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1 is apparently not generated in vibrationally excited form. The 
runs at higher temperatures demonstrate that at 341 0 C spi
ropentane undergoes very slight decomposition to methy-
lenecyclobutane, but temperatures in excess of 400 0 C are 
required to produce any detectable secondary allene and eth
ylene, presumably by thermal decomposition of methylene-
cyclobutane. 

The results for 6 are strikingly different. Once again, spi
ropentane is the major product of the reaction. Methylene 
cyclobutane is also formed, as are ethylene and allene, but in 
amounts significantly larger than those observed from 4; small 
amounts of unidentified hydrocarbons are also detected. One 
possible way for the methylenecyclobutane to arise is via a 
second ring opening in 3 (Scheme II) leading to the "allylically 
stabilized diradical" 9 which has been discussed by Flowers 
and his co-workers.Ibc However, if this were the only route to 
fragmentation products, all the deuterium label in the de
composition of 7 should appear in the ethylene product. The 
actual observation is that the label is distributed nearly equally 
in the two fragmentation products (Table II). This suggests 
strongly that the ultimate source of the ethylene and allene is 
a compound which has spiropentane symmetry. Controls again 
show that no fragmentation products are formed thermally at 
these temperatures. That both vibrationally excited 1 and 8 
must intervene in this reaction is confirmed by variable pres
sure studies (Table I)—in this case (unlike that of 4) both the 
spiropentane and methylenecyclobutane yields are now pres
sure dependent. 

Why does unsymmetrical pyrazoline 6 give rise to vibra
tionally excited spiropentane (1), but symmetrical pyrazoline 
4 does not? One possible explanation for this might be found 
in differing heats of formation for the diradicals 2 and 3 or for 
the transition states leading to them. However, although there 
is some uncertainty in the group equivalent calculations needed 
to make such estimates,6 it is difficult to make a case that these 
heats of formation will differ by more than a few kilocalories 
per mole in the two cases. A much more convincing explanation 
is provided by a postulate put forward by Bauer several years 
ago, suggesting that the distribution of vibrational energy in 
fragmentation reactions of the type discussed here might be 
determined by their decomposition mechanisms.7 

Translated into terms applicable to azo compounds 4 and 
6, Bauer's postulate73 suggests the following: symmetrical 
compound 4 probably decomposes by simultaneous cleavage 
of both C-N bonds, passing through a short-lived, symmetrical 
transition state in which coupling of the N - N vibration with 
vibrational modes in the organic fragment is very poor. Thus 
the nascent N2 molecule is generated initially with an N - N 
bond that is "stretched"—i.e., the N2 is formed vibrationally 
excited, and carries off much of the excess energy of the de
composition, leaving an essentially thermalized organic frag
ment. Pyrazoline 6, however, has one strong and one weak C-N 
bond; there is now good precedent that such azo compounds 
decompose by sequential C-N cleavage,8 initially generating 
diazenyl (i.e., R-N2 . ) radicals. Bauer suggests7a that such 
nitrogen-containing diradical intermediates should have time 
to allow efficient coupling between the N - N vibration and the 
vibrational modes of the organic fragment; thus the N2 will be 
extruded "cold", leaving most of the excess energy behind in 
the organic fragment. This explanation accounts very nicely 
for our observations, and provides strong encouragement to 
the search for spectroscopically observable "hot" nitrogen 
extruded in the thermal decomposition of symmetrical cyclic 
azo compounds. 
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The Acid Catalyzed Fragmentation of a 
Spirobicyclicsulfurane Oxide: Sulfone Formation as a 
Driving Force for Reaction1 

Sir: 

Sulfurane oxide intermediates or transition states have often 
been proposed in nucleophilic substitution reactions on sulfur.2 

The preparations of sulfur oxytetrafluoride and a number of 
other halogen substituted sulfurane oxides, including la-c, 
have also been reported.3 Sulfurane oxide 2, the only reported 
ketal analogue of a sulfone,4 was found to be inert toward 
aqueous acid or base. 

CF3 CF, 

I ^>s=o 

la, X = N(CH5I2 5e^JK^° 

We report here the first example of a new type of frag
mentation reaction which involves the smooth transformation 
of spirobicyclicsulfurane oxide 3 to sulfone-ene-ol 4. The for
mation of the very stable, neutral, sulfone function of 4 provides 
a strong driving force for this reaction. The energy of the S = O 
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bond of diphenyl sulfoxide is 96.4 kcal mol-1,5 and the energy 
of the second S = O bond added in going from a sulfoxide to 
a sulfone is an even larger 115.7 kcal mol-1.5 The strong ten
dency for 3 to fragment to 4, when a suitable pathway is 
available, is therefore not surprising. 

Scheme I 

CH, CH, 

OCT 
oci 

" " CH, 

^ C H 2 

or 
1 ^ V , OH CH. CH, CH, 

This quantitative and irreversible fragmentation occurs 
rapidly under acidic conditions but very slowly under basic 
conditions. For example, a sample of 3 in dry CH2CI2 at 44 0C 
will fragment completely within seconds to sulfone 4 when one 
drop of HCl saturated methylene chloride is added.6 In con
trast, a pyridine solution of 3 at 100 0C undergoes fragmen
tation to the extent of only 12.5% after 42 min.7 It should also 
be noted that stronger bases such as hydroxide retard the rate 
even more than pyridine alone. For example, a 15% aqueous 
pyridine (v/v) solution 0.251 M in sulfurane oxide 3 and 0.251 
M in KOH fragmented to the extent of only 14% after 88 h at 
860C. 

