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Abstract An internal Diels-Alder reaction, using furan as the diene component, formed a highly
functionalized S5-membered carbocyclic ring 1n excellent yield. Solvent and substituent effects
of this reaction were examined.

In connection with a project devoted to the synthesis of some natural products containing 5-
membered carbocyclic rings we have been 1interested 1n developing a general method for the stereo-
spec1fic synthesis of these ring systems. To this end we have explored the intramolecular
Diels-Alder reaction of substituted furans, where the furan » systems serve as the diene, and the
dienophile 1s connected by a 3-carbon chain. While several examples of intramolecular
Diels-Alder reactions with furans have been descr1bed1, only one example of this particular
type has been reported (eq. 1)13. In this case a 40% yteld of product was achieved after
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refluxing the reactant 1n benzene for 5 days. In the same paper Parker et al. studied related
Diels-Alder reactions n which the starting materials contained a heteroatom n the bridging
chain. The conclusions reached 1n this paper and references therein are twofold 1. The yield
of product52 1s dependent on the nature and position of substituents on the bridging chain
(presumably these substituents influence the conformation), 2. Substituents 1n the g position of
the dienophile retard the reaction while a substituents have a smaller effect. Muka1yama19h
has recently devised a system where the bridging chain conformation 1s fixed by chelation with
magnesium 1on. In these examples, g substituted dienophiles, that are normally unreactive, have
been 1nduced to undergo 1ntramolecular Diels-Alder reactions. In this letter we would 11ike to
report our results concerning solvent and substituent effects on related intramolecular Diels-
Alder reactions wherein a 5-membered carbocyclic ring 1s formed.

The compounds3 that we have studied are depicted below. The reactions were carried out
at 80°C 1n benzene for 3 days unless otherwise noted (the yilelds are indicated 1n parentheses).
In general the compounds without substitution on carbon 3 (1-3) faiied to undergo a Diels-Alder
reaction even under forcing conditions. Compound 4, however, underwent cyclization to varying
extents depending on the solvent (vide 1nfra). Clearly the geminal substitution of carbon 3 was
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important (compare 1 and 4). In an effort to see 1f another substitutent at C-2 would further
fac1litate the reaction, 6 was prepared. Cyclization was quantitative {(a 1/1 mixtures of epimers
was obtained) 1n less than 2 days {as opposed to a 63% yield realized when 4 was cyclized at the
same temperature for 3 days). Thus geminal substitution at C-2 does facilitate the Diels-Alder
reaction but 1n itself 1s not sufficient for the reaction to proceed under the above conditions
(cf. compound 3). To test whether the dithiane ring had some special significance (other than
simple geminal substitution) 7 was prepared as a mixture of epimers. Only a trace of four
1someric Diels-Alder products could be 1solated after 2 weeks. Preliminary NMR evidence showed
that at least some of these isomers were produced after 12 hrs suggesting that equilibrium was
reached fairly rapidly, but the starting material was favored to a great extent. The mixture of
epmmeric diols 8 was then prepared with the hope that at least one of the epmmers might form a
more stable Diels-Alder adduct due to internal hydrogen bonding of the vicinal alcohols 1n the
product. This mixture proved completely unreactive. Thus 1t would appear that the rigidity
imparted by the dithiane ring and/or the S-C-S bond angle contribute significantly to the success
of the intramolecular Diels-Alder reaction of compounds 4 - 6.

Compound 4 forms two i1someric Diels-Alder products.5 We have demonstrated that these
1somers (9 mp 110-111°C and 10 mp 99-101°C) are epimeric at the hydroxyl bearing carbon by
oxidation of 10 to the ketone with pyridinium dichromate followed by reduction with NaBH, to
produce 9. The structures have tentatively been assigned as shown above. The C-4-C-5 bond 1s
considered to be exo by analogy to similar compoundslaC9 and by consideration of orbital
overlap in the endo and exo transition states of a Dreiding model of 4. The vinyl hydrogen at
C-9 has a dramatically different chemical shift in both epimers (6.08 & in 9 vs 6.68 & 1n 10) as
might be expected by the deshielding effectd of the proximal hydroxyl group in 10. When the
Diels-Alder reaction of 4 was carried out 1n benzene at 80° a 1.2/1 ratio of 9 to 10 was
produced. We hoped to influence this isomer ratio by protecting the hydroxyl group as the
benzoate, 5. Cyclization of this compound proved to be somewhat sluggish. Thus after two weeks
at 80°C 1n benzene, a 62% yfeld of a 1.7/1 mixture of epimers was realized (in this case the NMR
spectra of the epimers were sufficiently similar to preclude an exact assigmment). The role of
the solvent was then explored since we expected that solvents that interfered with intramolecular
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H-bonding and/or were H-bonding themselves might favor the more exposed epimeric alcohol (this
was presumed to be 10 by 1inspection of a model and from the results of the NaBH, reduction on
the ketone). The results, tabulated below, show that the solvent had a modest effect on the
1somer rat1o. The ratios varied from 1.2 1n benzene to 0.4-0.5 1n ethanol, 1,2,dichlorethane and
drisopropyl ether. These results are not readily explained by solvent polarity or the hydrogen
bonding characteristics of the solvent.

A more striking effect 1s seen when one compares the overall percentage of products formed 1n
different solvents. The yield of products doubles when the solvent is changed from water,
acetonitrile or diisopropyl ether to ethylene glycol or a mixture of water and ethanol (5-2).

It 1s 1interesting to note that 1ncreasing yields roughly parallel increasing solvent v1scos1ty7

Table I  Solvent Effects in the Internal Diels-Alder Reaction

Solvent (80°C, 3 days) % yield (9 and 10)2 9:10P
water/ethanol (5 2) 93 0.9
ethylene glycol 89 0.8
neat¢ 75 0.8
methylcyclohexane 68 0.9
benzene® 63 1.2
ethanol 68 0.5
1,2-dichloroethane 51 0.5
d1isopropyl ether 45 0.4
acetonitrileC 45 0.8
H,0 45 0.5

a. Yields were determined by 1ntegration of an NMR spectrum, of the crude reaction mixture. In
all cases only starting material and the two epimeric products were present.

b. Ratios were determined by integration on an NMR spectrum.

c. In these examples the results were shown to be kinetic by eirther subjecting the products to
1dent1cal conditions and not achieving the same ratio or by allowing the reaction to proceed
further.
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with the exception of the reaction carried out 1n water which ytelds less product than might be
expected. The result 1n water may possibly be attributed to the formation of micelles that, 1n
this case, retard the Diels-Alder cyclization. Indeed 1t 1s curious that when either water or
ethanol 1s used alone the yield of products 1s lower than when a mixture 1s used.

These results reveal that the rate of the intramolecular Diels-Alder reaction with a
substi1tuted furan as the diene component 1s dependent on the nature of substituents present on
the bridging carbon chain as well as the solvent. With the proper choice of substituents
excellent yields of highly functional1zed 5-membered carbocyclic rings can be formed.
Application of this reaction to the synthesis of some natural products 1s currently underway.
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