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nitrobenzenesulfinate, 49558-57-8; o-nitrophenylthioacethydrazide,
4871-40-3.
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The report of significant participation by remote sulfur
in the endo-4-thiatricyclo[5.2.1.02-6]decane system (1)2
prompted the reexamination of analogous oxygenated
compound 3 and its skeletal isomer 4 to determine if simi-
lar oxygen participation could be detected. In a prelimi-
nary investigation of this problem Cash found no kinetic
evidence for participation in the ethanolysis of 3a-6a, but
he was severely hampered by the low purity of his starting
esters.? It had previously been noted that addition of aci-
dic reagents to 7 proceeded with little rearrangement to
the exo-fused ring and it was proposed that intervention
of an ion such as 8 prevented the expected rearrangement
(see Scheme I).4 The same ion 8 should be formed in sol-
volysis of 3, either concurrent with departure of the leav-
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The phenomenon of neighboring group assistance by
oxygen is well documented;5 participation by the oxygen
atom of sulfinyl,® carbonyl,” hydroxyl,® and ether? groups
has been described. Ether participation has been exten-
sively studied in the carbohydrate field,'® but until re-
cently investigations of such oxygen participation in con-
formationally rigid molecules other than carbohydrates
have been lacking. Martin and Bartlett found no partici-
pation of bridge oxygen in solvolysis of 9 where the sole
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Table I
Compd Temp, °C k % 105 sec—1?® Rel £ ~AH,* keal/mol AS,* eu

3b 52.96 10.9 0.5 2.53 19.2 = 0.3 —-18.0 4 0.9
65.65 36.2 £ 0.6
75.90 81.3 0.1

4b 75.90 1.77 £ 0.09 0.05 30.8 ==1.6 +7.7 £ 4.6
85.70 6.16 £ 0.21

5b 52.96 2,63 = 0.17 1.00 23.3 £0.6 —-8.2 &£1.8
65.65 13.2 £ 0.1
75.90 32.2 2.1
85.75 79.5 £2.8

b5a 59.7 16.9 3.84 26.0 —2.2
39.8 1.30
(74 .8) (97 .3)°

6a 74.8 25.3 1.00 25.8 -1.1
59 .7 4.59
50.1 1.35

< Each rate constant is the average of two or more runs; the indicated precision is the variation of the rate constant for each
run from the average. ? The indicated precision is the standard deviation. ¢ Extrapolated from data at other temperatures.

product arose from rearrangement of the carbon skele-
ton.11 In oxygen-bridged compounds with larger rings (10
and 11) Paquette and coworkers have observed reaction
products due to rearrangement via intermediate oxonium
ions such as 12.12 Gassman and coworkers have shown
MeQ-4 participation to be important in the solvolysis of
13, while it was negligible in the case of 14 and both iso-
mers of 15.13 In the steroidal system 16 Tanida and co-
workers found only a rate-rétarding effect when oxygen
was the heteroatom, while the endo-substituted sulfide
(R: = Br or OMs) reacted 1010 times faster than the cor-
responding ether.14 It was also noted that the exo-endo
ratio in the ethers was very close to that of the parent
norbornyl system, further indicating the lack of oxygen
participation.

From these data it is apparent that rate enhancement
due to remote oxygen participation in solvolysis of 3b
should not be expected to be as large as was found for 1.
Oxygen is less effective than sulfur as a neighboring group
owing to its greater inductive rate-retarding effect, lower
ability to donate electron pairs, and smaller size that de-
creases efficient overlap at a remote carbonium ion center.
The results of solvolysis of 3b, 4b, and 5b in 75% by
weight aqueous dioxane are reported in Table I, along
with results for methanolysis of 5a and 6a obtained by
Takeuchi and coworkers.15

The 2.5-fold rate acceleration produced by changing

from an endo-trimethylene bridge to an oxygenated bridge
is not of itself sufficient to indicate oxygen participation,
even though Schleyer and Lancelot have proposed that
“the detection of any rate enhancement due to anchimeric
assistance, no matter how small, is indicative of strong
participation by the neighboring group.”’1® The steric ac-
celeration of solvolysis attributable to the endo-fused oxy-
genated ring should be approximately the same as that
found for the trimethylene-bridged compound. The rate
difference of 50 between 3b and 4b, while much smaller
than the 1000-fold difference between 1 and 2,2 is 13 times
as great as the rate difference of 3.84 between 5a and 6a
and 35 times as great as the 1.4-fold difference in rates of
solvolysis of 5¢ and 6b.2 The rate enhancement due to the
endo-fused hetero bridge derived in this way is definitely
suggestive of remote oxygen participation.

