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It has been established that the para-substituent effect 
on the rates of solvolysis of (1-arylcycloalkylhrbinyl 
arenesulfonates can be used to assess the ability of 
cycloalkyl groups to assist ionization by carbon a-partic- 
ipation.2 For example, by measuring the solvolysis rates 
ofpuru-substituted (1-phenylcyclopropylbirbinyl and (1- 
phenylcyclobuty1)carbinyl arenesulfonates and comparing 
their (koMeIkN02) rate ratios with that of similarly sub- 
stituted neophyl derivatives, we were able to demonstrate 
the greater ability of both the cyclopropyl and cyclobutyl 
group over that of neighboring phenyl to stabilize the 
developing cationic center in the transition state. Since 
both the test series, (1-phenylcycloalkyl)carbinyl, and the 
reference series, neophyl, are primary systems-and 
hence involve high electron demand at the developing 
cationic centel.3~~ -use of the koMeIkNo2 rate ratios should 
allow one to assess the small levels of a-participation 
expected for such relatively weak neighboring groups as 
cyclopentyl or cyclohexyl. 

Recently, in our continuing assessment of neighboring 
group ability of small and medium rings in solvolysis 
reactions, we became interested in extending the KOMe/ 
kNo2 method to the cyclopentyl group. Although the 
significantly greater ability of the cyclopentyl group over 
that of methyl to stabilize an adjacent electron-deficient 
center is well known15-' the assessment of the carbon 

(1) Undergraduate Research Assistant. 
(2) (a) Roberts, D. D.; Watson, T. M. J. Org. Chem. 1970, 35,978- 

981. (b) Roberts, D. D. J. Or.. Chem. 1974, 39, 1265-1269 and - . .  
references therein. 

(3) For reviews, see: (a) Gassman, P. G.; Tidwell, T. T. ACC. Chem. 
Res. 1983, 16, 279-285. (b) Allen, A. D.; Tidwell, T. T. Aduances in 
Carbocation Chemistry; JAI Press: New York, 1989; Vol. 1, pp 1-44. 

(4) Kirmse, W.; Wonner, A,; Allen, A. D.; Tidwell, T. T. J. Am. Chem. 
SOC. 1992, 114, 8828-8835 and references therein. 

(5) For example, in several solvolytic studies6 of the primary system 
cyclopentylcarbinyl-OBs, the observed rate enhancements and rear- 
ranged products have been used to support a mechanism involving 
carbon o-participation by the five-membered ring. 

(6) (a) Wilt, J. W.; Roberts, D. D. J. Org. Chem. 1962, 27, 3434- 
3440. (b) Bartlett, P. D.; Closson, W. D.; Cogdill, T. J. J. Am. Chem. 
SOC. 1965, 87, 1308-1314. (c) Krpaco, A. P.; Johanson, R. G. J. Org. 
Chem. 1971,36,146-157. (d) Roberts, D. D.; Wu, C.-H. J. Org. Chem. 
1974,39,1570-1575. (e) Roberts, D. D.; Wu, C.-H. J. Org. Chem. 1974, 
39,3937-3939. 

(7) In earlier papers from this laboratoly,6d@ we measured, in a wide 
range of solvents, the response of the cyclopentyl substituent effect to 
solvent ionizing power. The results clearly support the contention that, 
in contrast to the usual k, behavior of such primary substrates as 
1-propyl and isobutyl arensulfonates,8 cyclopentylcarbinyl arene- 
sulfonates undergo solvolysis by a k A  pathway. 

(8)(a) Hohann,  H. M. R. J. Chem. SOC. 1966, 6753-6762. (b) 
McManus, S. P.; Neamat- -Mazraeh, N.; Karaman, R. M.; Harris, J. 
M. J. Org. Chem. 1986,51, 4876-4880. (c) Bentley, T. W.; Schleyer, 
P. v. R. J. Am. Chem. SOC. 1976,98,7658-7666. (d) Harris, J. M. h g .  
Phys. Org. Chem. 1974, 11, 89. (e) Lowry, T. H.; Richardson, K. S. 
Mechanism and Theory in Organic Chemistry; Harper and Row: New 
York 1987; pp 376-378. (0 Winstein, S.; Marshall, H. J. Am. Chem. 
SOC. 1952, 74, 1120. 

a-participation ability of cyclopentyl, relative to that of 
/?-aryl bridging, under both competitive and high electron- 
demand conditions, remains to be determined. 

Thus, we report in this paper the synthesis and 
solvolytic investigation of a series of [l-(p-X-phenyl)- 
cyclopentyllcarbinyl tosylates. 

CH20Ts 
X 

U 

4a, X = p-CH30 4b, X = p-CH3 
4c, X = p-H 4d, X I p-CI 
4e, X = m,m'-(CF& 

The data indicate that 4a-e undergo solvolysis via a 
k~ process and that the ability of the cyclopentane ring 
to compete with the /?-aryl group in stabilizing the 
developing cationic center is significant. 

The synthesis of the (1-arylcyclopentylkarbinyl tosy- 
lates was accomplished as shown in Scheme 1. Prepara- 
tion of the p-nitro compound was attended with special 
problems so it was replaced with the m,m '-bis(triflu0- 
romethyl) substrate. 

The first-order rate constants for solvolysis of 4a-e 
are summarized in Table 1. Reaction progress was 
followed by titrating the liberated p-toluenesulfonic acid, 
and strictly first-order kinetics were obsemed up to at 
least 75% conversion furnishing, within experimental 
error, 100% of the theoretical amount of acid present. In 
Table 2 we have listed the results of rate data correla- 
tions for selected compounds against u+, and the calcu- 
lated koMelkNo2 ratios are given in Table 3. The product 
distribution data for solvolysis of 4a,c-e are collected 
in Table 4. Urea was used as a buffer to avoid acid- 
catalyzed rearrangements of first-formed products, and 
the product studies were conducted within the tempera- 
ture range of the kinetic studies. The products of 
solvolysis were determined by examination of 270-MHz 
'H NMR spectra of the oil isolated from the buffered 
reaction mixture after 10-half-lives at 65 "C. For com- 
pounds 4a,c,d, the integrated peak areas of the benzylic 
protons gave the composition and established the 
identitp-' of the aryl-rearranged products. For com- 
pound 4e, the integrated peak areas of the 2,6-aromatic 

