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SYNTHESIS AND DIELS-ALDER REACTIONS OF 5,5-DICYANOCYCLOPENTADIENE:
REGIOSELECTIVE SYNTHESIS OF 1,5-DISUBSTITUTED-1,3-CYCLOHEXADIENES
Gary I. Dmitrienko*, Marc E. Savard, Richard W. Friesen and Mibbo S. Thandi
Guelph-Waterloo Centre for Graduate Work in Chemistry, Waterloo Campus,
Department of Chemistry, University of Waterloo, Waterloo, Ontario, Canada N2L 3Gl

Abstract: 5,5-Dicyanocyclopentadiene, readily prepared in three steps from commercially available
cis-1,4-dichloro-2-butene, undergoes Diels-Alder reactions with a number of dienophiles to give
5-substituted 7,7-dicyanobicyclo{2.2.1]hept-2-enes with high endo-selectivity. The adduct pro-
duced with methyl acrylate undergoes base-induced retro-Michael reactions to give l-carbomethoxy-
5-dicyanomethyl-1,3-cyclohexadiene.

The use of the Diels-Alder reaction for the regio- and stereochemically controlled synthe-
sis of six-membered ring systems has served as the basis for the design of a large number of
efficient syntheses of natural products *. Ortho and para-substituted cyclohexenes and cyclohexa-
dienes can be constructed in a predictable fashion employing Diels-Alder reactions but meta-sub-
stituted cyclohexyl compounds are less readily available using this methodology. Recently,
reports have appeared from several laboratories concerning a strategy which allows for the con-
struction of certain meta-substituted cyclohexyl systems 3 via base induced ring opening reactions
(retro-Michael reactions) of 7-oxabicyclo[2.2.1]heptenes 1 derived from furans 2 via Diels-Alder
cycloaddition reactions.Z The success of such approaches in the synthesis of important carbo-
cyclic natural products3 prompts us to report, in preliminary form, our related studies aimed at
the efficient synthesis of meta-substituted cyclohexadienyl systems 7 via base-induced retro-
Michael reactions of bicyclo[2.2.1]hept-2-enes 5 derivable from Diels-Alder reactions of a suit-
able cyclopentadiene 4.

Scheme 1

Y ) Y
/o N I_r I H i@_,
=~ Y 2 H
2 1 3
OH

Scheme 2 X ‘
X v g© Y e ¥
X * I Y »
5
X © X H
6 7

4

In order that such an approach be successful, it was necessary that the substi;uents, X, be
capable of stabilizing the negative charge of the anion 6. It was decided that cyano substitu-
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ents might be appropriate in this regard and, as a result, our first efforts in this area were
aimed at an efficient synthesis of the previously unknown 5,5-dicyanocyclopentadiene 4 (X =
CN).4  4,4-dicyanocyclopentene 8, prepared as described by Oediger® and coworkers was

reacted with molecular bromine to yield the crystalline dibromide 9 in 95% yield. Reaction of 9
with two equivalents of DBU in refluxing THF in the absence of any added dienophile gave a dimer
of 5,5-dicyanocyclopentadiene 10 (91% yield) identified as the endo-Diels-Alder adduct 11 by
detailed *H NMR analysis (91,2 = 4.2 Hz). The diene 10 could also be generated at low tempera-
ture (0°) in methylene chloride and, after removal of solvent in vacuo in the cold, characterized
by its mass spectrum (m/e 116) and its 'H NMR spectrum (AA'BB' system).6 The adducts 12 a-c
were obtained by reacting the diene generated in this way with an excess {25 equivalents) of the
appropriate dienophile at room temperature in an inert atmosphere for 24 h. The acid 12d was
obtained by hydrolysis of the crude adduct obtained by reaction of the diene 10 with acryloyl
chloride. In each case only the endo adduct was observed.
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Ring opening of the ester 12a was best effected by reaction with lithium hexamethyldisilazide
in THF at -78°. Addition of 10% aqueous HC1 followed by warming to room temperature yielded after
workup and column chromatography the cyclohexadiene l4a. Reaction of the anion with methyl iodide
gave the diene 14b and reaction with methane sulfenyl chloride gave 1l4c.

Given the high degree of regio and stereoselectivity possible in chemical transformations of
the dienes such as 3, 2,3 it seems highly likely that selective synthetically useful transforma-
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tions of the dienes 14 should also be available. Preliminary experiments indicate that the diene-

14a can be functionalized regioselectively. Bromination gives a mixture of stereoisomeric dibro-
mides 15 which could be dehydrobrominated to give 16, a relatively rare example of a meta-substi-
tuted arylmalononitrile.” It was also possible to generate 16 by treatment of the sulfide l4c
with meta-chloroperbenzoic acid presumably via the sulfoxide 17. Epoxidation of l4a proceeds
regio and stereoselectively to give the epoxide 18. The utility of this synthetic approach to
meta-substituted cyclohexyl systems in the total synthesis of carbocyclic natural products is
currently being explored.

Among the potential synthetic applications of cyclohexadienes such as 14 or cyclohexenes such
as 18 is the possibility that they might serve as precursors to the B ring of eremophilane type
sesquiterpenes 19 8 with the A/B ring fusion being established through a Diels-Alder reaction of
the 1,2-C = C bond with a suitable diene. In addition, 18 is appropriately substituted for
construction of a ring B fused 7Y-lactone or furan found in a considerable number of
sesquiterpenes of this class (see retro-synthetic analysis in Scheme 5).
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