The products arising from solvolysis of 3b were 90-93%
alcohol 3¢ and 7-10% alcohol 4c; from 4b were obtained
40% alcohol 3¢ and 60% alcohol 4e. In each case recovery
of unreacted ester revealed no direct interconversion be-
tween 3b and 4b prior to solvolysis. Although no definitive
evidence is yet available on the question, it is assumed
that the exo skeleton 4 is more stable than the endo skele-

ton 3 as is the case of the carbocyclic compounds.i? At
least part of the ion derived from 3b leaks to the open car-
bonium ion and rearranges to the exo ion as shown in
Scheme II. The products from 4b indicate, however, that
much of the initially formed carbonium ion survives long
enough to undergo rearrangement to the stabilized oxoni-
um ion which leads to products of endo configuration.
Thus these experiments have demonstrated remote oxygen
participation that is of a modest magnitude kinetically,
but is extremely important in product determination after
the initial ionization step.

Scheme 11
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Experimental Section

Melting points and boiling points are uncorrected. Elemental
analyses were performed by Atlantic Microlab, Inc., Atlanta, Ga.
Infrared spectra were obtained on Perkin-Elmer 137 or 237 dou-
ble-beam spectrophotometers. Nmr spectra were recorded on a
Varian T-60 spectrometer;-- Analytical -glpe -analyses--were- per--
formed on a Varian Aerograph Series 1200 instrument.

8-exo-Hydroxy-endo-4-oxatricyclo[5.2.1.02-8]decane (3c). Fol-
lowing the hydroxymercuration-demercuration procedure of
Brown,18 29.1 g (0.214 mol) of 7¢ was added with stirring to a so-
lution of 68.3 g (0.214 mol) of mercuric acetate in 428 ml of 50%
aqueous THF. The solution changed rapidly from orange to pale
yellow and was stirred for 1.5 hr before work-up with 107 ml of 6
N NaOH and 107 ml of 1 M NaBH; in 6 N NaOH. The mixture
was stirred overnight. After separation of layers, the aqueous por-
tion was saturated with NaCl and extracted twice with ether; the
combined organic layers were dried over MgSO,. Removal of sol-
vents under reduced pressure yielded 31.0 g (94%) of 3c. The
crude product was sublimed to give a hygroscopic, waxy solid, mp
103° [lit.1® bp 102-103° (0.4 mm)]. The endo position of the ether
ring was confirmed by Chugaev degradation of 3¢ to 7, a reaction
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sequence that proceeds without rearrangement in the dicyclopen-
tadiene system.17

Anal. Caled for CoH1402: C, 70.18; H, 9.09. Found: C, 69.90; H,
9.22.

Methanesulfonate 3b. The mesylate was prepared by reaction
of a slight excess of methanesulfonyl chloride with 3¢ in pyridine
in the cold. The ester, recrystallized from methanol, had mp
105.5-106.0°.

Anal. Caled for C10H16048: C, 51.75; H, 6.90; S, 13.78. Found:
C,51.72; H, 6.95; S, 13.71.

8-exo-Hydroxy-exo-4-oxatricyclo[5.2.1.02-6|decane (4¢). Fol-
lowing the procedure used for the preparation of 3c, 10.0 g of pure
exo-4-oxatricyclo{5.2.1.02-61-8-decene* yielded 5.28 g (47%) of 4e,
bp 87.5° (0.25 mm)-90° (0.30 mm) {lit.* bp 95-97° (0.7 mm).

Methanesulfonate 4b. The mesylate, prepared from 4ec in the
manner described for 3b, formed shiny white platelets, mp 56.4-
56.7°, after recrystallization from petroleum ether (bp 30-60°).

Anal. Caled for C10H1604S: C, 51.75; H, 6.90; S, 13.78. Found:
C,51.87; H, 6.99; S, 13.75.

Methanesulfonate 5b. The ester, prepared from the alcohol 8-
exo-hydroxy-endo-tricyclo{5.2.1.02.6}decane (5d)'® and methane-
sulfonyl chloride in pyridine, was an oil which decomposed upon
distillation,

In a second preparation, the reaction mixture from 5.0 g of al-
cohol 5d and 5.0 g of methanesulfonyl chloride in 40 ml of anhy-
drous pyridine was stored in a freezer overnight and then was
poured over ice to which had been added 46 ml of concentrated
HCl. The orange oil which separated was taken up in ether and
the aqueous portion was extracted three times with ether. The
combined ethereal portions were washed twice with water, dried
over MgS04, and then filtered. After removal of solvent, a final
removal was conducted under high vacuum at room temperature.
The yield was 6.8 g (90%) of ester as a slightly discolored liquid.

