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The rates of solvolysis of 1-aryl-1-(trifluoromethyl)ethyl tosylates were determined in 80% aqueous ethanol

for a series of substituents.
deviate upward from the meta-correlation line.

The Brown p*o™ treatment fails to give a simple linear plot, but all the p-z-donors
On the other hand, the Yukawa-Tsuno LArSR Eq. gives a

linear correlation over the whole range of substituents, log(k/ko)=—6.287(c°+1.388Ac%), with excellent

precision.

Strong destabilization of the carbocation intermediate by a-CFs appears to be reflected only in the
extremely high r value, but not in the p value of the substituent effect.
conclusion in the literature given for this reaction based on a simple Brown o* treatment.

This conflicts seriously with the
This reaction,

having an extremely high resonance demand r=1.4, should be far beyond the scope of the simple Brown ¢*

analysis.
effect regarding conjugative carbocation reactions.

As a general description of aryl substituent effects,
the Yukawa-Tsuno LArSR equation (1) has been
used for a variety of reactions, in which a cation is
developed at the conjugate site in the transition
state,4-10)

log (k/ko)= p(a°+rAGR). (1)

The r value is a parameter characteristic of a given
reaction, measuring the resonance demand, i.e., the
degree of resonance interaction between the aryl and
reaction site in the rate-determining transition state.3
What we have envisaged in the LArSR Eq. 1 is to
introduce the concept of varying resonance demands
into the substituent effect analysis.1=3562829.10)  Thjs r
parameter permits an evaluation of the nature of the
transition state, and has been widely applied to the
assignment and interpretation of reaction mecha-
nisms.34 However, it has been noted in the literature
that the simple Hammett-Brown treatment works just
as well411-13) and, therefore, the use of our LArSR Eq.
1 is superfluous.’¥ More critical analyses cast doubt
on the real merit of the r parameter and argue against
its significance as a measure of resonance demand.412
The critical view essentially stands on the assumption
of a fixed resonance demand (r=1) for conjugative
carbocation reactions,'? supported by the broad
applicability of the ot treatment.’® It appears to be
necessary to reexamine whether our basic LArSR con-
cept of varying demands on resonance effects with
different systems is valid.

These critical opinions appear to arise mostly from
the fact that typical benzylic solvolyses and relevant
reactions generally do not give any significantly dif-
ferent r values from unity, defined for the a-cumyl (1-
methyl-1-phenylethyl) solvolysis.516) We have already
pointed out earlier that the simple Brown o™ treat-
ment may be practically applicable to reactions hav-
ing an r value within the range from 0.8—1.2.59
While the Brown o may be applied as a good average
for describing enhanced resonance effects in the ordi-

Varying resonance demand should be a basic requirement for adequately describing the substituent

nary solvolyses, the discrepancy of more than £0.3 in
the r parameter from unity must be far beyond the
limit of applicability of the Brown o™ scale.8d Thus,
our answer to such criticism will be provided by an
analysis of systems whose r values differ significantly
from unity. In a previous paper we discussed from
this point of view the substituent effect on the solvoly-
sis of neophyl brosylates (2-methyl-2-phenylpropyl p-
bromobenzenesulfonates)! as a typical system giving a
distinctly lower resonance demand. In benzylic sol-
volysis series, the solvolysis generating a more desta-
bilized carbocation tends to have a higher resonance
demand. Recently, solvolyses of benzylic systems
strongly deactivated by an electronegative substituent
at the o position have been studied extensively.1317-20
Distinctly high resonance demands may be antici-
pated for such extremely deactivated carbocation sys-
tems. Thus, our interest was directed to such a reac-
tion, as an appropriate system for the examination of
varying resonance demands. Liu et al.!¥ studied
the substituent effect on the solvolysis of l-aryl-1-
(trifluoromethyl)ethyl tosylates, and found a linear
LArSR correlation with a distinctly high r value.13%
We also determined the solvolysis rates for an
extended series of substituents and analyzed the sub-
stituent effect based on the LArSR Eq. 1. The results
of the correlation analysis have provided strong sup-
port for the LArSR relationship with an extremely
high resonance demand for this solvolysis. Neverthe-
less, Liu et al. later noted that both the pto™ and the
LArSR equations show equal predicting ability of the
rates and, therefore, the ot treatment is preferred
because of its simplicity.13d It is not their preferred
use of the ¢t treatment for simplicity that matters, but
obvious conflicts in the conclusion concerning the
mechanism or the nature of reaction derived there-
from. The substituent effects on the solvolyses gener-
ating extremely deactivated carbocations have been
analyzed in the same way based on the simple Brown
pTo' equation. Accordingly, a critical examination
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appears to be necessary concerning the substituent
effect in this system, for a proper understanding of the
nature of deactivated systems.

Results

The rates of solvolysis in 80 vol% aqueous ethanol
(80E) were determined mostly by a conductometric
procedure at a concentration of ca. 10— moldm-3.
Because of the wide spread of reactivity (over 1012
with substituents), the rates of solvolysis of the tosy-
lates were determined only for substituted derivatives
less reactive than the p-phenoxy one, and the rates for
more reactive derivatives than the p-methyl one were
determined by using the corresponding bromides.

On the other hand, the solvolysis rates of more
deactivated derivatives than m-halo ones were
extremely slow to follow by the solvolysis of tosylates
in 80E at appropriate temperatures. Thus, the rates
of deactivated derivatives were determined using faster
reacting m-nitrobenzenesulfonates (nosylates). The
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kinetic results are listed in Tables 1 and 2. The rate
constants are generally in good agreement with those
reported by Liu et al.13 where comparisons are possi-
ble. The tosylate/bromide rate ratios are remarkably
constant and there is a precisely linear relation
(R=0.9976, SD==0.073, and n=7) between tosylates
and bromides over 103 in reactivity ranging from p-
PhO to p-Me substituents. The linear relationship

log kot = (0.941£0.029)log ks, +4.210 @)

was utilized for an estimation of the solvolysis rates of
tosylates more reactive than the p-phenoxy derivative.
Similarly, a good linear free energy relationship
(R=0.9992, SD==0.062, and n=6) was observed
between solvolyses of the tosylates and nosylates,

log kor, = (1.034:£0.020)log kons — 1.822. 3)