(9) (a) For 4a, the peaks at 6 2.81 and 3.30 were assigned to the 
benzylic protons of l-@-methoxybenzyl)cyclopentyl2,2,2-trifluoroethyl 
ether and 1-@-methoxybenzyl)cyclopentene, respectively. A peak at  6 
5.30 confirmed the presence of the carbon-carbon double bond and a 
quartet centered at 6 3.75 established the presence of the 2,2,2- 
trifluoroethyl group. (b) For 4c, the peaks at 6 2.80 and 3.31 were 
assigned to the benzylic protons of 1-benzylcyclopentyl 2,2,2-trifluo- 
roethyl ether and 1-benzylcyclopentene, respectively. The peaks at 6 
5.26 and 6.28 were assigned to the vinylic protons of l-benzylcyclo- 
pentene and benzylcyclopentane, respectively, and the integrated peak 
areas of the vinylic protons gave the alkene composition. [Note: the 
acetolysis products isolated68 for 40, in the absence of a buffer, at 45 
"C were 26% benzalcyclopentane and 76% 1-benzylcyclopentenel. (c) 
For 4, the peaks at 6 2.83, 3.32, and 3.50 were assigned to benzylic 
protons of l-(p-chlorobenzyl)cyclopentyl2,2,2-trifluoroethyl ether, 1-@- 
chlorobenzyl)cyclopentene, and 1-@-chlorobenzyUcyclopentano1, re- 
spectively. The peaks at 6 5.31 and 6.29 were assigned to the vinylic 
protons of 1-@-chlorobenzy1)cyclopentene and 1-(p-chlorobenzylkyclo- 
pentane, respectively. The integrated peak areas of the vinylic protons 
gave the alkene composition (peak assignments were made on the basis 
of values listed for 4a and 40 benzylic proton signals plus comparison 
of the integrated peak areas for the vinylic, 2,2,2-trifluoroethyl, and 
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Table 1. Summary of Kinetic Data for (1-Arylcyclopenty1)carbinyl Tosylates 4a-e 
solvent substituent T, "C kt, t3-l m, kcaYmol A S ,  eu 

AcOH a = p-CH30 

d =p-C1 

e = m,m'-(CF& 

97% wfw aqueous TFE a = p-CH30 

~ 

25.0 
35.0 
45.0 
55.0 
75.00 
35.0 
45.0 
55.0 
75.0 
25.0 
35.0 
45.0 
65.0 
75.00 
45.0 
55.0 
65.0 
75.0 
65.0 
75.0 
85.0 
45.P 
15.0 
20.0 
25.0 
30.0 
35.00 
45.P 
25.0 
30.0 
35.0 
45.0 
30.0 
35.0 
45.0 
55.0 
30.0 
35.0 
45.0 
55.0 
35.0 
45.0 
55.0 
65.0 

(9.0 f 0.06) x 
(4.0 f 0.04) x 
(1.4 f 0.1) 10-4 
(4.0 f 0.07) x 
4.2 10-3 

(2.7 f 0.01) x 
(9.2 f 0.01) x 
(3.7 f 0.01) x 10-6 
(4.0 f 0.01) x 10-4 
(6.2 f 0.03) x 
(2.3 f 0.02) 10-7 
(1.2 f 0.01) x 10-6 
(1.6 f 0.05) x 
5.3 10-5 

(1.8 f 0.02) 10-7 
(6.6 f 0.01) x 
(2.6 f 0.01) x 10-6 
(8.1 f 0.01) x 
(5.4 f 0.01) x 10-8 
(2.0 0.05) 10-7 
(7.1 f 0.01) 10-7 
3.0 10-9 

(4.5 f 0.03) 10-4 

1.3 10-3 
4.0 10-3 

(1.2 f 0.02) 10-4 
(1.9 f 0.04) 10-4 
(5.3 0.04) 10-4 
(1.1 0.01) 10-5 
(2.0 f 0.03) 10-5 

(1.9 f 0.04) x 10-4 

(1.6 f 0.05) x 
(2.7 f 0.05) x 

(7.6 f 0.04) x 

(6.4 f 0.03) x 

(6.5 f 0.03) x loW5 
(1.2 f 0.04) x 10-6 
(2.4 f 0.02) x 10-6 
(6.5 f 0.03) x 

(1.1 f 0.06) x 
(4.5 f 0.06) x 

(2.0 * 0.05) x 10-5 

(1.2 f 0.04) 10-7 
(3.9 f 0.05) 10-7 

24.0 

26.2 

27.5 

27.5 

30.3 

17.4 

19.1 

22.0 

21.2 

23.6 

-1.0 

+OB 

+0.7 

-3.1 

-2.5 

-15.4 

-13.7 

-8.8 

-16.0 

-18.4 

a Calculated from data at other temperatures. 

Table 2. e' (Hammett-Brown) and @A (Yukawa-Tsuno) Values for Selected Compounds 
compd neophyl-OBs [1-@-G-phenyl)cyclobutyllcarbinyl-OBs [l-(p-G-phenyl)cyclopentyllcarbinyl-OTs 

e+ value (in AcOH at 75 "C) -3.05"~~ -1.W -2.3d 

e+ value (in 97TFE a t  45 "C) -1.7' -2.7d 

e valuee (in AcOH a t  75 "C) -3.83b -1.4c.df -2.7d 

e valuee (in 97TFE at 45 "C) -2.04 -3.1d 

(r  = 0.97) (r = 0.99) (r = 0.97) 

(r  = 0.98) 

(r = 0.99) (r = 0.99) (r = 0.95) 

(r  = 0.98) 

(r = 0.99) 

(r  = 0.99) 
Reference 16a. Reference 15. Reference 2b. This study. e Obtained by use of Yukawa-Tsuno e q ~ a t i 0 n . l ~  f At 55 "C. 

protons gave the product c o m p ~ s i t i o n , ~ ~ J ~ ~ - ~  and the 
integrated peak areas of the vinylic, 2,2,24rifluoroethyl, 

