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oil with a yellow tint that crystallized immediately (69 mg). In-
frared analysis showed this sample to be essentially all starting
material (85% recovery). Column chromatography of the entire
sample on silica gel separated 4 mg of a carbonyl compound which
had an infrared spectrum similar to that of the corresponding
amide of 2-quinolinecarbontrile.
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Solvolyses of Secondary Sulfonates in Aqueous Ethanol and Acetone.
Nonlinear mY Relationships due to Leaving Group and Medium Effects
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Solvolytic rate constants for secondary mesylates and tosylates in aqueous ethanol and in aqueous acetone
are correlated with Winstein-Grunwald Y values. Curvature of these plots is greatest for tosylates in aqueous
ethanol, especially for 2-adamantyl. Because mesylates show little or no curvature, it is argued that the results
cannot be explained by mechanistic changes but by solvation effects of the leaving group in the mixed solvents.
The parameter, m, measuring response to solvent ionizing power varies from 0.68 for isopropyl to 1.21 for
2-adamantyl mesylate in aqueous acetone at 25 °C. An alternative solvent ionizing power parameter for tosylates,
Yore and the solvent nucleophilicity parameter, Ngr,, are evaluated for 20% ethanol/water, 20% acetone/water,
and 40% acetone/water. It is proposed that solvolyses of substrates having the same (or very similar) leaving
group should be compared if reliable mechanistic information (e.g., nucleophilic solvation effects) is required.
The tendency for “dispersion” of correlation lines for various binary mixed solvents appears to be due to both
leaving-group effects and to variations in solvent nucleophilicity. By helping to account for curvature and dispersion
in mY correlations, this work supports recent work in which mechanistic information was deduced from similar

correlations.

The relative rates of solvolyses of primary, secondary,
and tertiary substrates are markedly dependent on sol-
vent.? Recent studies of the dependence of solvent on the
solvolytic reactivity of secondary substrates have provided
important new insights into the mechanisms of these re-
actions.>® Solvolysis rates of both secondary®? and ter-
tiary® tosylates can be correlated by two-parameter linear
free energy relationships based on 2-adamantyl tosylate
(I, R = p-CH;C;H,) as a model compound for a scale of
solvent ionizing power designated Yor..®® This solvent
scale now appears to be much more suitable for tosylates
than the usual Y scale based on tert-butyl chloride, but
the reasons for the inadequacies of Y values require further
investigation.

The Y scale of solvent ionizing power is based on sol-
volyses of tert-butyl chloride [m = 1 at 25 °C, eq 1, where

lOg (k/kO)RX = mY (1)

k/ky is the rate of solvolysis in any solvent (k) relative to
the rate of solvolysis in 80% v/v ethanol/water (k)] and

(1) (a) University College of Swansea, supported by the Science Re-
search Council (London). (b) Purdue University. (c) Postdoctoral re-
search associate on Project No. AT(11-1) 70 supported by the Atomic
Energy Commission.

(2) (a) Harris, J. M. Prog. Phys. Org. Chem. 1974, 11, 89. (b) Bentley,
T. W.; Schleyer, P. v. R. Adv. Phys. Org. Chem. 1977, 14, 1.

(3) (a) Bentley, T. W.; Schleyer, P. v. R. J. Am. Chem. Soc. 1976, 98,
7658. (b) Schadt, F. L.; Bentley, T. W.; Schleyer, P. v. R. Ibid. 1976, 98,
7667,

(4) Brown, H. C,; Ravindranathan, M.; Chloupek, F. J.; Rothberg, L.
J. Am. Chem. Soc. 1978, 100, 3143.

(5) (a) Raber, D. J.; Neal, W. C., Jr.; Dukes, M. D.; Harris, J. M,;
Mount, D. L. J. Am. Chem. Soc. 1978, 100, 8137. (b) Harris, J. M,;
Mount, D. L.; Smith, M. R.; Neal, W. C,, Jr.; Dukes, M. D.; Raber, D. J.
Ibid. 1978, 100, 8147.

