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Abstract: Asynunetric shielded 2-oxo-cyclopentenecarboxylates 6n and 6x were prepared by trans- 

estefification of 2-oxo-cyclopentanecarboxylate 2 with camphor derived concave alcohols In  and Ix 

and by subsequent introduction of a double bond via phenylselenides. Diastereoselective conjugate 

addition of equimolar amounts of mixed cuprates at -78 °C and deprotection by ethanolysis gave 

enantiomericaUy pure 5-substituted 2-oxo-cyclopentanecarboxyiates 13-18 and ent-13-18, valuable as 

chiral building blocks in natural product synthesis. 

Conjugate additions of cuprates to enoates have been widely employed for asymmetric carbon-carbon- 
bond formations in syntheses of chiral building blocks, t Particularly successful was the conjugate addition of 
organocopper compounds to enoates of camphor derived chiral auxiliaries. 1-3 Best results were obtained on 

additions to enoates derived from concave alcohols In  and Ix, which generally proceeded with an extremely 
high diastereoselectivity (>99%) and in excellent yields (>90%). 3 Recently we extended these studies to cyclic 
enoates and demonstrated the usefulness of asymmetric protected 2-oxo-cyclohexenecarboxylates for the EPC 
synthesis of 6-substituted 2-oxo-cyclohexanecarboxylates. 4 In conjunction with a project aiming at the EPC 

synthesis of (-)-chokol A 5 we have investigated conjugate additions to asymmetric protected 2-oxo- 
cyclopentenecarboxylates derived from In  and Ix and are now able to present an EPC synthesis of 

5-substituted 2-oxo-cyclopentanecarboxylates. 
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Asymmetric shielded 2-oxo-cyclopentanecarboxylates were readily available from auxiliaries In  or lx  

and racemic 2-oxo-cyclopentanecarboxylate 2. We obtained the well crystallizing esters 3n (98%) and 3x 

(99%) in excellent yields using a DMAP 6 mediated transesterification reaction 7 first reported by Taber. 8 

Phenylselenylation 9 of 3n and 3x gave mixtures of diastereomeric selenides (4n:5n = 4x:5x = 80:20) which 

were separated by chromatography. Oxidative deselenylation of 4n or 5n and 4x or 5x afforded enoates 6n 

and 6x in good yields (81-90%), respectively. 
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Preparative scale synthesis of enoates 6n (75%) and 6x (78%) was manufactured by a one pot 

procedure 1° starting from 3n and 3x without isolation of the intermediate selenides. In contrast to an 

anticipation 11 the enoates 6n and 6x were stable and could be stored without precautions. 

Next we studied the addition of Lipshutz cuprates 12 to 6n and 6x (see Table 1) and obtained 5-substituted 

2-oxo-cyclopentanecarboxylates 7n-12n and 7x-12x in good yields (56-80%) 13't4 and with an extremely 

high level of diastereoselection. HPLC analysis of unpurified cuprate addition products outlined excellent 

selectivities (purity of 7x > 99.5%; 12n > 98%). 15 Purification of the crude products by flash chromato- 

graphy and crystallization yielded pure diastereomers according to HPLC and NMR. 

T a b l e  1. Cuprate Addition to Asymmetric Shielded Enoates and Deprotection by Ethanolysis. 

Enone R Cuprate Cuprate Yield Ethyl Yield [~]~0 
Precursor Adduct (%) Ester (%) 

6n  CH 3 R-Li 7n 73 13 76 +94.00 

a n  nBu R-Li 8n 80 14 88 +81.58 

6n  tBu R-Li 9n 59 15 93 +94.61 

6 n H2C=CH R-MgBr 10n 68 16 82 +85.05 

6n  H2C=C(CH 3) R-Li l l n  63 17 81 +69.88 

6n Ph R-Li 12n 56 18 79 +18.55 

6x CH 3 R-Li 7x 74 ent-13 75 -95.70 

6 x nBu R-Li 8 x 69 ent- 14 85 -81.26 

6x tBu R-Li 9x 75 ent-15 90 -95.69 

6x H2C=CH R-MgBr 10x 80 ent-16 82 -85.61 

6 x H2C=C(CH 3) R-Li 11 x 75 ent-17 79 -70.21 

6x Ph R-Li 12x 71 ent-18 76 -18.30 
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Removal of the chiral auxiliary from the sterically highly crowded 2-oxo-cyclopentanecarboxylates 7n- 

12n and 7x-12x was accomplished using a Ti(OEt) 4 mediated transesterification reaction 16 which allowed 

recycling of In  and Ix (78-89%) and gave the enantiomerically pure ethyl esters 13-18 and ent-13-18 in good 

yields (Table 1). Comparison of the optical rotation of 1317 allowed the determination of absolute 

configuration at C-5', because 13 was previously prepared from (R)-pulegone) s 

The steric course of cuprate additions to 6n and (ix can be rationalized by an attack of the organocopper 

nucleophile from the less hindered halfspace of the s-trans enoate reactive species (Scheme 2), as it was found 

for simpler acyclic enoates 3 and 2-oxo-cyclohexenecarboxylates. 4 

In conclusion, the present conjugate addition approach to 5-substituted 2-oxo-cyclopentanecarboxylates 

enable a short and extremely stereoselective route to valuable intermediates in natural product synthesis. 
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