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ABSTRACT: A highly strained 1,3-fused tricyclic cyclopropene, tricyclo[3.2.2.02,4]-
nona-2,6-diene (15), was designed for use in the synthesis of a new highly strained anti-
Bredt compound, bicyclo[3.2.2]nona-1,6,8-triene (17). Tricyclic cyclopropene 15 was
subjected to a ring-opening reaction followed by insertion of the resulting carbene to
produce an anti-Bredt compound 17. The tricyclic cyclopropene 15 was prepared by
the fluoride-induced elimination of 2-chloro-3-trimethylsilyltricyclo[3.2.2.02,4]non-6-ene
(20), via the reaction of 1-chloro-3-trimethylsilylcyclopropene with 1,3-cyclohexadiene.
Both the tricyclic cyclopropene 15 and the anti-Bredt compound 17 were trapped by
diphenylisobenzofuran (DPIBF).

The synthesis and chemistry of strained olefins has attracted
the interest of chemists for years. A publication of a study

of bicyclic systems containing camphene and pinene by J. Bredt
in 1924 attracted the attention of chemists focusing on
bridgehead alkenes.1 The Bredt rule implies that a double
bond cannot be placed at the bridgehead of a bicyclic system,
unless the rings are sufficiently large. Prelog et al. established
the limitations of Bredt’s rule, and Fawcett introduced the S
number to bicyclic systems (Figure 1).2 It is generally believed

that the bridgehead alkenes with S ≤ 8 would be too unstable
to permit their isolation; however, bicycle[4.3.1]decan-1-enes
2, with S = 8 and a trans-cyclononene skeleton, were prepared
via a Wittig reaction by Dauben,3a and an intramolecular Diels−
Alder reaction (IMDA) developed by Shea was also found to be
an efficient method.2b,3b Homoadamantene (3), also containing
a trans-cycloheptene skeleton, could be generated by carbene
insertion.3c,d The smaller analogue, bicyclo[3.3.1]non-1-ene (4)
with S = 7, was first prepared via elimination reactions and was
independently isolated by Wiseman4a and Marshall.4b Bicyclo-
[3.3.1]non-1-ene and derivatives thereof could be obtained or
trapped as intermediates from IMDA,3b Wittig reaction-
s,2a,3a,4c−e and elimination reactions.4f,g Bicyclo[4.2.1]non-1-
enes 5 were reported to be generated via pyrolysis,4h Wittig

reactions,4c,d or decarboxylation.4i Both compounds 4 and 5
contain a stable trans-cyclooctene skeleton. The well-known
polycyclic derivative, adamantene (6) containing a trans-
cyclohexene, could be generated and gave dimers via
elimination4j,k and carbene insertion.4l Bicyclo[3.2.2]non-1-
ene (7) and bicyclo[3.2.2]non-1(7)-ene (8), which contain a
trans-cycloheptene structure, were synthesized and trapped by
diphenylisobenzofuran (DPIBF) via pyrolysis by Wiseman.4m

More strained bridgehead alkenes with S = 6 and the trans-
cycloheptene, bicyclo[3.2.1]octenes 9 and 10, could also be
synthesized via Wittig reactions3a,5a,b or pyrolysis.5c In a
previous study, we reported on the isomerization of a 1,2-
fused tricyclic cyclopropene to give the bicyclo[3.2.1]oct-1-ene
11.5d Bicyclo[2.2.2]oct-1-ene (12) could be obtained from 1,2-
elimination5e and carbene insertion.5f Keese reported on the
synthesis of the bicyclo[2.2.1]hept-1-ene (13), with S = 5,
which was trapped via 1,2-elimination.6

The insertion of highly reactive alkyl carbenes would be a
feasible method for the synthesis of highly strained bridgehead
olefins.3c,d,4l,5f In our previous publication, the 1,3-fused
tricyclic cyclopropene, tricyclo[3.2.1.02,4]oct-1-ene 14, was
subjected to a ring-opening reaction to give a vinylcarbene,
which could then be inserted into the α C−H bond of THF or
the O−H bond of water, or undergo [1 + 2] cycloaddition with
a furan. However, intramolecular carbene insertion to form
highly strained anti-Bredt compounds was not feasible (Scheme
1).7 We report herein on the design of the higher analog,
tricyclo[3.2.2.02,4]nona-2,6-diene (15), for use as a precursor in
the synthesis of the anti-Bredt compound 17.
In principle, there are three pathways by which the vinyl

carbene 16, formed from a ring-opening reaction of 15, can
undergo carbene insertion to yield the two anti-Bredt
compounds 17 and 18. Theorical calculations were carried
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Figure 1. Structures of some anti-Bredt compounds.
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out for the tricyclic cyclopropene 15, carbene 16, and the anti-
Bredt compounds 17 and 18 using HF/6-31++G(d,p), and the
heats of formation of these four compounds were determined
to be −346.5039 au, −346.5103 au, −346.5239 au, and
−346.5235 au (Scheme 2). The results indicate that the anti-