(6) Koshy, K. M.; Tidwell, T. T. J. Am. Chem. Soc. 1980, 102, 12186.

was introduced in 1978 to correlate other Syl-like solvo-
lyses.” Subsequently it was discovered that even Sy2
solvolyses of primary arenesulfonates in aqueous ethanol
mixtures correlated quite well with Y values.®® This now
appears to be at least partly because mixtures of ethanol
and water have similar nucleophilicities.®»!° During the
course of our earlier work,? we were surprised to find that
solvolyses of secondary tosylates in the full range of
aqueous ethanol mixtures did not correlate well with Y
values. While good linear correlations were found for a
range of solvents from ethanol to 50% v/v ethanol/water,
there was upward curvature between data points for 50%
v/v ethanol/water and pure water.!! Because curvature
of free-energy relationships is often associated with
mechanistic changes,'? we investigated this phenomenon
in more detail.

Hydrolysis rate constants for many alkyl halides and
methyl, ethyl, and isopropyl sulfonates have been deter-
mined in water!® and in alcohol-water, acetone-water, and

(7) (a) Grunwald, E.; Winstein, S. J. Am. Chem. Soc. 1948, 70, 846. (b)
Fainberg, A. H.; Winstein, S. Ibid. 1956, 78, 2770. (c) Fainberg, A. H.;
Winstein, S. Ibid. 1957, 79, 1608.

(8) Winstein, S.; Grunwald, E.; Jones, H. W. J. Am. Chem. Soc. 1951,
73, 2700.

(9) See also the alcohol and water data points for methyl tosylate in
ref 2b, Figure 18.

(10) Peterson, P. E.; Vidrine, D. W.; Waller, F. J.; Henrichs, P. M,;
Magaha, S.; Stevens, B. J. Am. Chem. Soc. 1977, 99, 7968. Kaspi, J.;
Rappoport, Z. Tetrahedron Lett. 1977, 2035.

(11) See, for example, the ethanol/water data for isopropyl tosylate
in ref 3a, Figure 1.

(12) (a) Johnson, C. D. “The Hammett Equation”; Cambridge Univ-
ersity Press: New York, 1973; pp 36-38. (b) Shorter, J. “Correlation
Analysis in Organic Chemistry”; Oxford Press: London, 1973; pp 19-22.
(c) See also: Hand, E. S.; Jencks, W. P. J. Am. Chem. Soc. 1975, 97, 6221.

(13) (a) Roberston, R. F. Prog. Phys. Org. Chem. 1967, 4, 218; (b)
1967, 4, 221-223.
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Table I. Solvolytic Rate Constants for Secondary Alkyl Sulfonates
leaving AH¥, aS*, kors/
alkyl group group? solvent® temp, °C kSCs! keal/mol eu koms
isopropyl OMs 20% A 0.04 2.05 x 10°¢

25.04 7.04 x 10°% 22.3 -2.7
cyclopentyl OMs 80% A 0.0¢ 9.4 x 107®

25,04 2.7 x 107¢ 21.2 -13
cyclohexyl OMs 20% A 0.04 2.87x 10°¢

25.04 9.36 x 10°° 22.0 -3.2 1.48¢
cyclohexyl OMs 80% E 75.17 (2.62+ 0.01) x 10°* 23.1 -9.1 1.26"7

50.0% (1.83 + 0.07) x 10°°

OMs 50% E 75.18% (2.54 £ 0.10) x 102 21.4 -9.4 1.08%

50.017 (2.13 £ 0.01) x 10°*

OTs 40% E 74.987 (5.75+ 0.18) x 102
49.957 (4.54 + 0.07) x 10™* 22.1 -5.6
24,907 (2.30 + 0.05) x 10°¢
OTs 20% E 49.937 (3.49 2 0.03) x 107* )
24.907 (2.40 = 0.04) x 10~* 19.9 -8.5 1.47¢
OTs 40% A 50.267 (2.67 ¢ 0.03) x 107*

25.07 (1.45+ 0.2) X 1073 21.5 -8.6 1.20*%
exo-norbornyl OMs 20% A 25.0f (7.26 = 0.03) x 1072 (17.9)! (-3.0)!
endo-norbornyl OMs 20% A 0.0¢ 1.30 x 10°¢

25.04 3.50x 10°¢ 20.8 -9.3
2-adamantyl OMs 60% E 75.027 (1.77 + 0.01) x 10°* 26.7 0.7 0.85"

50.02f (8.29 + 0.06) x 10°¢

OMs 50% E 75.0f (4.39 = 0.05) x 10°* 24.6 -3.5 0.84"
50.317 (2.70 + 0.06) x 10°°
OMs 60% A 90.057 (2.78 £ 0.07) x 104
75.067 (5.43 + 0.10) x 10°* 26.0 -3.7
49.98™ 2.83x 10°¢
OTs 60% A 75.057" (5.2t 0.1} x 1073 0.96
OTs 40% A 75.1f (5.5 + 0.2) x 107*
50.027 (3.9:0.2)x 10°¢ 23.2 -7.0 1.13°

2 OMs = mesylate, OTs = tosylate.
at other temperatures. ¢ Determined titrimetrically.

b A = v/v acetone/water; E = v/v ethanol/water.
€ Tosylate data from Table II.
duplicate; errors shown are average deviations. ¢ Determined conductometrically in triplicate.

