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ABSTRACT

A new and stereospecific synthesis for bis-endoperoxide has been developed starting from tetrahydronaphthalene. Photooxygenation of
tetrahydronaphthalene resulted in the formation of hydroperoxy-endoperoxide. The bromination reaction of hydroperoxy-endoperoxide gave
bis-endoperoxide, whose exact configuration has been determined by X-ray analysis. The lowest-energy conformer of bis-endoperoxide is the
boat-chair form.

Singlet molecular oxygen was first observed in 1924.1 It has
been reported that the main reactions of singlet oxygen are
cycloaddition and ene-reaction. The 1,4-cycloaddition of
singlet oxygen to a cyclic diene results in the formation of
bicyclicendoperoxide.

The ene-reaction of singlet oxygen with olefins containing
allylic hydrogens results in the formation of unsaturated
hydroperoxide.

1,4-Epiperoxides (endoperoxides) serve as key substances
in a variety of chemical2 and biological2,3 transformations.
The O-O bond undergoes either homolytic or hetereolytic
cleavage, depending on reaction conditions. Although ap-
proximately 4,000 endoperoxides have been reported in the
literature, only a few examples have bis-endoperoxide
structures4 (Figure 1).

The preparation of these bis-endoperoxides is based
completely on cycloaddition of singlet oxygen to the cor-
responding diene moiety (Figure 1). To the best of our
knowledge, we present for the first time a unique example
describing a preparation of a new bis-endoperoxide via
hydroperoxide rearrangement.

Our starting material was tetrahydronaphthalene5, syn-
thesized by metal-ammonia reduction.5 Tetraphenylporphyrin
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(TPP)-sensitized photooxygenation of tetrahydronaphthalene
in methylene chloride at room-temperature resulted in the
formation of the tricyclic compound7. The reaction mixture
was chromatographed on a neutral Al2O3 column with
hexane/ethyl acetate (4:1) as an eluent to obtain endoperoxide
7 as a sole product (80% yield). This reaction is similar to
the addition of singlet oxygen to 1,4-cyclohexadiene.6 Singlet
oxygen undergoes an ene-reaction with5 to afford reactive
diene6, and the conjugated diene unit6 can be easily trapped
by singlet oxygen.

Since the hydroperoxide6 has no plane of symmetry,
singlet oxygen approaches the diene unit in6 preferentially
from the sterically less crowded face of the molecule.

The structure of7 was assigned by1H and 13C NMR.
There are five distinct AB-systems in the1H NMR spectrum,
which are four olefinic and six methylenic protons.

The hydroperoxide proton resonated atδ 7.60 ppm.
Although double resonance experiments and 10 line in13C
NMR support the structure, we were not sure of the exact
configuration on the basis of spectral data. The exact
configuration of 7 was determined by further chemical
reactions and X-ray crystal analysis of bis-endoperoxide8
(Figure 2).8,9 To test the behavior of a hydroperoxide-
endoperoxide in the bicyclic system and confirm the product
distribution, we decided to perform the bromination of
endoperoxide7. It has been reported that interesting com-
pounds are formed in the bromination reaction of bicyclic
systems.7 In the reaction, unexpected compounds are formed
depending on functional groups. The bromination of endop-

eroxide7 in CH2Cl2 gave a very interesting sole product.
1H and13C NMR spectroscopic data confirmed the addition
of bromine to the double bond. In fact, we supposed that
the bromine would add to the double bond to give a
dibromide. However,1H NMR spectra interestingly showed
only one CH-Br proton and two CH-O protons. In addition,
four different carbon signals that are adjacent to oxygen
appeared at13C NMR. In this case, we assume that
hydroperoxide oxygen is conjoined with the ring. These
results showed that hydroperoxide oxygen attacks from the
backside of the bromonium ion and opens it to form the bis-
endoperoxide (Scheme 3). Although all NMR spectral data
support the proposed structure, to gain more insight about
the crystal structure of the compound8, we decided to
confirm its exact structure by single-crystal X-ray diffraction
techniques.9 The molecular structure along with the atom-
numbering scheme is depicted in Figure 2.
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Figure 2. Molecular structure of compound8 along with the
labeling atoms. Thermal ellipsoids of non-hydrogen atoms are
drawn at the 40% probability level.
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Compound8 (C10H11BrO4) contains two six-membered
cyclic arrangements of carbon atoms. Except for C7 and C8,
each carbon atoms has a tetrahedral arrangement of atoms
surrounding it. This arrangement is found in two main groups
of conformers: the boat form ring A(C3/C4/C10/C9/C8/C7)
with the puckering parameters12 QT ) 0.790(13) Å,æ2 )
357.1(9),θ2 ) 90.5(9) and the chair form ring B(C1/C2/C3/
C4/C5/C7),QT ) 0.631(12) Å,æ2 ) 62(2),θ2 ) 150.7(11).
As seen, the lowest-energy conformer of8 is the boat-chair
form. Two rings are connected at adjacent C3 and C4 atoms
(fused ring structure). The six-membered cyclohexene ring
with one double bond (C8) C7 ) 1.312(8) Å) has an

endoperoxide bridge (O3-O4) 1.490(8) Å) from pseu-
doequatorial to pseudoaxial position. Furthermore, ring C(C3/
O3/O4/C9/C10/C4),QT ) 0.859(12) Å,æ2 ) 116.2(8),θ2

) 91.0(8), and D(C3/O3/O4/C9/C8/C7),QT ) 0.783(12) Å,
æ2 ) 301.5(9),θ2 ) 89.9(9) has the boat conformation. The
whole ring A, C, and D system is geometrically symmetric
(O4-C9-C10) 107.4(6)°, C10-C9-C8) 109.8(6)°, O4-
C9-C8) 107.9(6)°). Another bridged peroxide group (O1-
O2 ) 1.485(8) Å) forms five-membered ring E(O1/O2/C4/
C5/C6), and it has an envelope conformation. O1/O2/C4/
C6 atoms are coplanar and C15 atom projects out of the plane
(deviating 0.671 Å from the plane). The puckering param-
eters of this ring areQ ) 0.437 Å andæ ) 281.3°calculated
according to Cremer and Pople.11 In the cyclohexane ring
bromine atom is trans to the endoperoxide (C1-Br ) 1.967-
(7) Å).

In summary, a short and stereocontrolled approach to a
new class of bis-endoperoxide started from tetrahydronaph-
thalene. Further work starting from bis-endoperoxide to
investigate its chemical transformation reaction is currently
in progress.
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