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Abstract: Buffered acetolysis of exo-bicyclo[3.1.0]hex-2-en-6-yl triflate (8) and exo-bicyclo[4.1.0]hept-2-en-7-yl triflate (5)
suggests an olefin-assisted ionization in the former and competing “normal” and olefin-assisted ionization in the latter. Pro-
posed intermediates are the bicyclo[2.1.1]hex-2-en-5-yl cation (21) in the ionization of 8 and the 7-norbornenyl cation (17)
along with partially opened allylic cation 14 in the acetolysis of 5. A solvent study indicates very little response to solvent ioniz-
ing power in a series of cyclopropyl triflates, which undergo ionization leading to a wide variety of cationic intermediates. Win-
stein-Grunwald m values lie in the range of typical nucleophilic solvolyses. These results are interpreted in terms of decreased
demand for solvent stabilization of trifluoromethanesulfonate anion and a transition state with little charge development.

Cyclopropy! triflates undergo ionization, leading to transi-
tion states and intermediates with varying amounts of allylic
cationic character.! Recently we observed an ionization in
which the first cationic intermediate is essentially cyclopropyl
in character.2 When a neighboring group was appropriately
situated, anchimeric assistance to ionization was observed. The
key factor which allowed these observations was the fusion of
a small ring to the exo cyclopropyl triflate, which prevented
the allowed electrocyclic ring opening. As part of a study of the
requirements for neighboring-group participation to incipient
cyclopropyl cations, we have prepared exo-bicyclo[4.1.0]
hept-2-en-7-yl triflate (5), exo-bicyclo[3.1.0]hex-2-en-6-yl
triflate (8), and the cyclopropyl analogue of 8, trans-tricy-
clo[4.1.1.024] hept-exo-3-yl triflate (10). It was thought that
in these systems, electrocyclic opening during ionization would
be sufficiently blocked so as to allow the observation of
neighboring-group participation by the appropriately situated
group. As part of a general mechanistic investigation, the effect
of solvent ionizing power? (¥) on solvolyzing cyclopropyl tri-
flates was determined. We report here the results of these
studies.

Results and Discussion

Preparation of Cyclopropyl Triflates 5, 8, 10, and 11. The
desired cyclopropy! triflates were prepared essentially using

procedures developed by Schéllkopf.4 Reaction of the olefins
1,3-cyclohexadiene, cyclopentadiene, and bicyclo[3.1.0]hex-
2-ene® with dichloromethyl 8-chloroethyl ether and methyl-
lithium led to the expected B-chloroethyl cyclopropyl ethers
1, 6, and 9, respectively, as a mixture of exo and endo epimers.
Cleavage of 1 with #-butyllithium gave an alcohol mixture
from which only exo-bicyclo[4.1.0]hept-2-en-7-0l (3) could
be isolated. The endo-bicyclo[4.1.0]hept-2-en-7-0l (2) un-
derwent facile rearrangement to give a mixture of 2- and 3-
cyclohexenecarboxaldehyde (4). This facilitated separation
of the two isomers and allowed the preparation of pure exo-
bicyclo[4.1.0]hept-2-en-7-yl triflate (5), uncontaminated with
the endo epimer.

The addition of 8-chloroethoxy carbene to cyclopentadiene
gave a mixture of B-chloroethyl cyclopropyl ethers 6 enriched
in the endo epimer. Cleavage of this mixture with n-butyl-
lithium gave an alcohol mixture which was treated directly
with a solution of trifluoromethanesulfonic anhydride in pyr-
idine. An exothermic reaction ensued and upon workup, no
trace of endo-bicyclo[3.1.0]hex-2-en-6-yl triflate could be
detected. This is attributed to the probable high reactivity of
this endo-cyclopropyl triflate, which can undergo concerted
ionization and ring opening to a cyclohexadienyl cation, with
concomitant release of the stain energy associated with the
bicyclo[3.1.0]hex-2-en-6-yl system. This *“self destruction”
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of the triflate corresponding to endo alcohol 7 allowed prepa-
ration of exo-bicyclo[3.1.0]hex-2-en-6-yl triflate (8), uncon-
taminated with the endo epimer.

