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ABSTRACT

The kinetics and mechanisms of the reactions between 1-phenylethyl benzenesulfonates (1-PEB) with
N,N-dimethylanilines are investigated in methanol at 35-0°C. Reactivity and selectivity trends were
found to be similar to those for the reactions of I-PEB with anilines, but the magnitudes of cross
interaction constants, pxz, between substituents X in the nucleophile and Z in the leaving group were
substantially smaller indicating no hydrogen-bond bypass bridge formation in the transition state.
However, the magnitude of pxy suggested a direct electrostatic interaction between the reaction centers

in the nucleophile and leaving group in the frontside nucleophilic attack with a loose transition state
structure.

In a previous report' we interpreted the unusually large magnitudes of cross interaction
constants pxz, equation (1),2 between substituents X in the nucleophile and Z and in the
substrate for the nucleophilic substitution reactions of 1-phenylethyl benzenesulfonates
(1-PEB) with anilines in methanol-acetonitrile mixtures, equation (2}, as evidence in support
of the intermolecular Syi mechanism® involving a four-center transition state (TS), (I).

log(kxz/un) = PxOx + Pz0z + PxzOx0z H
2XC¢H4NH, + YCH,CHCH,0S0,C H,Z 2 YCH,CHCH;NHCH X +
XCH4NHY + “OSO,CH.Z  (2)
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A similar TS has originally been proposed by Okamoto et al.,* in their phenolysis studies of
various 1-phenylethyl derivatives, to account for the net retentio.n of the prpduct
configuration. In this type of TS, the approach of the nucleophile is restricted to front51de.so
that the product configuration is retained and the nucleophile provides a hydrogen atom which
can hydrogen-bond to the leaving group (LG) forming a bypass bridge. In the structure, I,
the two substitutents X and Z can interact via two routes through —N—C—O— and
—N—H—O0—; an additional interaction route provided by the hydrogen-bond bridge
enhances the intensity of interaction between the two substituents and leads to a remarkably
large magnitude of cross interaction constant pxz. _

One way of confirming the involvment of this four-center TS, (I), in reaction (2) is to
compare the magnitude of pxz with those for the reactions having no hydrogen atom for the
bridge formation in the nucleophile.

In this work we report the results of our kinetic studies on the reactions of 1-PEB with
N N-dimethylanilines (DMA),> reaction (3), in which no such hydrogen-bond bridge
formation is possible. We have discussed the structure of the TS in detail using various
selectivity parameters, especially the cross interaction constants.

XCgH,N(CH3), + YC(H,CHCH;0S80,C¢H4Z 2 YCH,CHCH; "N(CH3),CeHs X
+ TOSO,CHLZ  (3)
X = p-OCH;, p-CH;, H, p-Ci
Y = p-OCHj, p-CHs, H, p-Cl
Z = p-CH,, H, p-Cl, p-NO,

RESULTS AND DISCUSSION

Second order rate constants &, for the reactions of 1-PEB with DMA, (3), are summarized in
Table 1. Reference to Table 1 reveals that the rate increases with a stronger nucleophile
(X = p-OCH3,) and with a better LG (Z = p-NO,). The rate decreases, however, with a more
electron-withdrawing substituent in the substrate (Y = p-Cl). All these reactivity trends are
similar to those for the reactions of 1-PEB with anilines.'

The Hammett px®™ values obtained by varying substituent X in the nucleophile are
presented in Table 2. The magnitudes of pyx values (px < 0) are relatively large®™ but
somewhat smaller than those for reaction (2);' the size of px increases with a better LG and
with a more electron-withdrawing substituent in the substrate suggesting a greater degree of
bond formation.

The pz values for substituent (Z) variations in the LG are given in Table 3. The magnitude
of pz with a more electron-donating substituent in the nucleophile and with a more
electron-withdrawing substituent in the substrate, implying a greater degree of bond breaking.
Thus a stronger nucleophile (px < 0) is accompanied by a greater degree of bond breaking,
i.e. Aryz >0, and a better LG (pz > 0) leads to tighter bond formation, i.e. Arxy < 0. Here
rij denotes the distance between reaction centers R; and R; in (II), where we have
schematically shown the TS structure for normal Syl or Sy2 reactions with backside
nucleophilic attack (inversion) comprising three fragments, the nucleophilic with substituent X
(ox) and reaction center Ry, the substrate with Y (ov) and Ry, and the LG with Z (0,). These
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Table 1. Second order rate constants (k, x 107 m ~ ! sec™!) for reactions of
1-phenylethyl benzenesulfonates with N N-dimethylanilines, (3), in MeOH

