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Summare An efflclent synthesis of 2-substituted cyclopentenones IS reported Key reactions 
are the cylopropanatlon of 2,2-dlmethyl-3(2H)-f uranone and subsequent conversion to the title 
compounds by oxldatlve fragmentation. 

Recent disclosures from these laboratories have detalled the 2+2 photochemlcal 

cycloaddltlon reaction between various alkenes and 2,2-drmethyl-3(2H)-furanone (11, and the 

conversion of their photoproducts to substituted cyclohexenones [la, 21 A reasonable 

extension of this process would be the formation of cyclopentenones from the corresponding 

cyclopropanes, compounds which should be available by standard cyclopropanatlon of 1 

Considerable recent interest In synthetic routes to cyclopentenone derlvatlves 1s the result of 

their occurrance In such Important classes of natural products as the jasmones, rethrolones, 

certain prostaglandlns, and the methylenomyclns (as the 2,3-epoxlde), among others [31 

Reported here are the results of our prellmlnary experiments whrch verify these expectations. 

Exposure of furanone 1 to one equivalent of dlmethyloxosulfonlum methylld (2) in 

dlmethyl sulfoxlde followed by a non-aqueous workup afforded two major products, the desired 

cyclopropane 3 (47%) and sulfoxlde 4 (43%) Sulfoxlde 4, present as a mixture of sulfur 

dlastereolsomers, was readily removed by washing with water [41 Treatment of 1 with two 

equivalents of 2 yielded sulfoxlde 4 and epoxlde 5 (4521, the latter presumably formed by 

reaction of 2 with excess ylid All attempts to improve the a/& ratio were ineffective. For 

instance, performing the cyclopropanatlon reaction under phase transfer conditions [51 afforded 

only trace amounts of 3, sulfoxlde 4 being Isolated In 87% yield Exposure of 1 to various 

sulfoximlne anlons was also unsuccessful 161, as were lndlrect routes involving methylene 

transfers to allyllc alcohol derrvatlves However, the modest yield of 2. In the sulfur ylld 

reactlon 1s offset by its ease of isolation, normal aqueous workup of the cyclopropanation 

reactlon yleldlng 3 as the sole product 
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The orlgln of 5 1s of some interest. Intramolecular proton abstraction in Michael 

adduct kwould yield a new ylld 7 capable of attack at the carbonyl carbon to give the blcycllc 

IntermedIate 8. Collapse of & by intramolecular alkylatlon on oxygen would then afford 4. 

This general process has been previously noted In the reactlon of Lwith acrylates [71 

The conversion of cyclopropane 2. to the deszred cyclopentenones could be effected in a 

manner analogous to that recently reported for the corresponding cyclobutane photoadducts [la] 

Addltlon of a variety of alkyl llthlum reagents to the carbonyl of 2 led In good yield to the 

expected tertiary alcohols 2, which were predominantly the & alcohol isomers. For those 

alkyl llthlum reagents not commercially available, It was convenient to employ the in situ 

method for their generation as described by Pearce [81 The tertiary alcohols 9 could also be 

prepared from the cyclopropane epoxlde 5 by direct reaction with a lithium dlalkyl cuprate [91 

For instance, alcohol 2 was formed either by reaction of 1 with benzyl llthlum [lOI or by 

treatment of 5. with llthlum dlphenyl cuprate. This dual route to the tertiary alcohols offers 

considerable flexlblllty in the choice of the organometalllc reagent which might be required 

for a particular synthetic application. Nltrosatlon of the alcohol mixtures in the usual manner 

(NOCl, -20°, pyrldlne) followed by lrradlatlon of the crude pentane extracts (450 watt lamp, 

Pyrex) and concentration led to the 1,4-keto aldehydes 16 which were directly cycllzed by one 

of several procedures [ill to give the 2-substituted cyclopentenones 17 in good yield (Table 

I). This Barton fragmentation [121 procedure has been previously applied to several 

furanone/alkene photoadducts [la] It 1s likely that the reactlon proceeds by fragmentation of 

the initially formed alkoxy radical 12 to give nltroso ether 13 followed by a retroaldol 

cyclopropane cleavage to give the observed products The exact details remain to be 

elucidated. 

It 1s worth noting that cyclopentenone 18 (entry 4) can be converted to dihydrojasmone 

(19) in two steps as has been previously reported by Buchr [131 Thus, the five step 

conversion of 2 to 19 can be accomplished in 52% overall yield, maklng the process competitive 

with the best procedures currently in the literature 
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In conclusion, the chemistry reported herein offers a general solution to the synthesis 

of variously substituted cyclopentenones. The ready accessibility of differently substituted 

3(2H)-furanones [141 and the posslblllty that substituted sulfur yllds can be employed In the 

cyclopropanatlon step suggests that a wide spectrum of cyclopentenone derlvatlves can be 

secured by this general procedure [15, 161. 

