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Asymmetric synthesis of (R)- and (S)-methyl (2-methoxy-
carbonylcyclopent-2-enyl)acetate and (R)- and (S)-2-(2-hydroxy-
methyl-cyclopent-2-enyl)ethanol
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Abstract:  (R)- and (5)-Methyl (2-methoxycarbonylcyclopent-2-enyl)acetate 1 and (R)-
and (S)-2-(2-hydroxymethyl-cyclopent-2-enyl)ethano] 2 have been obtained from dimethyl
(E,E)-octa-2,6-diendioate 3 by a diastereoselective randem conjugate addition protocol,
from (R)- and (S)-lithium (x-methylbenzyl)benzylamide 4 respectively. © 1997 Elsevier’
Science Ltd

The compounds methyl (2-methoxycarbonylcyclopent-2-enyl)acetate 1 and 2-(2-hydroxymethyl-
cyclopent-2-enyl)ethanol 2 have been obtained previously in non-racemic form from resolution of
ethyl 5-hydroxycyclopent-1-enecarboxylate by lipase PS and vinyl acetate,! and are viable building
blocks for naturally ocurring iridoid monoterpenes (+)-mitsugashiwalactone? and (—)-dolichodial?
and the pentacyclic monoterpenes nepetalactones.?
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Yamamoto et al. have previously reported in the racemic series that lithium N-
benzyltrimethylsilylamide (LSA) mediates the tandem conjugate addition cyclisation of dimethyl
(E.E)-octa-2,6-diendioate 3,° and this methodology has been adapted by Meijere et al. to the
asymmetric synthesis of anellated cis-pentacin derivatives.® We have previously shown that the
addition of lithium (&-methylbenzyl)benzylamide to , B-unsaturated esthers is highly stereoselective.’
We describe herein a combination of these strategies for the asymmetric synthesis of methyl (2-
methoxycarbonylcyclopent-2-enyl)acetate 1 and 2-(2-hydroxymethyl-cyclopent-2-enyl)ethanol 2 in

both enantiomeric forms utilising a highly stereoselective tandem conjugate addition protocol from
dimethyl (E,E)-octa-2,6-diendioate initiated by lithium (cx-methylbenzyl)benzylamide.
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Addition of dimethyl (EE)-octa-1,5-diendioate 3 to homochiral lithium (R)-(c-
methylbenzyl)benzylamide (R)-4 [prepared by treatment of (R)-(x-methylbenzyl)benzylamine with
t-butyllithium] at —78°C followed by quenching with saturated aqueous ammonium chloride gave
the readily separable, by flash chromatography (silica; 5% Et;0 in hexane), (-)-(1R,2R,5R,xR)-5,8
[«]p?=—51.3 (c 0.97, CHCls), together with a small amount of the C-5 epimer (—)-(1R,2R,5S,xR)-
6,% [x]p¥*=—-15.5 (c 2.05, CHCl,), in 86% isolated yield and 10:1 ratio. (Scheme 1).
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Scheme 1.

The absolute configuration of the ®-methylbenzyl centre derives from (R)-4, while that of C-2
is assigned by analogy with all other conjugate additions of (R)-4 to o,B-unsaturated esters.” The
absolute configurations of C-1 and C-5 are assigned by determining their configurations relative to
C-2 by 'H NMR spectroscopy including 2-dimensional homonuclear COSY, heteronuclear HMQC
and HMBC, nOe and ROESY experiments. The products 5 and 6 have the same C-1 configuration
consistent with the established anti addition to the first ®,B-unsaturated ester initiated by the lithium
amide.® Compounds 5 and 6 are epimeric at C-5, their ratio reflecting high stereoselectivity in the
second conjugate addition step.

The trans-B-amino ester moiety within 5 suggested a syn-elimination protocol for the conversion of
5 to 1.1° Thus oxidation of (—)-(1R,2R,5R,®tR)-5 with m-chloroperbenzoic acid generated, presumably
via the N-oxide and a Cope elimination, the desired ester (+)-(R)-1,% [&]p26=+38.7 (c 0.60, CHCl;),
in 80% isolated yield (Scheme 2). Reduction of (+)-(R)-1 with LiAIH, generated the diol (+)-(R)-2,2
[&]p?$=+11.3 (c 0.60, MeOH),!! in 70% isolated yield and "H NMR on the derived diester formed with
R(+)-a-triflucromethyl-phenylacetic chloride (MTPA; Mosher’s reagent) confirmed it as homochiral
(>95% e.e.).
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The analogous series of reactions (Scheme 3) starting from (S5)-4 generated sequentially (+)-
(15,25,55,a8)-5, [a]p26=+50.8 (c 1.34, CHCIs), (-)-(5)-1, [&]p26=—43.5 (c 1.30, CHCl3), and (-)-
(5)-2,'! [¢]p26=—13.0 (c 0.25, MeOH)'!.

In conclusion, we have demonstrated the asymmetric synthesis of (R)- and (S)-methyl (2-
methoxycarbonylcyclopent-2-enyl)acetate 1 and (R)- and (§)-2-(2-hydroxymethyl-cyclopent-2-
enyl)ethanol 2, useful homochiral synthons for monoterpenes, from dimethyl (E,E)-octa-2,6-diendioate
3 by a diastereoselective tandem conjugate addition protocol, initiated by (R)- and (S)-lithium
(x-methylbenzyl)benzylamide 4 respectively.
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Our values for the specific rotations of 2 (+)-(R)-2, [at]p?°=+11.3 (c 0.60, MeOH), and (—)-(S)-2,
[a]p?=—13.0 (c 0.25, MeOH) while significantly different from each other are both greater than
the literature value for (R)-2! [®]p?°=+9.2 (c=0.68, MeOH). Our samples of 2 were pure by 'H
NMR analysis and homochiral (>95% e.e.) by 'H NMR analysis of the diester derivatives formed
with Mosher’s reagent from (R)-2, (S)-2 and racemic.
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