This relation also was utilized to estimate the rates of
the corresponding tosylate solvolysis for several slow
reacting derivatives. A complete set of relative reac-

Table 1. Rate Data of 1-Aryl-1-(trifluoromethyl)ethyl Tosylates in 80% Aq EtOH”

105k /s—1 AH58 AS5:8L
. 105k /st °

Subst (Temp/"C) 25°C kcal mol-! eu.
4-OCHCH,-3" 4720000%
4-MeO-3-Me 15800007
p-MeO 378000
p-MeS 74900
p-PhO 44.75(—10), 196.0(0), 740.5(10) 4784 20.2 3.1
4-MeO-3-Cl 139.2(0), 273.0(5) 32187
2-Fluorenyl 321.5(5) 3496 18.9 —1.8
4-MeS-3-Cl 56.00(5) 660.1 19.7 —2.3
3,4,5-Mes 164.9
3,4-Mez 178.6(35), 551.0(45) 51.51% 21.2 —2.4
4-MeO-3-CN 502.4(45) 47.98 21.5 —1.4
p-Me 4.800(15), 218.6(45), 583.6(55) 18.95" 22.5 —0.3
p-Ph 13.8”
4-MeS-3-CN 15.45
2-Naph 121.7(45) 10.05 22.9 0.0
p-t-Bu 26.36(35), 83.91(45) 7.405 23.0 —0.6
3,5-Mez 9.212(45) 0.6533 24.4 —0.6
p-F 1.638(35), 5.800(45), 18.57(55) 0.561° 23.8 —3.2
m-Me 0.210"
H 0.3011(35), 1.152(45), 3.811(55) 0.07497%" 25.0 —2.6
p-Cl 0.0456°
p-Br 0.6235(45) 0.0353"
m-F 0.000660"
m-Cl 0.000448°)
m-Br 0.000337"
m-CFs 0.0000401"™
m-CN 0.0000174"
p-CF3 0.0000123"
$-CN 0.00000515%

a) Volume percent of ethanol.

b) 1 cal=4.184 ]J.

¢) 1-(2,3-Dihydrobenzofuran-5-yl)-1-

(trifluoromethyl)ethyl derivative. d) Calculated from linear logarithmic rate relation between

tosylates and bromides (Eq. 2).

42.3X10-5s~L.

e) Extrapolated from rate data at other temperatures.
f) Calculated from linear logarithmic rate relation between temperatures.
h) Refs. 13a and b, 17.3X10-5s-1; Ref. 20b, 17.0X10-5s~1.
13a and b, 0.0757X10-5s-1; Ref. 20a, 0.0865X10~3s~1.

g) Ref. 13c,
i) Ref. 13b. j) Refs.

k) Refs. 13a and b. 1) Calculated from

linear logarithmic rate relation between tosylates and m-nitrobenzenesulfonates (Eq. 3).

m) Ref. 13b, 2.57X10-10s-1,

n) Refs. 13a and b, 1.27X10-10s-1.

o) Calculated from linear

logarithmic rate relation between tosylates in 80E and nosylates in 50% aq ethanol.?»
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Table 2. Rate Data of 1-Aryl-1-(trifluoromethyl)ethyl Systems in 80% Aq EtOH?
=y = p
105k/571 AH% AS353
Subst. 105k/s~1 (Temp/°C
( p/C) 25°C kcal mol-1! e
Bromides
4-OCHzCHz-3" 202.0
4-MeO-3-Me  4.216(5) 63.30 21.7 —0.3
p-MeO 135.7(45) 13.81¢ 21.0 —5.7
H-MeS 28.64(45) 2.6279 21.9 —5.0
p-PhO 1.786(45), 10.25(60)," 47.65(75) 0.1399" 23.5 —6.5
4-MeO-3-C1  1.099(45), 6.192(60), 27.82(75) 0.089899 23.1 —8.6
2-Fluorenyl 1.138(45), 35.27(75) 0.07857¢ 24.6 —4.0
4-MeS-3-Cl 0.2915(45), 8.968(75) 0.02025¢ 24.5 —6.8
3,4,5-Mes 0.600(65), 23.8(100) ) 0.00308% 25.8 —6.4
3,4-Mes 0.2045(65), 0.655(75),” 8.80(100)" 0.000951%% 26.3 —6.9
p-Me 0.00044%"
m-Nitrobenzenesulfonates
p-t-Bu 15.84(0) 578.6 99.7 7.4
3,5-Me2 1.363(0) 54.21 23.3 4.5
pF 460.3(45) 41.91 92.0 —0.2
H 95.08(45) 7.336 23.6 1.5
p-Cl 70.34(45) 5.278 23.8 1.8
m-F 1.037(45), 6.422(60), 10.94(65) 0.07097¢ 24.7 —3.8
32.81(75)
m-Cl 0.6519(45), 4.087(60), 20.53(75) 0.04489¢ 25.2 —3.2
m-Br 0.5999(45), 21.39(75) 0.0371? 95.6 —2.0
m-CFs 0.307(55), 45.8(100) 0.00472¢ 26.5 —3.3
m-CN 0.141(55), 21.8(100) 0.00211¢ 26.7 —43
p-CFs 0.103(55), 1.295(75), 17.0(100) 0.001519 97.0 3.8
a—c) See footnotes in Table 1. d) Refs. 13a and b, 12.9X10-5s-1. e) Ref. 13¢, 2.13X10-5s-1.
f) Ref. 13¢, 10.6X10-5s"1.  g) Extrapolated from rate data at other temperatures. h) Ref. 13c,
0.160X10-5s~1. 1) Ref. 13c, 0.838X10-5s-1. j) Ref. 13c, 13.3X10-5s-1. k) Ref. 13c, 0.00123
X10-%s-1. 1) Refs. 13a and b.
tivities of the tosylate solvolysis in 80% aq. ethanol at )
25°C, including those estimated based on the above Table 3. Substituent Constants Used
. R .. . . for Correlation Analysis
linear relations, is given in the summary in Table 1.