The parent sulfurane (6) of 3 was synthesized in 82% yield 
by the pictured route from diol 5.89 Compound 6 is a crystal-

CH, CH3 

OC" 1. t -BuOCl, CH8Cl2 

2. aq . NaOH 

CH. " 

-OH 

CH, 

C ^ CH3 

OO 
CH3 CH3 

line white material (mp 155-155.5 0C) whose 1H NMR 
spectrum in pyridine-ds shows diastereotopic methyl singlets 
at 5 1.60 and 1.67, each of which is split into two peaks when 
6 and a chiral alcohol interact in CCU.10,1' This is consistent 
with a chiral trigonal-bipyramidal geometry about sulfur. 
Spirosulfurane 6 is not affected by atmospheric moisture nor 
by water in CHCI3 but can be hydrolyzed to sulfoxide diol 7 
when boiled for 2 h in 10% aqueous methanol. Cyclodehy-
dration of 7 to regenerate 6 occurs slowly at room temperature 
in chloroform containing a trace of HCl.12 

CH3 CH3 

*• ̂ 0 H 

10* aq . CH3OH QC' 
OC 

CH3 CH3 

7 

Sulfurane oxide 3 is formed in 70% yield when 6, dissolved 
in a minimum amount of dry methylene chloride, is treated 
with excess ozone at 78 0C. After 1 h 3 precipitates and is 
collected at -20 0C. This material was recrystallized from 
ether-THF containing one drop of pyridine (mp 153 0C).13 

The ' H NMR spectrum of 3 in pyridine-rfs shows diastereo
topic methyl singlets at 5 1.65 and 1.87 which is consistent with 
a postulated chiral trigonal-bipyramidal geometry about sulfur 

CH3 ^CH3 

C ^ o 

3 + HA 

op. 
-H3 

I 
CH, CH, 

4 + H A 

like that shown for 6,1014 in close analogy to the x-ray structure 
determined for 2.4c 

The first step in the acid catalyzed fragmentation (Scheme 
I) may be the reversible protonation of an apical oxygen on 3 
giving oxysulfoxonium cation 8. Postulated intermediate 8 is 
an O-alkylated sulfone which is expected to be very reactive,15 

rapidly losing a proton to base to give sulfone-olefin 4.17A 
fragmentation pathway similar to the one postulated for 3 in 
Scheme I is not available to sulfurane oxide 2. 

Further work is underway to establish the generality and the 
detailed mechanism of this sort of fragmentation to generate 
sulfones. 
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A Diaryldiacyloxydialkoxypersulfurane.1 The First 
Example of a Hexacoordinated Organosulfur Derivative 
Lacking Fluorine Ligands, a Sulfone Bisketal 

Sir-
Derivatives of SF6 in which one or two of the fluorine ligands 

have been replaced by aryl, vinyl, ethynyl, or perfluoroalkyl 
groups have been known2 for many years. The first persulfu-
ranes with two simple alkyl or aryl ligands and four fluorines 
bound to sulfur were only recently prepared, and found to be 
stable at -78 0C, by Denney et al.3 

We now report the isolation and characterization of the first4 

persulfurane5 lacking fluorine ligands, diaryldiacyloxydi-
alkoxypersulfurane (1), a compound of surprising stability. 

(CHAC ^ > — C ( C H 3 J 3 

By analogy to the spirobicyclicsulfurane oxide 4a,6 the first 
reported monoketal analogue of a sulfone, persulfurane 1, can 
be considered the first bisketal analogue of a sulfone. 

4 l H= (CH3)C; R' = CF3 

4 b R = H; R' = CH3 

Reaction of tetraester 57 with methyl Grignard (8 equiv, 3 
h) in ether gave diester diol 6 in 86% yield (mp 154-156 0C). 
Saponification of 6 with 15% KOH in aqueous ethanol (1:1) 
gave diacid diol 7 (mp 268-270 0C). Treatment of a CCl4 
suspension of 7 and pyridine (2 equiv) with tert- butyl hypo
chlorite (5 equiv) at 0 0C afforded white powdery 1 in 90-95% 

\— OEt EtO-

5 ° 
(1) 8 equiv 
CH3MgBr 

(2) KOH, 
aq. EtOH 

yield. The product, 1, was recrystallized from ether-pentane 
or THF-pentane, mp 166-170 0C dec.8 The crystalline 1 is 
stable indefinitely at room temperature. The two peaks at 5 
1.799 and 1.782 in its 1H NMR spectrum8 clearly indicate the 
diasterotopic nature of the two geminal methyl groups on the 
five-membered heterocyclic ring, as expected for the pictured 
octahedral structure of 1. 

The solid persulfurane 1 is stable and unreactive toward 
atmospheric moisture. However, 1 was found to decompose 
completely at room temperature (<30 min) in ordinary CDCI3 
and (3 days) in pyridine-rfs solvent, as evidenced by the 1H 
NMR spectra. The product from decomposition of 1 was 
identified as the isomeric sulfone diene diacid (8) by elemental 
analysis, infrared, NMR, and mass spectrometry.9 The de
composition of persulfurane 1 to give 8 is analogous to the 
acid-catalyzed fragmentation10 of spirobicyclicsulfurane oxide 
4b, to give 9, another fragmentation deriving its driving force 

from the formation of the stable sulfone functional group. In 
the case of persulfurane 1, fragmentation is catalyzed either 
by a trace of HCl present in ordinary chloroform or by a trace 
of water present in the pyridine-^5. When a drop of D2O was 
added to a sample of 1 in pyridine-^s, the rate of fragmentation 
was greatly enhanced (complete reaction within minutes at 
room temperature). 

The spectroscopic and chemical evidence presented here 
provides a compelling case for the proposed structure for 
persulfurane 1. Further work on the structure and reactivity 
of persulfuranes is underway in our laboratory. 
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