TETRAHEDRON:
ASYMMETRY

Pergamon TetrahedronAsymmetrny 1 (2000) 371-374

New glyco-oxazolidin-2-ones as chiral auxiliaries in boron-
mediated asymmetric aldol reactions

Michael Stover, Arne Litzen and Peter Kall
University of Oldenburg, Department of Chemistry, Carl-von-Ossietzky-Str. 9-11, D-26111 Oldenburg, Germany

Received 29 October 1999; accepted 11 November 1999

Abstract

Two new chiral glyco-oxazolidin-2-one auxiliaries basedmsglucose are described. SoNeacyl derivatives
were synthesized and used in dialkylboron-mediated asymmetric aldol reactions. All reactions delivered as the ma-
jor diastereomer those predicted by the Zimmerman—Traxler model and were separated by column chromatography
and mostly isolated in moderate to good yields. © 2000 Elsevier Science Ltd. All rights reserved.

Chiral oxazolidin-2-ones as introduced and developed by Evans and co-wotiare become
versatile auxiliaries for various reactions in modern stereoselective synthesis. Based on a very sim-
ple approach to glyco-oxazolidin-2-ones, that was discovered in our laboratory in cooperation with
Hungarian colleaguéswe recently reported on the-xylose derived glyco-oxazolidin-2-ones 35-
isopropylidene- and 3,8-benzylidene- -D-xylofurano[1,2-dJoxazolidin-2one for the same purposes.

Their practical value in the resolution of racemic carboxylic and sulfonic acids, in diastereoselective

-alkylations, -acylations, -halogenations and aldol reactions has been demonstrated.

The success of these acetal protected reagents in stereoselective synthesis encouraged us to look
for other glyco-oxazolidin-2-ones as chiral auxiliaries. We decided to explore the applicability of the
two new compounds 3,5,6-t@-methyl-1-deoxy- -D-glucofurano[1,2-d]-4,3°-oxazolidin-2-one4 and
3,5,6-tri-O-pivaloyl-1-deoxy- -D-glucofurano[1,2-d]-4,3°-oxazolidin-2-one7. Both are prepared from
very inexpensive®-glucose. The use of methyl ether protecting groupkdnd pivaloyl protecting groups
in 7 were chosen to obtain auxiliaries that are more stable towards acidic conditions in order to employ
them in reactions the previous auxiliaries could not be used for. Another interesting aspect is the different
steric demand of these protecting groups. Because of their importance in the asymmetric construction of
carbon—carbon bonds we decided to examine the performance of these new auxiliaries in some aldol
additions.

The first step in the synthesis of auxiliaiywas the permethylation of 1@-isopropylidene- -D-
glucofuranosél. (Scheme 1¥. After 1,2-deprotection of obtained compoudhe resulting derivativé
was converted into the target compouhtl
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Scheme 1. Synthesis of 3,5,6-®Hmethyl-1- -D-glucofurano[1,2-d]-4,3°-oxazolidin-2-one 4. Reagents: (i) Mel, NaOH,
DMF, 3.5 h, t; (ii) acetic acid 50%, 100°C, 5 h; (iii) KOCN, NaPQy, H,0, 2 h, 60°C

The synthesis of the pivaloyl protected auxiliafywas started by addition of potassium cyanate to
D-glucose (Scheme Z)The resulting oxazolidin-2-on@was smoothly converted into target compound
7 by addition of pivaloylchloride and pyridine in dichloromethane.
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Scheme 2. Synthesis of 3,5,6-@pivaloyl-1-deoxy- -D-glucofurano[1,2-d]-4,3’-oxazolidin-2-one 7. Reagents: (i) KOCN,
NaH;POy, H,0, 2 h, 60°C; (ii) 1.2 equiv. pivaloychloride, pyridine, GEl,, rt, 3 d