Substituent effect analysis has been carried out by Subst. o? Agg ot
an ordinary least-squares procedure based on Eq. 1 4-OCH>CH>-3 —0.19 —0.75 -0.95
and the Brown pte* equation. The substituent 4-MeO-3-Me —0.18 —0.70 —0.88
parameters, ¢°, AG%, and o, employed in the present p'xeg _8-(1)25 :g;g :82(1)
analysis are mostly the standard values (Table 3). g:P}fO 0.063 —0.59 —0.53
The substituent parameters for m,p-disubstituted 4-MeO-3-Cl 0.99 ~0.69 —0.47
derivatives are defined based on the combined effects 2-Fluorenyl —0.02 —0.49 —0.51
of two substituents as a unified substituent.5®8 It is 4-MeS-3-Cl 0.40 —0.73 —0.33
often pointed out that the substituent parameters are 3,4,5-Mes —0.262 :0-137 :8;5
subject to change with the solvent.2)) The solvent 3,4-Me, 0.193 0.187 38

cpe . . . . . 4-MeO-3-CN 0.52 —0.69 —0.17
modification Qf syl?stltuents in an 80!5 solution is, in p-Me —0.124 —0.187 —0.311
fact, not so significant that it requires any serious p-t-Bu —0.155 —0.100 —0.255
correction of the substituent parameters for most sub- p-Ph 0.039 —0.26 —0.22
stituents. However, any serious effect of the devia- 4-MeS-3-CN _0-‘152 ~0-(7)3 _g.(l);S
tion of a few particular substituents on the correlation ;’_E’I;Mez 3'208 _g'zgo —0.06
results should be avoided in the present critical exami- m-Me —0.069 0.000 —0.069
nation of the LArSR analysis. Accordingly, the H 0.000 0.000 0.000
parameter values were slightly modified for several p-Cl 0.27 —0.166 0.115
substituents in order to achieve precise conformity to p-Br 0.27 —0.146 0. ;)g
Eq. 1 within #0.02 o-unit; the parameter values in m-¥ 0.337 0.000 0.352

. . . m-Cl 0.373 0.000 0.399

"Ijab}e 3.w1ll be most approprlgtely apphcable to reac- m-Br 0.391 0.000 0.405
tivities in an aqueous ethanolic solution. The most m-CFs 0.53 0.000 0.52

important correction employed in the present analysis m-CN 0.60 0.000 0.562

is the correction of 0.03—0.04 ¢ unit for the resonance p-CFs 0.62 0.000 0.612

p-CN 0.67 0.000 0.659

parameters of all the p-MeS derivatives, whereas no
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Table 4. Correlation Analysis for 1-Aryl-1-(trifluoromethyl)ethyl Tosylate

No. Substituent set Correlation n o r SD R

1. All subst. LAISR 28 —6.287 1.388 0.070 0.9998
ot 28 —17.535 0.493 0.9903

2. Electron-donors® LArSR 21 —6.291 1.389 0.072 0.9996
ot 21 —7.792 0.563 0.9750

3. Without disubst” LArSR 23 —6.269 1.397 0.075 0.9998
o 23 —7.501 0.353 0.9956

4. Limited LArSR 13 —6.207 1.407 0.072 0.9997
Electron-donors.® ot 13 —8.376 0.307 0.9943

5.  Liu? LArSR 12 —6.199 1.411 0.077 0.9998
ot 12 —17.530 0.399 0.9939

6. Less reactive than LArSR 24 —6.303 1.388 0.071 0.9997
p-PhO ot 24 —7.409 0.525 0.9839

7. Bromide set” LArSR 11 —6.536 1.424 0.085 0.9992
ot 11 —8.330 0.551 0.9623

8.  m-Correlation” o 10 —6.241 — 0.064 0.9994

a) More reactive substrates than H. b) No disubstituted compounds involved.

c) Electron-

donors of common use; 4-OCH2CH3-3, 4-MeO-3-Me, p-MeO, p-MeS, p-PhO, 3,4-Mez, p-Me,
p-Ph, p-t-Bu, 3,5-Mez, p-F, m-Me, and H. d) Liu’s data set (Ref. 13); p-MeO, p-MeS, p-PhO,

3,4-Mes, p-Me, p-Ph, m-Me, H, p-Cl, m-Cl, m-CFz, and p-CFs.

f) Meta and m-accepting para substituents.

correction was required for the corresponding p-MeO
derivatives. The nonlinear dependence of the reson-
ance effect of p-MeS substituent upon the reactions
has frequently been noticed.22?  Further details will be
discussed elsewhere.

The results of the correlation analysis are summar-
ized in Table 4. Meta and 7-accepting para substitu-
ents satisfy precisely a linear Hammett relationship
against either ot or 6% and the p, value remains
essentially the same for the solvolysis of tosylates and

\Q p-OCHz-CHz—m ',i @-EfCF

Q  p-CH30-m-CHj _§ X T 3
O, p-CHyO ‘g‘ OTs

'Q  prCHsS -6 in 80%EtOH

2-FL Ny PPRo

\ \  p—CH30-m-Cl
1
\ ‘O\ p-CH3S-m-Cl

3,4,5~(CHy)s \
3.4-(CHa)z Q O p-CH;0-m-cN
p=CHs O [p-gHas-m-cN
~t-Bu \ -
p N 3 Ph
3,5-(CHa)z
m-CH3
LU B B RS IR DA B SR R NN B | L
-1.0 + —05
m-CN
p-CN
Fig. 1. The ot plot for solvolysis of I-aryl-1-

(trifluoromethyl)ethyl tosylates in 80% aq EtOH at
25 °C.

e) Leaving bromide system.

nosylates in 80% aqueous ethanol. The LArSR p
values are all identical to the pn, value, whereas p*
values based on the o* correlation differ significantly
from the p,, value. The entire substituents set satis-
fies the LArSR Eq. 1 with high precision, with a
standard deviation of 0.070 and a correlation coeffi-
cient of 0.9998. Exactly the same LLArSR correlation
is obtained for set No. 6, excluding more reactive
substituents than the p-MeS group, of which the rates
are based on the solvolysis of the corresponding brom-
ides. This suggests that the extrapolation of the rates
for extremely high reactive derivatives based on brom-
ide solvolysis is never the cause of the deviation of r
from unity. Set No. 5 on which Liu’s analysis was
based gives an identical LArSR correlation with a
precision comparable to that of the all substituents set
(No. 1). It should be noted that the bromide set (No.
7) consisting only of highly reactive substituents gives
a good correlation with comparable precision, but
with a slightly different r value (discussed further
below). For any substituent sets, irrespective of the
number and nature of constituting substituents, the
LArSR correlations are all excellent and distinctly
better by one order of magnitude in SD than the
corresponding ot correlations.

