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Solvolysis rates of cyclopentyl (5-H), cyclohexyl (6-H), trans-2-trifiuoroacetoxycyclopentyl (5-OTf), irans-2-
trifluoroacetoxycyclohexyl (6-OTf), irans-2-methoxycyclopentyl (5-OMe), trans-2-methoxycyclohexyl (6-OMe),
trans-2-chlorocyclopentyl (5-Cl), and irans-2-chlorocyclohexyl (6-Cl) tosylates have been determined in acetic,

formie, and trifluoroacetic acids.

The neighboring trifluoroacetoxy substituent effect upon the rates of solvolysis

is sensitive to reaction medium. In contrast, both the neighboring methoxy and chloro substituent effects upon
the rates of solvolysis are insensitive to reaction medium. The implications of this solvolytic behavior is discussed
in terms of solvent influence upon the opposing participation and inductive effects of the investigated neighboring

groups.

The rates of solvolysis of a series of trans-2-hydroxy-
cycloalkyl tosylates have recently been reported.®?
Based upon electrostatic considerations,* and the appli-
cation of Taft’s equation to polar effects in acetolyses,’
a 1072 rate-retarding influence upon Sx1-type reactions
was predicted for the neighboring irans-hydroxy substi-
tuent. Contrary to this expectation, it was found that
the order of the expected rate retardation was greatly
reduced in aqueous alecohol and acetie acid solvents, and
was approached only in formic acid. The solvent
dependency of this neighboring-group effect on the
reaction rate was rationalized in terms of solvent in-
fluence upon the opposing participation and inductive
effects of the trans-2-hydroxy substituent.

Prompted by these results, we were encouraged to
extend this neighboring-group study to other substit-
uents and also to increase the range of solvent ionizing
strength.® Accordingly, this Article reports the kinetic
investigations of the solvolytic reactions of cyclopentyl
(5-H), trans-2-trifluoroacetoxycyclopentyl (5-OTf),
trans-2-methoxycyclopentyl (5-OMe), trans-2-chloro-
cyclopentyl (5-Cl), cyclohexyl (6-H), trans-2-trifluoro-
acetoxycyclohexyl (6-OTY), trans-2-methoxycyclohexyl
(6-OMe), and trans-2-chlorocyclohexyl (6-Cl) tosylates
in trifluoroacetic acid. Since the sensitivity of the rates
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of limiting-type® solvolyses to neighboring-group effects
is significantly enhanced in trifluoroacetic acid,”® a
kinetic investigation of the trifluoroacetolyses of the
above compounds is of particular interest in the study of
solvent influence upon such effects.

The first-order rate constants for the trifluoroacetoly-
sis of 5-H through 5-Cl and 6-H through 6-Cl are given
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in Table I. In addition, the rate constants for ths
formolysis and acetolysis of selected substrates are
reported.® The solvolysis rates of the reactions in tri-
fluoroacetic and formic acid were measured spectro- -
photometrically using the method developed by Peter-
son, et al.’® while the acetolysis reactions were followed
titrimetrically.? The solvolysis reactions of 6-OTf in
trifluoroacetic acid gave clean first-order plots over only
159, reaction. Absorption curves for longer times
showed steadily increasing absorbance indicating the
formation of interfering side product(s). The rate
constant listed for the trifluoroacetolysis of 6-OTf is an
average of six runs and is considered to be a maximal
value. All of the other reactions exhibited first-order
behavior through at least 759, conversion. The slower
acetolysis reactions were followed to 20-309, conver-
sion.

Results and Discussion

Although the degree of SN1 character for the acetoly-
sis of secondary tosylates may be open to discussion,’
the evidence supporting a limiting-type solvolysis for
secondary tosylates in formie and trifluoroacetic acids is
strong.”®1 Previously, it was observed® that the
values of ks/ks, the ratio of solvolysis of 5-H to that of
6-H, varied in a series of solvents from 27 (in ethanol) to
8.4 (in formic acid). This decrease in the relative rate
(ks/ks) with decreasing nucleophilic strength® of the
solvent was interpreted by a parallel decrease in the
nucleophilic contribution of the solvent to the transition
state. Consistent with this interpretation is the obser-
vation that the values of k;/ks are quite similar in
weakly nucleophilie, strongly ionizing® formic (8.4)
and trifluoroacetic (7.2) acids.

