS: C, 74.1; H, 6.2%).

C6H5CH(CH3)CHzOSOzCng-p-NOz. mp. 1080C, Vaax
(KBr) 1530, 1345 (NOy), 1180 (SO.) and 812 ¢cm™! (S-0-C);
Su (CDCly) 1.3 (B-CHs, 3H, d), 28 (CH, 1H, m), 4.2 (-CH,-,
2H, d), 7.2-7.9 (phenyl, 9H, m). (Found: C, 62.4; H, 5.1 Calc.
for C15H1505NS: C, 62.3; H, 5.2%)

Kinetic procedures. The rate measurements for the
reactions of 2-phenyl-1-propyl arenesulfonates with anilines
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were attempted in acetonitrile but the rates were found to
be too slow for our conductivity apparatus. Rates were mea-
sured conductimetically at 55.0% 0.05C in methanol. The
conductivity bridge used in this work was a self-made cum-
puter interface automatic A/D converter conductivity bridge.
Substrates were injected with a syringe. Pseudo-first order
rate constants, k., were determined by the Guggenheim me-
thod® with a large excess of aniline; [2-phenyl-1-propyl are-
nesulfonate]=10"% mol dm™® and [aniline]=0.025-0.50 mol
dm™3. Second-order rate constnat, k, were obtained from
the slope of the plot of k. vs. [aniline] with more than
four concentrations of aniline. The intercept of this plot was
almost zero ranging from 1.6X1077 to 7.1X107!! s~! indica-
ting that many side reactions including methanolysis are in-
significant during the rate measurements.

Product analysis. 2-phenyl-1-propyl arenesulfonate was
reacted with excess aniline with stirring for more 15 half-
lives at 55.0C “in methanol, and the products were isolated
by evaporating the solvent under reduced pressure. The TLC
analysis of the product mixture gave three spots (silica gel,
glass plate, 10% ethyl acetate/n-hexane).

Rf values. 0.62 (CsHsCH(CHa)CHzNHCeHs), 043 (CeHs—
CH(CH3)CH,0S0,CsHs), 0.30 (CsHsNHy), 0.02 (CeHsNHE-0S0,
CsHs). The product mixture was treated with column chro-
matography (silica gel, 10% ethyl acetate/n-hexane). Analysis
of the products, CsHsCH(CH;)CH.NHCsH;s: 8y (CDCl3) 1.2
(B-CHs, 3H, d), 2.7 (CH, 1H, m), 3.0 (NH, 1H, broad), 4.2
(-CH-, 2H, d) and 7.2-7.6 (phenyl, 10H, m). CsH;0S0,-NH}-
C¢Hs: 8y (CDCly) 4.8 (NHS, 3H, broad) and 7.1-7.7 (phenyl, 10H,
m). The analysis of the reaction mixture, 2-phenyl-2-propyl
arenesulfonate with aniline, by NMR at appropriate intervals
for at least 15 half-lifes under exactly the same reaction
conditions did not give any detectable change due to aryl
participation.
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