
Tetrahedron Letters,Vo1.30,No.43,pp 5845-5848,1989 0040-4039/89 $3.00 + .OO 
Printed in Great Britain Pergamon Press plc 
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Ken S. Feldman*, Robert E. Ruclde, Jr., and Anthony L. Romanelli 

Department of Chemistry, The Pennsylvania State University, University Park, PA 16802 

Abstract: Treatment of either t-butyl ester- or benzylether-substituted vinylcyclopropanes with an excess of 

ester- or sulfone-bearing alkynes in the presence of phenylthio radical in benzene afforded moderate yields of 

functional&d vinylcyclopentene products as mixtures of stereoisomers. 

The development of a general free radical mediated [fatom + 2-atom] strategy for the synthesis of 

variously substituted five-membered rings has enabled the effkient construction of functionalized 

1,2dioxolane, cyclopentane and tenahydrofuran species. kZ These aansformations are catalyzed by an aryl 

chalcogen radical (A& or ArSe*), and utilize either substituted vinylcyclopmpane or vinyloxkane substrates as 

the three atom component in combination with an appropriate two atom addend (a&ene, 02). Extension of this 

paradigm to include dynes as two atom components would afford a simple rcke to highly functionalized 

vinylcyclopentene products (Eq. 1). Herein, we report our prelimimuy findings describing the scope and 

potential limitations of this new cyclopentene foxming pnxess. 
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Initial screening reactions were nm under standard conditions3 utilizing the vinylcyclopropanes 4 

and 6 in combination with an excess (5-15 eq.) of either methyl propiolate (7), the ethynyl sulfone 8, phenyl 

acetylene, or ethyl ethynyl ether. Vinylcyclopentene products were formed in the reactions with the electron 

deficient alkynes 7 and 8, but not with the latter two species. Optimization of reaction parameters (solvent, 

temperature, ratio of substrates) led to isolation of the vinylcyclopentene products 10-15 in the yields shown 

(Table) under the specified conditions (footnote a). Thus, the diester substituted vinylcyclopentenes lOa/lOb result 

from addition of methyl propiolate (7) to the ester substituted vinylcyclopropane 4, while the analogous 

sulfone-ester products lla/llb arise from reaction with phenyl ethynyl sulfone (8). Likewise, oxygen-substituted 

cyclopentenyl esters 13ah3b and lSa/lSb, or oxygen-substitukd cyclopentenyl s&ones 14a/14b, can be 

accessed through the benzyl ether of 2-vinylcyclopropanol6 and the appropriate electron deficient alkyne addend. 
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In each case, the vinylcyclopentene products were obtained as a mixture of syn-substituted and anti-substituted 

stereoisomers. Most examples displayed a modest preference for the syn isomer, in accord with expectations.’ In 

the analogous vinylcyclopentane series, incorporation of the Lewis acid trimethylaluminum both improved the 

yield and enhanced stereoselectivity’a upon phenylthio radical catalyzed uZkene/vinylcyclopropane addition. 

However, in the cyclopentene series, this additive only had a beneficial effect on the combination of 

vinylcyclopropane 5 with methyl propiolate (7) (Table, entry c - in refluxing benzene without AlMe, present, a 

39% yield of 12ai12b (1.4: 1 ratio) was obtained). Methyl substitution either on the alkene unit of the cyclopropyl 

substrate (entry c), or on the alkyne moiety (entryfi are tolerated, leading to the prupenylcyclopentenes 12a/12b 

and the tetrasubstituted vinylcyclopentenes 15a/15b, respectively. 
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cond.’ 

