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Abslracl: Ppcz&+nes bmring cahrytic acid side chins were ppm-ed either by &vcr carba*ylation witk carbon dioxide a 
tkrorrgk oxidaliw chuge of &ie ckah oi4$ns. h&&n in a non-nucleophilic solwnr yiel&i j&it &icy&c Iactoius. The 
@jGency qfthc reacrion was not dqxn&nr on ring subs&don. 

Methods for the amulation of a lactone ring onto a carbocycle have Feceived considerable atrention, due to 

the frequency with which this structural motif is enunmered. Figure 1 shows several natural pmduct targets in 

which a lactone is fused to an adjacent cyclopentane ring. Closure of the lactone ring has ken effected via both 

C-O and C-C bond fornation. Among the former methods, addition of a pendant carboxyl group to an 

electrophilic carbon (e.g., ioclm or selenolactonization) has proven to be among the most useful. We repon here 

a new variation on this approach, in which the elecmphilic carbon center resides at one terminus of a 

photochemically generated oxyallyl zwitterion. 

Oibbemh Acii Ashmcandkb Bilobalide 

Figure 1. Natural products containing cyclopentane-fused lactones. 

Study of the pymn-4-one photochemistry r,z has revealed a variety of interesting mechanistic problems and 

considerable synthetic potential. Early work demonstrated thaf upon irradiation in hydroxylic solvents, pyran- 

4-ones 1 produced both rearranged pyrone 3 and solvent adducts 4 (Scheme l).3 This observation provided 

evidence for a transient oxyallyl zwitterion intermediate 2. More recently, we have attempted to develop a 

variety of zwitterion trapping reactions as useful synthetic processes. A particularly amactive feature of these 

reactions is the substantial increase in molecular complexity that is realized. We have shown that the zwitterim 

may be productively irapped by both hydroxylic solvents4 and acetonitrile.5 Inter- and intramolecular [4+3]- 

q&addition of 1,3-dienes can also he effected.6 Finally, several classes of pendant nucleophiles have been 

demonmated to effectively capture the zwitterion, including alcohols;’ olefinss and arenes.9 In the process, 

fused bicyclic ethers, diquinanes, hydrindans or henzohydrindenes are directly generated from simple 

precursors. In the present study, we have sought to extend this trapping process to csrboxyl nucleophiles. 
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Scheme 1 

The carhoxylic acid de$ivatives requited for the key photocyclization could be easily pmparcd fnwn simple 

polyalkylated pyran-4-one$ in cme or two steps. Tetrasubstitukd pyrones Sa and Sb could be cltsnly 
deprotonated at the ypositibn using LDA at -78°C. The resulting enolates wem. quenched with carbon dioxide to 

produce the desired acids 

7 

-b in moderute yields (Scheme 2). Analogous carboxylation of 2,tklisubstituk.d 4- 

pyrones was complicated y the lability of the derived enolates. Previous worksJo has shown that ef&iem 

generation and elemophilic/ trapping of these enolates mptires the use of wsolvents such as HMPA or DMPU. 

Sqamion of the highly p#ar carboxylii acid product from the cmolvent was difficult, rendering this mute 

unsuitable for the more ligl+ly substituted examples. 

Scheme 2 
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LDA, THF, -78 *C; 

co2 C02H 
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The one-carbon homo@gs could be prepared via a two-step procedure, and this method proved to be 

applicable to any ring sub dtution pattern. 

available Finn simple 2- 

chain olefm and oxidative 

i!i 

The previously described prenylated pyran-4-ones 7 are readily 

yl pyran-4-ones via standard anion akylation chemistry.8 Ozonolysis of the side 

mk-up gave the desired carboxylic acids 6c-n in good yield. The pducts could be 

used in the subsequent pho reactions without firrtherpuriflcation. 

lnprcliminarycx . nts, irradiations were carried out in trifluoroethanol (TFE) using a 45OW Hanovia 

medium pnzssure rne~ury 1 
k 

p, resulting in fair yields qable). prior solvent trapping studies had indicated that 

a low possum mercury lam gave cleaner reactions,4 pnzsumably as a result of diminished levels of secondary 

photorcactions. For the c version of 6 to g, yields were improved by 4 to 18% with a low pressure lamp, 
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although longer irradiation times wem necessary to consutne the pyran-4-ones.11 Inadiation at lower 

temperature was also examined in one case (6g), but led to much longer reaction times and diminished yield (0 

“C. 10 h, 35%). In general, the best results were obtained with pcmethylated subslrates, which cyclized in 70% 

yield for both n=O (4a) and n=l (6~). For the remaining substrates, with the exception of 3-metboxy substrate 

6d. the efficiency of the ring closure was comparable (ca. 50%). I2 These results pamllel those obtained when 

using pendant alcohol nuclcophiles,~ in that the yield of cyclized product does not appear to be dependent on the 

ring substituion pattern. As expected, little diaste~~sekctivity was observed in the case of substrate 6b, bearing 
a preexisting steaeogenic center in the side-chain. 

Table. Photochemical Conversion of Pyran4-ones 6 to Bicyclic Lactones 8.’ 

