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Abstract

Iodonium ylide 2, derived from dimedone, undergoes thermal [3+2]-cycloaddition with acetylenes and
nitriles with Rh2(OAc)4 to form the corresponding furans and oxazoles, respectively. Photochemically 2
reacts with various alkenes to form E-dihydrofuran derivatives. © 2000 Elsevier Science Ltd. All rights
reserved.
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The transition-metal catalyzed decomposition of diazo compounds has tremendous potential
in organic synthesis.1 The in situ formation of metallo carbenoids and the transfer of the carbene
moiety to a suitable acceptor has found widespread application in the total synthesis of natural
products. However, a major drawback of this methodology is the use of diazo compounds,
which are potentially explosive, toxic, and/or carcinogenic.

Alternatively, iodonium ylides2 have been recognized as synthetic equivalents of the corre-
sponding diazo compounds without major drawbacks, except for the fact that an active
methylene compound is required for their facile preparation.3 The photochemical and/or
metal-catalyzed decomposition of these stable iodonium ylides affords4 products typical of
carbenoid reactions, although the involvement of carbenes (or carbenoids) in these reactions has
been questioned.5

Following our studies directed towards the development of new synthetic applications of
iodonium ylides,3b,5f,6 we thought that substituted furans and oxazoles could be easily obtained
from the reaction of a b-dicarbonyl iodonium ylide with alkynes and nitriles. In fact, the
isolation of an oxazole from the reaction of 2-phenyliodonio-5,5-dimethyl-1,3-dioxacyclohex-
anemethylide and acetonitrile has been reported.6b However, this thermal Cu-catalyzed cycliza-
tion was later questioned.5c Thus, we reasoned that we had to re-examine this useful reaction
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and undertake a more systematic investigation. Indeed, we now wish to report the preliminary
results of the synthesis of furans, oxazoles and dihydrofurans by the reaction of iodonium ylide
2 with alkynes, nitriles, and alkenes.

Iodonium ylide 2 had been prepared in 95% yield from the reaction of 5,5-dimethyl-1,3-cyclo-
hexanedione (1) and diacetoxyiodobenzene (Scheme 1) employing Koser’s method.7

Scheme 1.

Although iodonium ylide 2 is stable at −30°C for a prolonged period of time, it isomerized
into iodo ether 3 upon heating in various solvents.2a,8 This iodo ether is the major product in all
the non-catalyzed thermal reactions or a minor by-product of all the thermal Cu- and
Rh-catalyzed reactions of iodonium ylide 2.

Without solvent and an inert atmosphere, heating at reflux, a suspension of iodonium ylide 2,
alkyne 4a, and catalytic amounts of Rh2(OAc)4 for 15 min afforded,9 after the usual work-up,
furan 5a in 47% yield (Scheme 2). The reaction was extended to a variety of other terminal
alkynes 4b–d as well as nitriles 6a–e, affording the corresponding furans 5 and oxazoles 7 in
moderate yields (Table 1).

Scheme 2.

The employment of Cu(AcAc)2 as a catalyst leads to lower yields of the desired product and
to greater amounts of the iodoether; when the reactions with alkynes were repeated photochem-
ically much lower yields of the desired products were isolated from complex reaction mixtures.10

It is noteworthy that the cycloaddition proceeds without the use of an inert atmosphere. The
reaction also exhibits high regioselectivity. The oxygen atom of the iodonium ylide added
exclusively onto the more substituted carbon atom of the triple bond, i.e. terminal acetylenes,
afforded 2-substituted furans exclusively, the other possible regioisomer was not detected at all.

It is clear from the results listed above that variation in the reaction conditions have a
profound influence on the product distribution. The best yields (thermally) that we have
achieved so far have come from the treatment of iodonium ylide with an Rh-catalyst. Bearing
this in mind, we turned our attention to the cycloaddition reaction with alkenes. Although the
Rh2(OAc)4 catalyst, as well as PdCl2, works better than Cu(AcAc)2 or Hg(OAc)2, the photo-
chemical conditions (400 W medium pressure Hg lamp) in CH3CN were superior. The
irradiation of a suspension of iodonium ylide 2 and styrene (excess) 8a in CH3CN leads to the
isolation of dihydrofuran 9a in 96% yield, while the corresponding Rh-catalyzed thermal
reaction yields 9a in 75% yield only (Scheme 3).
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9a : R1=Ph, R2=R3=H (96%)

9b : R1=PhCH2, R
2=R3=H (96%)

9c : R1=EtO, R2=R3=H (70%)

9d : R1=Ph, R2=Me, R3=H (76%)

9e : R1,R3=C3H6, R
2=H (59%)

9f : R1,R3=OCH2CH2, R
2=H (47%)

9g : R1,R3=C6H4CH2, R
2=H(58%)
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Table 1
Thermal (Rh-catalyzed) reactionsa of iodonium ylide 2

Reaction conditions ProductSubstituents Yield (%)ba/a Substrate

X Temp. (°C) Time (min)R

CH3OCH24a CH Reflux 15 5a 471
CH Reflux 17CH3CH2CH2 5b4b 572
CH Reflux 203 5c4c 48(CH3)3Si
CH 110 3C6H5 5d4 514d

6a CH3 N Reflux 60 7a 685
N 90–100 30ClCH2 7b6 416b
N 90 307 7c6c 23C6H5CH2

N 90–100 30C6H5 7d8 286d
N9 80–906e 30 7e 42p-CH3C6H4

a All reactions were performed by heating a mixture of iodonium ylide (2.05 mmol), alkyne (excess) or nitrile
(excess) and catalytic amount of Rh2(OAc)4 at the given temperature for the required time.

b Isolated yield.

Scheme 3.

Other acyclic as well as cyclic alkenes 8 were found to undergo photochemical cycloaddition
in moderate to excellent yields. This cycloaddition reaction also exhibits high regio- and
diastereoselectivity, leading to the isolation of one isomer. The oxygen atom of the iodonium
ylide added exclusively onto the more substituted carbon of the terminal olefins, i.e. leading to
2-substituted dihydrofurans. The stereochemistry of the double bond was not preserved within
the cycloaddition since the stereochemistry of the dihydrofurans 9 was clearly assigned as E
based upon the absence of signals between the bridged-protons in the ROESY spectrum, i.e. for
dihydrofuran 9g (Fig. 1).

Figure 1. Key ROESY interactions of compound 9g
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Although the exact mechanism of the cycloaddition reaction is still not clear, some points
needs to be mentioned. (1) The direct formation of the dihydrofuran is suggested since
isomerization11 of an initially formed cyclopropane to a dihydrofuran is less likely. (2) The
stereochemical outcome suggests a mechanism involving a freely rotating intermediate. A
concerted mechanism seems to be ruled out.

In conclusion, thermal metal-catalyzed or photochemical cycloaddition of iodonium ylide to
terminal acetylenes, nitriles, and alkenes offers a simple and new strategy for the synthesis of
substituted furans, oxazoles, and dihydrofurans. We are currently examining the optimization
and application of the methodology described herein towards the total synthesis of natural
products.
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