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Abslracc lmidazolides of Phydmxy- and 2-mercaptonicotinic acids with LiCH2COzBu-t 

gave ketoesters which were cyclised with MeOCH=NMe2+ MeOSOs- and i-Pr2NEt Or 

with (RC0)20-NEt3-DMAP to the title 2-H or 2-R bicyclic esters; the corresponding 3- 

methylsulfonyl and 3-phosphonate analogs were similarly prepared. The 2- 

unsubstituted 4-oxopyranopyridine-3-carboxylates were unstable at physiological pH, 

whereas the lhio analogs were stable. 

Nalidixic acid (1) and related, bicyclic 3-carboxy-4-pyridinones are valuable antibacterial 

agents' whose mode of action involves the specific inhibition of bacterial DNA-gyrase. Although a 

vast number of analogs are known,2 the oxygen and sulfur isosteres (2) and (3) have not been 

described. We became interested in these and related structures both in their own right and as 

synthetic intermediates for more complex systems. In this paper, we describe the synthesis and 

properties of 2 and 3, and routes to compounds of general structure (4). 

Dedicated to Professor Edward C. Taylor on the occasion of his 70th birthday 



94 HETEROCYCLES, Vol. 35, No. 1,1993 

5 R' = El R2 - COMB cjiirl: 6 7 R - H  R-Et 

8 R = CH2CH=CH2 

Our initial entry into the 4-oxopyranopyridine-3-carboxylate system involved reaction of sodio ethyl 

acetoacetate with 2-chloronicotinoyl chloride to give 5 (67%). Although decomposed by base" 

(NaH-DMSO), this substance cyclised in acid (catalytic MsOH, CH2C12, reflux) to the 2-methyl 

compound (6) [87%; mp: 63-64% 1H nmr(CDCls), &2.56(s,3; 2-CH3lu. Hydrolysis (aq. NaOH) to 

7 was accompanied by extensive decomposition; Pd(0) cleavage4 of the allyl ester (B) ,  prepared 

(81%) in the same manner as 5 provided 92% of 7. This cyclisation process was not useful for 

preparing the 2-H or 2-Ph analogs of 6, although acylmalonate (9) was cyclised (MsOH, 1,2- 

C2H4CI2, reflux) in 44% yield to the 4-hydroxy compound (10).5 

# All new compounds were fully characterised and gave mass spectra and elemental 
analyses consistent with assigned structures. 



HErEROCVCLES, VOI. 35, No. 1,1993 95 

Seeking a route to the 2-unsubstituted system, we treated the imidazolide (1l)B with 

LiCH2C02CH2CH=CH2 (4 eq., THF, -700 to OW) to afford keto ester (12) in 82% yield. Although 

reactions of 12 with CH(O$)~, Me2NCH(OMe)2 or CICH=NMe2+ CI- under various conditions gave 

complex mixtures, clean conversion to the desired ester (13) was secured using i-Pr2NEt and 

MeOCH=NMez+ MeOSO3- in CH2C12 at 25% [13: 46%; mp: 7942%; 1H nmr(CDCls), 6=2.71(~,3; 

7-CH3) and 8.76(s,1; 2-41, 

Properties of 13 indicated the sensitivity of this system to nucleophiles: 13 decomposed slowly on 

silica gel (necessitating rapid chromatographic purification) and reacted rapidly with both sodium 2- 

ethylhexanoate and benzylamine. In contrast, 13 was stable to CF&OOH, and this reagent sewed 

to quantitatively convert the corresponding t-butyl ester (IS), prepared via keto ester(l4) by the 

same cyclisation process, to the free acid (2), mp 140-1500C (decomp.). Aithough solutions of 2 in 

MeOH-Hz0 at pH 4-5 were quite stable, addition of phosphate buffer, pH 7.5, led to rapid 

decomposition to unidentified, yellow materials; application of solutions of 2 to reversed-phase 

silica gel gave the same result. This sensitivity is presumably a consequence of C-2 attack, since 

the aforementioned 2-Me compounds were far less sensitive. Aspects of C=C vs C=O attack on the 

related 3-formylchromone have been discussed7 and C=C reactivity of chromone 3-carboxylates 

towards cuprate additions and in cycloadditionsg have also been described recently. 

A similar reaction sequence gave the thia analogs. 2-Mercaptonicotinic acid was converted 

[(lmidazole)2CO, then excess LiCH2C02Bu-t] through 16 to 17, and cyclisation with the DMF- 
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Me2S04 adduct provided 18 in 40-50% yield, with significant amounts of the S-methyl compound 

(1 9). Aqueous solutions of the sodium salt of the derived acid (20) were only slightly decomposed 

affer 72 h at p H  7.5-8.5. In a similar way, the 7-methyl-and 7-phenyl compounds(3)(42%) and(21) 

(45%) were obtained in three steps from 6-methytand 6-phenyl- 2-merdaptonicotinic acidsS1o 

respectively. None of these 4-oxo-4H-thiopyrano[2,3-b]pyridine-3-~lic acids showed any 

significant antibacterial activity.' 

22 R-Me 
23 R=Ph  
24 R =  Bui  

Finally, we report that keto esters such as 14 are convenient intermediates for a variety of 2- 

substituted compounds through reaction with (RC0)20-NEt3 in the presence of 4- 

dirnethylaminopyridine (DMAP).12 Ac20 in CH2C12 or MeCN at 25oC gave 22, somewhat more 

vigorous conditions being required (MeCN or 1.2-C2H&12. reflux) for reactions with (PhC0)20 and 

(i-BuC0)20, which afforded 23 and 24, respectively. Unoptimised yields for a variety of these 

bicyclic products were 50-80%. 

Compounds with different electron-withdrawing groups at C-3 were prepared by the same 

cyclisation: reaction of the imidazolide or the ethyl ester of 6-phenyl-2-hydroxynicotinic acid13 with 

LiCH2S02Me or LiCH2PO(OEt)z gave 25 and 26, readily converted (Ac20-NEt3-DMAP, MeCN, 

250C) to 27 (30%) and 28 (27%). The latter phosphonate could be deprotected (99%) to the acid 

(29) using excess MegSiBr. 
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