Revue Roumaine de Chimie, 2002, 47(8-9), 705-713

Dedicated to Professor Victor Emanuel Sahini
on the occasion of his 75th anniversary

'd

UNEXPECTED FORMATION OF 2,3,7-TRIPHENYLCYCLOPENTA[cJPYRAN
FROM THE REACTION OF 1,2-DIPHENYLETHANEDIONE (BENZIL) WITH
CYCLOPENTADIENE

Mircea D. BANCIU,* Alexandru T. BALABAN,*® Constantin DRAGHICI,®
‘ Ionel HAIDUC,® and Ovidiu IVANCIUC?

* Department of Organic Chemistry, “Politehnica” University,
Splaiul Independentei 313, 76206 Bucharest, Roumania
®.“C.D. Nenitzescu” Institute of Organic Chemistry, Roumanian Academy,
: Splaiu! Independentei 202B, 78100 Bucharest, Roumania
¢ Faculty of Chemistry, “Babes-Bolyai” University, RO-3400 Cluj-N apoca, Roumania
¢ University of Texas, Medical Branch at Galveston, Gaiveston, TX, U.S.A.
° Texas A&M University at Galveston, Department of Marine Sciences, Galveston, TX 77551, U.S.A.

Received December 18, 2001

The reaction of [,2-diphenylethanedione (benzil) with cyclopentadiene in the presence of sodium methoxide
unexpectedly afforded the novel fully conjugated 2,3,7-triphenyl derivative of cyclopenta[c]pyran, a pyranic
pseudoazulene. The structure was proved by physical methods (IR, UV/VIS; 'H-NMR, "C-NMR; MS), and
confirmed by X-ray crystallography. Protonation affords a pyrylium salt with a structure that agrees with the results
of semiempirical and ab-initio methods, which also agree fairly well with experimentally-determined bond lengths.

INTRODUCTION

Pseudoazulenic irideids with cyclopenta[c]pyranic structure

Cyclopenta[c]pyran derivatives (1, R = H) belong to the class of pseudoazulenes: like azulenes. they
possess a cyclopentadiene ring fused to another ring, and the total number of conjugated n-electrons is 10 as
in azulene. Also as in azulene, a dipolar resonance structure contributes to the description of the electronic
distribution. Unlike azulene, which has a 7-membered ring, in 1 this ring is replaced by a pyranic ring. Boyd'
described in 1958 the first synthesis of 2,4,6-trisubstituted derivatives 1 of cyclopenta[b]pyran (onalenesz),
which are isoelectronic with azulene. The literature data about these derivatives are fairly scarce so far.”

On the other hand, naturally occurring iridoids with cyclopentagc]pyran skeleton, usually bearing
formyl substituents e.g.: novburtinal 2a,* viburtinal 2b,* cerbinal 2¢,° baldrinal 2d,” etc. are activelly
investigated due to their various biological activities.®*® Until recently only three pseudoazulenes with
cyclopenta[c]pyran skeleton not bearing electron-acceptor groups were synthesized: the parent compound 3a
(in four steps from BrCH,CH(OMe), and S5-(trimethylsilyl)-1,3-cyclopentadiene '%), and the substituted
derivatives 3b'® and 3¢."" A major breakthrough in this domain was brought about in 1998 by Christl and co-
workers'> who designed a very interesting general method for synthesis of di- and three-substituted
cyclopenta[c]pyrans 4 and 5. His reaction sequence included cycloaddition of cyclopentadiene to 6-0xo0-6H-
1,3,4-oxadiazines, dehydrogenation with dichloro-dicyano-p-benzoquinone, and finally the reduction of thg
resulting o-pyrones. Compounds 4 undergo electrophilic substitution (e.g. nitration, formylation, etc.).”
Other such natural and/or synthetic iridoids have been described.'*'® In spite of these notable achievements,
the 2,3,7-triphenyl-substituted derivative 6 of 3a had not been synthesized until now.
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RESULTS

Synthesis of 2,3,7-triphenylcyclopenta[c]pyran

In a preliminary communication'’ we reported the unexpected formation of compound 6 (isomeric with
1a) during an attempt to obtain fulvenes from o-dicarbonyl compounds. Thus, the treatment of 1,2-
diphenylethanedione (benzil) (7) with excess cyclopentadiene (8) in a strongly basic medium (MeO'Na™;
KOH) leads to the formation of a red compound (m.p. 140-2°C), which could be isolated in smal yields and
purified by liquid chromatography on neutral alumina. Along with large amounts of polymeric materials,
methyl benzoate 9 was identified among the reaction products when sodium methoxide was used as
condensation agent, Single crystal X-ray analysis confirmed the structure of compound 6. In the present
paper we give experimental details, and report the results of protonation experiments and of theoretical
calculations using both semiempirical and ab-initio methods.

The structure of the new compound 6 was established on the basis of physico-chemical data including
X-ray analysis,”” and corresponds to a fully conjugated 2,3,7-triphenylcyclopenta[c]pyran. The stoechiometric
equation involves two moles of benzil (7) and one mole of cyclopentadiene (8), and yields 6 and 9.
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