Scheme 1 

1. KOH-aqueous EtOH * 
2.H30* 

and hydroxy protonslOb'c confirm this composition and ArCH2CN NaH-DMSO 

reveal the presence of the ring-expanded products listed 
in Table 4. la-e 

- 
BrCHpCH2CH2CH2Br 

On the basisll that primary solvolysis occurs by two 
discrete pathways-A,, nucleophilically solvent assisted ArnC02H BH3-THF CH20H TosCl -C5H5N 

hydroxy protons). (d) For 4e, the integrated peak areas of the 
2,6-aromatic protons indicate a three-compound product composition.lo8 
The integrated peak areas of the vinylic, 2,2,2-trifluoroethyl, and 
hydroxy protonslob confirm this composition. 

of the 2-, 6-, and 4-aromatic protons for compounds 4a-e are scattered 
over a similar range. (b) In the range 6 6.5 7 to 2.75, the spectra show 
the vinylic, 2,2,2-trifluoroethyl signals. The peak at 6 6.28 in the 'H 

Ar 
* t 

2a-e 3a-e 

NMR spectrum of the 4e solvolysis product mixt& 

(10) (a) In the aromatic region, the spectra show six peaks (three 
2H-1H pairs) ranging from 7.70 to 7.97 ppm. The 1H chemical shifts 

gave the percentage composition of the 4e product mixture. (c) The 
absence of a benzyl methylene signal at either 6 2.8 or 3.3 confirms 
that 4e rearranges to ring-expanded products. 
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Table 3. koMe/kX Ratios of Para-Substituted Neophyl-like Systems 
compd Neophyl-OTsaPb c-PrCarb-OTs'sd C-BuCarb-OBs' C-PnCarb-OTsf 

solventPC AcOW75 AcOW30 AcOW75 AcOW75 
k o ~ J k ~ O 2  80 000 39 75 70008 
SolventPC EtOW40 TFE/45 97TFEl45 
kOMe/kNOz 23 407 20 ooog 

a Reference 15a. Reference 26. Reference la. Reference 19a. e Reference 19b. f This study. 8 Rate constant for thep-nitro compound 
was calculated using the e+ value reported in Table 2. 

Table 4. Summary of Product Runs (% Yield) for [l-@-X-phenyl)cyclopentyl]- and 
[ 1-[3,5-Bis(trifluoromethyl)phenyllcyclopentyl]carbinyl Tosylates in 97% Aqueous TFE 

p - X P h C H 2 a  p - X P h C H a  A r a  p ~ X P h C H z ~ 0 c H z C F 3  ArO OCHZCF3 p-XPhCHzi;rTOH "OoH 
X 

Me0 50 
H 51 28 
c1 50 10 
3,5-bis-CF3 30 

which leads to only unrearranged products, and kh, 
neighboring group assisted which leads to only rear- 
ranged products-the observation (Table 4) that 44c-e 
yield almost exclusively rearranged products supp~rts l ' -~~ 
a ka pathway. This speculation is corroborated by the 
linear correlation14 of log kt  (4a-e) with log kt for the 
corresponding substituted neophyl brosylates.2b 

It is generally accepted that the substituent effect on 
the P-aryl-assisted solvolysis process can be used to 
establish the mechanistic consistency of a reaction se- 
ries.16J7 Therefore, we have analyzed the kinetic data 
of Table 1 in terms of the usual Hammett-Brown 
equation (11, where kt is the titrimetric rate constant, k ,  

is the titrimetric constant for p-G = H, u+ is the Brown 
substituent constant based on the solvolyses of para- 
substituted tert-cumyl chlorides in 90% aqueous ac- 
etone,16 and e+ is the slope of the regression line. We 
also analyzed the same kinetic data by use of the 
Yukawa-Tsuno equation.lg The results are summarized 
in Table 2. The correlation coefficients for these rather 
small data sets are high (r = 0.99+) for the (1-aryl- 
cyclobuty1)carbinyLOBs series and marginal (r = 0.97 in 

(11) Brown, H. C.; Kim, C. J.; Lancelot, C. J.; Schleyer, P. v. R. J .  
Am. Chem. SOC. 1970,92, 5244-5245. 

(12) For reviews, see: (a) Brown, H. C. (comments by Schleyer, P. 
v. R.) The Nonclassical Ion Problem; Plenum: New York, 1977; pp 50- 
58, 165. (b) Capon, B.; McManus, S. P. Neighboring Group Participa- 
tion; Plenum: New York, 1976; pp 1, 280. (c) Reference 8e, pp 434- 
439. 

(13) (a) Harris, J. M.; Schadt, F. L.; Schleyer, P. v. R. J .  Am. Chem. 
SOC. 1969,91, 7508-7510. (b) Reference 6d and references therein. 

(14) The acetolysis rate constants (at 75 "C) for the neophyl 
brosylates were taken from, or in the case of the m,m '-(CF& derived 
from, the data contained in Tables 1 and 2, ref 15. The calculated 
correlation coefficient was 0.999, and the slope value was 1.02. 

(15) Fujio, M.; Goto, M.; Mishima, M.; Tsuno, Y. Bull. Chem. Soc. 
Jpn. 1990,63, 1121-1128. 

(16) (a) Heck, R.; Winstein, S. J. Am. Chem. SOC. 1957, 79, 3432- 
3438. (b) Brown, H. C.; Rao, C. G.; Ravindranathan, M. J. Am. Chem. 
SOC. 1978,100,7946-7979. (c) Allen, A. D.; Kanagasabapathy, V. M.; 
Tidwell, T. T. J .  Am. Chem. SOC. 1985,107,4513-4519. (d) Sneen, R. 
A. J. Am. Chem. SOC. 1960, 82, 4261-4269. (d) Sneen, R. A. J .  Am. 
Chem. SOC. 1960, 82, 4261-4269. 

(17) For reviews, see: (a) Hansch, C. ACC. Chem. Res. 1993,26,147- 
153. (b) Zalewski, R. I.; Krygowski, T. M.; Shorter, J. Similarity Models 
in Organic Chemistry, Biochemistry and Related Fields; Elsevier: New 
York, 1991. 