¢ In some cases calculated from data
Determined conductometrically in
h Tosylate data from ref

3a. ! Mesylate data from Table III. / Average of four conductimetric runs, including two carried out independently by
Miss G. E, Carter (Swansea), giving k = (1.24 = 0.04) x 10"% s™'. * Mesylate data from Table II. ! Activation parameters

calculated from the following data, referring to approximately 20% acetone/water (k, temp, °C):
0.22;(1.97 + 0.03) x 107%,10.36;(3.43 = 0.07) x 107%,14.99;(9.74 = 0.14) x 10°?, 25.15.
© At 25 °C, data from Table II,

constant. " In agreement with published kinetic data.!?2
dioxane—water mixtures.!* Many solvolyses of sulfonates
have been examined in mixtures of water and cosolvent
in which the volume of cosolvent (acetone, ethanol, diox-
ane) predominates,'® but few solvolyses of sulfonates in the
highly aqueous media required for the present investiga-
tion have previously been reported. Presumably this is
because of the poor solubility expected for alkyl sulfonates
in highly aqueous media. In related work quaternary
sulfonates have recently been used as water-soluble leaving
groups,'® and mesylates with alkyl groups up to C; have
been showed to dissolve quite rapidly in water.*” As
mesylates have very similar solvolytic reactivity to tosy-
lates, and tosylate/mesylate rate ratios do not appear to
depend markedly on the substrate,'® we have carried out
a systematic study of tosylates and mesylates in highly
aqueous media. We selected acetone and ethanol as the
cosolvents because they are probably the two most fre-
quently employed.

Results

Solvolyses for which activation parameters have been
obtained are shown in Table I. Results for aqueous

(14) (a) Tommila, E.; Jutila, J. Acta Chem. Scand. 1952, 6, 844. (b)
Tommila, E. Ibid. 1955, 9, 975.

(15) Streitwieser, A., Jr. Chem. Rev. 1956, 56, 571.

(16) (a) Sukenik, C. N.; Bergman R. G. J. Am. Chem. Soc. 1976, 98,
6613. (b) Peterson, P. E.; Vidrine, D. W. J. Org. Chem. 1979, 44, 891.

(17) Inomoto, Y.; Robertson, R. E.; Sarkis, G. Can. J. Chem. 1969, 47,
4599,

(18) Bentley, T. W.; Bowen, C. T. J. Chem. Soc., Perkin Trans. 2 1978,

57.

(5.71 = 0.05) x 1073,
" One measurement of rate

acetone at 25 °C along with additional data from the lit-
erature are summarized in Table II and results for aqueous
ethanol at 25 °C are summarized in Table III. Initial
kinetic work was carried out by using titrimetric techniques
at Purdue,* and additional kinetic data were obtained by
using conductometric techniques at Swansea.'®* Where
direct comparisons between the two techniques can be
made, agreement is usually within 5 or 10% (e.g., endo-
norbornyl mesylate (III, R = CH;) in aqueous acetone,

@osow

[4)]

£boso;n

an amy 9S0R

Table II). Ewven for relatively rapid solvolyses in pure
water, where the higher concentrations required for ti-
trimetric studies (ca. 102 M in comparison with ca. 10
M for conductometric studies) might lead to difficulties,
agreement between the two methods is surprisingly good;
e.g., for exo-norbornyl mesylate (II, R = CH;) in water at
0°Ck =1.40 X 102 s7! (titrimetric) and k£ = 1.48 X 1072
87! (conductometric). Only for solvolyses of cyclopentyl
mesylate in water is there a serious discrepancy (ca. 50%)
between the two methods. Difficulties arise if sparingly
soluble compounds do not dissolve sufficiently rapidly in
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Table II. Rate Constants for Solvolyses of Secondary Alkyl Sulfonates in Aqueous Acetone at 25 °C¢
10%, s !, in solvent