Examination of the kX/kH ratios listed in Table II
reveals that the neighboring trifluorcacetoxy substit-
uent demonstrates a significant response to the medium
change; the rate-retarding inductive effect is 20-30
times greater in trifluoroacetic acid than in acetic acid.
Enhancement of the trifluoroacetoxy inductive effect in
trifluoroacetolyses relative to acetolyses is in accord
with the increased solvent hydrogen-bonding ability of
trifluoroacetic acid. This explanation has been ad-
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TasLE 1
First-ORDER SoLvoLysis RATES

Tosylate® Solvent Temp, °C
Cyclopentyl CF;CO.H 0
10
15
20
trans-2-Trifluoro- CF;COH 50
acetoxycyclopentyl 70
HCO.H 70
CH,;CO.H 70
trans-2-Methoxycyclopentyl CF;CO.H 40
50
70
HCO.H 45
CH,CO,H 45
trans-2-Chlorocyclopentyl CF,;CO.H 40
45
70
CH;CO.H 70
Cyclohexyl CF,CO.H 25
30
40
45
50
trans-2-Trifluoro- CF;CO,H 45
acetoxycyclohexyl HCO.H 70
CH;CO.H 70
trans-2-Methoxycyclohexyl CF;CO.H 30
50
70
HCO.H 45
CH;CO,H 45
irans-2-Chlorocyclohexyl CF;COH 40
50
70
CH,;CO,H 70

AH#F, ASF,
k1P sec 1 keal/mol eu
X 10—+ 15.6 —18
10—¢
10—+
104
10—

108
108
10~
10— 22.6 -7
105
108
105
108
10-% 15.4 —30
107®
10*
107
10— 18.5 -13
10—
104
10~4
104
107
107
108
10-¢ 23.2 —6
108
10-¢
103
102
108 17.9 —28
10-¢
108
10-8
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= Initial concentrations 0.30-0.050 and 0.125 M in sodium trifluoroacetate for the trifluoroacetolyses. ® The standard deviation of these

rate constants ranged from +0.5 to =4.0%.

TasLE I
CoMPARISON OF REACTION RATES OF frans-2-X-CYCLOALKYL AND
CycLoALKYL TOSYLATES IN VARIOUS SOLVENTS

kX /kH
Solvent CF3iCO:2 CH;O Cl
Five-Membered-Ring Compounds
AcOH 0.004¢ 0.004° 0.001¢
HCO.,H 0.0003= 0.004?
CF;CO,H 0.00032 0.004? 0.002%
Six-Membered-Ring Compounds
AcOH 0.003¢ 0.01?% 0.002=
HCO,H 0.0003° 0.02®
CF;CO,H 0.0001% 0.01% 0.002%
e At 70°. ® At 45°.

vanced by Peterson!! to explain the large rate decreases
in addition reactions of trifluoroacetic acid to 5-substi-
tuted 1-hexenes and by Taft!? to explain the effects of
solvent on the shielding parameter of meta-substituted
fluorobenzenes with oxygen- and nitrogen-containing
substituents.

In contrast to the solvent sensitive effect of the
trifluoroacetoxy group in the solvolysis reactions of 5-
OTf and 6-OTf, the effect of the methoxy neighboring
group is insensitive to the solvent change in the solvoly-
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sis reactions of 5-OMe and 6-OMe. In faet, in all
solvents investigated the magnitude of £°™¢/k is close
to the predicted* value of 10—2 based purely on electro-
static considerations. Similarly, the effect of the chloro
substituent is nearly insensitive to the medium change;
the value of k°/kH is ca. 102 in both acetic and tri-
fluoroacetic acids.

