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Abstract: Bicyclic anhydmk~~0-4-hydroxy-l,3-~m h 
withvariousclCmalrich~rtogivc&2~w 
sulBdcpmducingsubstitutcda-pyridmw. 

Current efforts to develop new cycloaddttton approaches to stereodefined five and slx-mem- 

bered heterocyclk rings have been stimulated by the ever increasing number of important natural 

products whkh contain these ring systems. W The 1,3dlpolar cy&addMon reaction has long been 

recognized as a favored strategy for the synthests of five-membered ring hetenx@es, often procesd- 

ing with a high degree of stereochsmkal c0ntrol.a In’contrast to 1,3dipdes, much less is known 

about the cycloadditkn behavior of 1 J-dipofes.4 This class of teactlve intermediates has been pre- 

pared by cyclocondensatfon of an epproprtate amide or thkamide wlth alkyl malonyl dichlorides or 

carbon suboxide.5 Afthough a few examples of lntmmokcular 1 J-dipclar cyck&dMons have been 

reported in the literature,4b little ls known about the bimolecular cycloadditkn behavior of this class of 

reactive intermediates.~~c In this communication, we describe the 4+2+y&addiion chemistry of 

several anhydro-2_oxMhydroxy-1,3-thlazinium hydroxides with a number of electron rkh dipolaro- 

philes as a method for preparing substituted a-pyridonealt 

In order to broaden the utility of these crossconjugated hetemcyclk betalnes for organic 

synthesis, we thought it worthwhile to invest@& the cyck&Mkn behavior of several 1 &dipoles in 

which the peripheral substituents were part of a cyclic system. With this in mind, 3,3dimethyl-2-thio- 

pyrrolidinone was treated with methyl malonyl dkhlortdela so as to generate betaine 1 (n-o). Stintng 

a sample of 1 with 1 diethylamino-1 -prcpyne at 0°C in CH&l2 for 10 min afforded a-pyrldone 3 in 

quantitative yield. An analogous reactkn occurred wlth the homologous betaine 4 (n-l) producing 

cyckadduct 5 in 90% yield. Formatkn of ths pyrkkne ring presumably involves an inltlal 1 J-dipolar 

1; n-0 (Ming) 
4; n-1 (s-Ring) 



cycloaddition of the betaine acmss the triple bond to give the initial cy ckaddud 2, which is folkwed 

by a rapid chektropk extrusion of carbonyl suifkfe. No signs of the initial adduct 2 could be detected, 

even at temperatures as kw as -20%. 

When the dn of 1 was canted out in the presence of N,Ndimethylecetsmide dimethyl 

acetal in CH&l2 at 40% for 2 h, two compounds wer@ isolated in a combined 86% yield. The major 

product corresponded to a-pyridone 7 (75%) while the minor component was the initial cydoadduct 

6. When 6 was alkwed to stand in solution at 25oC, it was quantitaUveiy converted to 7 over a period 

of several hours. 

1 6 
-MaoH 7 
-cos 

Maine 1 was found to require higher tempetuturss and proknged maction times for Mm* 

lecular cyckadditions with less activated z-systems.1~~14 For example, it was nec~8881y to heat a 
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sample of 1 with 1 ,l dfmethoxyethylene in benzene at WC for 2 h in order for cydoaddition to occur. 

The initial cycbadduct 3 was isolated in 83% yield, which on further heatfng (WC, 4 h) extruded 

ca&onyl sulfide to give a-pyrfdone 9. In order to induce cyckaddftfon of 1 with ethyl vinyl ether or 

vinyl acetate, it was necessary to carry out the reactfon in toluene (seafed tube) at 135% for 16 h. 

Under these conditions, only a-pyrldone 10 was isolated in 60 and 65% yield, respectfvely. An anab- 

gous cycloaddition reaction occurred with both the methyl and sflyl enol ethers of cycbpentanone 

producing cycloadducts 11 (75%) and 12 (90%) as stable crystalline solids. 

High yields of bimolecular cycloadducN (cc 85%) were also obtained when betaine 1 (or 13) 

was allowed to react with several cyclic enamines. Structural assignments were made on the basis of 

their analytical and spectral properties. In the case of cycbadduct 16, its structure was unequivocally 

1; RpMe 
13; R,=H 

14; RI-Me; RpRp(CH),; n-1 
15; R,=Me; R&H&; &-OWf&; r*9 
16; R,-H; RpR3=(CH&; n=l 

established by an X-ray crystal analysis. The regioselectivity obsenred in the above cyckaddiions 

was examined in the IigM of frontier molecular orbiWtheoty.ls With these systems, the dominant 

interaction is the f lJMOdi~/e (-1.86 ev) HOhfOd@~hi/e (lype llQ16 The frontier orbii coeffi- 

cients at the reading centers of the betaine were calculated using the MOPAC program with the PM3 

Hamiitonian. MNDO calculations indiie that the atomic coefficient at the thioamide catbonyl center 

(i.e., Cp) is larger (0.73) than the enolate substituted center (i.e., Q (0.18)) In the LUMO. tt is well 

known that the CB-coefflclent of the HOMO of an electron rich alkene is larger than the C,-coeffl- 

cientf 7 and consequently cycbadducts related to 16 are predkted to be the major regiofeomers. 

One final point has to do with the stereochemistry of these bimolecular reactions. 4+2Cyclo- 

additions can proceed either through 8x0 or er&Wansitlon states. The very high end0 selectivfty 

(relative to the pyrrolidine ring) encountered with these systems can be understood by noting that, in 

the transition state leading to the exo isomer, there is a severe nonbonding interaction between the a- 

methyl group on the betaine with the allylb hydrogens on the enamine. This interaction is absent in 

the transition state leading to cycbadduct 16. 

In conclusion, the bimolecular cycloaddftion of bkyclk anhydro-2-oxo-4-hydroxy-1,3-thiazinium 
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hydroxides fmxmds smoothfy with a very high dsgree of regio and diastsreoselectivity. Other ss- 

psctsofthis~~nanditsr~ntomomcompEexnaarralprrrcluct~~wlllbereportedin 

due course. 
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