RI RI 

10a 3.4 : lb lob 

lla 1.9 : lC lib 

12a 3.8 : lb 12b 

13a 1.7: lb 13b 

14a 1 : f 14b 

15a 1.5 : lb 16b 

vie/B 

39 % 

50 % 

53 96 

50 % 

36 % 

41% 

a) A: 15 eq. alkyne, PhH, 23 ‘C; B: 5 eq. alkyne, PhH, reflux; c: 15 eq. alkyne. 0.8 eq. AlMe,, PhCH3. -30 ‘C;Q: 15 
eq. alkyne, PhH, reflux; E: 70 eq. afkyne, PhH, reflux: E: 15 eq. alkyne, PhH, 23 ‘C. b) Ratio based on GC analysis of 
the crude reaction mixture. c) Ratio based on ‘H NMR of the crude reaction mixture. d) The vinylcylcopentenes were 

fvlly characterized by spectmscop~ means ( ‘H NMR, ‘% NMR, IR, MS, HRMS). 

By analogy with the mechanism believed to be operational in the related vinylcyclopentane 

synthesis’, we suspect that the vinylcyclopentene chemistry transpires as shown in abbreviated form in Eq. 2. 

The modest yields in the cyclopentene series, in contrast to the yields @O-90%) typically seen in the 

cyclopentane chemistry, may be a consequence of the diminished reactivity of alkynes relative to alkenes with 

carbon radicals4. In this instance, the homoallylic radical 16 can then engage in undesirable competitive 

processes, such as polymerization (addition to 1) or sulfide trapping (addition to Ph&) to a greater extent than 

in the alkene addition case. 
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Product stereochemistry is set during the Shexadienyl radical cyclization (17 - 3). Cyclization 

through a chair-like transition state resembling 18 cm account for the syn product, while cyclization through 

either chair 19 or boat 20 transition states can lead to the anti product. The syn preferences seen in the 

cyclopentene series (ca. 2:l) are substantially lower than those observed with the cyclopentane congeners @a. 

5: 1). One factor which may contribute to the erosion of stereoselectivity in the cyclopentene case stems from the 

slight twist, relative to the cyclopentane series, imparted to the alkenyl radical moiety in 18-20 by the 

stereoelectronic requirements of bond formation. This “twist” engenders A13 strain between A and R in the 

chair-like conformer 18 and thus should diminish its energetic advantage relative to an axial chair conformer 19. 

If the boat-like transition state 20 contributes to product formation, it too should suffer a similar energetic 

penaW 

Rws; .gyn 

H 

H+sph- anti -R$+B 
Ah B 
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Product structure and stereochemistry were determined by a combination of spectral techniques and 

chemical correlation. Thus, syn adducts 21 invariably displayed significant NOE’s between Ha and Hb, and Hc 

and Hb, respectively, while the anti adducts 22 demonstrated similar NOE’s between the Ha/I-Ib pair, and the 

Hb’/Hc pair of protons. Furthermore, reduction of syn isomer 13a with Mg/CHs0H5 furnished a 77% yield of 

the vinylcyclopentanes 23a and 23b (2.&l), while similar reduction of the anti isomer 13b led, in 88% yield, to 

the vinylcyclopentanes 24a and 24b (2.7:1). The complete structure and stereochemistry of the 

vinylcyclopentanes 23a/b and 24a/b have been established earlier in our laborato$. 

24a R = H, RI = CO*Me 
24b R = CO.$de, RI = H 
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In summary, oxygen- and ester- substituted vinyicyclopentenes 10 - 15 can be prepared by 

modification of previously developed methodology for vinylcyclopentane synthesis. However, both yield and 

stereoselectivity in the cyclopentane series are generally lower than observed in the cyclopentane case. The 

diminished yields and attenuated stereoselectivity can be plausibly traced to subtle mechanistic differences 

between the free radical chemistry of alkynes and alkenes. Nevertheless, the wealth of functionality on the 

product cyclopentenes, and the potential for stereoselective conjugate addition to the electron deficient alkene 

moiety in the product, suggest that these species may find a role in cyclopentanoid natural products synthesis. 

Efforts in this area are underway, and will be reported in due course. 
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vinylcyclopropane 6 (150 mg. 0.86 mmol) and methyl butynoate (9) (1.26 gm, 12.9 mmol) in 6.0 mL of 
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