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Phenanthro[2,3-c ]furan—a stable benzologue of isobenzofuran
with greater reactivity
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Abstract—Phenanthro[2,3-c ]furan, a benzologue of isobenzofuran has been isolated and found to be 15 times more reactive than
isobenzofuran in agreement with extrapolated data of a linear Herndon relationship. © 2001 Elsevier Science Ltd. All rights
reserved.

Isobenzofuran (IBF, 1, Fig. 1), its benzologues and deri-
vatives have been the subject of sustained interest.1–5

IBF itself is a highly reactive polyene in Diels–Alder
reactions and this reactivity has been exploited in many
synthetic applications. Rickborn has referred to IBF as
‘‘the most reactive isolated diene for cycloaddition pur-
poses’’.2 Wege has reported6,7 the second order rate
constants of various benzologues of IBF (IBFs with
differing ring fusion elements) and shown that they
follow a linear Herndon relationship.8,9 Based on
extrapolation of this data we would expect phenan-
thro[2,3-c ]furan, 2, to be 12 times as reactive as IBF.
We set out to prepare compound 2, to see if it would
prove stable enough to be characterized and to test
whether its reactivity was indeed greater than IBF.

Wege’s data relates a parameter known as the structure
count ratio (SCR) to the relative reactivities of IBF
benzologues. The structure count ratio is simply the
number of Kekulé structures of product (Diels–Alder
addition product) plus the number of Kekulé structures
of the reactant divided by the latter. Isobenzofuran has

a single Kekulé structure while its adducts (Scheme 1)
have the two Kekulé structures of the benzene ring. The
SCR of IBF is therefore 3. The SCR is a comparison of
the stability of product compared to reactant, stability
being reflected by a greater number of resonance struc-
tures. The greater the value of the SCR, the greater the
stability of the product compared to the reactant. The
Hammond postulate predicts that in the Diels–Alder
reaction of IBF benzologues, more reactive examples
will have transition state energies closer to the energy of
the reactant molecule and lower activation barriers as a
result. That there is a good linear relationship between
the log of the second order rate constant and the log of
the SCR for many IBF benzologues suggests that this
very simplistic model works well.

Higher SCRs suggest greater reactivity and associated
difficulty in isolation. The SCRs of benzologues 2, 3 and
4 are 3.5, 2.5 and 4, respectively. Accordingly, 3 is an
isolable solid that melts without decomposition,10 IBF
is stable in solution but polymerizes at room tempera-

Figure 1.
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Scheme 1.

furan and long range couplings to H4 and H11 (1.6 Hz)
indicating polyene character for this part of the
molecule. Protons 5 and 6 appear as an AB system with
J values of 9 Hz. This coupling is comparable to that of
cyclohexenes or that found in the 9–10 bond of phenan-
threnes which have substantial double bond character.

In order to evaluate the relative reactivities of 1 and 2,
we used a competition experiment (Scheme 3) involving
N-methylmaleimide as described by Rickborn.19

Equimolar amounts of acetals 9 and 11 were cooled to
0°C and treated with excess LDA. LDA was destroyed
with methanol and then N-methylmaleimide (0.8 equiv-
alents) was added. The resulting reaction mixture con-
tained adducts 10 and 12 in a ratio of 15:1 suggesting
that under these conditions, 2 is 15 times as reactive as
1. A substantial amount of unreacted 1 and a small
amount of unreacted 2 were also present. Despite the
differing reaction conditions, our result is remarkably
close to the value of 12 predicted by Wege’s data.

We have demonstrated that phenanthro[2,3-c ]furan is a
more reactive diene than isobenzofuran but is still
sufficiently stable to be characterized in solution mak-
ing it the most reactive isolable Diels–Alder diene
reported. We are preparing further benzologues with
SCRs intermediate between 2 and 4 in order to deter-
mine an upper limit of SCR which will still allow
product characterization.
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ture in the solid state11 and linear benzologue 4 can be
generated and trapped in situ, but has never been
observed directly.12 This is consistent with the known
rate data for 1 and 3 and with the reactivities that are
predicted by Wege’s data. Previously unknown benzo-
logue 2 has an SCR that is intermediate between that of
IBF and 4. As such, Wege’s model predicts that it
should be more reactive than IBF but less reactive than
4.

We synthesized 2 in five steps (Scheme 2) from known
phenanthrene 513 constructing the furan ring using our
previous metallation strategy.14 Formylation of alcohol
6 gave an equilibrium mixture of hydroxyaldehyde 7
and hemiacetal 8.15 Phenanthro[2,3-c ]furan was formed
from acetal 9 using Rickborn’s base-induced method.11

Examination of the reaction product showed 1H NMR
signals entirely consistent with that expected for 2.
Signals of 2 in CDCl3 or CD2Cl2 survived for periods in
excess of 10 hours with polymerization becoming
increasingly apparent. Subsequent reaction with N-
methylmaleimide (N-MeMI) gave endo adduct 10 with
very high diastereoselectivity.16 Compound 2 was fur-
ther characterized by 13C NMR and HRMS.

The proton NMR spectrum of 217 says much about the
character of this molecule. An early paper18 suggests
that 1 is best considered as furan with a butadiene
fragment annelated onto the furan’s c-face. The NMR
spectrum of 2 is completely consistent with this picture,
with H1–H3 couplings (1.6 Hz) very similar to that of

Scheme 2.
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Scheme 3.
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