sulfonate H,0 20% A 40% A 60% A 80% A
isopropyl (OMs) 201°% 70.4¢ 15.54 2.78% 0.2924
isopropyl (OTs) 411° , (18)7:# 0.34"
cyclopentyl (OMs) 5460° (2450)d- (317)4 34.9% 2.71¢
cyclopentyl (OTs) (11500)* (38.5)bm
cyclohexyl (OMs) 426°¢ 93.6°¢ 12.14 1.28% 0.0734
cyclohexyl (OTs) (895)F 1394 14.5¢ (0.1)"
pinacolyl (OMs) 1330° 2848 44%
exo-norbornyl (OMs) 326000¢:° 726007 10600%-9 800% 3787
endo-norbornyl (OMs) 133% .04 5.554 0.63% 0.0594

128¢ 32.8% 5.0¢

2-adamantyl (OMs) 150°€ 20.6¢ 1.50¢ (0.087)°
2-adamantyl (OTs) (315)% 1.7% (0.11)¥

¢ Abbreviations for solvents and leaving groups as in Table I.
f Calculated from the rate constant at 50 °C (3.4 x 10°* s™!), assuming AH™ = 22 keal/mol.
h Huckel, W.; Tomopulos, K. Justus Liebigs Ann. Chem. 1957, 610, 78 (extrapolated

cally. ¢ Reference 18.
¢ Determined conductometrically.

b Reference 4.

¢ From Table I, ¢ Determmed titrimetri-

from higher temperatures), ! Calculated from the rate constant at 0 °C (1. 02 X 107% s7'), assuming AH* = 20 kcal/mol.

J Calculated from the rate constant at 0 °C (1.32 X 107% s7'), assuming AHY = 20 kcal/mol
stant for hydrolysis of the mesylate, assuming OTs/OMs = 2.1; see ref 18.
Reich, H. L.; Renga, J. M. Tetrahedron Lett, 1974, 2747 m A significantly higher
s™') given in the reference cited in footnote h above.

s')and 50 °C (2.3 X 107¢ s7!), given in the reference cited in footnote h, but
assuming AH* = 22 kcal/mol rather than the highly unhkely value of 27.8 kcal/mol required by these data.

from data at 50 °C (6.04 x 1075 s7').

value is obtained from the rate constant at 40 °C (2 92X 107°

mated from data at 40°C (5.6 x 1077

our previous work and obtained k = (3.19 * 0.08) >< 10!

k Calculated from the rate con-
! Assuming AH¥ = 21 kcal/mol and calculated

" Esti-

o We repeated

-! for two kinetic runs, P Titrimetric data at 0 °C, &k = 5.2 X

1073 s°'. 9 Titrimetric dataat 0°C, k= 7.2 x 10°% 57! ’ Titrimetric data at 0°C, k= 1.4 x 10°¢ s™!. § Extrapolated
from data given in Table I. ! We thank Miss G. E, Carter (Swansea) for this result, ¥ Extrapolated from data given in
ref 19a.
Table III. Rate Constants for Solvolyses of Secondary Alkyl Sulfonates in Aqueous Ethanol at 25 °C¢
10°%k, s7!, in solvent
sulfonate 20% E 40% E 50% E 60% E 80% E
isopropyl (OMs) 17.3% 2.620:¢
isopropy! (OTs) 15.49 2.99¢
cyclohexyl (OMs) 165°¢ 12.17 0.837
cyclohexyl (OTs) 2437 23.4f 8.64 3. 46d 0.754
2-adamantyl (OMs) 38.3¢ (0.96)7 (0.2 3 ca. 0.024%
2-adamantyl (OTs) 50.6¢ (0.47)4 (0.2) (0.024)4

@ Abbreviations for solvents and leaving groups as in Table I; data for water in Table II.
for 25 °C kgrs/koms = 1.14, observed at 50 °C. ¢ Reference 3a.

b Reference 18. ¢ Assuming
¢ Determined conductometrically.  Calculated from

data at other temperatures; see Table I. ¢ Assuming kgpg /Roms = 1.