(18) Okamoto, Y.; Brown, H. C. J .  Am. Chem. SOC. 1968,80,4979 
and earlier papers. 

(19) Fujio, M.; Goto, N.; Daiduno, T.; Goto, M.; Saeki, Y.; Okusaka, 
Y.; Tsuno, Y. Bull. Chem. SOC. Jpn. 1992, 65, 3072-3079 and 
references therein. 

50 
21 
20 

25 
20 

45 

AcOH and 0.98 in 97TFE) for the (1-arylcyclopenty1)- 
carbinyl-OTs series. The most interesting feature of the 
data in Table 2, however, is the magnitude of the e+ value 
for the (1-arylcyclopenty1)carbinyl series, lying between 
that for the neophyl and (1-arylcyclobuty1)carbinyl series. 
This result is consistent with the cyclopentyl group's 
reduced neighboring group assistance relative to that of 
the four-membered ring but, more importantly, suggests 
that the ability of the five-membered ring to compete with 
the /3-aryl groups in assisting the ionization of a primary 
system is significant. 

The koMe/kNoz ratios listed in Table 3 show that the (1- 
arylcyclobuty1)carbinyl and (1-arylcyclopropy1)carbinyl 
arenesulfonates are, respectively, some two to three 
powers of 10 less sensitive than neophyl brosylate to a 
para-substituent change from methoxy to nitro. We 
attributed this reduced sensitivity to changing substitu- 
ents on the aryl ring to a-participation by the cycloalkyl 
groups in the transition state which leads to the first- 
formed cationic intermediate.2ap20 Table 3 further reveals 
that the (1-arylcyclopenty1)carbinyl system is also less 
sensitive (by about one power of 10) than neophyl 
brosylate to the measured para-substituent effect change. 
This finding establishes, even more clearly than that of 
the previous paragraph, that the ability of the five- 
membered ring to compete with the /3-aryl groups in 
assisting the ionization of a primary system is significant. 

As measured by the e+ or e values given in Table 2, 
the charge delocalization response of the (l-arylcyclo- 
penty1)carbinyl system to change in solvent ionizing 
power [ Y ~ ~ w E  = 1.83 and Y ~ O H  = -0.61Iz1 is slight. Also, 
the relative rate ratio, kTFdkAcOH, for 4c (54) is of 
approximately the same order as that observed for both 
neophyl tosylate (69) and 1-phenylcyclobutylcarbinyl 
brosylate (26). This result suggests little sensitivity to 
solvent change of either the magnitude or type (aryl- 
bridging or a-assisted) of neighboring group participation 
in these neophyl-like substrates.6ds22 

The product distribution data listed in Table 4 reveal 
a marked difference between compound 4e and com- 
pounds 4a,c,d. For compounds 4a,c,d, at least 98% of 

(20)(a) Roberts, D. D. J .  Org. Chem. 1968, 33, 2712-2715. (b) 
Roberts, D. D. J.  Org. Chem. 1976,41,486-489 and references therein. 

(21) Schadt, F. L.; Bentley, T. W.; Schleyer, P. v. R. J. J .  Am. Chem. 

(22) (a) Schadt, F. L., 111; Lancelot, C. J.; Schleyer, P. v. R. J .  Am. 
Chem. SOC. 1978,100,228-246. (b) Schleyer, P. v. R.; Fry, J. L.; Lam, 
L. K. M.; Lancelot, C. J. J .  Am. Chem. SOC. 1970, 92, 2542-2544. (c) 
Roberts, D. D. J .  Org. Chem. 1984,49,2521-2526. 

SOC. 1976,98, 7667-7674. 
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Ar73CH20Ts - Scheme 2 

1 2 + 
D C H 2 . r  

the solvolysis products are aryl-rearranged products; 
while, for compound 4e, a t  least 98% of the solvolysis 
products are ring-expanded products. These results 
indicate that the change from electron-donating (or 
mildly electron-withdrawing) para-substituents to the 
strongly electron-withdrawing 3,5-bis(trifluoromethyl) 
groups leads to different cationic intermediates captured 
by solvent. In the case of 4a,c,d, a cationic intermediate 
with appreciable benzylcyclopentyl character must be 
involved, while in the case of 4e, solvent capture of a 
cationic intermediate with appreciable 1-arylcyclohexyl 
character must be involved. On the other hand, the 
Hammett-Brown plots of the rate constants for both the 
acetolysis and trifluoroethanolysis of the (l-arylcyclo- 
penty1)carbinyl tosylates reveal no sharp discontinuity 
along the correlation line for all substituents, including 
the point for the 3,5-bis(trifluoromethyl) which 
indicates that neighboring group participation by the aryl 
group in the transition state for the rate-controlling step 
does not change sharply with the change fromp-X to 3,5- 
bis(trifluoromethy1) substituents. Also, in view of the 
proposa16b,de that the folded geometry of a cyclopentyl- 
carbenium ion is unfavorable for alkene production, the 
detection of appreciable quantities of cycloalkenes in the 
trifluoroethanolysis of 4a,c,d, and the lesser quantity of 
cycloalkene in the trifluoroethanolysis of 4e, is mecha- 
nistically significant.6e 

These seemingly contradictory results for the solvolysis 
of the (1-arylcyclopenty1)carbinyl series are somewhat in 
common with those obtained for the solvolyses of the (1- 
arylcyclopropy1)carbinyl and (1-aryl-cyclobuty1)carbinyl 
reaction series.2ab,6de,20,26 Here, on the basis that the 
1-aryl substituents had little effect upon rate but showed 
a dramatic effect upon product composition, we proposed 
a mechanistic scheme involving (1) formation of a tight 
ion pair, stabilized by a-bond delocalization of charge into 
the cycloalkyl ring, and (2) rearrangement to a loose ion- 
pair, stabilized by delocalization of charge into the aryl 
group. All of the data presented for the l-arylcyclopent- 
ylcarbinyl series can be explained by Scheme 2, which is 

(23) This is particularly true for the correlation with neophyl 
brosylate data. Some time ago, Schleyer24 used neophyl tosylate data 
to define a set of u+ constants which he considered more appropriate 
than the usual Brown values for correlations involving &aryl partici- 
pation. We agree with this suggestion. 