The reaction of dichloromethyl §3-chloroethyl ether with
methyllithium and bicyclo[3.1.0]hex-2-ene gave a mixture of
epimers with the endo isomer of 9 predominating. Cleavage
of the B-chloro ethers 9 with butyllithium gave an alcohol
mixture which we were not successful in separating. Conver-
sion of the alcohol mixture to the corresponding triflates 10 and
11 was accomplished in the usual manner. The isolation of 11
was unexpected in view of the anticipated high reactivity of an
endo-cyclopropyl triflate fused to a cyclopentyl system!2 and
borne out by the observed inability to isolate the dnalogous
endo-bicyclo[3.1.0]hex-2-en-6-yl triflate. The ratio of endo
triflate 11/exo triflate 10 was 1.9:1.

Acetolysis of exo-Bicyclo[4.1.0]hept-2-en-7-yl Triflate (11).
Table I gives rate data for buffered acetolysis of 5, 8, and 10
along with saturated analogues 12 and 13. These saturated

H
H
OTf
OTf
12 13

derivatives have been postulated to ionize by a mechanism
assisted kinetically by partial fragmentation of the internal
cyclopropane bond.!2¢ This process leads to a “partially-
opened allylic cation” and will be termed k., the normal ion-
ization mode. The k, term is a c-assisted rate and is not a
measure of the unassisted rate of ionization of 12 and 13. It
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Table I. Rates of Solvolysis in Acetic Acid—0.1 M Sodium
Acetate
kunsatd
Temp, AH*, AS*, ke
Compd °C K s”! keal eu (100°C) Ksatd
5 1000 (1.23£0.01)x 10™° 285 -5.2 107 0.02
125.0 (1.4720.02)x 107*
8 100.0 (1.5620.02) X 1075 29.6 -1.8 136 136
125.0 (2.0420.02) X 10™*
10 160.0 (6.13+0.03) X 1075 0.11%
12 60.0 (750+0.03)x 10™¢ 26.3 -=3.16 5191
80.0 (7.65:0.01)x 10°*
100.0 (5.97 £0.02) x 107*
13 1000 1.15x 1077 1

aSolvent was 60:40 v/v acetone/water. b Value refers to k,,/k .
Rate of 13 was (5.67 £ 0.02) X 10™*s7! at 160.°C in 60:40 v/v
acetone/water. CExtrapolated value. Data of Su. Sliwinski, and
Schleyer, ref 1c¢.

H
H
k, 5
cfiy, [y O L <c1€>%
H
n =34

should be noted that the amount of assistance in the k, process
is larger for 12 than for 13. Because of the difficulty associated
with evaluating “unassisted” rates of solvolysis of 12 and 13,
no attempt will be made to do so. However unassisted rates of
12 and 13 should be of comparable magnitude.

Consider first the acetolysis of exo-bicyclo[4.1.0]hept-2-
en-7-yl triflate (5). Solvolysis in buffered acetic acid gave a
90% yield of a 2.28:1 mixture of exo-bicyclo[4.1 Nhept-2-
en-7-yl acetate (15) and anti-7-norbornenyl acetate (18). The
mechanism shown in Scheme I is suggested to account for the

Scheme |
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\ . OAc
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16 17 18
observed products. The rearranged acetate 18 is proposed to
arise via the k, process,” which leads to the 7-norbornenyl
cation (17). Competing with this process is the k, process,
which leads to the retained acetate 15. The product ratio would
indicaic that the two processes are of comparable magni-
tude.

