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- Prinrury P-enumirrophosphorlares (2 )  are obtained from metullated 

diethyl nrethylphosphofrute and nitriles. Reactiorr of enamines (2 )  with ethyl 

propiolare urrd dinlethyl acerylerredicurboxylore yields 1:1 adducts (7) arrd (8), 

respecti~wly. Treatnrefrt of monoadducts (7 )  with sodium hydride leads to 5- 
phospho1ry1-2(1H)-pyridorres (1 ). Functionalized errumitres (8) undergo thermal 

cyc/~~cofldelrsotiof~ to give pyridones (9). 

The group of compounds containing the 2(1H)-pyridone moiety are a prominent structural feature in a 

variety of natural products, as well as in other compounds of medicinal interest1 and have attracted 

attention for their biological activities.2 They constitute the skeleton of elfamycin antibiotics3 and the 

antifungal compound ilicocilin4 and even simple 2(1H)-pyridones find many applications in pharmacology 

due to their antimicrobial activity against Candida ulbicans5 and for their ability to induce leukemia cell 

differentiation "irr vitro" .6 On the other hand. P-aminoalkyl phosphonates, phosphonic isostere analogues 

of p-amino acids are gaining in interest in medicinal chemistry7 since they are simple mimetics of amino 

acids, can provide useful substrates for biochemical, pharmacological and immunochemical studies and are 
used as potential enzyme  inhibitor^.^ anti-inflamamatory and anti-arthritic agents? as inhibitors of calcium 

releaselo and as fungicides and bacte~icidal agrochemicals." 

Classical appro ache^'^ to 2(1H)-pyridones involving condensation r e a ~ t i o n s l ~ , ~ 3  or cycloaddition 

r eac t ion~ l~ . '~  to effect the ring closure of appropriate precursors, have been reported. However, to the best 

of our knowledge, the entry to phosphorus substituted 2-pyridones is restricted to the synthesis of 3- 

triphenylpho~~horanop~rid-2-ones15 obtained by [4+2] cycloaddition processes, h5- 

phosphazenylpyridones obtained by cyclocondensation reactions15 and 3-phosphonyl substituted 2- 

pyridonesI7 obtained from simple pyridones. These latter heterocyclic phosphonate derivatives have "in 

vitro" activity as cyclic adenosine monophosphonate-dependent protein kinase agonists.17 

Recently, we interested i n  the preparation of new families of heterocycles derived from 

aminophosphonatesls and in the use of P-enaminophosphorus derivatives as intermediates in the synthesis 

of acyclic allYlamines,l9 I-azadienes20 and n,P-unsaturated hydrawnes.21 In this context, it is noteworthy 
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that, retrosynthetically, pyridones substituted by a phosphonate group in 5-position could be envisaged by 

reaction of primary enamines (2) with electrophilic acetylenes (3) (Scheme 1). In previous papers we have 
reported a preparation of primary p-enamines derived from phosphazenes22 and we have used them in the 

synthesis of cyclic23 and acyclic24 compounds. Continuing with our interest in the synthesis of new 

phosphorus substituted heterocycles and with the reactivity of functionalized enamines, we report here a 

synthesis of 5-phosphonylpyridones (1) from primary P-enaminophosphonates (2) and acetylenic esters 

(3). 

1 2 3 

Scheme I 

Required enamines derived from phosphonates (2) are obtained through a-lithiation of methyl phosphonate 

(4) followed by reaction with nitriles in a similar way to that previously reported for other phosphorus 

derivatives such as phosphazenes and phosphine oxides.22 Thus, when diethyl methylphosphonate (4) was 
treated with LDA followed by addition of nitriles and aqueous work-up.25 primary p-enamino- 

phosphonates (2) were isolated (Scheme 2). Spectroscopy data are consistent with the proposed structure. 

Formation of primary enamines (2) can be assumed to proceed via hydrolysis of ketimino intermediates (5) 
followed by prototropic tautornerization of P-iminophosphonates (6).(Scheme 2). Recently, the reaction of 

diethyl lithiomethylphosphonate with nitriles followed by reduction26 or by addition of carbonyl 
compounds27 has been used in the preparation of allylamines26 and a$-unsaturated ket0nes.~7 However, 

neither p-imino (6) nor p-enamine (2) has been isolated and reported. 
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When primary P-enaminophosphonates (2) was allowed to react with an equimolecnlar amount of methyl 

propiolate (3a) in toluene at 90°C, dienamino esters (7) were obtained with excellent yields (77-82%) in a 

regioselective fashion (Scheme 3). The structure of the 1:l adducts (7) is supported by the spectroscopic 
data. Functionalized primary $-enaminophosphonates (7) were thermally stable and did not cyclize in 

refluxing toluene for 72 hours. Enamines (7) underwent cyclocondensation to 2(1H)-pyridones by 

expulsion of a molecule of methanol when adducts (7) were treated with sodium hydride in 
tetrahydr~furan.~~ Compounds (1) were characterized on the basis of their spectroscopic data, and can 
alternatively be prepared in "one pot*' synthesis from p-enamines (2), when crude 1:l adducts (7), obtained 

after evaporation of the solvent, are directly treated, without their isolation, with sodium hydride in THF. 

Scheme 3 
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Table 1. Enamines (2.7,s) and 2(1H)-pyridones (1.9). 

Compound R '  Yield(%) mP (oc) 

oilb 

oilb 

oilb 

oil* 

oild 

aYield of isolated products (2) based on 4 isolated after "trap to trap" high vacuum 
distillation ( 1 0 . ~  tom). CYield of isolated products based on (2). d~urified by flash 
chromalography. eYield of isolated products based on (7). f~ield of isolated products based on 
(8). 

In order to enhance the scope and the synthetic use of this reaction, the synthesis of pyridone derivatives 

substituted with phosphonic and carboxylic ester groups (9) was explored, and the regiospecific addition of 
methyl propiolate to primary p-enamines (2) was extended to dimethyl acetylendicarboxylate. Thus, the 

reaction of enamines (2) with acetylene diester (3b) in tetrahydrofuran at room temperature (24 hours) 

yielded dienamino esters (8).29 Spectral data are in agreement with structure (8) and are consistent with 

previously reported data.24 Heating of functionalized enamines (8) for 12 hours at 50 OC afforded 

substituted 2(1H)-pyridones (9) containing phosphonic and carboxylic ester groups in the heterocyclic 

ring. In conclusion, the synthesis described in this paper provides an efficient and easy access to 2(1H)- 

pyridones substituted with a phosphonate group in 5-position, making use of readily available starting 

materials. 
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