at 35-0°C
Y X Z p-CH, H p-Cl p-NO,
p-OCH,; 5-06 9-69 15-9 76-2
_ p-CH; 3-53 6-68 10-8 50-4
p-OCH, H 1-84 3.4 554 25.1
p-Cl 0-723 1-36 2-08 8-69
p-OCH, 4-68 9-04 150 729
cH p-CH; 3.22 614 10-0 47-3
P51 H 1-65 310 5.18 23-2
p-Cl 0-664 1-18 1-88 7-91
p-OCH, 412 8-07 13-6 67-5
H p-CH, 275 5-33 889  42:5
H 1-38 2-64 413 20-4
p-Cl 0-541 0-998 1-59 6-76
p-OCH; 3-44 6-90 11-9 603
al p-CH, 223 442 7.58 368
p H 1-08 213 3-41 17-1
p-Cl 0-413 0711 127 5-45
Table 2. The Hammett py values® for reaction (3)
Y Z  p-CH;, H p-Cl p-NO,
p-OCH, —1:69  —1-70 (=2-13)° ~1-76 —1-84
p-CH; ~1.71 =177 (-2-15) —~1-81 ~1.97
H -1.77  —1-80 (—2:19) —~1-87 —1-95
p-Cl ~1-88  —1.92 (-2-24) —~1-99 -2-08

#Correlation cocfficients > (-998.
“Values in parentheses are those for reaction (2).

Table 3. The Hammett p values® for reaction (3)

X Y p-OCH; p-CH, H p-Cl
p-OCH, 1-21 1-23 1-25 1.28
p-CH; 1-19 1-20 1-22 1-25
H 1-17 1-18 1-20 1-23
(0-95)° (0-95) (6-97) (1-00)

p-Cl 1-10 1-11 1-13 1-17

*Correlation coefficients > 0-997.
®Values in parentheses are those for reaction (2).
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Oxy Pyz
Fragment X Py Fragment Z
(Nucleophile) (Leaving group)
Fragment Y
(Substrate)

(11)

substituent effects on the TS variation are consistent with those for an intrinsic controlled
reaction series,” for which the following relations are shown to hold.*

Arxy = A Oz
Ar\/z =2 Ox (4)

where A and A’ are negative constants.

The variation of substitutent in the substrate fromY = p-OCH,to Y = p-Cl seems to cause
a smaller increase in pz compared to that in px, indicating that bond formation is enhanced
more than bond breaking by a more electron-withdrawing substitutent in the substrate. This is
reasonable since bond breaking has already progressed much further than bond formation in
the TS, so that further increase in bond breaking will be small. This is supported by a smaller
|py|, in Table 4, for a better LG due to a greater increase in bond formation than bond
cleavage with an increase in the LG ability. Log (kv/ky;) vs oy was better correlated with
normal Hammett substituent constants rather than with o3, albeit the TS will be shown to
have a very loose structure (vide infra).!

The cross interaction constants for the reactions of 1-PEB with DMA are determined by
multiple regression analysis” of the k, values in Table 1 using equation (1) and its analogs.

The results of the multiple regression analysis are summarized in Table 5.Comparison of px,
py and pz values in Table 5 with the corresponding values obtained by simple linear Hammett
plots in Tables 2—4 shows very good agreement between the two. Table 5a shows that the

Table 4. The Hammett py values® for reaction (3)

X Z p-CH, H p-Cl p-NO,
p-OCH; ~033 029 —0:25 —0-20
p-CH, ~0-40 —0-36 —0-31 —0-27
H —0-46 —0-41 —0-44 -0-33
(—0-39) (~0-41) (-0:36)  (-0-32)

p-Cl —0-49 ~0-50 —0-43 ~0-40

“Correlation coefficients > ().994.
"Values in parentheses are those for reaction (2).
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Table 5. The cross interaction constants, py;, for reaction (3)

a
Corr
z Px Py Pxy coeff*
p-CH; -1.76 —0-45 —0-35 (-0-22)" 1-00
H —1-81 -0-40 -0-36 (-0-21) 0-999
p-Cl —-1.87 —-0-38 —0-37 (—0-23) 1-00
p-NO, -1-99 -0-32  —0-39 (—0-25) 1-00
b
X Py Pz Pyz C.C.
p-OCH, —0-30 125 0-13 (0-10)* 0-998
p-CHs -0-36 122 0-13 (0-11) 0-998
H —0-42 120 1-13 (0-13) 0-998
p-Cl —0-50 1-13  0-13 (0-14) 0-998
c
Y Px Pz Oxz C.C.
p-OCH, -1-71 1-15  —0-23 (-0-55)" 0-999
p-CH, -1-74 1-16  —0-24 (—0-55) 0-999
H —1-80 119 —0-24 (-0-56) 0-999
p-Cl —1-88 121 —-0.25 (—0-56) 0-999

*A test for statistical significance indicated a confidence level of 99% in all cases: S.
Wold and M. Sjostrom, Correlation Analysis in Chemistry, ed. by N. B. Chapman,
and J. Shorter, Plenum, New York, 1978, Chapter 1.

