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DIASTEREOSELECTIVE ELABORATION OF THE CARBON SKELETON OF
p-HYDROXYESTERS FROM YEAST REDUCTIONS
Preparation of (2S )-2-Hydroxy-cyclohexane Carboxylic Acids with
Three Contiguous Stereogenic Centers
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Hochschule, ETH-Zentrum, Universitétstr. 16, CH-8092 Ziirich (Switzerland)

Abstract: The dioxanone-type acetal 2 from (1R ,2S )-2-hydroxy-cyclo-hexane carboxylic acid
(1) and pivalaidehyde is dehydrogenated to a derivative 3 of 6-hydroxy-cyclohexene carboxylic
acid. Highly selective Michael additions and trapping of the resulting enolates with electrophiles
give single diastereomers 4 and 5 which can be hydrolized to 6-substituted
2-hydroxy-cyclohexane carboxylic acids of type C and D.

Yeast reductions of a-substituted B-ketoesters (equilibrating mixtures of enantiomers) furnish
B-hydroxyesters derived from the (R) -precursor (A — B); open-chain, five- and six-ring,
carbocyclic, bicyclic, and heterocyclie substrates have been employed)2'3), thus providing a
host of enantiomerically pure starting materials for syntheses. Using the (1A ,2S )-hydroxyacid
from 2-cyclohexanone carboxylate3), we demonstrate here a methodology for stereoselective
mono- and dialkylation to give products of type C and D, respectively.
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The hydroxyacid4a)1 was condensed4P) with pivalaldehyde to the bicyclic dioxanone 2 in 90%
yield and >50:1 selectivitys). introduction of the double bond by selenation and oxidative

elimination4¢) gave the two possible a.p-unsaturated carbonyl compounds (6:1), the major

product 3 was separated by crystallization5) (65% yield from 2; 25 mmol scale).
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As evident from the content of Table 1, compound 3 turned out to be an excellent Michael
acceptor for cuprates4d). The products 4a - 4g are formed®) with high selectivity and have all
the same configuration as evident from the 300 MHz TH-NMR spectra: the bridgehead hydrogens
H-4a (5 2.31-2.42 ppm, dd , 11 and 4 Hz) and H-8a (8 3.75-4.007), td , 11 and 4 Hz) are antipe-
riplanar (trans -fusion of the rings), and the hydrogens on the new stereogenic centers (C-4a and
C-5) are synclinal. While the configuration at C-5 is the result of kinetic control (axial attack),
that at the a-carbonyl position may be not4€:8): enolate trapping with electrophiles other than
protons (see Table 1) leads selectively to products which are tentatively assigned the cis -fused

structure 5, with a boat conformation of the dioxanone ring (positive NOE between HgzC-4a and

H-2, H-5, and H-8a of 5a, see also data in footnotes)). If this assignment is correct, the
alkylation has taken place from the (Si) -face of the intermediate enolate E, the same steric-
course (rel. topicity /k -1.2 and /k -1.4) observed with the corresponding mor_\)ocyclic,
enolate®:10). [As compared to the latter oneg), the bicyclic enolates of type E are much more

stable towards B-elimination (-60 vs. 0°C)].
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In three cases (4a, 4e, 5a), we have cleaved the acetals#!), esterified the acid groups (CHoN,)
and isolated the cyclohexanes C (R = CHg, RN = CHq and CH=CHo, respectively, 75-90% overall
yield)5) and D (R = RE = RN - CH3)5). Also, the dehydrogenation procedure"'c) applied to 4a

gives49'5) the methylated analogue 6 which we now test as Michael acceptor1 1),

Table 1. - Michael Additions of Cuprates to the C,C Double Bond of 3.
The products 4 were obtained by treatment with cuprates (3 RoCuM/ether/ 0°C) and aqueous

workup. Compound 5¢ was isolated after sequential treatment of 4b with BuLi (-70°C/THF) and
MeI/DMPUG), while 5a and 5b result from direct enolate trapping (cuprate as above, then BuLi/

-70°C, DMPU/-70°C, and iodomethane or allyl bromide/-70 to +20°C). The yields are those of
purified products, they have not been optimized and were determined from 1mmol-scale
reactions. The selectivities were determined by TH-NMR analysis of the crude products. Some

characteristic data of 4 and 5 are given in footnote®).

Nucleophile Electro- Product

added to 3 R(R) phile R No % yield Selectivity
(CHg)oCuli CHg | HoO/NH,CI 4a 75 50:4:1
(C4Hg)oCuli C4Hg HoO/MNH,CI b 79 20:1
(5 -C4Hg)oCulLi 5-C4Hg HoO/NH,CI 4c 54 9:1
(t-C4Hg)oCuli t-C4Hg HoO/NH,CI 4ad 43 4:1
(CoHg)pCuMgBr  CHy=CH HyO/NH,CI 4e 75 10:1:1
(CaHg)oCuLi CHo=CH-CH,  HyO/NH,CI at 81 20:1
(PhMe,Si)oCuli PhMe,Si HoO/NH,4CI 49 76

(CHg)oCuLi CHg CHgl CHy; 5a 60 >20:1
(CHg)oCulli CHg allyl-Br CgHs 5b 75 >20:1

C4Hg CHgl CH, 5¢ 70 >20:1
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Our continuing studies deal with inversion of the configuration at C-2 of the hydroxyacid 1
(entry into the enantiomeric series), with providing definitive proof of the configuration of
the products (including the phenylseleno-substituted intermediates), with the use of acetals
derived from other aldehydes, and with the application of the methodology described here to
other B-hydroxyacidsz), and to natural product synthesis.
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