(24) Schadt, F. L.; Schleyer, P. v. R. J. Am. Chem. Soc. 1973, 95, 
7860-7862 . - - - . - - -. 

(25)Roberts, D. D. J. Org. Chem. 1966,30, 23-28. 
(26) Tanida, H.; Tsuji, T.; Ishitobi, H.; Irie, T. J .  Org. Chem. 1969, 

34,1086-1089. 

somewhat analogous to the mechanism we postulated for 
the solvolysis of the (1-arylcyclopropy1)carbinyl and (1- 
arylcyclobuty1)carbinyl arenesulfonates. Thus, in Scheme 
2, we propose that a-participation by the cyclopentyl 
group takes place in the initial, rate-determining ioniza- 
tion process (ka), leading to bridged intermediate 1. 
Intermediate 1 then partitions itself into a minimum of 
two product pathways: kr;Ar and k,.c. The k ,h  pathway 
involves rearrangement of 1 to 2 via a transition state 
with high phenonium character, which when attacked 
by solvent gives aryl-rearranged ethers, alcohols, and 
alkenes; while the k,.c pathway involves rearrangement 
of 1 to 3 which when attacked by solvent yields the ring- 
expanded ethers, alcohols, and alkenes. 

In summary, we believe that solvolysis of the (1- 
arylcyclopenty1)carbinyl tosylates takes place via a k~ 
process involving small but significant a participation by 
the five-membered ring. The observation of rearranged 
products and the rate correlation with log kt (p-X- 
neophyl-OBs) are consistent with this mechanism. Fur- 
thermore, the relatively low koMelkNo2 ratio and @+ values 
are consistent with a first-formed intermediate stabilized 
by the a-electrons of a C,-Cp bond of the cyclopentane 
ring. Finally, the similar rate response to solvent change 
observed for (1-phenylcyclopenty1)carbinyl tosylate, (1- 
phenylcyclobuty1)carbinyl brosylate, and neophyl brosy- 
late suggests little sensitivity to solvent change of either 
the magnitude or type (aryl-bridging or a-assisted) of 
neighboring group participation in these neophyl-like 
substrates. 

Experimental Section 
1-(p-Methoxypheny1)cyclopentanecarbonitrile (la) was pre- 

pared using a procedure similar to that for synthesis of l-p- 
methoxycyclobutanecarb~nitrile.~~ Accordingly, a mixture of 
39.4 g (0.27 mol) ofp-methoxyphenylacetonitrile and 58.3 g (0.27 
mol) of l,4-dibromobutane was treated under a nitrogen blanket 
with 16.2 g of sodium hydride dissolved in 300 mL of DMSO 
and 35 mL of ether. After the usual workup, distillation of the 
oily residue gave 36.0 g (0.19 mol, 70% yield) of the nitrile: bp 
145-149 "C (1.75 mm); IR (neat) C s N  stretch, 2234 (w) cm-l; 
1H N M  (CDC13) 6 1.82-2.10 (broad band with sharp multiplet 
from 1.88 to 2.10, 6 H), 2.3-2.5 (m, 2 HI, 3.8 (s, 3 H, OCHs), 
6.89 (d, J = 8.9 Hz, 2 H, 3,5-Ar), 7.35 (d, J = 8.9 Hz, 2 H, 2,6- 
Ar); 13C NMR (CDCl3): 6 24.9,40.2,46.9, 55.2 (CH3), 114.0 (3,5- 
Ar), 124.5 (CN), 127.0 (2,6-Ar), 131.7 (ipso-Ar), 159.9 (ipso-Ar). 
1-@-Methoxypheny1)cyclopentanecarboxylic acid (2a) 

was prepared using a procedure similar to that for the synthesis 
of 1-@-methoxypheny1)cyclobutanecarboxylic acid.27)28 Thus, 
36.0 g (0.19 mol) of 1-(p-methoxyphenyl)cyclopentanenitrile, 11.8 
g of KOH (as%, 0.21 mol), and 90 mL of diethylene glycol were 
stirred at  reflux temperature for 6 days. After the darkly colored 
reaction mixture was cooled, acidified with hydrochloric acid, 
and treated with activated carbon, recrystallization from 160 
mL of 40% aqueous EtOH yielded 12 g (55 mmol, 29%) of the 
acid: mp 160-162 "C; IR (Nujol mull) OH stretch, 3150-2500 
(m), C-0 stretch, 1757 ( 8 )  cm-l; lH NMR (CDCl3) 6 1.65-1.8 
(m, 4 H), 1.8-1.95 (m, 2 H), 2.6-2.7 (m, 2 H), 3.8 (s ,3  H, CH30), 
6.85(d,J=8.9H~,2H,3.5-Ar),7.3(d,J=8.9H~,2H,2,6-Ar); 
13C NMR (CDC13) 6 23.5, 36.0, 55.2, 58.1 (CH3), 113.7 (3,5-Ar), 
128.2 (2,6-Ar), 134.6 (ipso-Ar), 158.5 (ipso-?), 182.5 (COOH). 

[ l-@-Methoxyphenyl)cyclopentyllcarbmol(3a) was pre- 
pared using a method similar to that for synthesis of [1-@- 
methoxyphenyl)cyclobutyl]carbinol.27~2g Accordingly, to 7.4 g (34 
mmol) of 1-(methoxypheny1)cyclopentanecarboxylic acid dis- 
solved in 15 mL of THF (Aldrich, spectrophotometric grade), 
under a nitrogen blanket, were added 52 mL of 1 M BH3-THF 

(27)Roberta, D. D. J. Org. Chem. 1974,39, 1265-1269. 
(28) Lyle, R. E.; Lyle, G. C. J. Am. Chem. SOC. 1962, 74, 4061. 
(29) Brown, H. C.; Stocky, T. P. J. Am. Chem. SOC. 1977,99,8218- 

