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Ring expansion (1 - 2) and cyclopropane migration (1 - la) 

are possible structural transformations of P-cyclopropylethyl 
cations (1, eq 1). For the parent cation ring expansion has been 
documented as a significant pathway, but C-14 labeling rigorously 
excluded the cyclopropane migration route.4 In the present 
communication we show that given the appropriate molecular 
skeleton, e.g., the norbornene moiety, spiroannelation as in 4 

promotes ring expansion into the brendane derivatives 5 and 6 
(eq 2), while endo fusion as in 8 involves cyclopropane migration 
(eq 3) during attack by p-toluenesulfenyl chloride. 
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Treatment of equimolar amounts of norbornene 4 and of p- 
toluenesulfenyl chloride in CH2C12 a t  20 "C afforded a mixture 
of the three products 5-7. These were separated by PTLC 
(SiOz-petroleum ether), and analytical samples were obtained 
by means of Kugelrohr di~t i l la t ion.~ The first fraction was the 
addition product 7 (ca. 10% yield), while the second and third 
fractions (1 5% and 26% yields, respectively), were identified as 
the brendane derivatives 6 and 5. 

Although the 'H and 13C N M R  data were compatible with 
these structure assignments, in view of the unusual ring-expanding 
rearrangement involved in this electrophilic addition, rigorous 
chemical proof was needed. Indeed, either the mixture or pure 
samples of 5 and 6 were converted in over 90% yield to the parent 
brendane 12 on treatment with excess sodium in liquid ammonia 
(eq 4). The spectral data of 12 matched perfectly those reported 
for authentic brendanee6 Furthermore, m-chloroperbenzoic acid 
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(m-CPBA) oxidation of 5 afforded the sulfone 13 (eq 4) in 81% 
yield as crystalline solid, whose structure was confirmed by X-ray 
analysis. 

Electrophilic attack by the arenesulfenyl chloride on the double 
bond of norbornene 4 induces ring expansion of the spirocyclo- 
propane moiety leading to the brendane derivative 5. In view of 
the established three-center attack in the electrophilic addition 
of arenesulfenyl chlorides,' it is unlikely that free carbocationic 
intermediates as depicted in eq 1 intervene in this rearrangement. 
Instead, the initially formed cationic species is presumably the 
bridged episulfonium ion 14. Even then, several features are 

remarkable about its subsequent ring expansion through spiro- 
propane participation. First of all, regioselective attack of the 
chloride ion at the 3-position in cation 14 gives the electrophilic 
addition product 7. Migration of the 1,6-bond produces the 
rearranged cation 16. Such neighboring group participation has 
recently been convincingly demonstrated in norbornenes.* From 
a synthetic standpoint the fact that the P-cyclopropylethyl cations 
14 and 16 undergo ring expansion to give the respective brendyl 
cations 15 and 17 is most interesting and valuable. 

As an extension of this unusual ring-expansion process it was 
hoped that the norbornene 8 with an endo-fused cyclopropane ring 
would provide synthetic access into the brexane skeleton.6 
However, treatment of equimolar amounts of norbornene 8 with 
p-toluenesulfenyl chloride in CH2CI2 at 20 "C gave a mixture of 
the three cyclopropane migrated products 9-11. Chromatographic 
separation (PTLC (SiOz-petroleum ether)) and final purification 
by Kugelrohr distillation provided analytical  sample^.^ Tri- 
cyclooctane 10 (8% yield) eluted first, followed by the tricyclo- 
heptane 9 as the major product (29% yield). The latter was 
oxidized in 90% yield to the sulfone 18, whose structure was 
rigorously established by X-ray analysis. The third fraction (5% 
yield) was identified as tricyclooctane 11. 
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The desired ring expansion of the episulfonium ion 19 into the 
brexyl cation 20 did not take place. Instead, the cyclopropane 
ring migrated to C-6 either via 3,4- or 2,4-bond breaking to afford 
the rearranged ,8-cyclopropylethyl cations 21 and 22, respectively, 
which are captured by chloride ion to give tricycloheptane 9 as 
major and tricyclooctane 10 as minor products. Of course, the 
free carbocations are intended here not as bona fide intermediates 
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but rather as mechanistic constructs. The chemistry observed here 
for the episulfonium cation 19 matches perfectly that reported 
for the 3-nortricyclylcarbinyl ~ a t i o n . ~  The tricyclooctane 11 is 
the regular skeletal rearrangement product expected in arene- 
sulfenyl chloride addition to norbornenes.’JO 

Our results display an interesting mechanistic dichotomy about 
cyclopropylethyl cationic fragments that are embodied in the 
norbornyl skeleton. Thus, spiroannelated cyclopropanes as in 
norbomene 4 (eq 2 )  prefer ring expansion on arenesulfenyl chloride 
addition, thereby providing a facile and efficient entry into 
structurally complex molecules such as brendanes. Including the 
preparation of the norbornene 4, the parent brendane 12 was 
prepared in three steps in an overall yield of 15% starting from 
cheap, commercial compounds. On the other hand, endo-fused 
cyclopropanes as in norbornene 8 prefer cyclopropane migration 
on arenesulfenyl chloride addition. 
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The discovery of excited-state proton transfer in o-hydroxy- 
chromones’ (structure I, R = phenyl in 3-hydroxyflavone and R 
= methyl in 2-methyl-3-hydroxychromone) has generated con- 
siderable interest in laser and pie~ospectroscopic~~~ study 
of the mechanism of the phototautomerization. Our extension 
of the original work now indicates that the presence of stoichio- 
metric and substoichiometric traces of water, or other H-bonding 
impurities, in the supposedly dry hydrocarbon solvents controls 
and competes with the excited-state proton-transfer process. 
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Figure 1. Fluorescence emission spectra of 2.00 X M 3-hydroxy- 
flavone in quick-frozen methylcyclohexane glass at  77 K as a function 
of addition of substoichiometric traces of water. Lowest curve shows 
unique tautomer fluorescence in the anhydrous solvent; highest curve, for 
a moderately wet solvent, shows tautomer fluorescence (I), perturbed- 
tautomer fluorescence (11), and ”normal”-molecule fluorescence (111). 
The curves are  normalized at  523 nm for clarity. 

At temperatures greater than 200 K the roles of water solvates 
(structure I1 and 111) are disguised, whereas at lower temperatures 
the properties of the solvated molecules dominate the excitation 
processes. In rigorously dry dilute hydrocarbon solutions, including 
both glass-forming and multicrystalline Shpol’skii matrices, we 
observe only the green tautomer fluorescence at all temperatures 
between 293 and 77 K. 

I (normal) I (tautomer) 

II (monohydrate) m ( polyhydrate) 

The luminescence behavior a t  77 K of 3-hydroxyflavone (2- 
phenyl-3-hydroxychromone) is reported in Figure 1. The solute 
concentration is 2.00 X M in methylcyclohexane solvent. 
Because the effects that are to be described here are found to be 
strongly temperature and cooling-rate dependent, all spectra are 
reported for quick-frozen (Le., sample tube plunged into liquid 
nitrogen) rigid-glass solutions at 77 K. 

The lowest curve gives the luminescence spectrum of an ex- 
tremely dry 3-hydroxyflavone solution.’ The yellow-green 
fluoroescence is completely analogous to the room-temperature 
tautomer emission previously reported’ and thus is associated with 
the unsolvated proton-transferred species (structure I, tautomer). 
Upon the addition of substoichiometric traces of water to the 
anhydrous hydrocarbon solution, a fluorescence shoulder, desig- 
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