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In our previous work, we have shown that benzyl derivati-
ves react by a dissociative Sy2 mechanism with a relatively
loose transition state (TS). The cross-interaction constants
between X-substituted nucleophiles and Z substituted leaving
groups, pxz {Scheme 1), in Eq. (1 were negative! indicating
that a stronger nucleophile (8ox<0) and a better leaving
group 8c;>0) lead to a later TS® (8p;>0) and 8px <0, respec-
tively in Eq. (2).

log k;%wa=pioi+pic;+pic,o; 1)
where i, =X, Y or Z
= leogkxz - 3_pz = apx (2}
doxdo: doy do;

It has been reported that a typical dissociative Sy2 process
has relatively narrow range of the magnitude of pxy (0.6-0.8)"
suggesting a similar degree of bond formation is invoived
in the TS. In this work, we report the results of kinetic
studies on the nucleophilic substitution reactions of benzyl
bromides with N-methylanilines in methanol-acetonitrile
mixtures at two temperatures of 450 and 55.0C, Eq. (3).
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Table 1. Second Order Rate Constants (8,X107% M~!s™!) for the Reaction of Y-Substituted Benzyl Bromides with X-Substituted

N-Methylanilines in MeOH-MeCN Mixtures at 450 and 55.0T

Y=p-CH, H p-Cl p-NO,
MeOH T(C)
VY% X= 450 565.0 450 55.0 450 55.0 450 55.0
$-OCH, 91.2 159 439 779 423 72.0 17.7 306
100 H 299 499 124 226 104 193 401 6.96
»-Cl 130 25.3 496 9,07 395 7.30 112 2.25
$-OCH; 932 162 450 80.2 444 788 195 341
90 H 307 54.1 123 23,0 110 199 40 713
2-Cl 133 253 5.10 950 403 825 119 2.36
$-OCH, 903 159 443 792 451 760 212 359
80 H 260 479 120 214 109 189 408 7.52
p-Cl 126 229 434 9.05 410 752 121 237
$-OCH, 89.1 151 439 784 42 75.8 211 359
70 H 264 432 115 200 105 180 419 7.53
pCl 119 211 467 852 393 7.34 118 2.34
$-OCH, 85.0 143 413 70.0 414 700 20.8 56
50 H 216 372 9.07 168 9.18 149 364 648
$-C) 885 174 398 737 339 621 116 223

Table 2. The Hammett py+ Values® for the Reaction of X-Sub-
stituted N-Methylanilines with Y-Substituted Benzyl Bromides
in MeOH-MeCN Mixtures at 45.0 and 55.0C

Table 3. The Hammett py Values® for the Reaction of X-Substi-
tuted N-Methylanilines with Y-Substituted Benzyl Bromides in
MeOH-MeCN Mixtures at 45.0 and 55.0C

X=p-0CH;, H p-Cl Y=p-CH, H p<Cl p-NO,

MeOH T (O MeOH T (©
V/V¥% 450 55.0 4590 55.0 450 550 V/V)% 450 550 450 550 4506 550 450 550
100 —-062 -062 —075 -0.75 -093 —091 100 —~170 —160 —190 —187 -—207 —199 -240-—-227
90 —-059 -059 -076 —077 -092 -090 90 -—16% —162 —190 —18 —-209 —-197 -243-233
80 —054 -—-056 —-074 —-070 —-089 —0.86 80 =-171 —169 —193 —189 —209 —202 -249-—237
70 -053 -~-054 —069 -066 -088 —0.83 70 -175 —172 —195 —-194 -211 —-204 -~251—238
50 -052 -051 —066 —065 -078 -~-0.78 50 —197 —184 —204 —197 -218 —-212 --252-242

?Corre. Coeff.; »=0.985%0.015.

2 XCeHNHCH; + YCH CH,Br —>
YCsH,CH,NCH,CoH,X + XC:HNH,CH, + Br

X=p$-0CHs, H or p-Ci

Y=p-CH;, H, p-Cl or p-NO;

We are interested primarily in the effects of nucleophiles,
temperature and solvent composition on the magnitude of
pxy which is a measure of the degree of bond formation.

3

Results and Discussion

The second order rate constants, k., for the reactions of
benzyl bromides and N-methylanilines in MeOH-MeCN mix-
tures are summarized in Table 1. Although the solvolysis
(methanolysis) of benzyl bromides will take place in parallel
with the aminolysis reaction (Eq. (3)), we can disregard it
safely since it does not interfere with the aminolysis as we

°Corre. Coeff.; r=0.997+0.003.

have pointed out for the similar types of reaction?