Discussion

Despite Liu’s suggestion of a good o* correla-
tion,1®® the ot plot in Fig. 1 appears to be only fair, or
even poor. Meta and m-accepting para substituents
construct a good linear relationship, the range of
which (about 10° in reactivity) is wide enough to
define the pn, value. On the other hand, p-n-donor
substituents exhibit a wide dispersion pattern, but the
deviations are apparently systematic in that they all
deviate in the direction of activation from the meta
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line and in proportion to their resonance strengths.
The plot apparently splits into separate lines for
strong n-donors (RO and RS groups), and for weak 7-
donors (alkyls and halogens), one each running paral-
lel to the m-line with significant gaps. The gap of
ca. 2 log-unit between lines seems to be too large to be
attributed to experimental error. The ptot treat-
ment obviously fails to give a single linear correlation,
or even a single monotonically curved one for all
classes of substituents.

The excellent linear LArSR plot (squares in Fig. 2)
with an r value of 1.39 contrasts sharply with the poor
linear plot given by o (open circles in Fig. 2). Fig-
ure 2 clearly accounts for the significance of r in the
LArSR description of resonance effects as well as the
way the substituent constant changes with a change in
the resonance demand. The meta correlation based
on resonance-insensitive substituents should be a rigid
reference common to both the 6% and LArSR analyses;
its excellent linearity provides convincing evidence for
the absence of a mechanistic change over the range
covered by these substituents. p-n-Donor substitu-
ents in the o* plot all deviate toward enhanced reactiv-
ity from the meta correlation line, suggesting an
enhanced resonance demand of this system. The
horizontal line segments between ¢* and ¢° for para 7-
donor substituents correspond to their resonance

capabilities, i.e., AGk values. The LArSR correlation
-8 Me
p-0CH,~CHp-m—@ ~ |
p-CH3O-m-CH;—@ | X X ?—CFS
p-CH30——@ ﬁé OTs
p-CH3S ‘9 in BO%ETOH
p-PhO

2-Fl

p—CH30-m-Cl
[
p-CH3S-m-Cl—@

3,4,5-(CHz)s
3,4-(CHa)2 p=CH30-m-CN—@
p—CH3 l p-Ph——@
p-t-Bu p~CH3S-m—CN
3,5-(CH3)2
m—CH3
—T T T
-1.0 -0.5
-}
¢ g p =-6.29
o o
-— =139
o 5 r=i
m-CN
p-CN

Fig. 2. The LA1SR plot of solvolysis of 1-aryl-1-
(trifluoromethyl)ethyl tosylates; ¢t (open circles),
a° (closed circles), and & for r=1.39 (squares).

Solvolysis of 1-Aryl-1-(trifluoromethyl)ethyl Tosylates

1133

corresponds to the line which divides all of the reson-
ance segments of para n-donors at a constant external
ratio referred to the r value of 1.39.  Clearly, it can be
seen that only with this unique r value do para 7-
donor substituents all coalesce into a single straight
line including meta and 7-accepting para substitu-
ents. This graphical interpretation is confirmed by
the results of the statistical LArSR analysis given in
Table 4. From the accuracy of the overall fit, the
simple Brown ot correlation is not compatible with
the LArSR one.

Liu et al.1%) gave a p* value of —7.46 for their data
set (or a better-fit p* of —6.85 excluding p-MeO group)
by the Brown o% analysis; nevertheless, they later
reported a good ot relation with an extremely high p*
value of —10 for a limited range of electron-donating
derivatives,139 which is clearly different from the pm
value based upon deactivating substituents. A linear
relationship, in principle, indicates a constant mecha-
nism over the range of substituents involved, whereas
a curve break of the relationship is indicative of a
change in the mechanism. In contrast with the com-
pletely linear LArSR correlation for the present sol-
volysis, the nonlinear Brown o* correlation with dif-
ferent pt values for the activated and deactivated
regions is just what would be expected for a mechanis-
tic shift with a substituent change, as observed in
benzyl solvolysis.?8) It is rather serious that both
equations lead to conflicting conclusions regarding
the mechanism from the same solvolysis data set.
Although a k.-ks mechanistic transition might per-
haps be the cause of the nonlinear ¢* plot for this
highly deactivated system, the p* value of —6.4 for the
electron-acceptor region of substituent is clearly too
high to be accounted for by the ks mechanism,!3 and
the relevant experimental evidence all argues for the k.
mechanism for the entire range of substituents.13%20)
Liu et al. therefore came to claim that the p value for
the bromide solvolysis had to be much higher than
that for the tosylate solvolysis.!39 However, this
argument has also been incompatible with the present
precise linear relationship between the solvolyses of
bromides and tosylates with an essentially unit slope.
More crucial is the fact that the o% treatment gives
neither a linear nor a single smooth-curved plot but,
rather, a significantly scattered pattern. The mecha-
nistic transition, itself, should depend in a simple
manner upon substituent polarities, and will give a
single, continuous, smooth-curved correlation with
a suitable substituent constant scale. The basic
requirement for the interpretation of the curve break
in terms of a mechanistic change should therefore be a
continuous concave plot for the substituent effect
correlation. Any discontinuous split pattern of the
ot plot should in principle be incompatible with a
simple kc-ks mechanistic transition. These inconsis-
tencies must arise merely from the intrinsic deficiency
of any single-parameter treatment.
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The present solvolysis is a typical system proce-
eding via an extremely electron-deficient cationic
transition state, which may reflect its extremely high
resonance demand. Further a detailed consideration
should be required for the substituent effect behavior,
especially concerning the accuracies of the LArSR and
Brown correlations, and the real reliability of the r
value.