8225. 
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complex (52 mmol) over a 15 min period with cooling. After 
being stirred for an additional 2 h a t  room temperature, the 
mixture was poured with stirring into 300 mL of water. The 
usual workup yielded 6.3 g (30 mmol, 88.2% yield) of crude [l-@- 
methoxyphenyl)cyclopentyllcarbinol. Recrystallization from 1: 1 
EtOH-H20 gave the purified alcohol: mp 45-46 "C; IR (CC4) 
OH stretch, 3650-3570 (m), CO stretch, 1042 ( 8 )  cm-'; 'H NMR 
(CDC13) 6 1.45 (9, 1 H, OH), 1.62-1.75 (m, 4 H), 1.75-1.9 (m, 2 
H), 1.9-2.0 (m, 2 H), 3.4 (d, J = 5.4 Hz, 2 H, CHd, 3.7 (8 ,  3 H, 
CH30), 6.8 (d, J = 8.9 Hz, 2 H, 3,5-Ar), 7.2 (d, J = 8.9 Hz, 2 H, 
2,6-Ar); 13C NMR (CDC13) 6 23.9, 34.5, 52.6, 55.2 (CHsO), 70.2 
(CHz), 113.6 (3,5-Ar), 128.2 (2,6-Ar), 138.8 (ipso-&), 157.9 (ipso- 
Ar). 

[ 1-@-Methoxyphenyl)cyclopentyllcarbinyl tosylate (4a) 
was prepared using a standard procedure for the synthesis of 
tosylate esters.22c The alcohol, 3.3 g (16 mmol), was caused to 
react with 3.24 g (17 "01) of purified p-toluenesulfonyl chloride 
dissolved in 40-mL of dry pyridine (Aldrich, spectrophotometric 
grade) cooled to 0 "C. After the alcohol was allowed to stand 
for 24 h a t  5 "C and the usual workup, recrystallization from 
100 mL of 9:l petroleum ether (bp 30 to 60 "C)-benzene gave 
3.3 g (9.2 mmol, 58% yield) of the tosylate: mp 56-57 "C; IR 
(CC14) SO2 stretch 1370 (s), 1180 ( s )  cm-l; lH NMR (CDCl3) 6 
1.6-1.8 (m, 4 H), 1.8-2.0 (m, 4 H), 2.4 ( 8 ,  3 H, ArCHd, 3.8 (8 ,  3 
H, OCHs), 3.9 (s, 2 H, CHz), 6.75 (d, J = 8.9 Hz, 2 H, Ar), 7.1 (d, 
J = 8.9 Hz, 2 H, Ar), 7.19 (d, J = 8.9 Hz, 2 H, 3,5-Ar), 7.49 (d, 
J = 8.9 Hz, 2 H, 2,6-Ar); 13C NMR (CDCl3) 6 21.6 (CHs), 23.6, 
34.7, 50.8,55.2 (OCH3), 76.3 (CHZ), 113.4 (Ar), 127.7 (Ar), 128.0 
(Ar), 129.5 (Ar), 132.8 (ipso-Ar), 137.2 (ipso-Ar), 149.4 (ipso-Ar), 
158.1 (ipso-Ar). 
1-@-Methylpheny1)cyclopentanecarbonitrile (lb). The 

procedure described for the synthesis of la was used to prepare 
lb in 57% yield: bp 136-138 "C/0.4 mm; IR (neat) CEN stretch, 
2234 (w) cm-l; 'H NMR (CDC13) 6 1.8-2.1 (m, 6 H), 2.3-2.4 
(m, 2H), 2.3(s, 3H,ArCH3), 7.1 (d, J=8 .9Hz ,  2H,3,5-Ar), 7.3 

39.5,46.5, 123.6 (2,6-Ar), 125.0 (CN), 128.6 (3,5-Ar), 135.9 (ipso- 
Ar), 136.5 (ipso-Ar). 
1-@-Methylpheny1)cyclopentanecarboxylic Acid (2b). 

This compound was made by a modified Heyama procedure.30 
Thus, 28 g (150 mmol) of 1-(methylpheny1)cyclopentane- 
carbonitrile, 150 mL of 50% aqueous KOH, and 250 mL of 
ethanol were stirred a t  reflux temperature for 4 days. f i r  
removal of most of the alcohol via rotovaporization and acidifica- 
tion with concentrated HC1,27 g of crude product was isolated. 
Recrystallization from 200 mL of hot 4:l EtOH-H20 gave 15.9 
g (85 mmol, 57% yield) of the acid mp 180-181 "C; IR (Nujol 
mull) OH stretch, 3250-2500 (m), C=O stretch, 1689 (m) cm-'; 
1H NMR (DMSO) 6 1.6-1.8 (m, 6 H), 1.75-1.9 (m, 2 H), 2.3 ( 8 ,  

3 H, CH3), 3.4 (s, small peak), 7.2 (d, J = 7.3 Hz, 2 H, 3,5-Ar), 
7.3 (d, J = 7.3, 2,6-Ar), 12.2 (9, small peak); I3C NMR (DMSO) 

(ipso-&), 140.7 (ipso&), 176.8 (COOH). 
[1-@-Methylphenyl)cyclopentyl]carbinol(3b). The pro- 

cedure described for the synthesis of 3a was used to prepare 3b 
in 71% yield: mp 44-46 "C; IR (CC4) OH stretch, 3619-3400 
(m), CO stretch, 1050 (5) cm-l; lH NMR (CDCld 6 1.6 (8, 1 H, 
OH), 1.6-1.8 (m, 4 H), 1.80-1.85 (m, 2 H), 1.8-2.0 (m, 2 H), 

(d, 2 H, J =  8.9 Hz, 2,6-Ar); 13C NMR (CDCl3) 6 20.0 (CH3), 23.3, 

6 20.5 (CH3), 23.2,35.6,60.1,126.5 (2,6-Ar), 128.7 (3,5-Ar), 135.1 

2.3 (8, 3 H, ArCH3), 3.4 ( 8 ,  2 H, CHz), 7.1 (d, J = 7.8 Hz, 2 H, 
3,5-Ar), 7.17 (d, J = 7.8 Hz, 2 H, 2,6-Ar); 13C NMR (CDCld 6 
20.9 (CH3), 23.9,34.4,52.9,70.3 (CHz), 127.2 (2,6-Ar), 129.0 (3,5- 
Ar), 135.6 (ipso-Ar), 143.8 (ipso-&). 
[1-@-Methylphenyl)cyclopentyl]carbinyl tosylate (4b). 