Although the substituent—solvent interaction for
halo groups is small,'? an enhanced rate retardation is to
be expected for the trifluoroacetolysis of 5-Cl or 6-Cl ow-
ing to enhanced charge development in the transition
state.!> The fact that the substituent effect is invariant
with the solvent change suggests that the predomi-
nantly rate-retarding inductive effect of the chloro group
is partially compensated by neighboring-group assistance
in trifluoroacetic acid and to a much lesser extent in
formic acid. This suggestion is supported by the
demonstrated ability of trifluoroacetic acid to promote
both significant phenyl neighboring-group assistance in
the solvolysis of 2-phenylethyl tosylate® and significant
participation by the chloro group in the solvolysis of
5-chloro-2-hexyl tosylate.”

The apparent lack of solvent dependence of the
methoxy neighboring-group effect is also understandable

(13) This argument is based on a generally accepted postulate of carbonium
ion theory, t.e., the faster an Sn1-type reaction, the more ionic its transition

state. For a recent discussion, see H. M. R. Hoffmann, J. Chem. Soc., 6762
(1965).
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in terms of a predominantly rate-retarding inductive
effect partially compensated by methoxy participation
in the ionization process; however, supperimposed on
these effects is the possible presence of steric inhibition
of solvation. Examination of the models of the
carbonium ionlike transition state for the solvolysis of
5-OMe and 6-OMe suggests that steric interactions
between the methoxy substituent and the ring hydro-
gens are minimized when the methoxy group is twisted
out of the ring as illustrated in Figure 1. In the repre-
sentation for 6-OMe, the methoxy substituent is
pictured in the stereoelectronically more favorable axial
position.’* In these particular conformations, hydro-
gen bonding of the methoxy group by the solvent
molecules would introduce sufficient steric crowding to
minimize the difference in hydrogen-bonding ability
among the three solvents.

Experimental Section

Melting and boiling points were not corrected for stem exposure.
The former were taken on a Mel-Temp apparatus. Spectra were
determined on a Perkin-Elmer Model 21 spectrophotometer.
An F & M Model 700 gas chromatograph equipped with a hydro-
gen-flame detector and a 6-ft column of 109, Carbowax 20M on
Celite was used for analyiical vpe work. All microanalyses were
performed by Galbraith Laboratories, Knoxville, Tenn.

Cyclopentyl tosylate (5-H) was prepared in 55% yield by the
previously published procedure,? mp 29.0-29.5° (1it."* mp 29.1°).

trans-2-Methoxycyclopentanol.—A mixture of 21.0 g (0.25
mol) of cyclopentene oxide, 100 ml of anhydrous methanol, and
2 drops of concentrated sulfuric acid was held under reflux for
8 hr. The acid was then neutralized with barium carbonate and
the mixture filtered. Distillation of the filtrate gave 11.5 g (409,

vield) of product: bp 80° (10 mm); n%p 1.4515 [lit.*®bp 96° (27
mm); n?¥2p 1.4513]. Ge analysis indicated minimum purity of
999%.

trans-2-Methoxycyclopentyl tosylate (5-OMe) was prepared in
609, yield by standard procedure.? The crude ester was purified
three times by precipitation from petroleum ether (bp 30-60°) at
Dry Ice-acetone temperature. The final traces of solvent were
removed by flash distillation under reduced pressure (ca. 0.1 mm)
to yield an oil of greater than 979, purity by infinity absorbance:
ir (neat), 1335 (vso; asymmetric), 1165 (vso, symmetric), and
1090 em ! (ether COC).

trans-2-Chlorocyclopentanol was prepared in 809, yield by
passing dry HCl into a solution of 150 g of cyclopentene oxide in
150 ml of carbon tetrachloride until the solution was saturated.
The solution was then washed with water, sodium bicarbonate
solution, and water, dried over magnesium sulfate, and distilled
to give the product: bp 81-82° (15 mm); n%p 1.4775 [lit.'” bp
81-82° (15 mm); n®p 1.4770].

trans-2-Chlorocyclopentyl tosylate (5-Cl) was prepared in 729,
yield by standard procedure.! Four recrystallizations from
petroleum ether (bp 30-60°)-benzene gave the analytical sample
of the ester, mp 38-39°.