+Values in parentheses are those for reaction (2).

magnitudeof pxy is relatively small, |pxy| = 0-35, which is approximately half the value for
the normal Sn2 type reaction series (|pxy| = 0-70).'" This suggests that bond formation in the
TS is much less for the reactions of 1-PEB with DMA than in the Sy2 type reactions. The size
of pxy is, however, somewhat greater than that for the reactions of 1-PEB with anilines, '
implying some increase in the degree of bond formation. The magnitude of py, and hence the
degree of bond formation in the TS, rxy, is greater for a better LG (07 > 0), which is in accord
with our conclusion based on the magnitudes of px and p; thus the correlation (5) holds for
the reaction series (3).

log lpxy| = k o7 (5)

where k is a positive constant.® This is in line with equation (4), which has been shown to hold
for an intrinsic controlled reaction series.

The magnitudes of pyz values in Table 5b are the smallest among the three cross interaction
constants, [pxy|, |pyz] and |pxz|, and comparable to those for the dissociative Sy2 reactions of
benzy! benzenesulfonates with anilines (0-11)'! and for the reactions of 1-PEB with anilines
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(0-13),! indicating the grossly dissociative nature of this reaction. Relatively little bond
formation (small |pxy|) and large bond cleavage (small |pyz|) therefore suggest an open
‘exploded’ TS structure that closely resembles that of an Sy1 type reaction.'? The |pyz| values
are, however, nearly constant with respect to the substituent (X) variations in the nucleophile.

Since the polar and resonance effects of the substituents are transmitted through reaction
centers Ry, Ry and Rz, the magnitude of cross interaction will be inversely proportional to
the distances between the reaction centers,®*'* the lengths of carbon chains connecting
substituents to the reaction centers remaining practically constant in the activation process.'”
Thus the size of pxz should be the smallest since the distance between Ry and Rz is the
longest, which is indeed true for the reactions of benzyl benzenesulfonate with anilines.'!

On the contrary to the smallest |pxz| expected for an SN2 reaction, the pxz values for the
reaction of 1-PEB with anilines were the greatest.! This remarkable enhancement of the cross
interaction between X and Z was rationalized by a four-center TS, (I), involved in the
intermolecular Sni mechanism.?

With the use of DMA as a nucleophile in this work, there will be no such enhancement of
the cross interaction between X and Z in the four-center TS, (1), and the smaller |px/| values
corresponding to those for a dissociative Sx2 reaction series (~0-11)'" are expected. This
expectation is indeed borne out in the low |pxz| values of Table Sc; the size of |pxz| is however
still substantially greater than those for the normal Sy1 or dissociative SN2 reactions with the
backside nucleophilic attack,"'!(II).

Steric hindrance by the methyl group of 1-PEB should be enhanced with DMA as the
nucleophile as compared to the aniline, since two methyl groups surrounding the reaction
center nitrogen will be more bulky, This implies that with the DMA the frontside approach of
the nucleophile is even more likely to be enforced in the TS and the reaction will proceed with
retention of the product configuration. The only difference between structure (I) and that of
the TS with the DMA reaction (III) will be the absence of the H-bonded bypass bridge in the
DMA reaction series. In the type of retentive Si2 TS structure, however, there is a possibility

.
’
‘~~

(V) ©
(111)

of a direct electrostatic interaction® between Ry and R since the distance between them is
now diminished substantially unlike in the case of (II); the cross interaction between X and Z
should be enhanced somewhat, and hence a little greater |pxz| will be obtained, as we find in
Table 5c¢ for this reaction series.

EXPERIMENTAL

Materials were as described in the previous report.' N,N-Dimethylanilines were prepared
from anilines using dimethylsulfate by the known method.'* The melting points and boiling
points are summarized below.
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Table 6
XCsHaN(CH3),
X = p-OCH:; p-CH:; H pCl
m.p. or B. (°C) 48-49 93-94/15 mm 79/13mm 33
(lit)' 49 2117760 mm 194/760 mm 33-5
color white pale yellow pale yellow white

Rate constants. Rates were measured conductometrically at 35-0°C. Pseudo-first order rate
constants, k{™*, were determined by the Guggenheim method'® with a large excess of aniline
and second order rate constants, k,, were obtained from the slope of a plot of £{™ vs [aniline],
equation (6).

k™ =k, + ko[aniline] (6)

k; is the rate constant for methanolysis, which was found to be negligibly small compared to
the second order term as evidenced by zero intercepts (k; = 0} in all cases. Good second order
kinetics with linear correlation coefficients of better than 0-999 for the plots of equation (6)
indicated that the reaction is free from an ionic strength effect or from the base catalysis by
aniline.
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