The procedure described for the synthesis of 4a was used to 
prepare 4b in 62% yield, Recrystallization from 9:l petroleum 
ether (bp 30-60 "C)-benzene gave the ester: mp 78-80 "C; IR 
(CC14) SO2 stretch, 1373 (s), 1182 (8) cm-l; lH NMR (CDCl3) 6 
1.6-1.8 (m, 4 H), 1.8 (m, 4 H), 2.3 (s, 3 H, ArCH3), 2.4 (8 ,  3 H, 
ArCH3), 3.9 (9, 2 H, CHz), 7.0 (d, J =  8.9 Hz, 2 H, Ar), 7.05 (d, 
J = 8 . 9 H z , 2 H , A r ) , 7 . 1 7 ( d , J = 8 . 9 H z , 2 H , A r ) , 7 . 4 9 ( d , J =  
8.9 Hz, 2 H, Ar); '3C NMR (CDC13) 6 20.9,21.6,23.6, 34.7,50.6, 
76.3 (CHz), 126.85 (Ar), 127.7 (2,6-Ar), 128.8 (Ar), 129.5 (Ar), 
132.7 (ipso-Ar), 135.7 (ipso-&), 142.0 (ipso), 144.3 (ipso-Ar). 
1-Phenylcyclopentanecarbonitrile (IC) was prepared as 

previously describedea in 86% yield: bp 108 "C (at 0.8 Torr); IR 
(CC14) C=N stretch, 2234 (w) cm-l. 

(30) Heyama, T.; Inoue, M.; Sato, K. J. Org. Synth. 1986, 646. 

Notes 

1-Phenylcyclopentanecarboxylic Acid (2c). The proce- 
dure described for the synthesis of 2b was used to prepare 2c 
in 68% yield: mp 162-163 "C (lit.31 mp 162-163.5 "C). 
(1-Phenylcyclopenty1)carbinol (3c). The procedure de- 

scribed for the synthesis of IC was used to prepare 3c in 75% 
yield: mp 43-44 "C (lit.ea mp 43-44 "C); IR (CC4) OH stretch, 
3658-3390 (m), CO stretch, 1050 ( 8 )  cm-l; lH NMR (CDCl3) 6 
1.3 (s, 1 H, OH), 1.6-1.7 (m, 4 H), 1.7-1.9 (m, 2 HI, 1.9-2.0 (m, 
2 H), 3.42 (8, 2 H, CHz), 7.15-7.25 (m), 7.30 (s), 7.31 (broad 
peak); 13C NMR (CDCl3) 6 23.9, 34.4, 35.3, 70.38 (CHz), 126.2 
@A), 127.3 (m-Ar), 128.4 (0-Ar), 146.9 (ipso-Ar). 
(1-Phenylcyclopenty1)carbinyl Tosylate (443). The pro- 

cedure described for the synthesis of 4a was used to prepare 4c 
in 65% yield: mp 115-116 "C (lit.6a mp 115-115.5 "C); IR (CC4) 
SO2 stretch, 1373 (s), 1178 (9) cm-l; lH NMR (CDC13) 6 1.60- 
1.76 (m, 4 H), 1.8-2.0 (m, 4 H), 2.4 (9, 3 H, CH3), 4.0 ( 8 ,  2 H, 
CH2), 7.17, 7.20, 7.21, 7.22, 7.47 (d, J = 8.9 Hz, 2 H, Ar); 13C 
NMR (CDCl3) 6 23.0 (CH3), 25.02, 36.1,52.37, 77.6 (CH2), 127.7, 
128.4,129.1,129.5 ,131.0 (ipso-Ar), 134.1,145.7 (ipso-Ar), 146.5 
(ipso-&). 
1-@-Chloropheny1)cyclopentanecarbonitrile (Id). The 

procedure described for the preparation of la was used to 
prepare Id in 61% yield mp 36-36.5 "C; IR (CC4) C=N stretch, 
2234 (w) cm-1; lH NMR (CDCl3) 6 1.8-2.3 (m, 6 H), 2.4-2.6 
(m,2H),7.33(d,  J=8.1Hz,2H,3 ,5-Ar) ,7 .36(d ,  J = 8 . 1 H z ,  

127.4 (3,5-Ar), 128.9 (2,6-Ar), 134.8 (ipso-Ar), 138.7 (ipso-Ar). 
1-@.Chlorophenyl)cyclopentanecarboxylic Acid (2d). 

The procedure described for the preparation of 2b was used to 
prepare 2d in 60% yield: mp 162-164 "C; IR (nujol mull) OH 
stretch, 3200-2500 (m), C=O stretch, 1692 (9) cm-l; 'H NMR 
(DMSO) 6 1.6-1.9 (m, 6 H, with a sharp peak at  1-71, 2.5-2.8 
(m, 2 H), 3.45 (s), 7.43 (s ,4  H, Ar-H), 12.5 (8, small peak, COOH); 

Ar), 131.3 (ipso&), 141.7 (ipso-Ar), 176.3 (COOH). 
[ 1-@-Chlorophenyl)cyclopentyl]carbinol (Sd). The pro- 

cedure described in the synthesis of 3a was used to prepare 3d 
in 92% yield: mp 42-43 "C; IR (Cc4) OH stretch, 3627-3581 
(w), CO stretch, 1050 (8 )  cm-l; lfi NMR (CDCl3) 6 1.2 (s, lH, 
OH), 1.6-1.8 (m, 6H); 3.4 ( 8 ,  2H, CH2); 7.09-7.27 (m, 4H, Ar, 
two sharp peaks at 7.18 and 7.20); 13C NMR (CDC13) 6 23.8,24.1, 

(ipso-&), 145.4 (ipso-Ar). 
[ 1-@-Chlorophenyl)cyclopentyllcarbinyl Tosylate (4d). 