In order to verify that anti-7-norbornenyl acetate (18) arose
via olefinic participation in 5, other mechanistic possibilities
must be considered. Two such possibilities are shown in
Scheme 1.8 If partially opened ion 14 were to capture solvent
at the allylic position,10 acetate(s) 20 could result (via 19).
Although tosylate derivatives in this system are known to give
anti-7-norbornenyl acetate,!! this rearrangement of 20 to 18
has been ruled out. Acetates 20 are stable under the reaction
conditions.!? The thermally allowed sigmatropic rearrange-
ment of 15 to 18 is also ruled out, since 15 is likewise stable
under the reaction conditions. In fact, preliminary studies show
that a temperature in the order of 250 °C is required to initiate
rearrangement of 15,
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In terms of rate, exo-bicyclo[4.1.0]hept-2-en-7-yl triflate
(5) solvolyzes 50 times slower than its saturated analogue 12,
A destabilizing inductive effect of the 8-olefinic linkage is the
origin of this rate reduction relative to 12. The k, process for
ionization of 5 must therefore be of lower magnitude than the
comparable &, process for 12, Consider next the k5 process
suggested for 5, Product data indicates that the k» and k,
processes are of comparable magnitude. From product and rate
data, the value of k515 0.38 X 1073 s~L, To adequately access
the meaning of this value, it is necessary to compare this pro-
cess to the rate in the absence of any participation. The un-
assisted rate of solvolysis of 12 should be a measure of such a
process. In the absence of electrocyclic opening, the formation
of an unopened cyclopropyl cation is expected to be extremely
slow.® Therefore, the k5 process must be quite significant
relative to an “unassisted’ ionization of 5.

Acetolysis of exo-Bicyclo[3.1.0]hex-2-en-6-yl Triflate (8).
The data in Table I suggests that acetolysis of triflate 8 is en-
hanced by olefinic participation. This ks process results in an
unsaturated to saturated rate ratio (8/13) of 136 despite the
electron-withdrawing inductive effect of the olefinic bond in
8. However acetolysis of 8 gave exo-bicyclo[3.1.0]hex-2-
en-6-yl acetate (23) as the sole product. This is the product
predicted on the basis of a nonanchimerically assisted ioniza-
tion (kn process) leading to a partially opened allylic cation.
Any mechanistic suggestion should account for both the an-
chimerically assisted rate and the observed product;'?14 such
a mechanism is shown in Scheme I11. = participation leads to

Scheme 111

l
CVLOM e A

the bicyclo[2.1.1]hex-3-yl cation (21). More delocalized
structures such as 24 cannot be supported or ruled out with the
available data. Solvent capture of 21 leads in principle to ac-
etate 22, which is known to thermally rearrange to acetate 23.13
In the acetolysis of 8, product analysis does not allow differ-
entiation between the k, and k5 processes. However, in the
absence of 7 participation, the acetolysis rate of 8 is expected
to be less than that of the saturated analogue 13, due to the
olefinic inductive effect. Measured rates, therefore, indicate
that the k process (1.56 X 103 s~!) is the major pathway
followed.

['he effect of the olefinic linkages in § and 8 may initially
seem contradictory. Rates of 5 and 8 differ by only a factor of
1.3, while the saturated analogues, 12 and 13, differ by a factor
of 5191. The olefinic effect is to decrease the rate of § relative
to the saturated analogue, but to increase the rate of 8 relative
to the saturated analogue. These results are not inconsistent
when one considers the fact that saturated analogues 12 and
13 are not good models for the unassisted solvolysis rates of §
and 8, Examination of rate data shows that the k5 processes
are of comparable magnitude for both 5 and 8 (slightly larger
for 8). The effect of the double bond in 8 is to increase the rate
so that the k,, process is kinetically unimportant. In § the effect
is to decrease &, so that the ko process now becomes important.
The significant feature is that anchimeric assistance, i.e., a
measure of k relative to the “unassisted” rates of solvolysis
of § and 8, is of comparable magnitude in both 5 and 8. The
effect of the double bond is, therefore, largely rate enhancing
(relative to unassisted rates) in both cases, although simple
comparisons with saturated analogues do not reveal this.

Complete separation of exo triflate 10 from the endo epimer
11 was not successful. Solvolytic studies were carried out in the
higher ionizing, less acidic, 60% aqueous acetone medium
rather than in acetic acid because of the high temperature
required for convenient rates. Titration data revealed that after
a few minutes at 160 °C, none of the endo isomer 11 remained.
Since the solvolysis rates of 10 and 11 are therefore drastically
different, it was possible to determine rates of 10, starting with
a mixture of the two isomers 10 and 11. In contrast to exo-
bicyclo{3.1.0]hex-2-en-6-yl triflate (8), the cyclopropyl ana-
logue 10 solvolyzes 9.2 times slower than exo-bicyclo[3.1.0]-
hex-6-yl triflate (13). This may be attributed to a rate-re-
tarding inductive effect of a nonparticipating 8-cyclopropyl
group. This effect makes triflate 4 the slowest ionizing secon-
dary triflate thus far recorded.’® The inductive 8-cyclopropyl
effect is also in accord with the relatively low reactivity of endo
triflate 5, which allows its observation.