The rate shows a slight maximum at around 70-90% me-
thanol. The rate increases with a stronger nucleophile and
with a2 more electron donating substituent in the substrate
(eg. Y=p-CH;). The latter suggests substantial positive cha-
rge development at the benzylic carbon center in the TS,
This is supported by the relatively large negative py+ values
(Scheme 1) in Table 2. The magnitude of Ipy*| tends to
increase with a weaker nucleophile (X=p-Cl) and with a
MeOH content of the solvent mixture.

This can be rationalized as a lesser degree of bond forma-
tion with a weaker nucleophile and a greater degree of bond
breaking in a methanol-rich solvent leading to a greater posi-
tive charge development at the reaction center.

The Hammett px values for the substituent changes in
the nucleophile are collected in Table 3. The negative sign
reflects correctly the positive charge development at the ni-
trogen atom of the nucleophile in the TS. The size of the
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Table 4. The Cross-Interaction Constants, pyy, for the Reaction
of Benzyl Bromides with N-Methylanilines in MeQOH-MeCN
Mixtures at 450 and 55.0C

Px [ Py Corre
Coeff. (1)

MeOH T (©)

V% 450 550 450 550 450 550 450 550

100 —1%4 —187 —078 —0.77 —064 —059 0994 0993
K —19 —187 -—-076 —0.76 —067 —064 0993 0994
80 -—197 —182 -073 —071 -—071 —061 0993 0993
70 —200 —195 -071 —068 —069 —059 0.993 0.993
50 —203 —200 -066 —065 -053 —058 0950 0.991

negative value increases with a more electron withdrawing
substituent in the substrate (Y=p-NO,) indicating a greater
degree of bond formation.

The size, however, slightly decreases in the solvent with
a greater methgnol content, which should be normally inter-
preted as a lesser degree of bond formation in a MeOH-rich
solvent. We note that the variation in the size of py is rela-
tivety small with the solvent composition. On the other hand,
the size of py tends to decrease with an increase in the
temperature implying that bond formation decreases with
an increase in the temperature. This is in contrast to the
insignificant change of |py+| with the temperature in Table
2.

The cross-interaction constants, pyy obtained by the multi-
ple linear regression of the rate data, k,, using Eq. 1 are
summarized in Table 4. We note that the px and py* values
listed are in good agreement with the values independently
determined for X=H and Y=H in Tables 2 and 3, which
implies that the pxy values are reliable.?

The magnitute of |pxy| in MeOH at 450 (0.64) is well
within the range of |pxyl values for a normal dissociative
Sn2 reactions (0.6-0.8).* The magnitude tends to exhibit a
small maximum at 80-90% MeOH, which is the range for
rate maxima in Table 1. Since a greater value of |pxyl indica-
tes a greater degree of bond formation,? the maximum can
be taken to reflect a maximum degree of bond formation
at 80-90% MeOH. This can be rationalized with a greater
degree ‘of bond breaking due to a maximum concentration
of free MeOH normally predicted for this solvent composi-
tion leading to a maximum degree of electrophilic bond-brea-
king assistance by the hydrogen bonding of MeOH. If we
consider the negative sign of py for the aminolysis of benzyl
derjvatives,'** a greater bond breaking should lead to a grea-

Notes

ter degree of bond formation. Thus a greater |py+| (a greater
degree of bond breaking accompanied by a greater degree
of bond formation®) together with a smaller Ipxl (a lesser
degree of bond formation) in the methanol-rich solvent act
in a compensating manner to give a maximum behavior in
degree of bond formation in the 80-90% MeOH range.

The magnitude of Ipyy| tends to decrease with an increase
in temperature, suggesting a lesser degree of bond formation
at higher temperature as we noted with the change in |pxl
above.

We conclude that the degree of bond formation exhibits
a maximum at 80-%0% MeOH solvent and decreases with
increase in temperature. In general, the size of |pxy| found
in this work is in the general range of 0.6-0.8 found for
the dissociative type Sy2 reactions with loose TS.

Experimental

Meterials. Solvents and benzyl bromides used are the
same as described previously.! N-Methylanilines are com-
mercially available compounds, which were purified before
use.!

Rates Measurements, The rates were measured by
the conductivity method. Determination of rate constants,
k;, is as described in the previous reports.'
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