The validity of the LArSR correlation can be most
clearly accounted for by the plot in Fig. 3, which
displays the dependence of the standard deviations on
r in the least-squares fitting to Eq. 1, without con-
straint for the p value. Curve 1 shows the change of
SD as a function of r for the set (refers to set No. 1 in
Table 4) involving all substituents. The SD changes
remarkably with the r value, giving a sharp wedge-
shape plot; even a minor deviation from the best-fit r
causes a sharp increase in the SD value. This is,
indeed, a schematic illustration of the converging
process in the iterative least-squares calculation proce-
dure. The depth and steepness of the wedge may be
indicative of a significant convergency to the best-fit r
point as well as the real validity of this LArSR correla-
tion. While the sufficient depth should be a basic
requirement for acceptable conformity, the steepness
is a more direct measure of the reliability of the r value
and, therefore, will be of particular importance in
discussing varying resonance demands. An identical
SD vs. 7 plot (curve 2) of significant convergence at the
same best-fit r value can also be obtained for set No. 2,
excluding electron-acceptor substituents. The small
change in depth may simply be due to a change in the
number of substituents. The o correlation appears
to be as equally less accurate for this set as the all
substituents set. This fact strongly argues against

]
\ Dependence of Goodness of fit i h
!
N\ upon Resonance demand I / /

0.4 F\\

\}

5 0.3
~
3
>
o3
Q
N
3
S 0.2
S
(%)

Q.1

Fig. 3. Plotof SD as a function of r for the solvolysis
of l-aryl-1-(trifluoromethyl)ethyl tosylates: The
numbers refer to the set numbers in Table 4.
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any acceptable ¢t correlation suggested so far for the
electron-donative region of a bisected bilinear correla-
tion. On the other hand, Liu’s set (Set No. 5) gives
an accurate best-fit LArSR correlation, but an appreci-
ably broader SD vs. r plot of low convergency (curve
5). The broadness becomes more significant when
the acceptor substituents are excluded from set No. 3
for typical substituents of ordinary use, given by curve
4 for set No. 4. A minor drift of the best-fit r value in
these sets (see Table 4) has no statistical significance,
because of the essentially flat basin of the SD vs. r plot.
While the steepness depends appreciably upon the
combination of constituting substituents in the set,
the depth constantly achieves a sufficiently low value
and, hence, detailed consideration of the subtle change
in the SD value below the acceptable conformity level
does not appear to be very meaningful.

Practically, the reliability of the r value of this
system may be evaluated in terms of the width of the
SD vs. r plot at such a level of SD=20.10 as a reference
for acceptable conformity to Eq. 1. Thus, the r value
defined by the all substituents set may be valid within
a possible uncertainty of the order of +0.06. For
Liu’s set a relatively lower validity of the order of
£0.10 in this criterion will have to be estimated for its
rvalue. The magnitudes of these reliability parame-
ters are two or three times as large as the ordinary
statistical indices. Even if such a large possible
uncertainty of £0.1 may be allowed in the r value, this
system having an r value of 1.39 should be far out of
the range of applicability of the ¥ scale. The result
of the validity analysis of r argues strongly against
Liu’s conclusion that the Brown o treatment can be
equally applied to this system.

In Fig. 3, we can observe a clear difference in the
steepness of SD vs. 7 curves between two series of
substituent sets, Nos. 1—2 and Nos. 4—5. The con-
vergency to the best-fit correlation depends upon the
combination of substituents. The LArSR correlation
analysis basically requires nonlinearity (or random-
ness) between ¢° and Ag§ parameters. Especially, for
distinguishing between the LArSR and Brown o*
analyses, the basic requirement of nonlinearity
between ot and Agk for n-donor substituents should
be considered severely. The relation between ¥ and
A&t is shown in Fig. 4. Typical n-donor substituents
of common use (given by closed circles) fall close to a
straight line given by the equation Agk= (0.701+0.05) o
—0.08 (n=9, R=0.981, and SD=x0.09). For these
substituents, we may find a rough Brown p*o™ corre-
lation, as

log k/ko= p(0.70r+0.30)0™.
It follows, as a crude approximation, that
log k/ko=pra™.

The electron-donor substituents of common use will
always give a linear plot against o¥, irrespective of the
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r value, with a slope different from the p, value.
This is just what was observed for Liu’s analysis; the
ot correlation giving an extremely high p* value for
electron-donor and a pt value of ordinary size for
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electron-acceptor region should inevitably suggest an
unlikely mechanistic shift for this reaction.

The LAxSR correlation for any set consisting only
of these ordinary substituents is generally excellent,
but the precision of the correlation is not quite sensi-
tive to the change in the r value, and meta substitu-
ents capable of giving a reliable p value should be
required for accurately determining the r value for
such a system. In practical applications, a combina-
tion of different classes of m-donors is essential for any
precise LArSR analysis, and strong n-donor substitu-
ents of less negative ot values are particularly impor-
tant for an accurate estimation of the r value. Pro-
vided the sufficient randomness between the ot and
A% values, the para 7-donor substituents, themselves,
must have a potential self-convergency to an LArSR
correlation with unique r and p values characteristic
of the system.