Solvent Effects, Rate and product data on solvolysis of tri-
flates 24 and 25 imply grossly different intermediates are in-
volved during ionization.2 Whereas 24 was suggested to give
an unopened cyclopropyl cation as the initial cationic inter-
mediate, 25 underwent an olefinic-assisted ionization which
led to structurally rearranged products. In order to verify the
presence of cationic intermediates in the ionization of 24 and
to rule out diradical processes similar to those seen in the sol-
volysis of bicyclo[2.1.0]pent-5-yl derivatives,!” a solvent effect
study was carried out. The effect of solvent ionizing power? (Y)
was determined in the system acetone/water. Data are given
in Table I1. The unusually small rate change (only a factor of
2.9) in changing from 80 to 60% aqueous acetone suggested
little charge development in the transition state for the sol-
volysis of 24. The corresponding m value of 0.32 is in the range
of the usual nucleophilic solvolyses seen for primary sub-
strates.> The unsaturated triflate 25, which is postulated to
ionize with olefinic participation, gave a similar low response
to changing solvent ionizing power. We therefore sought to
determine a “normal”” m value to be expected in such systems.
Rate behavior of exo-bicyclo[3.1.0]hex-6-yl triflate (13) was
determined in the acetone/water medium. The m value of 0.26
for 13 shows that the response of triflates 24 and 25 to solvent
ionizing power is not unusual for exo-cyclopropyl triflates
fused to a small ring system. Indeed, cyclopropy! triflate itself
(26), which gives a fully opened allylic cation as the first cat-
ionic intermediate, gives an m value of only 0.30.2! Triflate 12
gives a value of 0.46, while the tertiary 1-methyl cyclopropyl
triflate (27) gives a value of 0.38. A low response to solvent
ionizing power, therefore, appears to be quite normal for cy-
clopropyl triflates regardless of the degree of allylic or cyclo-
propyl cation character in the initially formed cationic inter-
mediate. Significant nucleophilic solvent assistance cannot
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Table II. Rates of Solvolysis in Aqueous Acetone

Sol- Temp,
Compd venté °C k, st m
A 1300 (1.49:003)x 104 0.32
B 1300 (5.17:002)x 107
24
A 900 (1.87:002)x 10 0.32
B 900 (6.58+0.04)x 10
H
25
i A 1400  (9.62:0.03)x 107  0.26
kaf B 140.0  (4.02+0.03) x 10
13
A 700  (4.02:0.00)X 10"  0.30
f
C e B 70.0 (1.47%0.02) X 10-*
H
. A 600  (6.68:0.03)x 104 046
B 600 (143+0.01)x 10
12
CH, A 247 (3.81:009) x 10 038
D<o B 247  (1.07:004)% 107

H.
A 80.0 (5.67£0.01) x 10* 0.57
B 80.0 (8.47+0.03) x 10-*
28
H

B 25.4 (1.73£0.02) X 102 0.60
C 254 (4.11 £ 0.05) x 10~
D 254 (1.27 £ 0.06) x 103

29

4 A, 60:40 v/v acetone/water; B, 80:40 v/v acetone/water: C, 90:10
v/v acetone/water; D,"95:5 v/v acetone/water.

account for the variety of products formed in solvolyses of the
substrates described. The structural rearrangements which
these cyclopropyl substrates undergo are best explained in
terms of limiting mechanisms. Thus in a series of triflates
undergoing ionization leading to a variety of cationic inter-
mediates, the m value criterion fails as a tool for mechanistic
diagnosis.

The 2-adamantyl system has been proposed as a standard
for limiting solvolyses in secondary systems.!® To determine
the origin of the low response to solvent ionizing power shown
by cyclopropyl triflates, the m value for 2-adamantyl triflate
(29) was determined. Although quite reactive, 2-adamantyl
triflate (29) can be prepared. The solvent effect study gives an
m value of 0.60 in this model system. This compares to a value
of 0.91 for 2-adamantyl tosylate and 1.03 for the bromide in
aqueous alcohol solvent.!® An even lower value (0.57) is ob-
tained for 7-norbornyl triflate (28).

