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Synthesis of Substituted 
Dicyanometh ylendihydrofurans 

GAGUIK MELIKIAN' FRANCIS P. RouEssAc and Christian ALEXANDRE 

Laboratoire de Synthese Organique - URA 482 du CNRS 
Faculte des Sciences, Avenue 0. Messiaen, 720 17 LE MANS cedex, France 

ABSTRACT. A simple and efficient method for the preparation of 
the title compounds is described from or-ketols and malononitrile in 
the presence of sodium ethylate at room temperature. These com- 
pounds lead to unsaturated derivatives by condensation with 
aldehydes. 

The hran ring is a versatile building block in the synthesis of many natural 

products which exhibit important biological activities [ 1,2]. Polyfbnctionally sub- 

stituted fiirans and a-methylenfbrans have therefore found a lot of applications 

such as potential cytostatic and pesticidal agents. In this domain dihalogenomethy- 

lenhrans derived from butyrolactones are well known intermediates for the syn- 

thesis of chiral tetrahydrofiirans such C-glycosides or I-methylene sugars [3]. 

1 to whom correspondence should be addressed 
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3046 MELIKIAN, ROUESSAC, AND ALEXANDRE 

Recently [4] we have shown that unsaturated a-carboxamido-y-lactams of 

3-pyrrolin-2-one, type 1, could be prepared by condensation of a tertiary a-ketol 

with substituted cyanacetamides in the presence of sodium ethylate (Scheme 1). 

Scheme 1 

After a Knoevenagel reaction, the hydroxyl group attacks the nitrile func- 

tion to form an intermediate iminolactone 2 which converts to the unsaturated lac- 

tam 1 [5]. A recent paper from Trogolo et al. [6] dealing with another route to 

such heterocycles from olefins by sonochemistry prompts us to report here some 

complementary results. 

In our search for new condensations with tertiary a-ketols 5 we have found 

that under the same basic conditions (NaOEtEtOH), in the presence of malononi- 

trile 4, dicyanomethylendihydrofurans 5 were formed rapidly (Scheme 2 and 

TableI). Under these conditions, 5 was not formed when 4 was replaced by 

2-amino- 1,1,3-tricyano-l-propene (malononitrile dimer), which ruled out the di- 

merization of 4 before condensation with 3. Surprisingly, this simple and almost 
quantitative transformation has been apparently unexplored until now. It is known 

that a-phenylbenzoin PhC(O)CPh,OH fails to undergo the Knoevenagel reaction, 

presumably due to steric hindrance [7]. Interestingly if the secondary ketol & was 

used, a different behaviour leading to aminofuran 6 was observed by Gewald [S] 
or others [9]. Attempts to condense 4 with cyanolactone z were unsuccessful1 : 
the starting material was recovered unchanged [lo]. 
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" w:K CN 

CN 

Me 

Me 
MeMso 

Me 

Scheme 2 

In order to compare compounds 5 with 4-substituted pyrrolin-Zones as ear- 

lier described [4], we reacted % with 4 aromatics aldehydes (8a-d), under reflux, 
with a solution of ethanolic sodium hydroxide to give the desired 4-substituted un- 

saturated dihydrofurans (Scheme 3 and Table 11). 

R 

a RCHO &H! X C N  

CN 

Scheme 3 

In conclusion, a new route to substituted hrans 3 and 9 has been accom- 

plished, using a one step procedure from very simple starting compounds. These 

products served to synthesize 4-substituted derivatives. All compounds are pre- 
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sently being tested to compare their biological activities. The scope and limitations 

are now under investigation. 

Ahowledpent. We wish to thank Professor R. Couffignal for a gift of the three 

a-ketols 3b, 3c and a 

Experimental section 
General Methods. 'H and I3C Nh4R were recorded with a Bruker AC400 

(400 MHz) spectrometer. Chemical shifts were reported in ppm (6) relative to te- 
tramethylsilane as internal standard, for solutions in CDCI,.; coupling constants (J) 
are given in Hz with the following abbreviations for splitting patterns: s = Singlet, 
ps = pseudo-singlet, d = doublet, t = triplet, q = quartet and m = multiplet. Flash 
chromatography was performed on 230-400 mesh Merck Silica gel 60. Elemental 
analyses were performed at the CNRS Gif-sur Yvette. 

General Procedure for the Preparation of 2-dicyanomethylen-3-cyano- 
4,5-dimethyl-5-alkyl-2,5-dihydrofurans 5a-d. 
In a 1OO-mL round-bottomed flask, a solution of sodium ethoxide was pre- 

pared by adding 0.23 g (10 mmol) sodium to 30 mL ethanol. To this solution 
10 mmol of a-cetol 3a-3d and 1.32 g (20 mmol) of malononitrile 4, were added. 
The resulting mixture was stirred for 20 h at room temperature. After concentra- 
tion in vacuo, the residue was acidified with 6M aqueous HCI in order to adjust 
the pH to 4-5. The crude precipitate was filtered and recrystallized from ethanol to 
give pure 5. The yields and physical data are given in Table I. 

General Procedure for the Preparation of 2-dicyanomethylen-3- cyano- 
4,5-dimethyl-4-Alkylidene-2,5-dihydrofurans w. 
To a solution of 10 mg of sodium hydroxide in 20 ml ethanol, was added lg 

of (5 mmol) and aldehyde (8a-d)(5 mmol). The mixture was stirred and re- 
fluxed for 4 hours. After cooling the precipitated solid was filtered and recrystaili- 
zed from ethanol. The yields and physical data are given in Table 11. 
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