aqueous media. Although good first-order kinetics can be
observed over several half-lives, low “infinity” values may
be observed, followed by upward drift at longer reaction
times. Such solutions may contain aggregates or possibly
micelles. Satisfactory solutions can be obtained relatively
quickly by first dissolving the substrate in the organic
solvent before adding water. In contrast, addition of
substrate to a premixed organic solvent may require hours
or days before satisfactory kinetics are observed. Ac-
ceptable kinetic runs showed a high-precision fit to first-
order kinetics (<0.3% for conductimetric runs) and in-
significant drift of infinity conductances. Therefore it is
unlikely that formation of micelles'® or other aggregates
of molecules significantly affected the results reported here.
However, by an unfortunate combination of circumstances,
it is conceivable in isolated cases that substrates could
dissolve completely during the first one or two half-lives,
giving good first-order kinetics and good infinity titers
along with inaccurate first-order rate constants. Duplicate
kinetic runs might reproduce such systematic errors, so as
additional verification, agreement between rate constants
calculated from data for 50% reaction and the rate con-
stants calculated from the full run (3—4 half-lives and in-

(19) (a) Lenoir, D.; Hall, R. E.; Schleyer, P. v. R. J. Am. Chem. Soc.
1974, 96, 213R. (b) Mergelsberg, 1.; Langhals, H.; Richardt, Ch. Chem.
Ber. 1980, 113, 2424.

finity) was established. Another test for reliability of the
kinetic data is that reasonable activation parameters are
obtained over a temperature range of about 25 °C for
which there should be a major change in the relative rates
of formation of truly homogeneous solutions and of sol-
volysis. Careful preparation of homogeneous solutions was
particularly important for solvolyses of tosylates because
they dissolve much less rapidly than mesylates. Other
difficulties associated with conductimetric studies of
sparingly soluble substrates have been discussed by Rob-
ertson. s

Tosylate/mesylate rate ratios are shown in Table I, and
others are readily calculated from data in Table IT and III.

Discussion

Figure 1 shows that the nonlinearity of .Y correlations
for secondary tosylates in aqueous ethanol is most marked
for 2-adamantyl tosylate—the compound most likely to
react by an Sy1 process! The least curved plot is shown
for isopropyl tosylate, for which nucleophilic solvent as-
sistance (Sy2 character) is greatest.3? (Linearity of this
plot for 74 °C from ethanol to ca. 30% ethanol/water has
been noted recently,?® but we have found that the data

(20) Luton, P. R.; Whiting, M. C. J. Chem. Soc., Perkin Trans. 2 1979,
1507.
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Figure 1. Correlation of logarithms of solvolysis rate constants
at 25 °C for secondary tosylates in aqueous ethanol against Y.
Kinetic data from Table II and III and Y values from ref 7b.

Table IV. Rate Constants for Solvolysis of
Secondary Alkyl Sulfonates in Methanol at 25 °C

10%,s™!

kors/
alkyl group tosylate® mesylate?  kgp,
isopropyl 0.118 0.0663 1.78
cyclopentyl 0.985 0.558 1.77
cyclohexyl 0.0159 0.0097 1.64

¢ Reference 4. ? This work.

point for water (extrapolated from lower temperatures) is
off the correlation line.) This trend is exactly the reverse
of what one would expect from the definition of Y values,
based on Syl reactions. The extent of nonlinearity of
Figure 1 is such that extrapolation of each of the three lines
through ethanol—50% ethanol data points to Y values of
about 5—is required to accommodate the points for water
(the accepted Y value for water is 3.49).™ Alternatively,
by use of fixed points for pure ethanol and pure water, an
8-fold increase in rate for solvolysis of 2-adamantyl tosylate
in 50% ethanol would be required for a linear correlation
(along with smaller increases for the other compositions).
A clue to the cause of these anomalous results comes
from comparisons of rate data for tosylates and mesylates.
The rate ratio kory/koms varies from 2.1 in water'® to about
0.5 for 2-adamantyl tosylate in 50% ethanol/water at 25
°C (Table III). Data for pure ethanol are not available but
the ratio increases again to about 1.7 in pure methanol
(Table IV). Thus a decrease in kor,/kowms rate ratio ap-
pears to occur in mixed solvents with the largest change
occurring for about 50% ethanol/water. Satisfactory,
although probably slightly curved, mY correlations are
observed for mesylates in aqueous ethanol and in aqueous
acetone (Figure 2). Also kors/koms rate ratios in aqueous
acetone exceed 1. Consequently the anomalous behavior
is mainly associated with tosylates in aqueous ethanol and
to a lesser extent with tosylates in aqueous acetone; some
mesylates also tend to give slightly curved plots.
Because of the similar solvolytic reactivities of tosylates
and mesylates, it seems unlikely that mechanistic changes
are responsible for the nonlinear correlations (Figure 1).
As mesylates show little if any of this anomalous behavior,
it does not appear to reflect another deficiency of the Y
scale of solvent ionizing power.2? The anomalous results
may be due to variations in initial-state solvation, possibly
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8 +log k{cyclohexyl mesylate)