What, then, is the origin of the low m values seen in the
ionization of the cyclopropy! triflates shown in Table 117 Data
on the 2-adamantyl system suggests that the trifluoromethane-
sulfonate leaving group is at least in part responsible.
Employing the triflate leaving group leads to a reduction in m
value relative to the corresponding tosylate. The decrease is
from 0.91 to 0.60 for the adamantyl system. This is consistent
with the expected smaller solvent stabilization requirements
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of the unusually stable trifluoromethanesulfonate anion. Also
in line with this reasoning is the » value of 1.03 for 2-adam-
antyl bromide. Bromide ion, being a poorer leaving group than
sulfonates, should require greater solvent stabilization. The
further decrease in m value in cyclopropyl triflates relative to
the standard 2-adamantyl system may reflect the intrinsic
instability of such incipient carbocationic systems. The m value
for 7-norbornyl triflate is only 0.57, a value slightly lower than
in the standard system. If the transition state leading to the
initial cationic intermediate has less than “normal’’ charge
development, a decreased response to solvent ionizing power
is expected. The lower than normal m value in cyclopropyl
triflates may, therefore, reflect less than “normal” transi-
tion-state charge development (an “early” transition state) as
well as decreased solvent involvement with the leaving group.
These findings are consistent with the work of Ong and Rob-
ertson.22 An unusually low value of the temperature coefficient
of enthalpy of activation (AC,¥) was found for the hydrolysis
of cis- and trans-2-vinylcyclopropyl bromides. This was in-
terpreted in terms of low transition-state charge development.
It therefore appears that some of the criteria for establishing
SNI type mechanisms in solvolyses of cyclopropyl substrates
fail due to the early transition state with its less than normal
charge development.

Experimental Section

NML spectra were recorded on a Varian A-60A spectrometer and
are reported in § (parts per million) relative to tetramethylsilane. Mass
spectra were recorded on an AEI Scientific Apparatus MS902 spec-
trometer. Infrared spectra were recorded on a Perkin-Elmer Infracord
spectrometer.

Preparation of 5. exo/endo-7-(3-Chloroethoxy)bicyclo[4.1.0]
hept-2-ene (1) was prepared in the usual manner® using 10 g of di-
chloromethyl -chloroethyl ether, 45 g of 1,3-cyclohexadiene, and 102
ml of 1.24 M methyllithium. The yield of 1 was 8.07 g (76%), bp 63-67
°C (0.3 mm). The mass spectrum of 1 shows m/e 172.0634, 174.0590;
calcd for CoH,3ClO, m/fe 172.0655, 174.0625. Cleavage of this mix-
ture was accomplished in the usual manner using 2.0 g of 1 and 20 ml
of 2.4 M butyllithium. The crude product mixture showed aldehydic
protons at 4 9.70 (br s, 3-cyclohexenecarboxaldehyde, | part) and 9.62
(d, J = 1.3 Hz, 2-cyclohexenecarboxaldehyde, 3.3 parts). Distillation
gave 0.446 g of exo-bicyclo[4.]1.0]hept-2-en-7-0l (3), bp 50°C (0.2
mm): NMR (CCu) 6 6.2-5.2(2H, m), 3.63 (1 H,s),3.30 (1 H, t,J
= 2 Hz), 2.3-1.2 (6 H, m). No trace of endo alcohol 2 could be
seen.

Triflate § was prepared from 0.404 g of a crude alcohol mixture and
1.9 g of trifluoromethanesulfonic anhydride in 7 ml of pyridine. The
yield of § was 0.335 g (37%), bp 52-54 °C (1.1 mm): NMR (CCl,)
0 6.3-5.5 (2 H, m), 4.25 (1 H, brs), 2.4-1.3 (6 H, m). The mass
spectrum of 5 showed my/e 242.0049; calcd for CgHoF3038S, m/e
242.0224.

