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The Rh(Il)-catalyzed reaction of diazo 2-propynyl maolonamic acid ester derivatives produce furo[3,4-c]furans in excellent yield. The methodology
was applied to the synthesis of several polyheterocyclic systems by first generating a 2-alkoxy-substituted furan and then allowing it to
undergo a subsequent intramolecular Diels—Alder cycloaddition. Ring opening of the resulting cycloadduct is followed by deprotonation to
furnish a rearranged keto lactone.

Among the more recent catalytic strategies for the construc- assemblage is to employ diazoalkynyl-substituted carbonyl
tion of common organic ring systems are the transition metal compoundg! The Rh(Il)-catalyzed reaction of these systems
mediated carbocyclizations of substrates containing two or has been used by our group for the synthesis of both
more elements of unsaturatiérf carbocycle® and heterocycle¥ In 1993 we reported on a
Another emerging area of synthesis involves the use of novel construction of bicyclic furans by coupling a metal

transition metal complexes derived fromdiazo carbonyl carbenoid cyclization onto a tethered alkyne with an elec-
compounds to facilitate the fabrication of various polycyclic trocyclization reaction (Scheme ¥).The utility of this
rings/~1° One of the approaches that we have found tandem cyclization approach to ring construction would be
particularly effective in the design of new processes for ring
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significantly expanded if the resulting furan was to undergo  To access synthetically more valuable targets, we focused
a subsequent [4- 2]-cycloaddition, since a cyclohexane our attention on an intramolecular variation of tRéa(ll)-
annulation would then result. The successful application of catalyzed cyclization-DietsAlder cycloaddition cascadén
this ring annulation approach for heterocyclic synthesis is this regard, we first investigated the IMDAR{ramolecular

the subject of this communication.

Preparation of the propargyl diazo malonic ester system
was straightforward and high yielding. Silyl propargyl
alcohol was acylated with Meldrums acid and then allowed
to react with DCC in the presence of an appropriately
substituted alcohol to give the alkynyl ester derivative. Diazo
transfer to the activated methylene position was readily
accomplished using-nitrobenzenesulfonyl azide and tri-
ethylaminet* 2-Diazo malonic acid methyl estes was
efficiently converted to furar® in high yield (95%) by
treatment with a catalytic amount of rhodium acetate in
benzene at 80C. The Rh(ll)-catalyzed cyclization reaction
was quite versatile with regard to the nature of the interacting
carbonyl group. Thus, when the cyclization reaction was
carried out with the closely related amidésand 8, there
was no notable difference in yield or reaction time required
for cyclization to the amino-substituted furo[3¢ffurans10
and11 (Scheme 2). Exposure of the methoxy silyl substituted
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furan 9 to TBAF in THF afforded the desilylated furat
which could be induced to undergo Dielalder cycload-
dition at 145°C with both N-phenylmaleimide and maleic
anhydride to furnish the expected anisole derivati/@and
14in 88% and 65% vyield, respectively. Interestingly, the [4
+ 2]-cycloaddition reaction of2 with methyl vinyl ketone

in nitromethane containing an 1 equiv of methanol occurred
at room temperature and produced the ring-opened kétal
in quantitative yield.
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Diels—Alder of furang chemistry® of furan 18, which was
readily formed by the Rh(ll)-catalyzed reaction @b
followed by protodesilylation with TBAF (Scheme 3).
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Thermolysis ofl8 afforded a 1:2-mixture of dihydrobenzo-
furan20 and 1,7-dioxa-indacene dio24 as the two major
productst® In a similar manner, the related styryl-substituted
furo[3,4-c]furan 19 was easily prepared by the Rh(ll)-
catalyzed reaction of diazo malonic ester. Heating a
sample of19 afforded the related indacene dio2, but
now as the minor component (36%) of the reaction mixture.
The major product (63%) corresponded to the dienol-
substituted lactan23.

A reasonable mechanism for the formation of the IMDAF
products is outlined below. The initial step proceeds by the
expected [4+ 2]-cycloaddition of the furan across the
tetheredr-bond to give cycloaddu@4. Following opening
of the oxybridge, proton loss is accompanied by dehydration
to give dihydrobenzofura®0. When a phenyl group resides
at the bridgehead carbon (i.25b), the deprotonation step
is now required to occur from the alternagepositions,
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thereby resulting in the formation of compour2zidand23 amide 27 would constitute a formal synthesis of this
as shown in Scheme 4. A related pathway seemingly occurschallenging alkaloid.

To evaluate this projected synthetic plan, model compound
31(Scheme 6) was synthesized so as to probe the facility of
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both the ring cyclization and [4- 2]-cycloaddition across
the tethered five-ringr-bond. Easily prepareN-phenyl-N-
prop-2-ynyl-malonamic acid methyl ester was hydrolyzed
to the corresponding carboxylic acid which, in turn, was
subjected to a DCC coupling with the known 2-cyclopen-
tenylphenok® Diazo transfer to the activated methylene
with oxonium ion25a producing keto lacton@1 via enol group of thef-amido ester gave the-diazo derivative31,
26al7 possessing the necessary functionalities required for the
To further illustrate the viability of our cascade sequence Planned cascade sequet@reatment oB1with a catalytic
as a practical strategy for the synthesis of complex hetero-quantity of rhodium(ll) perfluorobutyrate followed by ther-
cycles, we have explored the feasibility of this approach in molysis at 145°C afforded the novel pentacyclic product
the context of a total synthesis of strychni@@)® The key 32 as a single stereoisomer in 44% overall yi€ldThe
step in our plan involves a sequentigiclization-IMDAF structure and stereochemistry 82 was confirmed by*H

cascadeof diazo amide27 to furnish the rearranged NMR and NOE experiments. Each of the bond-forming
events is assumed to occur by a pathway similar to that

outlined in Scheme 4.
In conclusion, the Rh(ll)-catalyzed cyclization-IMDAF
cascade of diazo malonate esters affords structurally elabo-
N rated polycyclic products with good to excellent efficiency.
The structural features of the resultant products present
= O numerous opportunities for post-cycloaddition manipulations
N cHo that could be exploited to synthetic advantage. Further efforts
Ri  COMe to streamline this protocol and to utilize it to complete a
30; strychnine 29 formal total synthesis of strychnine is in progress and will
be reported in due course.
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cycloadduct28 by a process similar to that outlined above. |, contrast, diaz@-amido esters such 84 undergo efficient reorganization
Lactone28 will eventually be transformed into compound to 2-amino substituted furans using simple terminal alkynes.
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Kuehne and Fen#. Thus, the formation 029 from diazo Further heating of this furan at 14& afforded32 in 45% isolated yield.
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