Substrate R’ R2 R3 R4 n t (min) product yield (%P 

da 
6b 
6c 
6d 
de 
6f 

6g 

rvfc Me Me H 0 65 8a 7w 
Et Ml? Me bile 0 45 Sb SW 
Me Me Me H 1 60 8C 7oc 
H H H 1 150 Hd 2s 

Me Me H H 1 120 Be 49 
Me H Me H 1 180 8f 53e 
Me H H H 1 180 8fJ 48s 

~Fcrareq~~~&vepmcedrue,seereference 11. blsolated yields after chmmatogmphy. Satisfacumy IIt. ‘H and 13C NMR 
andcombustionanalysesweredxainedfarallpducts. cAHanoviamediurnpressummuuuylampwLpused. Thcmixturewap 

. 
mzdmtedforca.1 h. Thesolventwasremwedandtheaudeproductplrifiedbyradiaichramatography. &olatedssan inseparable 
3 : 2 mixlure of biastenxnnas. @A Hanovia low pressure mercury lamp was used. TIE mixture was indated for 2-3 II akr which 
solvent was removed. ThecNde pmduct was diilved in EtoAc ad waskd with satluad lvaHa. 

The nature of the reactive groups in these examples deserves comment. While trapping of the zwitterion by 

protonated carboxylic acid is a possibility (Scheme 3), a more likely scenario would involve prior proton transfer 

tu w the more clqhilic hydroxyallyl cation and the more nucleophilic carboxylate ion. Inclusion of 

catalytic quantities of protic acid has previously been shown to enhance inefficient oxyallyl zwittcrios~ happing 

processes.499 Cullapse to the tricyclic lactone and epoxide opening would then furnish the observed bicyclic 

lactones. 
Scheme 3 
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In summary, readily p=paFed carboxyl-substituted pyran-4anes 6 are converted to reactive oxyallyl 

zwitterions upon irradiatiob. Effkient cyclimion of the pendant carboxyl onto the electmphilic terminus of the 

oxyallyl system leads to fused bicyclic cyclopentenone-&tones 8. These products should be useful in the 

synthesis of lactone cont+ning targets or highly oxygenated cyciopentanoids. Further applications of this 

chemistry will be reported@lsewhere. 

Acknowledgement We thank the National Institutes of Health for generous support of this work, the 

University of Utah for a uate Research Fellowship (PVF), the Amerkan Cancer Society for a Junior 

Faculty Research Award and Eli Lilly & Co. for a Granteeship (FGW). 

References and Notes 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

(a) Wender, P. A.; 
7 

Donald, F. E. J. Am. Chem. Sue. 1990,112.4956. (b) Pavlik. J. W.; Kwong, 
J. Ibid. 1973,95, 791 . (c) Ishibe, N.; Sunarni. M.; Odani, M. Ibid. 1973,95, 463. 

For related oxyallyl z ‘tttion chemistry involving cyclic dienones, see: (a) Schultz, A, G. J. Org. Ckem. 
1939,54, 2112. @) Matlin, A. R.; Kim, K. Ten-ahedron Len. 1989, 30, 637. (c) Pirrung, M. C.; 
Nunn, D. S. E-w&e 

7 
un Lat. 1988, 29, 163. For a mcent application of nonphotachemically generated 

oxydlyl systems, see: Harmata, M.; Elahmad, S.; Barnes, C. L. J. Org. C/tern. 19!M,59, 1241. 

(a) Barltmp, J. A.; D y, A. C.; Samuel, C. J. J. Am. Chem. Sot. 1979,101,7521. (b) Pavlik, J. W.; 
fiuliukonis, L. T. Te tl ahedron L&t. 19776, 1939. (c) Keil, E. B.; Pavlik, M. W. J. Heterocycl. Ch.s% 
1976,13, 1149. 

West, F. G.; Fisher, PI V.; Gunawardena, G. U.; Mitchell, S. Terruhdron tire. 1993,34, 4583. 

West, F. G.; Koch, Di I. J. C&m. SQC., Chem. Commun. 1993, 1681. 

West, F. G.; Hartke-I$rger, C!,; Koch, D. J,; Kuehn, C. E.; Arlf, A. M. J. Org. Chem. 1993,58. 6795. 

West, F. 0.; Fisher, PI V.; Willoughby, C. A. J. Org. Chem. 1990,5.5,5936. 
~ 

West, F. G.; Fisher, A V.; Arif, A. M. .I_ Am. Chem. Sot. 1993,115, 1595. 

West, F. G.; Willoug h by, D. W. J. Org. Chem. 1993.55, 3796. 

’ (a) Smith, A. B,, III; borough, R. M., Jr. Terrnhedron Len. 1978,4193. (b) Yamamoto, M.; 
Sugiyama, N. Bull. C em. Sot. Jpn. 1975,48, 508. y 

-Hydroxy-7-methyl-3-oxo-2-oxabicyclo[4.3.O]~on-7-en-9-one 
thyl-4H-pyran-+one (6g) (IoOmg, US5mmol) was dissolved in TFE 
was bubbled through the resulting solution for 30 min. The reaction 

mixture was then in a quartz vessel at ambient temperature using a Hanovia 3.5 W low pressure 
mercury lamp until th sumed (3 h). The mixture was concentrated and the residue 
dissolved in EtGAc tion was washed with saturated NaJiIC@ (2 mL), dried over 

The oil was purifed by radial chromatography (silica gel, 1 
) ofllg as a white solid: mp 111-113°C; IR (thin film) 3400, 
MHz, CDCl3)s6.1O(q,J= 1.3 Hz, lH), 4.78 (s, lH), 4.3 
lH), 2.28-2.18 (m, IH), 2.17 (d, J = 1.3 Hz, SH), 2.10- 

197.4, 176.3, 171.3, 129.2, 86.4, 76.4, 30.2, 26.5, 13.8; 
3. Found: C, 59.12; H, 5.57. 

$5 consisti of intracrable, highly polar material which resisted charactezation. A 
@uct (de) was inert to reaction conditions either with (2 h) or wthout (4 h) 
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