Preparation of 8. A solution of 2 g of exo/endo-6-(8-chloro-
ethoxy)bicyclo[3.1.0]hex-2-ene (6)*in 20 ml of ether was cooled to
0 °C and 20 ml of 2.3 M butyllithium in hexane was added dropwise
over a 10-min period. After stirring at 15 °C for 10 min, the solution
was cooled to —78 °C. Water was slowly added and the mixture was
allowed to warm to room temperature. The organic phase was sepa-
rated, dried over anhydrous sodium sulfate, filtered, and the solvents
were removed in vacuo. The residue was distilled to give 0.55 g (45%)
of a mixture of exo- and endo-bicyclo[3.1.0]hex-2-en-6-0l, bp 45-50
°C (1.0 mm). The mixture consists of mostly endo alcohol, which
shows a triplet at 6 3.56, J = 7 Hz, in the NMR spectrum.

Trifluoromethanesulfonic anhydride (3.6 g) was added dropwise
to 12 ml of cold pyridine. The mixture of exo and endo alcohols ob-
tained above (0.55 g) was added to the cold, stirred solution. After
storing at 0 °C for 12 h, the mixture was taken upinto ether and water.
The aqueous phase was extracted with an additional portion of ether
and the combined ether extracts were washed with dilute hydrochloric
acid, brine, and dried over anhydrous sodium sulfate. The solvent was
removed by distillation through a Vigreux column and the residue was
distilled through a short-path condenser at 5 mm. Triflate 2 (0.168
g: 13% based on starting alcohol mixture) was obtained as a colorless
liquid: NMR (CCly) 6 6.0-5.45 (2 H, m), 3.66 (1 H, brs), 2.85-2.4
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(3 H, m), 2.3-1.9 (1 H, m). The mass spectrum of 8 shows m/e
227.9947; calcd for CsH;F;05S, m/e 228.0068.

Preparation of 10 and 11, A mixture of 9 g of bicyclo[3.]1.0]hex-
2-ene’ and 3.2 g of dichloromethyl 8-chloroethyl ether was cooled in
an ice bath, while 38 ml of 1.08 M methyllithium (prepared from
methyl iodide) in ether was added over a 10-min perlod. The mixture
was stirred at room temperature for 20 min, cooled in an ice bath, and
water was carefully added. The organic phase was separated, dried
over anhydrous sodium sulfate, filtered, and the solvents were removed
under vacuum. The residue was distilled to give 2.27 g (67%) of a
mixture of exo and endo chloroethers 9, bp 45-47 °C (0.2 mm): NMR
(CCly) 8 3.15 (t, J = 6.5 Hz, cyclopropyl proton of endo isomer), 2.86
(t, J = 1.5 Hz, cyclopropyl proton of exo isomer). The ratio of exo/
endo isomers was 0.3:1. The mass spectrum of 9 shows mi/e 172.0619,
174.0536; calcd for CoH;;ClO, m/e 172.0655, 174.0625.

A solution of 2.2 g of exo and endo chloro ethers 9 prepared above
and 20 ml of ether was cooled in an ice bath, while 22 ml of 2.4 M
butyllithium in hexane was added dropwise over a 10-min period. The
mixture was then stirred at room temperature for 20 min, cooled to
~78 °C, and 20 ml of water was added. The remainder of the workup
was as previously described. The crude product was distilled to give
1.097 g (78%) of a mixture of exo and endo alcohols, bp 43-50 °C (1.1
mm): NMR (CCly) 6 3.30 (t, J = 6.5 Hz, cyclopropyl proton of endo
isomer), 2,95 (t, / = 1.5 Hz, cyclopropyl proton of exo isomer), 3.05
(1 H, s, exchanges with D,0). The ratio of endo/exo alcohol was
4:1.

Trifluoromethanesulfonic acid (2 g) was dissolved in 10 ml of cold
pyridine and 0.60 g of the mixture of exo and endo alcohols described
above was added. The mixture was stored at ~10 °C for 12 h and then
worked up as previously described. The solvent was removed by dis-
tillation through a Vigreux column with the last traces being removed
under vacuum. The residue was distilled to give 0.466 g (35%) of a
mixture of triflates 10 and 11, bp 45-47 °C (0.7 mm). The mixture
darkened on storage at =10 °C: NMR (CCly) 6 4.40 (t,J = 6.5 Hz,
cyclopropyl proton of 11), 3.97 (br s, cyclopropyl proton of 10)
2.3-1.75(3H, m), 1.6-0.95 (3 H, m), 0.85-0.40 (1 H, m), 0.14 (1 H,
q.J = 4 Hz). The ratio of 11/10 was 1.9:1.