TABLE I. Formation of 2-Substituted Cyclopentenones 

entry La!.. alcohol (%) cvclouentenone (%I 

1 g-C4H9 (A) a7 7od 

2 1-C4H9 (B) 85 8ge 

3 n-C8H17 (B) 75 60f 

4 g-C6H13 

5 CH2C6H5 

h(B) 72 80g 

79 85l 

6 'gH5 (A) 61 __J 

a) Organollthlum reagents were either commercially purchased (A) or prepared in situ (B), 
reference 7 b) Endo/exo alcohol ratio ranged from 95/5-67/33. c) Combined yield for 
nltrosatlon, lrradlatlon, and cyclodehydratlon (1% NaOH/ether blphase, reference lla) d) 
Reference 17. e) Reference 18 f) Reference 19. g) Reference 20 h) Reference 10 
1) Reference 21 J) Yield of keto aldehyde was 98%, reference 22 

References and tiotes 

1. (a) Paoer No. XI In the series. For X see S. W Baldwin and H R Blomqulst, Jr , J. Am. 
Chem Sot ,*In press, (1982), (b) flnanczal support from the 
(GM 26266) is acknowledged with appreciation. 

Natlonal Institutes of Health 

2 (a) S W Baldwin and J. M. Wilkinson, Tetrahedron Lett., 
Baldwin and J. E Fredericks ,Ibld., 23, 1235 (1982) 

3 (a) R A Ellison, Svnthesls, 397 (1973), (b) T. -L. Ho, 
(c) T. -L. Ho, lbld _, L, 351 (1977) 

2657, (1979), (b) S W. 

Svnth Commun , 4, 265 (1974), 



3886 

4. All new compounds gave satisfactory elemental analyses and spectral data In accord with the 
asslgned structures The lsomerlc sulfoxldes 5 were converted to a single sulfone on oxldatlon 
with hydrogen peroxlde/acetlc acid 

5. A Merz and G Markl, Anzew. Chem , Int Ed. Engl , 12, 845 (1973) 

6. C. R. Johnson, R. A Kirchhoff, R. J. Reischer, and G F Katekar, J Am. Chem. Sot , 95, 
4287 (1973), and references cited thereln 

7 (a) S. R Landor and N Punja, J. Chem Sot., C , 2495 (1967), (b) C Kaiser, B M. 
Trost, J. Beeson, and J Welnstock, J Org. Chem , 30, 3972 (1965), (c) E J Corey and M 
Chaykovsky, J. Am Chem. Sot , 86, 1640 (1964). 

8 (a) P J Pearce, D H. Richards, and N F Scllly, Chem Commun., 1160 (1970), (b) P 
J. Pearce, D H. Richards, and N F Scllly, Jem Sot.. Perkln I 1655 (1972), (c) P J. , 
Pearce, D. H Richards, and N F Scllly, Orn. Svn , 52, 19 (1972). 

9 R. W. Herr and C R. Johnson, J Am Chem Sot 92 4979 (1970). --L_-.zl_, 

10. M Schlosser and J Hartmann, Angew. Chem , Int Ed. Ennl , l2, 508 (1973). 

11 (a) G Stork, A A. Ozorlo, and A. Y. W Leong, Tetrahedron Lett., 5175 (1978), (b) M 
C. Mussatto, D Savola, C Tromblnl, and C. Umani-Ronchl, J Org. Chem., 45, 4002 (1980), (c) 
P. M McCurry, Jr., and K. Abe, Tetrahedron Lett., 1387 (1974). 

12. (a) A L. J Beckwlth and K ll Ingold, "Free Radical Rearrangements," ln Rearrangement? 
in Ground and Excited States. Vol 1, P de Mayo, ed., Academic Press, Inc., New York, 1980, p 
260, (b) R. H Hesse, pdv. Free Radical Chem., 2, 83 (1969) 

13 G Buchi and B Egger, J Org Chem., 36, 2021 (1971) See also W G. Dauben and D. M. 

Michno, u, _, 42 682 (1977). 

14. A. B Smith, III, P A. Levenberg, P J. Jerrls, R M. Scarborough, Jr , and P. M 
Wovkullch, J Am Chem. Sot , lJ3, 1501 (1981). 

15. A survey of cyclopropanatlons with various substituted sulfur yllds can be found in B. M. 
Trost and L S. Melvin, Jr., "Sulfur Yllds," Academic Press, New York, 1974 

16. It has been found that several substituted sulfur vllds such as dluhenvlsulfonlum allylld , . -a 
add to 1 in good yield (60-80%). 

17. E Lee-Ruff and P. Khazanle, Can J. Chem , 53, 1708, 1975. 

18 T. Shono, Y Matsumura, and Y Nakagawa, J. Am. Chem Sot , 96, 3532 (1974). 

19 M. P L. Caton, E C. J Coffee, T Parker, and G. L. Watkins, Svnth Commun , 
(1974). 

20. U. Raved, and R. Ikan, J Org Chem., 39, 2637 (1974) 

k, 303 

21. (a) Y Amlel, A. Loffler, and D. Ginsburg, J. Am. Chem._k, _, 76 3625 (1954), (b) D 
C Klelnfelter, R. W. Aaron, W. E Wilde, T. B Bennett, Jr., H Wei, and J. E Wlechert, 
Tetrahedron Lett , 909 (1969). 

22. T Severin, R Adam, and H. Lerche, Chem. Ber., 108, 1756 (1975). 

(Received In USA 28 April 1982) 


