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Abstract: An unexpected synthesis of a,b-unsaturated pseudo-
geminal [2.2]paracyclophane bisketones has been realized via a
dyotropic-type rearrangement of the corresponding bisallenyl o-
nitrophenyl sulfoxides.
Key words: [2.2]paracyclophanes, sulfoxides, allenes, rearrange-
ment

Because of the rigid molecular framework provided by the
paracyclophane unit and its short interannular distance,
functional groups in pseudogeminally substituted
[2.2]paracyclophanes are often held in such a position as
to allow highly specific reactions to take place between
them. In one such application unsaturated cyclophane
bisesters undergo intramolecular photocyclization to the
corresponding ladderane isomers.1–3

Using pseudogeminally substituted [2.2]paracyclophanes
as spacers for bisallenic moieties, interesting starting
materials for intra- or intermolecular reactions can be re-
alized. In a recent paper we have reported on the synthesis
of first bisallenyl-substituted pseudogeminal [2.2]para-
cyclophanes 1.4 Although the distance between two allen-
ic moieties should allow intramolecular interactions, none
of these have been observed under various conditions.
The lack of reactivity of these unsaturated systems could
be due to both electronic and steric effects of the trichlo-
romethyl sulfoxide or sulfone substituents, respectively.
In order to get a deeper insight into this phenomenon we
decided to replace the trichloromethyl group with a nitro-
phenyl substituent. This was accomplished by the reaction
of bispropargylic alcohols 2a,b with nitrobenzenesulfenyl

chloride via a double [2,3]-sigmatropic rearrangement of
the corresponding sulfenyl esters (Scheme 1).5,6

Following the above protocol, o- and p-nitrophenyl sulf-
oxides were obtained in good yields (50–55%) as bright
yellow solids.7 As expected, a mixture of four diastereo-
isomers was isolated in all cases.
Mass spectrometric analysis of the above compounds
revealed an unexpected sensitivity of the o-nitrophenyl
sulfoxide derivatives towards EI conditions. In both cases
(3a and 3b) a molecular ion of m/z = 308 (C12H8N2O4S2)
was recorded. However under ESI conditions the molecu-
lar mass of the above sulfoxides (C40H38N2O6S2 and
C36H30N2O6S2, respectively) was confirmed.
In order to elucidate the chemical process that took place
under thermal conditions, we gently heated a solution of 3
at 40 °C. After 18 hours the starting material was
consumed and from the mixture of diastereoisomers a
symmetrical compound could be isolated. Valuable infor-
mation was obtained by NMR monitoring. The spectra of
the crude product showed a clean and symmetrical ali-
phatic area, a doublet with J = 12 Hz (d = 6.05 ppm), and
a complex aromatic area in comparison with the o-nitro-
phenyl pattern. Separation by silica gel column chroma-
tography indicated the formation of two major
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compounds, an a,b-unsaturated ketone 4 and bis(o-nitro-
phenyl) disulfide 5 (MW = 308, ca. 15% isolated yield;
Scheme 2). The formation of disulfide 5, a known com-
pound, was unambiguously proven by X-ray structural
analysis. Although the spectra of the crude mixture
revealed the formation of the cis isomer only, during pu-
rification isomerization took place and the thermodynam-
ically more stable trans isomer 4 was isolated.8

Interestingly, under the same experimental conditions the
corresponding p-nitrophenyl sulfoxide 3c was found to be
stable. This observation indicates that the above reaction
may be a special case due to the ortho orientation of the
nitro group towards the sulfoxide unit. In order to eluci-
date some mechanistic aspects we decided to investigate
whether the reaction took place only in case of the o-nitro-
phenyl sulfoxide pattern, whether the pseudogeminal
substitution favored an intramolecular interaction, and
whether the process involved radical or anionic inter-
mediates.
Thus, we oxidized the o-nitrophenyl sulfoxide 3a to the
corresponding sulfone, using dimethyldioxirane (DMDO)
as the oxidant. The sulfone was obtained as a single iso-
mer in 20% isolated yield. Despite of the low yield ob-
tained, no reaction or decomposition was observed during
two weeks.
Moreover, in order to check whether the a,b-unsaturated
ketone had been formed by an intramolecular interaction
or from independent interactions between allenic and
sulfoxide units we investigated the chemical behavior of
allenyl sulfoxide 7 under the same experimental condi-
tions. This compound was prepared from 1-hydroxy-1-
phenylbut-2-yne (6) following the procedure described
above (Scheme 3). Sulfoxide 7 was obtained as a mixture
of two diastereoisomers.9

Indication for an intramolecular interaction in bisallenyl
sulfoxides 3a,b is supported by the fact that no chemical
reaction of 7 was observed under the same experimental
conditions. A survey of literature data on ortho-substi-
tuted phenyl sulfoxides revealed that mono-ortho-sub-
stitution prevents free rotation of the S(O)R group.10

Consequently, it is reasonable to assume that the forma-
tion of a,b-unsaturated ketone is initiated by an interac-
tion between the electron pairs of the sulfur and nitrogen
atoms, making the system flat and inducing a high rota-
tional barrier around the S–CAr bond (Figure 1).
No deuterium incorporation was observed when
pseudogeminal bisallenyl sulfoxides were heated in
CDCl3 at 40 °C. Finally, a radical mechanism appeared
reasonable after an experiment in the presence of the free
radical inhibitor hydroquinone. No reaction was observed
during two days.
Taking these results into account, we postulate the follow-
ing mechanism for the conversion of 3a,b into 4a,b. In the
first step 3 closes to the diradical 8, which then undergoes
a dyotropic rearrangement11,12 as shown in Scheme 4.

Scheme 4

The formation of 4 requires two additional hydrogen
atoms. Corroborating that with the low yield for the di-
sulfide (ca. 15%) one can assume that the aromatic ring of
the o-nitrophenyl sulfoxide unit may be the source of
hydrogen atoms. The formation of polymeric sulfides is
indicated by the crowded aromatic area in the spectra of
crude reaction products.
In conclusion, we have discovered an interesting intra-
molecular reaction of pseudogeminal bisallenyl o-nitro-
phenyl sulfoxide systems that is presumably caused by an
interaction between nitro and sulfoxide groups. Evidence
for a radical mechanism via a dyotropic-type rearrange-
ment has been presented. The formation of the
pseudogeminal a,b-unsaturated ketone 4 has opened a
way towards ladderane-type compounds.
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