Preparation of 12. exo-Bicyclo[4.1.0]hept-7-ol was prepared as
described.!® Conversion to the triflate 12 was accomplished in the
usual manner in 70% yield, bp 57-59 °C (1.0 mm). NMR (CCly) é
410 (1 H,t,J = 2 Hz), 2.10-1.0 (10 H, m).

Preparation of 27. 1-Methylcyclopropanol was prepared by the
method of DePuy.20 Trifluoromethanesulfonic anhydride (3.67 g) was
dissolved in 20 ml of cold pyridine and 0.75 g of 1-methylcyclopropanol
was slowly added to the cold solution. The mixture was kept at —5°C
for 4 h. The usual workup was employed and carried out rapidly using
ice cold aqueous solutions. The cold organic extract was dried over
anhydrous magnesium sulfate, filtered, and the solvent removed by
distillation through a Vigreux column. The last traces of solvent were
removed under vacuum, The residue was distilled to give 1.237 g
(58%) of triflate 27, bp 44-47 °C (25 mm). For kinetics, samples of
27 were redistilled immediately before use;: NMR (CCly) 6 1.77 (3
H,s), 1.60-1.10 (2 H, m), 1.05-0.60 (2 H, m).

Preparation of 29. Triflucromethanesulfonic anhydride (1.9 g) was
dissolved in 10 m] of pyridine and the mixture was cooled to —5 °C.
2-Adamantanol (0.8 g) was added with stirring and the mixture was
stored at approximately ~10 °C for 2 h. The mixture was rapidly
worked up in the usual manner using two pentane extracts and ice
water. All manipulations were carried out rapidly with cold solutions.
The organic phase was dried over anhydrous sodium carbonate, fil-
tered, and the solvents were removed under vacuum. The crude liquid
residue (0.72 g, 48%) was stored at —10 °C and used as soon as pos-
sible. Addition of a weighed sample of 28 to 80% aqueous acetone,
followed by titration of liberated trifluoromethanesulfonic acid with
standard sodium hydroxide indicated 89-92% purity: NMR (CCly)
65.92(1 H,brs), 2.4-1.4 (14 H, m).

Kinetic Procedure. The kinetic procedure for runs in acetic acid is
described elsewhere.2 Kinetics in aqueous acetone solvents were
carried out as follows for triflates 12, 13, 24, 25, 26, and 28. A 60:40
v/v acetone/water solution was prepared by mixing 60.30 g of 99.5%
acetone with 50.25 g of distilled water. Triethylamine (1.012 g) was
diluted to 100 ml with this solution and the resulting 0.10 M trieth-
ylamine solution was used for kinetics. An 80:20 v/v acetone /water
solution was used for kinetics. An 80:20 v/v acetone/water solution
was prepared by mixing 80.0 g of 99.5% acetone with 25.27 g of water.
A 0.10 M triethylamine solution was prepared using this solution, The

kinetics procedure was the same as in acetic acid, except the unreacted
triethylamine was titrated with 0.02 M hydrochloric acid. For triflates
26 and 28, weighed amounts of triflate were diluted with known
quantities of triethylamine (less than I equiv) in the appropriate sol-
vent system. The time was recorded for the triethylamine to react, as
determined by monitoring the pH. Rate constants were calculated
from the percentage reaction as a function of time. Rate constants
given represent an average of at least five determinations at different
percentage reaction. In the case of triflate 29, initial amounts of triflate
were calculated from weighted amounts on the basis of the known
purity of 28.

Solvolysis of 5. Product Analysis. A 0.162-g sample of triflate § was
dissolved in 11 ml of 0.1 M sodium acetate in acetic acid containing
1% acetic anhydride. The mixture was heated (sealed tube) at 120 °C
for 24 h and then taken up into ether and water. Gas chromatograp-
phic analysis on 4-ft, 10% SE 54 on Chromosorb P column at 100 °C
shows two products. Samples of each were isolated by preparative gas
chromatography. The major product of longer retention time was
identical by infrared and NMR spectral comparison with an authentic
sample of exo-7-acetoxybicyclo[4.1.0]hept-2-ene (15), prepared by
reaction of the alcohol with acetyl chloride/pyridine in ether. The
minor product of shorter retention time was identical by infrared and
NMR spectral comparison with an authentic sample of anti-7-nor-
bornenyl acetate (18). The yields of acetates 15 and 18 were deter-
mined in a separate run by gas chromatography, using dimethyl adi-
pate as an internal standard.