Figure 2. Correlation of logarithms of solvolysis rate constants
at 25 °C for cyclohexyl mesylate in aqueous ethanol and in aqueous
acetone against Y. Data for cyclohexyl mesylate in ethanol es-
timated from data for the tosylate,* assuming a tosylate/mesylate
rate ratio of 1.7.

Table V. Corrections Using Equation 1 for Solvolysis
Rates of Mesylates in Aqueous Acetone at 25 °C¢

number

slope, solvent  of data

alkyl group m range points
isopropyl 0.68 0-80% v/v 5
cyclopentyl 0.81° 0-80% v/v 5
cyclohexyl 0.87¢ 0-80% v/v 5
endo-norbornyl 0.81 0-80% v/v 5
exo-norbornyl 0.944 0-80% v/v 5
pinacolyl 0.98 0-40% v/v 3
2-adamantyl 1.21¢ 0-60% v/v 4

_ @ Y values from ref 7b; other data from Table II.
v Titrimetric data at 0 °C gives 0.86. ¢ See Figure 3.
4 Titrimetric data at 0 °C gives 0.96. ¢ These results
would be better accommodated by shallow curve,

including “solvent sorting”;? e.g., the solvation shell of the
tosylate leaving group may be enriched by ethanol rather
than by water molecules because tosylates provide a more
hydrophobic environment than mesylates. This could lead
to a less polar environment for tosylates, causing a decrease
in reactivity relative to mesylates.

It is also known that alkyl groups are better solvated
than aryl groups in water.?® This is explained by the aryl
group causing greater disruption of the highly developed
solvent structure than an alkyl group. On this basis the
tosylate (aryl) anion might be expected to disrupt the
solvent structure to a greater extent than the smaller
mesylate (alkyl) anion. Both would be expected to disrupt
the water structure more than the chloride anion because
of their larger size. It is to be expected that this difference
in solvation between aryl and alkyl groups should be
greatly reduced in binary solvents where solvent structure
breaking is not so important. Compared to the kor./koms
rate ratio of ca. 2 observed in water, a ratio closer to unity
is indeed observed in binary solvents (Table I). However,
this solvation effect cannot be the sole contributing effect
to kors/ ko rate ratios since in methanol, solvation dif-
ferences between aryl and alkyl groups are reduced? but
the ko1./kRowm, rate ratio remains high (Table IV).

(21) Arnett, E. M.; Bentrude, W. G.; Burke, J. J.; Duggleby, P. McC.
J. Am. Chem. Soc. 1965, 87, 1541. (b) Drenth, W.; Cocivera, M. Can. J.
Chem. 1976, 54, 3944. (c) For a review, see: Abraham, M. H. Prog. Phys.
Org. Chem. 1974, 11, 1.

(22) Harris, J. M,; Clark, D. C.; Becker, A.; Fagan, J. F. J. Am. Chem.
Soc. 1974, 96, 4478 and references there cited.

(23) Krishnan, C. V.; Friedman, H. L. J. Phys. Chem. 1971, 75, 388.
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Table VI. Additional Solvent Parameters for Tosylates?

methyl

tosylate,

k x 1085,
solvent s™! (50 °C) Yors Norts
water? 13.8 4.1 -0.44
20% acetone/water 7.6¢ 3.05 -0.38
40% acetone/water 3.3¢ 1.85 ~-0.38
60% acetone/waterd 1.38 0.66 -0.41
20% ethanol/water 10.0°¢ 3.32 -0.34
50% ethanol/water? 4.41 1.29 -0.09

¢ For definitions see ref 3b; kinetic data from Tables II
and III and from ref 3b. ® Reference 18. ¢ Calculated
from kinetic data for ethyl benzenesulfonate (ref 14a) as
described in ref 3b. < Reference 3b. ¢ Calculated by
interpolation of data for water and 50% ethanol/water,
plotting log &k vs. Y.

