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Abstract: Given the sigmfcant discrepancies in the several reported results on the reaction of 
chalcone (I.3-diDhenvl-2-DroDen-1-one) (1) with malononrtrile (2), a careful reinVeSt&ation 
was carri~dbut.~Dep&iir& &on the r~a&_m conditrons either the’open-&in Michael &duct 
(4), an alkoxypyridine (S), an aminoisophthalonitrile (6) or a cyclohexanol (7) IS obtained. 
However, no 4H-pyran could be isolated from this reactton. 

In a paper recently pubhshed in thts journal’ by Tyndall et al., a structure of 4H-pyran (3) was proposed 

for the product obtained from the reactton of chalcone (1) with malononitrile (2) in ethanol using piperidine 

(pip) as catalyst (Scheme 1). 
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Scheme 1 

This result 1s clearly in conflict with previous results on this reactton’, as malononitrile was reported to 

react with chalcone to give the open chain Michael adduct (4) in mild basic conditions and alkoxypyridines 

(5) if an alkoxide is used (Scheme 2). 

These significant discrepancies and our extensive work on the synthesis of 4H-pyrans prompted us to 

carefully remvestigate the work reported by Tyndall’ et al 

As a result of this reinvestrgatron we want to report now that the reactton of malononitrile with 

chalcone (1) by using the Tyndall et al. procedure yields a mixture of two compounds. None of them 

corresponds to the proposed 4H-pyran (3). Instead the 2-aminotsophthalonitle (6)3 and the cyclohexanol (7) 
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have been obtained4. (7) was previously described by reaction of (1) and (2) using two drops of piperidine in 

ethanol at reflux2 during 9 h. (7) was also obtained when 2-cyano-5-oxo-3,5-diphenylpentanonitrile (4) 

[formed by addition of (1) and (2) m ethanol at room temp. with one drop of pipendine2] was treated with 

chalcone m ethanolic piperidme at reflux (Scheme 2). Al-Arab et al. have also described the synthesis of (7) 

using NaOEt/Et,O instead of piperidine/ethano15. 

Neither of the above experimental conditions afforded the 4H-pyran (3) described by Tyndall et aI 

Furthermore, the presence in the IR spectrum reported in their paper of a sole amino absorption band and the 

very high position of the cyano stretching band (2260 cm-‘) do not support the proposed structure. Even the 

formatton of a significant amount of (3) in the reaction mixture could be questioned because the 13C NMR 

spectra of the crude solids isolated from the mother liquors, after removing the main compounds, did not 

show any signal in the range 50-60 ppm6. 

The results reported in this work can be rationalized by the mechanistic hypothesis depicted in Scheme 

3. In any case the reaction starts with Michael addition of (2) to (1) yielding the open-chain adduct (4). 

Knoevenagel condensation of (4) with a second molecule of malononitrile leads to (8)’ which undergoes 

cychzation to give (9) and HCN ehminatton to afford the ammolsophthalomtnle (6). A similar path has been 

reported’ for the formation of a structure related to (9) but beanng two substituents at position C-5. Its 

inability to undergo elimination prevents the aromatization. 

Compound (4) can also react with a second molecule of (1) to give the Michael bis-adduct (lo), the 

cychzatton of which leads to cyclohexanol (7)9. 

Attempts to get heterocyclization m (4) require strong basic conditions (NaOR/ROH) but 

alkoxypyndine (5) is obtained mevttably. The 4H-pyran was never isolated. Actually, formation of pyran (3) 
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is not a favoured process as it is known that 4-oxonitriles only cyclize to aminopyrans when the enolic form 

of the carbonyl group is stabilized by coqugation with a suitable a-located substituentlO. This is not the case 

m compound (4). 

It has to be satd that 4H-pyran (3) has been proposed as an intermediate m the formation of pyridines 

(4) by Al Arab et al”. 
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