Bredt compound 17 would be the thermodynamic product of
this isomerization. According to the theoretical calculation
model of vinylcarbene 16, the empty p-orbital was located at
the axial position, the C5−C6 and C5−C9 bonds were at the
pseudoaxial position, and the C5−H bond was in an equatorial
position. The C5−C6 (sp3−sp2) bond is shorter and closer to
the carbene carbon than the C5−C9 (sp3−sp3) bond. Thus, the
vinyl carbene would be expected to be easily inserted into the
C5−C6 σ bond to give the anti-Bredt compound 17, which
contains three noncoplanar and alternating π bonds. For that
reason, the formation of compound 17 should be the kinetically
preferred product of this carbene insertion (Figure 2).

In order to generate the 1,3-fused tricyclic cyclopropene 15,
the essential precursor 20 was synthesized by treating 1-bromo-
2,2-dichloro-3-trimethylsilylcyclopropane with methyllithium in
1,3-cyclohexadiene in order to induce an elimination and [4 +
2] cycloaddition (Scheme 3). Compound 15 was synthesized
and trapped by DPIBF, and the adduct was purified by column
chromatography. Four products, 21 and 23−25, were isolated
in 40%, 24%, 7%, and 11% yields, and their structures were
determined by single crystal X-ray analysis (Scheme 4).

Compound 21 was formed directly from compound 15 and
DPIBF. The stereochemistry of this compound indicated that
the Diels−Alder reaction of 1-chloro-3-trimethylsilylcyclo-
propene with 1,3-cyclohexadiene was via an endo (from the
view of the cyclopropene) transition state and that of
cyclopropene 15 with DPIBF was via an exo (from the view
of the cyclopropene)-exo (from the view of bicyclic system)
transition state.
The hydrolysis of the polycyclic cyclopropane-fused furanoid

26 to the diol 27 is well-known (Scheme 5).8 According to the

X-ray analysis results, compound 23 contains an endo-fused
cyclopropyl ring. Because of this, it would be generated from
the hydrolysis of compound 21 or 22. In order to determine
the origin of compound 23, compound 21 was subjected to the
same reaction conditions; however, no diol was produced by
hydrolysis in the acidic conditions. Obviously, diol 23 was
generated from the hydrolysis of the endo-exo adduct 22, which
was generated directly from the Diels−Alder reaction of the
1,3-fused tricyclic cyclopropene 15 with DPIBF. The endo-exo
adduct 22 would be more crowded than the exo-exo adduct and,
as a result, would easily be hydrolyzed during the workup to
give diol 23.
Compounds 24 and 25 were identified by single crystal X-ray

analysis, showing that the two adducts were generated directly
from the [4 + 2] cycloaddition of the anti-Bredt compound 17
with DPIBF, via endo and exo transition states in a ratio of 2:3.
Based on the theoretical calculation model of the anti-Bredt
compound 17, the twisting angles were Φ1 = 36°, Φ2 = 20°; the

Scheme 1. Reactions of Tricyclic Cyclopropene 14

Scheme 2. Theoretical Calculations of Anti-Bredt
Compounds

Figure 2. Theoretical calculation model of the structures of
vinylcarbene 16.

Scheme 3. Synthesis of 2-Chloro-3-
trimethylsilyltricyclo[3.2.2.02,4]oct-6-ene (19)

Scheme 4. Trapping of Tricyclo[3.2.2.02,4]nona-2,6-diene
(15) and the Anti-Bredt Compound 17

Scheme 5. Hydrolysis of the Cyclopropane-Fused Furanoid
Compound to a Diol
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pyramidalization angles were χ1 = 32°, χ2 = 48°; and the
dihedral angles were C3C2C1C7 = 111°, H2C2C1C9 = 168°.
The model shows that the proton of the bridged-head double
bond protruded from the bridged ring, so that the DPIBF
approaching via the exo-TS would encounter more steric
hindrance at the fused benzene ring than that of the endo-TS of
the oxygen. Therefore, the Diels−Alder cycloaddition pro-
ceeded in favor of the endo-adduct 24 compared to the exo-
adduct 25 (Scheme 6).

In summary, we successfully utilized the chemical properties
of highly strained 1,3-fused tricyclic cyclopropenes and
theoretical calculations to design a new 1,3-fused tricyclic
cyclopropene, tricyclo[3.2.2.02,4]nona-2,6-diene (15), which
was used in the synthesis of the anti-Bredt compound,
bicyclo[3.2.2]nona-1,6,8-triene (17). The 1,3-fused tricyclic
cyclopropene 15 was generated from fluoride-induced elimi-
nation and trapped with DPIBF to give compounds 21 and 23.
The anti-Bredt compound 17 was obtained from tricyclic
cyclopropene 15 by way of a ring-opening reaction, followed by
carbene insertion. Compound 17 was trapped by DPIBF and
gave two stereoisomers, 24 and 25.
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