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Alkyl isocyanides, DMAD, and various activated styrenes furnish fully substituted cyclopentadienes in a one-pot three-component reaction.

The advent of the Huisgen reactibrwhich involves the essentially unsuccessfuUlWe have recently shown that this
cycloaddition of 1,3-dipoles to a variety of-systems, species can be efficiently trapped by dipolarophiles such as
heralded a new era in heterocyclic chemistry. Inter alia the aryl aldehydes ani-tosylimines leading to a facile synthesis
phenomenal success of this reaction provided a rationale forof furan and pyrrole derivatives, respectivélfgainst this
generating a variety of unconventional dipoles, for example, background, we surmised that the zwitterion might undergo
zwitterionic species, and their trapping by dipolarophiles to cycloaddition to activated alkenes, thus constituting a

afford heterocycles. synthesis of highly substituted cyclopentadienoid systems.
Zwitterionic species are known to arise from the addition Our preliminary results validating this concept are presented

of nucleophiles such as triphenylphosphinggridine? and in this letter.

a wide range of tertiary amingé activated acetylen€<Of In a pilot experimenttert-butyl isocyanide (1), DMAD

special interest to us has been the zwitterion derived from (2), and 3-nitrobenzylidenemalononitrildg) were refluxed
isocyanide and DMAD.Earlier attempts to trap this species in THF for 24 h. Column chromatography of the reaction
with dipolarophiles to generate cyclic compounds have beenmixture on silica gel afforded the fully substituted cyclo-
pentadiene derivativéa in 92% vyield (Scheme 1.
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Scheme 1 Table 2. Reaction of Isocyanides and DMAD with Aryl
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The structurelawas assigned to the product on the basis yield
of spectroscopic analysis. Two methoxycarbonyl groups . i
. entr styrene isocyanide roduct (%
resonated ad 3.86 and 3.80 in théH NMR spectrum. The Y _y Y i )
ester carbonyl groups display&#C resonance signals at 1 Ar=3-nitrophenyl, 5a R =tertbutyl — 6a 67
164.8 and 164.6 supporting the IR absorption at 1724cm R =cyclohexyl  6b 77
. . 2 Ar = 4-chlorphenyl, 5b R = tert-butyl 6¢c 73
The IR absorption at 2246 crhand the'*C resonance signal R=
. . = cyclohexyl 6d 54
at 0 110.7 were attributed to the cyano group. The amino 3 Ay = phenyl, 5¢ R = tert-butyl e 70

proton appeared at 9.07 as a singlet, exchangeable with R =cyclohexyl  6f 50
D,0O. The downfield shift and exchangeability of the NH
proton was suggestive of intramolecular hydrogen bonding
with the adjacent ester carbonyl group. The variability of the MCR with respect to the alkyne

The isocyanide component of the multicomponent reaction Component was also tested. Dibenzoylacetylegave the
(MCR) was variable; cyclohexyl isocyanide also rendered corresponding cyclopentadiene derivative, albeit in low yield
high-yielding reactions. The results are summarized in Table (Scheme 2).
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Scheme 2
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Table 1. Reaction of Isocyanides and DMAD with COPn oN
Dicyanostyrenes %,Nzc: 4 |“ N m _THF.65°C _~__HN O
CO,Me MeO,C CO,Me copn O 24h, 33% >( NG CN O "
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181 2 3a-e 4a A mechanistic rationalization for the reaction is given in
-~ Scheme 3. The initial event is the formation of the zwitterion
yie
entry styrene isocyanide product (%)
1  Ar=3-nitrophenyl, 3a R = cyclohexyl 4b 79
2 Ar =d4-chlorphenyl,3b R = tert-butyl 4c 91 Scheme 3
R =cyclohexyl  4d 68 CoMe % COMe
3 Ar = phenyl, 3c R = tert-butyl 4e 78 N cN MeO,C. I N
R = cyclohexyl  4f 74 —N=C ¥ “l O H\ _— + W<
o _
4 Ar = methoxyphenyl, 3d R = tert-butyl 49 93 CO,Me N /\ PR N
R =cyclohexyl  4h 87 1 2 MeO,C 10
5  Ar=trans-cinnamyl, 3e R = tert-butyl 4i 50 lecloaddition
MeO,C, CO,Me MeO,C.  COMe
[1,5] H Shift " Addition-Cyclization
. . Ph NH on Qk
The alkene component of the MCR is also variable. When NC” CN )V NG e
aryl cyanoacrylates were used in the reaction instead of 4c 1

arylidenemalononitriles, good to excellent yields of the

products were obtained (Table 2). ) ) o
9 from the isocyanidd and DMAD (2). The zwitterion can

removed on a rotary evaporator, and the residue was chromatographed orfdd t0 the electrophilic carbercarbon double bond ddc

a silica gel column with a hexanesthyl acetate mixture (95: 5) to afford  resulting in the formation oflO, which then undergoes
4aas a yellow crystalline solid (390 mg, 92%). Mp 16061 °C. IR (KBr) P : :

Vme 3431, 3213, 2986, 2955, 2246, 1724, 1667, 1589, 1537, 144d,cm  CYClization to deliver the primary adduti. The latter then
H NMR 6 9.07 (s, 1H, exchangeable with,0), 8.41 (s, 1H), 8.24 (d) isomerizes to the final productc via a [1,5] H shift.
=8.08 Hz, 1H), 7.92 (d) = 7.82 Hz, 1H), 7.64 (uneven triplel = 7.86  Although less likely, the alternate concerted 1,3-dipolar
Hz, J, = 6.37 Hz, 1H), 3.86 (s, 3H), 3.80 (s, 3H), 1.68 (s, 9HC NMR " L .
0164.8,164.6, 158.1, 148.7, 140.1, 133.2, 131.2, 130.2, 123.7, 123.1, 117.6 Cycloaddition of the zwitterion to the styrene a la Huisgen

110.7,103.1, 57.3, 52.9, 51.9, 43.3, 31.3. Anal. Calcd taHgN4Os: C, reaction cannot be ruled out at the present time.

59.43; H, 4.75; N, 13.20. Found; C, 59.44, H, 4.75; N, 13.10. - :
(10) Ott, W.; Kollenz, G.; Peters, K.; Peters, E.-M.; Schnering, H. G. It is conceivable that the prOdUCtg and 6 can be

v.; Quast, HLiebigs Ann. Cheml983, 635. transformed to highly substituted cyclopentenones, which are
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important structural fragments in organic synthesis. In this pentadiene derivatives combined with the operational sim-
context a recent cyclopentenone synthesis involving the plicity of the present process will make it potentially
reaction of zirconecenediethyl in stoichiometric amounts with attractive for this purpose in the future. Investigations aimed
alkynes, benzylidene malononitrile, and isocyanates is note-at exploring the scope of the reaction are currently underway.
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