Anal. Caled for C.H5;Cl0:8: C, 52.46; H, 5.50; Cl, 12.90.
Found: C, 52.865; H, 5.54; Cl, 13.09.

trans-2-Trifluoroacetorycyclopentyl Tosylate (5-OTf).—To a
cold solution of trans-2-hydroxycyclopentyl tosylate® (2 g, 7.5
mmol) in 10 ml of dry pyridine was cautiously added 1.32 g (10
mmol) of trifluoroacetyl chloride.

After standing 20 hr at room temperature, the mixture was
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Figure 1.
hydrolyzed by the addition of cold, dilute HCl. The precipitated

oil was taken up in 40 ml of methylene chloride, washed once with
cold, dilute HCl, once with water, once with cold sodium bicar-
bonate solution, once with water, dried over anhydrous Na,SO,,
and the solvent removed by rotary evaporation to yield 2 g (769,
yield) of an oil which solidified upon standing several hours.
Two recrystallizations from petroleum ether (bp 30-60°)—ethyl
acetate yielded the analytical sample, mp 44-45°,

Anal. Caled for C,HisFi0:8: C, 47.72; H, 4.29; F, 16.18.
Found: C, 47.96; H, 4.26; F, 16.11.

Cyclohexyl tosylate (6-H) was prepared in 759, yield by the
previously published procedure,® mp 44.0-44.8° (lit.1* mp 44.4-
44.8°).

trans-2-Methoxycyclohexanol was prepared in 509, yield by the
method deseribed for trans-2-methoxycyclopentanol: bp 72-73°
(10 mm); n%p 1.4578 [lit.}*bp 72.5-73.2° (10 mm); n%p 1.4586].
Treatment of a portion of the alcohol with 3,5-dinitrobenzoyl
chloride in pyridine yielded trans-2-methoxyecyclohexyl 3,5-
dinitrobenzoate, mp 101-101.5° (1it.}* mp 101°).

trans-2-Methoxycyclohexyl tosylate (6-OME) was prepared in
629, yield by standard procedure.? The crude ester was purified
three times by precipitation from petroleum ether (bp 30-60°) at
Dry Ice-acetone temperature. The final traces of solvent were
removed by flash distillation under reduced pressure (ca. 0.1 mm)
to yield an oil of greater than 979, purity by infinity absorbance:
ir (neat) 1335 (vso, asymmetric), 1163_(vso, symmetric), and 1090
cm ™! (ether COC).

trans-2-Chlorocyclohexanol was prepared in 809, yield by the
method described for trans-2-chlorocyclopentanol, bp 70-71° (7
mm) [lit.® bp 71° (7 mm)]. Ge analysis indicated minimum
purity of 999%,.

trans-2-Chlorocyclohexyl tosylate (6-Cl) was prepared in 787
vield by standard procedure.? Four recrystallizations from
petroleum ether (bp 30-60°)-benzene gave the analytical sample
of the ester, mp 50-51°.

Anal. Caled for CusHy,ClOs8: C, 54.07; H, 5.93; Cl, 12.28.
Found: C, 53.82; H, 5.74; Cl, 12.49.

trans-2-Trifluoroacetorycyclohexyl tosylate (6-OTf) was pre-
pared in 809, yield by the method described for 5-OTf: mp
83-84° [after three recrystallizations from petroleum ether (bp
30-60°)-ethyl acetate] .

Anal. Caled for Ci:HiyF50:8: C, 49.17; H, 4.68; F, 15.56.
Found: C, 49.22; H, 4.56; F, 15.80.

Registry No.—5-H, 3558-06-3; 5-OTf, 19990-19-3;
5-OMe, 19990-12-6; 5-Cl, 19990-13-7; 6-H, 953-91-3;
6-OTf, 19990-15-9; 6-OMe, 19990-16-0; 6-Cl, 19990-
17-1.
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