Experimental

Materials: Most of «,a,a-trifluoroacetophenones were
synthesized according to Stewart’s procedure of Grignard
reaction of substituted bromobenzenes with trifluoro-

Table 5. Physical Data of 1-Aryl-1-(trifluoromethyl)ethyl Arenesulfonates

Carbon/% Hydrogen/% Nitrogen/%
Subst. Mp/°C
Found Calcd Found Calcd Found Calcd
Tosylates”
4-MeS-3-Cl 47.0—48.0 48.11 48.06 3.80 3.80
3,4,5-Mes 63—64(decomp) 59.18 59.06 5.53 5.48
3,4-Mez 72.0—73.0 58.04 58.06 5.11 5.14
4-MeO-3-CN 98.0—100.0 54.11 54.13 4.22 4.96 3.41 3.51
p-Me 73.2—73.9” 57.02 56.98 4.85 4.78
p-t-Bu 69.0—72.0 60.08 59.99 5.84 5.79
4-MeS-3-CN 110.0—111.0 51.75 51.91 3.95 4.11 3.86 3.36
3,5-Meg 82.0—83.0 58.09 58.06 5.23 5.14
m-Me 76.5—717.59 57.00 56.98 4.86 4.78
p-F 70.2—70.8 53.11 53.04 3.93 3.89
H 104.5—105.5Y 55.78 55.81 4.38 4.39
p-Cl 92.5—93.29 50.89 50.74 3.74 3.73
p-Br 110.8—112.1 45.56 45.40 3.51 3.33
m-F 87.8—88.3 53.27 53.04 4.02 3.89
m-Cl 81.5—82.8" 50.71 50.74 3.80 3.73
m-Br 88.0—88.5 45.73 45.40 3.39 3.33
m-Nitrobenzenesulfonates®
3,5-Meg 58.0—59.8 50.32 50.62 4.00 4.00 3.47 3.47
p-F 73.5—174.0 45.88 45.81 2.89 2.82 3.52 3.56
H 80.0—81.5 48.11 48.00 3.31 3.22 3.62 3.73
p-Cl 87.0—88.5 4419 43.97 2.72 2.71 3.43 3.42
m-F 72.0—73.0 46.04 45.81 2.88 2.82 3.70 3.56
m-Cl 59.0—59.7 44.12 43.97 2.88 2.71 3.70 3.42
m-Br 77.0—78.5 40.03 39.66 2.52 2.44 3.10 3.08
m-CFs 74.5—75.5 43.30 43.35 2.52 2.50 3.30 3.16
m-CN 82.0—83.0 48.06 48.00 2.79 2.77 6.99 7.00
p-CF3 96.0—96.5 43.37 43.35 2.49 2.50 3.30 3.16
p-CN 127.7—128.5 47.93 48.00 2.79 2.77 7.00 7.00

a) p-PhO (mp 88—89 °C), 4-MeO-3-Cl (mp 76 °C, decomp), and 2-Fluorenyl (mp 64—65 °C,
decomp) derivatives were too unstable to give accurate elemental analysis result. b) Lit,'*”
mp 73°C. ¢) Lit,"™ mp 75.5—76.5°C. d) Lit,"”® mp 103.5°C; 101 °C.**® e) Lit,”® mp 93.0—
93.5°C. ) Lit,"” mp 81.5°C. g) p-t-Bu derivative (mp 43 °C, decomp) was not sufficiently

stable to give accurate elemental analysis result.
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acetic anhydride at —78°C in Dry Ice-acetone bath.24 2-
Trifluoroacetylfluorene (mp 81.5—83.5°C) and 3-bromo-4-
methylthio-o,a,a-trifluoroacetophenone were prepared by
the Friedel-Crafts reaction of the corresponding aromatics
with trifluoroacetic anhydride. 3-Bromo-4-methoxy-a,a,a-
trifluoroacetophenone was obtained by the bromination of
p-methoxy-a,a,a-trifluoroacetophenone in acetic acid at
50°C.

Substituted trifluoroacetophenones were converted into
the corresponding 1-aryl-1-(trifluoromethyl)ethanols by the
Grignard reaction with methylmagnesium iodide. The
alcohols obtained were purified by column chromatography
on silica gel. Tertiary alcohols were also prepared by Grig-
nard reactions of the appropriate arylmagnesium bromide
with 1,1,1-trifluoroacetone.13® An ethereal solution of
1,1,1-trifluoroacetone was added dropwise to the Grignard
solution of an arylmagnesium bromide in ether at ice-bath
temperature. 4-MeO-3-CN, 4-MeS-3-CN, p-CN, and m-CN
substituted tertiary alcohols were prepared by the reaction of
the corresponding bromo derivatives with copper(I) cyanide
in DMF by the Friedman-Shechter method.?

1-Aryl-1-(trifluoromethyl)ethyl arenesulfonates were syn-
thesized according to Tidwell’s method. 22 0.026 mol of
tertiary alcohol in 25 cm3 of ether was added to 0.06 mol
of NaH in 50 cm3 of ether at room temperature under
nitrogen atmosphere. The mixture was stirred for 1 h;
then, 0.025 mol of p-toluenesulfonyl chloride or m-
nitrobenzenesulfonyl chloride in 75 cm3 of ether was added
dropwise. After stirring overnight, the mixture was filtered
and the filtrate was concentrated under vacuum to give solid
tosylate or nosylate, and purified by recrystallization from
ether-hexane. Physical constants and analytical data are
summarized in Table 5.

1-Aryl-1-(trifluoromethyl)ethyl bromides were prepared
according to Liu’s method.13»¢ Phosphorus tribromide, 8
mmol was added slowly to 7 mmol of alcohol with stirring
in an ice bath. After stirring at 40—50°C for 4 h, the
reaction mixture was poured into ice-water, extracted with
ether and washed with Na2COs solution and sat. NaCl
solution. The bromide was purified through column chro-
matography on alumina. Most of the bromides were not
solidified, except for 2-Fluorenyl, mp 103—106 °C, which
were stored in a freezer. 4-OCH2CH2-3 and 4-MeO-3-Me
substituted bromides were prepared by the bromination of
the alcohols with HBr gas; HBr gas was passed into the
ethereal solution of alcohol in the presence of anhydrous
CaCl; with stirring for 3 h, filtered, and concentrated under
vacuum. The residue was diluted with ether, treated with
fresh anhydrous CaCl: and evaporated in vacuo. This
procedure was repeated several times until the complete
removal of excess HBr gas. The residue was directly util-
ized for kinetic measurements.

Solvents: Commercial 95% ethanol was dehydrated twice
by heating under reflux with magnesium ethoxide and
distilled. Deionized water was refluxed with KMnO4 and
the distillate was redistilled immediately before use. 80%
aqueous ethanol (80E) was prepared by mixing correspond-
ing volumes of ethanol (80) and water (20) at 25 °C.