Preparation of 15. Alcohol 3 (0.446 g) was added to a slurry of 0.7
g of acetyl chloride and 0.85 g of pyridine in 15 m! of ether. After
stirring for 12 h, the mixture was poured into water and worked up
in a standard manner. Distillation gave 0.412 g (67%) of exo-bicy-
clo[4.1.0]hept-2-en-7-yl acetate (15), bp 55 °C (0.7 mm): NMR
(CCly) 66.2-5.8 (1 H,m),5.7-5.3 (1 H,m), 3.95 (1 H,t,J = 2 Hz),
2.2-1.3(9 H, m,sharpsaté 1.93).

Solvolysis of 8. Product Analysis, A 0.170-g sample of triflate 8 was
dissolved in 11 ml of 0.1 M sodium acetate in acetic acid containing
1% acetic anhydride. The mixture was heated (sealed tube) at 110 °C
for 60 h, poured into water, and extracted with two portions of ether.
After a standard workup, solvents were removed by distillation
through a Vigreux column and the residue was distilled through a
short-path condenser to give 0.0598 g (58%) of a product whose NMR
spectrum is identical with that reported!® for exo-6-
acetoxybicyclo[3.1.0]hex-2-ene (23). Except for a small amount of
a lower boiling impurity, the product was homogeneous by gas chro-
matography.
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Abstract: A study of the effect of micelles on the aqueous solvolysis of alkyl p-trimethylammonium benzenesulfonates (“amsy-
lates”) has revealed that anionic micelles strongly inhibit the rate, and in some cases modify the stereochemistry, of the reac-
tion. The mechanism of these solvolyses has been examined in detail. The results suggest that the rate inhibition is due to the
squeezing out of water from the Stern layer of the mixed cationic-anionic micelles involved and the stereochemical changes
are due to direct attack of the surfactant head group upon the reactive amsylate carbon atom, leading to a short-lived covalent

dialkyl sulfate intermediate.

Though the first record of catalysis by surfactants dates
back to 1906,% the fact that micelles were the catalytically
active species was not recognized until 19423b< and detailed
investigations of micellar catalysis did not emerge until the late
1950’s. Thus, the growth of micelle-related research during
the past 20 years has been quite spectacular. Fortunately, the
field has recently been the subject of numerous review arti-
cles?2-d and books.4e-f

Most chemical studies have concentrated on the effect of
micelles on reaction rates and very few attempts have been
made to look at the effect micelles might have in altering re-
action products. The synthetic chemist has shown limited in-
terest,’ despite the recent impressive developments in phase-
transfer catalysis.® To date only a few systems have been ex-
amined in which a micellar medium has been shown to affect
the partitioning of an organic reaction. For example, in
studying the competitive hydrolysis and aminolysis of aryl
sulfates, Fendler et al.” were able to use cationic micelles of
hexadecyltrimethylammonium bromide (CETAB) to alter the
balance between k, and kg (eq 1). Under nonmicellar condi-
tions C-O bond cleavage (k,) accounts for 75-98% of the
observed reactions. They found that cationic micelles can in-
duce “complete suppression of aniline formation’.” The au-

NO,
ON o—lsl—o- + RNH,
0
H o
" 1 _
ArOH + RN—ﬁ—O
0
H 1)
"> ArNR + HSO,”

thors acknowledged the micelle’s ability to alter the relative
extent of competing reactions, but as an explanation suggested
only that “[The above effects] may be primarily due to changes
in the micro-environment of both the substrates and the
transition states by a contribution of electrostatic and hydro-
phobic interactions”.”

A second example of the use of micelles to alter a delicate
balance between reaction pathways is found in the effect of
micellization on the stereochemistry of alkyl amine deami-
nation reactions.? It is argued® that the diazotic acid reaction
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