Anal. Caled for C1;H15803: C, 57.45; H, 7.83. Found: C, 57.75;
H, 7.90.

Kinetic Measurements. Reagent grade p-dioxane was rigorous-
ly purified by the method of Wiberg.2? Typically 45.0 g of dioxane
was diluted with 15.0 g of deionized water to prepare the 75%
aqueous dioxane. Esters were weighed into 50-ml volumetric
flasks so that solutions approximately 1 X 10-2 M in ester would
be obtained when solvent was added. The samples were divided
into ten screw-cap test tubes and incubated in a constant-tem-
perature bath together with a 5-ml solvent blank. Samples were
withdrawn at intervals, frozen in Dry Ice-acetone, washed out
with water, and titrated immediately with 1 X 10-2 M NaOH to
a phenolphthalein end point. Infinity values for 5b and 3b were
constant at 100 and 90% of theoretical, respectively; the theoreti-
cal infinity value for 4b was used after it was discovered that sol-
vent, alone or pyridine buffered, developed considerable acidity
over the reaction time required for 10 half lives, Plots of log (4. —
A¢) vs. time were linear; the slopes were determined by calcula-
tion of the least-squares line fitting the experimental points.

Product analysis was accomplished by gas chromatography on
a5 ft X 0.125 in. 20% FFAP column at 180° with a flow rate of 25
ml/min. Samples taken at various times from kinetic runs at dif-
ferent temperatures showed essentially constant ratios of 3¢ and
4c, depending on the starting ester; no traces of the endo epimers
of 3c and 4c¢ (independently synthesized) were detected. In an ex-
periment to recover unreacted 3¢, 150 mg of ester in 50 m! of sol-
vent was incubated at 75.90° for 7-8 min. poured into ice water,
and extracted continuously with ether. After drying and evapora-
tion, crystals, mp 100-102.5°, were recovered: ir spectrum identi-
cal with that of authentic 3¢; mmp with 3¢, 88-93°; mmp with
4c, 40-93°. Similarly 150 mg of 4¢ in 50 ml of solvent was incubat-
ed at 75.90° for 4.5 hr, poured into ice water, and extracted. Crys-
tals melting at 55.2-56.2° were recovered: ir spectrum identical
with that of authentic 4¢; mmp with 4¢, 55.0-56.0°; mmp with 3c,
40-68°.

Registry No. 3b, 43187-55-9; 3¢, 43187-56-0; 4b, 43187-57-1;
4c, 43187-58-2; 5b, 43187-59-3; 5d, 10271-45-1; 7, 43187-61-7; exo-
4-oxatricyclo{5.2.1.02-6]-8-decene, 43187-62-8.
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The kinetics of epoxidation of only two strained olefins
have been reported in the literature.2a-¢ In peracetic-ace-
tic acid solution at 25.8°, cyclobutene epoxidizes 6.3 times
slower than cyclohexene and 9.6 times slower than cyclo-
pentene.? Norbornene, on the other hand, epoxidizes 1.2
times faster than cyclohexene at 25° with perlauric-acid-in--
chloroform.* Since norbornene epoxidizes 99.5% exo,? the
corrected rate constant for norbornene per olefin side is
2.4 times faster than cyclohexene. Even though cyclobu-
tene and norbornene are 30.6 and 27.2 kcal/mol strained,®
their rate constants for epoxidation are within a factor of
10 (1.25 kcal/mol) of the rate constants for the much less-
er strained cyclopentene through cycloheptene systems.22
There appears to be no rate-strain relationship for epox-
idation reactions.

In light of the above results, we expected that the oxi-
dation of cyclopropenes with peracid might be atypical
and would be a severe test of the previously observed re-
sults that the rate of epoxidation is independent of olefin
strain. Specifically, the 55 kcal/mol strain® in cyclopro-
penes is twice the strain of the olefins whose epoxidation
kinetics have previously been studied. Furthermore, this
abnormally large strain has caused the double bond in
these compounds to have a characteristic high reactivity
toward various reagents.” If the loss of even a fraction of
this 55 kcal/mol of strain energy were not compensated by