Kinetic Measurement: Solvolysis rates were measured by
conductometric method.?®) Conductance measurements
were made in a cell with bright platinum electrodes using
approximately a 25 or 50 cm? solution at an initial concen-
tration of 10~* moldm~! of a substrate ester. Conductivity
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readings were taken by using a conductivity meter (CM-
50AT equipped with time interval unit and printer, TOA
Electric Ltd.). Solvolyses were followed by taking at least
50 points at appropriate intervals for 2.5 half-lives and an
infinity reading was taken after 10 half-lives. For the con-
ductivity measurement of relatively fast reactive substrates,
complete solutions can be attained relatively quickly by
dissolving the substrates in a small amount of ethanol into
80E involving an adjustable amount of water.

The first-order rate constants were determined by a least-
squares computer program; the precision of the fit to first-
order kinetics was generally satisfactory over 2.5 half-lives,
with a correlation coefficient>>0.99999.

The rates of solvolysis for less reactive substrates at a
higher temperature were followed by using the ampoule
technique with conductivity determination. The 10-¢
mol dm3 solution was made up and sealed in twenty (5 ml)
ampoules for one run. The ampoules were allowed to react
in thermostated bath and the reaction was stopped by with-
drawing an ampoule and immersing it in ice-water at
appropriate intervals for 2 half-lives. Several ampoules
were allowed to react for 10 half-lives at higher temperature
to provide an infinity conductivity reading. The ampoules
were fitted with a conductivity cell; after equilibration at
25 °C the conductivity readings were taken using a conduc-
tivity meter.

References

1) For part 18, M. Fujio, M. Goto, M. Mishima, and Y.
Tsuno, Bull. Chem. Soc. Jpn., 63, 1121 (1990).

2) Preliminary reports: a) Presented in summary at the
8th ITUPAC Symposium on Physical Organic Chemistry in
1986; Y. Tsuno, A. Murata, M. Goto, and M. Fujio, “Physi-
cal Organic Chemistry 1986,” ed by M. Kobayashi, Elsevier,
Amsterdam (1987), p. 167; Y. Tsuno, Proceeding of the 10th
International Seminar on Physical Organic Chemistry,
Kyungpook National University, Taegu, Korea (1986), p.
195. b) A. Murata, M. Goto, R. Fujiyama, M. Fujio, and Y.
Tsuno, Mem. Fac. Sci., Kyushu Univ., Ser. C, 16(2), 225
(1988).

3) Y. Yukawa and Y. Tsuno, Bull. Chem. Soc. Jpn., 32,
971 (1959); Y. Yukawa, Y. Tsuno, and M. Sawada, :bid., 39,
2274 (1966); Y. Yukawa and Y. Tsuno, Nippon Kagaku
Zasshi, 86, 873 (1965).

4) J. Shorter, “Correlation Analysis in Chemistry,” ed by
N. B. Chapman and J. Shorter, Plenum Press, New York
(1978), Chap. 4, p. 119; J. Shorter, “Correlation Analysis of
Organic Reactivity,” Research Studies Press, Chichester
(1982), Chap. 3, p. 27.

5) a)Y. Tsuno, Y. Kusuyama, M. Sawada, T. Fujii, and
Y. Yukawa, Bull. Chem. Soc. Jpn., 48, 3337 (1975). b) M.
Fujio, T. Adachi, Y. Shibuya, A. Murata, and Y. Tsuno,
Tetrahedron Lett., 25, 4557 (1984).

6) a) Y. Tsuno, M. Sawada, T. Fujii, and Y. Yukawa,
Bull. Chem. Soc. Jpn., 48, 3347 (1975); Y. Tsuno, M.
Sawada, T. Fujii, Y. Tairaka, and Y. Yukawa, :bid, 48, 3356
(1975); Y. Tsuno, W.-Y. Chong, Y. Tairaka, M. Sawada, and
Y. Yukawa, ibid, 51, 596 (1978); Y. Tsuno, Y. Tairaka, M.
Sawada, T. Fujii, and Y. Yukawa, ibid, 51, 601 (1978); Y.
Tsuno, M. Sawada, T. Fujii, and Y. Yukawa, tbid, 52, 3033
(1979). b) H. Tanida and H. Matsumura, J. Am. Chem.
Soc., 95, 1586 (1973); J. P. Richard, M. E. Rothenberg, and



April, 1990]

W. P. Jencks, ibid., 106, 1361 (1984); J. P. Richard and W. P.
Jencks, ibid., 106, 1373, 1383, 1396 (1984).

7) R. O. C. Norman and R. Taylor, “Electrophilic Sub-
stitution in Benzenoid Compounds,” Elsevier, Amsterdam,
1965, Chaps. 9, 10, and 11, and the references therein; C.
Eaborn and J. A. Waters, J. Chem. Soc., 1961, 542; C. Eaborn
and K. C. Pande, ibid., 1961, 3715, 5082; R. Baker, R. W.
Bott, C. Eaborn, and P. M. Greasley, ibid., 1964, 627; C.
Eaborn, D. R. M. Walton, and D. J. Young, :bid. B, 1969, 15;
C. Eaborn and P. M. Jackson, ibid. B, 1969, 21; R. Baker, C.
Eaborn, and R. Taylor, ibid., Perkin Trans. 2, 1972, 97; A.
R. Bassindale, C. Eaborn, R. Taylor, A. R. Thompson, D. R.
M. Walton, J. Cretney, and G. J. Wright, :bid. B, 1971, 1155;
C. Eaborn, Z. Lasocki, and J. A. Sperry, J. Organomet.
Chem., 35, 245 (1972); G. A. Olah, M. Tashiro, and S.
Kobayashi, J. Am. Chem. Soc., 92, 6369 (1970); G. A. Olah,
S. Kobayashi, and M. Tashiro, ibid., 94, 7448 (1972); G. A.
Olah and H. C. Lin, ibid., 96, 2892 (1974); S. Clementi and
P. Linda, Tetrahedron, 26, 2869 (1970).