Correlations using eq 1 for solvolysis rates of mesylates
in aqueous acetone at 25 °C are shown in Table V. The
slopes of the correlations parallel those observed previously
for the corresponding secondary tosylates in solvents
having a wider range of nucleophilicities.>® The relatively
low slope for endo-norbornyl and the high slope for 2-
adamantyl are particularly noteworthy.

Ambiguities due to solvation of leaving groups can arise
if solvolysis rates of substrates other than chlorides are
correlated with Y values. Differences between tosylates
and mesylates have been discussed above, and similar
effects can be seen when tosylates are studied in solvents
of different acidities, e.g., acetic acid and aqueous ethanol.’
Consequently it is preferable to compare tosylates with
tosylates or mesylates with mesylates, The scale of solvent
ionizing power based on 2-adamantyl tosylate (Yor,) can
now be extended, using the new kinetic data (Tables II and
IIT). Additional Yor, and Ngr, parameters are shown in
Table VI. These data could be used to extend the range
of solvents for correlations using eq 2, in which the 1N term
accounts explicitly for sensitivity of a substrate to solvent

log (k/ko)rors = mYors + 1Nors (2)

nucleophilicity.® The additional solvents show a wide
variation in the ionizing-power parameter (Yop,) and a
relatively small change in the nucleophilicity parameter
(Nots)—the latter changes more from water to 50% eth-
anol/water (a change of 0.35) than from 50% ethanol to
pure ethanol (a change of 0.09). While eq 2 would be
expected to lead to improved correlations, it is better to
apply it when there are larger changes in Nogr,.

Improvements in correlations for solvolyses of substrates
having the same leaving groups can be seen by comparing
Figures 2 and 3. Substantial “dispersion”” between lines
for ethanol/water and acetone/water are observed (Figures
2) when cyclohexyl mesylate is correlated with Y values
(i.e., tert-butyl chloride). The dispersion is reduced con-
siderably when 2-adamantyl mesylate is used as the ref-
erence substrate instead of tert-butyl chloride (Figure 3).
As solvolyses of cyclohexyl substrates are sensitive to
solvent nucleophilicity,? the dispersion between the two
correlation lines in Figure 3 may be explained at least
partly by the greater nucleophilicity of ethanol/water
mixtures than acetone/water mixtures (Table VI). Also
some of the correlations for mesylates with Y values appear
on close examination to be slightly curved (e.g., aqueous
acetone data in Figure 2) but no such curvature is apparent
in Figure 3.

Recently, there has been considerable discussion of
comparisons of rate data in ethanol/water with trifluoro-
ethanol/water mixtures as mechanistic probes of nucleo-
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Figure 3. Correlation of logarithms of solvolysis rate constants
at 25 °C for cyclohexyl mesylate in aqueous ethanol and in aqueous
acetone against logarithms of solvolysis rate constants for 2-
adamantyl mesylate.

philic solvent assistance.>?* These papers include com-
parisons for tosylates with Y values based on tert-butyl
chloride and with logarithms of rate constants for solvolysis
of 1-adamantyl bromide. Comparisons should preferably
be made between substrates having the same leaving
group. A convenient mechanistic probe for tosylates is the
ratio of rates of solvolysis in 40% v/v acetone/water and
in 97% w/w trifluoroethanol/water; fortuitously these two
solvents have almost the same Y, values (1.85 and 1.83
respectively), and comparisons could be made between
various tosylates and 2-adamanty! tosylate.> Nonlinear
correlations (Figure 1) also account for some of the in-
consistencies noted when rate data for tosylates in etha-
nol/water and in trifluoroethanol /water are extrapolated
to pure water.

Conclusion

Nonlinear correlations of solvolysis rate constants for
secondary tosylates in aqueous ethanol against Y do not
appear to be caused by mechanistic changes nor by a major
deficiency of the Y scale of solvent ionizing power. The
nonlinearity is much less significant for mesylates than for
tosylates and may be caused by different solvation of the
leaving groups (mesylate and tosylate) in the initial states
and/or in the transition states. Improved correlations are
obtained when solvolyses having the same leaving group
are compared. By accounting for the anomalous curvature
of some correlations, this work supports recent studies® %%
in which mechanistic information was deduced from sim-
ilar correlations.

Experimental Section

Both preparations of chemicals and kinetic methods were
carried out as described previously.*'® For tosylates it was often
necessary to dissolve the substrate in ethanol or acetone before
adding water. More recently we have found that formation of
satisfactory solutions is aided by immersing the solution in an
ultrasonic bath.
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