The procedure described in the synthesis of 4a was used to 
prepare 4d in 62% yield: mp 86-88 "C; IR (CC4) SO2 stretch, 
1377 (s), 1184 (s) cm-l; lH NMR (CDC13) 6 1.6-1.8 (m, 4 H), 
1.8-1.9 (m, 2 H), 1.9-2.0 (m, 2 H), 2.4 (9, 3 H, ArCH3), 3.92 (5, 

2 H, 2,6-Ar); '3C NMR (CDCl3) 6 24.2, 40.4, 47.3, 123.9 (CN), 

13C NMR (DMSO) 6 23.2, 35.6, 57.9, 128.2 (3,5-Ar), 128.7 (2,6- 

32,5,34,4,52.9,70.0 (CH2), 128.3 (3,5-Ar), 128.8 (t, 2,6-Ar), 131.9 

2 H, CH2), 7.04(d, J=8 .9Hz,  2 H, 7.11 (d, J=8.9HZ, 2 H,Ar), 
7.18 (d, J = 8.9 Hz, 2 H, 3,5-Ar), 7.45 (2 H, d, J = 8.9 Hz, 2,6- 
Ar); 13C NMR (CDCl3) 6 21.5 (CH3), 23.4, 34.5, 50.5, 75.8 (CHz), 
127.5,127.9,128.3,129.6,132.1 (ipso-Ar), 132.3 (ipso-&), 143.6 
(ipso-Ar), 144.4 (ipso-Ar). 
l-[3,5-Bis(trifluoromethyl)phenyl]cyclopentane- 

carbonitrile (le). The procedure described for the synthesis 
of la was used to prepare le in 64% yield [it was necessary to 
chromatograph the crude product through a 56 x 2 cm column 
packed with Florisil (100-200 mesh, 90 g) in petroleum ether 
(bp 30-60 "C), using petroleum ether as the eluent]. Several 
fractions were combined to give the semisolid nitrile: mp slightly 
below 25 "C; IR (CC4) CEN stretch, 2253 (w) cm-l; lH NMR 
(CDC13) 6 2.0-2.2 (m, 6 H), 2.5-2.7 (m, 2 H), 7.85 ( 8 ,  1 H, Ar), 
7.91 (s ,2  H, Ar); 13C NMR (CDC13) 6 24.0,40.7,48.2, 121.1 (CN), 
122.1(2,6-Ar), 123.8,125.1 (ipso-Ar), 126.5 (4-Ar1, 132.5(q, CFd, 
142.6 (ipso-Ar). 
l-[3,5-Bis(trifluoromethyl)phenyl]cycopentane- 

carboxylic Acid (2e). The procedure described for the syn- 
thesis of 2b was used to prepare 2e in 69% yield: mp 156-157 
"C; IR (Nujol mull) OH stretch, 3100-2500 (w), C=O stretch, 
1709 (8 )  cm-1; 1H NMR (acetone&) 6 1.76-1.87 (m, 6 H), 2.70- 
2.78 (m, 2 H), 7.95 (8, 1 H, 4-Ar), 8.02 (s ,2  H, 2,G-k); 13C NMR 
(acetone-&) 6 24.3,37.1,59.8, 121.5 (2,6-Ar), 1225,1265 (ipso- 
Ar), 128.5 (4-Ar), 132.0 (q, CF3), 148.3 (ipso-Ar), 175.8 (COOH). 

[ l-[3,5-Bis(trifluoromethyl~phenyllcyclopentyllcarb- 
inol(3e). The procedure described for the synthesis of 3a was 

(31) Wilt, J. W.; Philip, H. J. Org. Chem. 1050,24, 441; 1960,25, 
891. 
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used to prepare 3e in 80% yield: mp 45-6 "C; IR (CC4) OH 
stretch, 3547-3171 (w), CO stretch 1051 (w) cm-l; 'H NMR 
(CDC13) 6 1.3 (s, 1 H, OH), 1.7-2.2 (m, 4 HI, 2.2-2.4 (m, 4 HI, 
3.6 (s, 2 H, CHz), 7.74 (s, 1 H, 4-Ar), 7.76 (8 ,  2 H, 296-k); I3C 
NMR (CDC13) 6 23.7, 30.7, 34.4, 53.4, 69.3 (CHz), 120.0 (2,6- 
Ar), 121.5, 126.2 (ipso-Ar), 127.6 (4-Ar), 131.3 (9, CFd, 150.2 
(ipso-Ar). 

[ l-[S,S-Bis(trifluoromethyl)phenyllcyclopentyllcarb- 
inyl tosylate (4e). The procedure described for the synthesis 
of 4a was used to prepare 4e in 67% yield: mp 88-89 "C; IR 
(CCl4) SO2 stretch, 1379 (s), 1178 (s) cm-l; 'H NMR (CDCld 6 
1.7-1.8 (m, 4 H), 1.8-2.0 (m, 2 HI, 2.0-2.2 (m, 2 HI, 2.38 (8, 3 
H, ArCH3), 4.0 (5, 2 H, CHz), 7.15 (d, J =  8.9 Hz, 2 H, Ar), 7.43 
(d, J = 8.9 Hz, 2 H, Ar), 7.54 (s, 2 H, Ar), 7.66 (8, 1 H,); I3C 
NMR (CDC13) 6 21.5 (CH3), 23.4, 34.6, 51.3, 74.8 (CHz), 125.3, 
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127.3 (ipso-Ar), 127.45, 128.40, 129.64, 131.3 (9, CF3), 132.2, 
144.8 (ipso-Ar), 148.1 (ipso-Ar). 

Solvents were prepared and rate measurements were 
carried out as previously des~ribed.3~ 

Treatment of Kinetic Data. First-order rate constants were 
calculated by using the integrated first-order equation: kt = l/t 
ln[mLJ(mL-mI& Multiple determinations (8- 12) were made 
for each kinetic run. "he activation parameters listed in Table 
1 were obtained by regression analysis33 of In (LJT) versus UT. 
The e values recorded in Table 2 were also obtained by 
regression analysis. 

(32)Robertq D. D. J.  Org. Chem. 1991, 56, 5661-5665. 
(33)Edwards, A. L. An Introduction to Linear Regression and 

Correlation; Freeman: San Francisco, 1976; pp 21-32. 