8) a)Y. Tsuno, K. Funatsu, Y. Maeda, M. Mishima, and
M. Fujio, Tetrahedron Lett., 23, 2879 (1982); M. Fujio, K.
Funatsu, M. Goto, M. Mishima, and Y. Tsuno, Tetrahed-
ron, 43, 307 (1987). b)R.S. Bly, E. K. Ni, A. K. K. Tse, and
E. Wallace, J. Org. Chem., 45, 1362 (1980).

9) M. Fujio, K. Funatsu, M. Goto, Y. Seki, M. Mishima,
and Y. Tsuno, Tetrahedron Lett., 24, 2177 (1983); M. Fujio,
K. Funatsu, M. Goto, Y. Seki, M. Mishima, and Y. Tsuno,
Bull. Chem. Soc. Jpn., 60, 1091 (1987).

10) A. Murata, S. Sakaguchi, R. Fujiyama, M. Fujio, and
Y. Tsuno, Mem. Fac. Sci., Kyushu Univ., Ser. C, 16(2), 243
(1988); M. Fujio, M. Goto, A. Murata, Y. Tsuji, M. Mishima,
and Y. Tsuno, ibid., 16(2), 271 (1988).

11) S. Nishida, J. Org. Chem., 32, 2692 (1967); T. Inukai,
Bull. Chem. Soc. Jpn., 35, 400 (1962).

12) C. D. Johnson, J. Org. Chem., 43, 1814 (1978); C. D.
Johnson and K. Schofield, J. Am. Chem. Soc., 95, 270 (1973);
C. D. Johnson, “The Hammett Equation,” Cambridge Uni-
versity Press, New York (1973), p. 86.

13) a) K.-T. Liu and C.-F. Sheu, Tetrahedron Lett., 21,
4091 (1980). b) K.-T. Liu, M.-Y. Kuo, and C.-F. Shu, J.
Am. Chem. Soc., 104, 211 (1982). c) K.-T. Liu and Y.-W.
Wu, J. Chem. Res. (S), 1984, 408. d) K.-T. Liu, Y.-W. Wy,
and M.-Y. Kuo, Abstract 7th IUPAC Conference on Physical
Organic Chemistry, Oakland, New Zealand (1984).

14) K. M. Koshy, D. Roy, and T. T. Tidwell, J. Am.
Chem. Soc., 101, 357 (1979); S. Clementi, P. Linda, and C. D.
Johnson, J. Chem. Soc., Perkin Trans. 2, 1973, 1250.

15) H. C. Brown, E. N. Peters, and M. Ravindranathan,

Solvolysis of 1-Aryl-1-(trifluoromethyl)ethyl Tosylates

1137

J. Am. Chem. Soc., 99, 505 (1977); H. C. Brown, M.
Ravindranathan, E. N. Peters, C. G. Rao, and M. M. Rho,
tbid., 99, 5373 (1977) and the references therein.

16) K. Okamoto, T. Kinoshita, K. Takeuchi, Y. Shimizu,
K. Takatsuki, T. Kamio, and S. Matsui, J. Chem. Soc.,
Perkin Trans. 2, 1977, 594; G. T. Bruce, A. R. Cooksey, and
K. J. Morgan, ibid., 1975, 551.

17) P. G. Gassman and T. T. Tidwell, Acc. Chem. Res.,
16, 279 (1983); T. T. Tidwell, Angew. Chem., Int. Ed. Engl.,
23, 20 (1984); X. Creary and T. L. Underiner, J. Org. Chem.,
50, 2165 (1985).

18) A.D. Allen, I. C. Ambidge, C. Che, H. Micheal, R. ].
Muir, and T. T. Tidwell, J. Am. Chem. Soc., 105, 2343
(1983); J. P. Richard, ibid., 111, 1455 (1989); A. D. Allen, V.
M. Kanagasabapathy, and T. T. Tidwell, ¢bid., 108, 3470
(1986).

19) P. G. Gassman and T. L. Guggenheim, J. Org.
Chem., 47, 3023 (1982).

20) a) A. D. Allen, M. P. Jansen, K. M. Koshy, N. N.
Mangru, and T. T. Tidwell, J. Am. Chem. Soc., 104, 207
(1982). b) K.-T. Liu and Y. W. Wu, Tetrahedron Lett., 217,
3623 (1986). c)Z. Guo and A. Fry, ibid., 27, 5059 (1986).

21) Y. Tsuno, M. Fujio, Y. Takai, and Y. Yukawa, Bull.
Chem. Soc. Jpn., 45,1519 (1972); Y. Tsuno, M. Fujio, and Y.
Yukawa, ibid., 48, 3324 (1975); M. Fujio, Y. Tsuno, Y.
Yukawa, and Y. Takai, 7bid., 48, 3330 (1975); F. L. Schadt
ITI, C. J. Lancelot, and P. v. R. Schleyer, J. Am. Chem. Soc.,
100, 228 (1978).

22) S. Ehrenson, R. T. C. Brownlee, and R. W. Taft,
Progr. Phys. Org. Chem., 10, 1 (1973).

23) J. K. Kochi and G. S. Hammond, J. Am. Chem. Soc.,
75, 3445 (1953); F. T. Fang, J. K. Kochi, and G. S.
Hammond, zbid., 80, 563 (1958); G. S. Hammond, C. E.
Reeder, F. T. Fang, and J. K. Kochi, ib:d., 80, 568 (1958); Y.
Okamoto and H. C. Brown, J. Org. Chem., 22, 485 (1957); A.
Streitwieser, Jr., H. A. Hammond, R. H. Jagow, R. M.
Williams, R. G. Jesaitis, C. J. Chang, and R. Wolf, J. Am.
Chem. Soc., 92, 5141 (1970); X. Creary and T. L. Underiner,
J. Org. Chem., 50, 2165 (1985).

24) R. Stewart and K. C. Teo, Can. J. Chem., 58, 2491
(1980); R. Stewart, K. C. Teo, and L. K. Ng, 1bid., 58, 2497
(1980).

25) L. Friedman and H. Shechter, J. Org. Chem., 26, 2522
(1961).

26) M. Fujio, M. Goto, T. Yoshino, K. Funatsu, Y. Tsuji,
S. Ouchi, and Y. Tsuno, Mem. Fac. Sci., Kyushu Univ., Ser.
C, 16(1), 85 (1987).