A number of differentN-acyl substrates of both auxiliaries were easily prepared in good vyields by
accommodating Kunieda’s technique usigN-dimethyl-aminopyridine as catalysin order to study
the steric influence of the substituents in thgosition of theN-acyl moiety on the diastereoselectivity
(Scheme 3, Table 1).
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Scheme 3N-Acylation procedure. Reagents: (i) 1.2 equiwsNEt0.2 equiv. DMAP, CHClI,, rt, 1 h
Table 1
N-Acylation products of auxiliaried and7
auxiliary R R’ N-acyl derivative yield
4 -CH; -CH; 8 97 %
4 -CH; -C;H; 9 91 %
4 -CH; -CéHs 10 44 %
7 -Piv -CH; 11 87 %
7 -Piv -C,Hs 12 98 %
7 -Piv -CéH; 13 71 %

The formation of the boron enolates using dibutylboryltrifluoromethanesulfonaBei,BOTf) and
diisopropylethylamine (DPEA) and the subsequent aldol condensation was carried out by adapting a
method by Evans et a(Scheme 4, Table 2).For the reaction of the methyl ether protectddicyl
derivatives, dichloromethane was used as solvent, whereas diethyl ether was the solvent of choice for the
reaction of the pivaloyl protectel-acyl precursors. The diastereomeric ratios were determinétiby
NMR spectroscopy. In most cases it was possible to separate the major diastereomer by simple column
chromatography in yields varying from 23 to 70%.

The high selectivities can be explained by applying the widely accepted Zimmerman—Traxler peri-
cyclic chair-like transition state mod®IA non-chelated transition state is assumed to be responsible for
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Scheme 4. Boron-mediated aldol reaction. Reagents: (i) 1.2 éBgMEt, 1.15 equivn-Bu,BOTf, 0°C, 30 min; (ii) 1.1 equiv.
RYCHO, 78°C, 20 min; (iii) 0°C, 1 h; (iv) pH 7 — phosphate buffer:methanol (2:3); (v) methan@;H?2:1)
Table 2
Results of boron-mediated aldol reactions

educt aldehyde R”’CHO diastereomeric  configuration  isolated yield of
ratio® of major product major product®

8 @R =-CH,) -CH; 8:1 S 52 %
8 (R’ = -CH3) 'CH2CH2CH3 13:1 S] 62 %
8 R’ =-CH,) -CH(CH;), 8:1 S 67 %
8 (R’ = -CH3) 'C6H5 3:1 S] 70 %
9 (R’ =-CH,CH;) -CH; 3:1 S ¢

9 (R’=-CH,CH;) -CH,CH,CH;, 5:1 S 29 %
9 (R’ = -CH2CH3) 'CH(CH3)2 3:1 S1 21%
9 (R’ =-CH,CHj) -CeHs 5:1 S 30 %
10 (R’ =-C¢Hs) -CH(CH;), 5:1 A, ©

11 (R’ =-CH;) -CH; 12:1 S, ¢

11 (R’ =-CHjy) -CH,CH,CH; 16:1 S, 43 %
11 (R’ =-CHy) -CH(CH:), 16 : 1 S, 59 %
11 (R’ =-CHj) -CeHs 8:1 S, 47 %
12 (R’ = -CHzCHg) 'CH3 9:1 51 66 %
12 (R’ =-CH,CH;) -CH,CH,CH; 6:1 S, 50 %
12 (R’ =-CH,CH;) -CH(CH:), 8:1 S 53%
12 (R’ =-CH,CH;) -CsHs 3:1 S, 53%
13 (R’ =-C¢Hs) -CH(CH;), 8:1 A, 23 %

aDetermined by 500 MH2H NMR spectroscopy using 1 D Win NMR software from Bruker.
bAfter column chromatography.
“The major product could not be isolated in pure form.

the formation of the observed &nd A major products. The four possible configurations are shown in
Scheme 5.
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Scheme 5. The four possible diastereomers

In the case of the non-arylid-acyl derivatives this can be explained by the formation gfenolate
which is attacked from its less hindenedface. However, the phenylacetyl derivatiidsand13 give rise
to theE-enolate which is attacked from tlseface, resulting in the expected Aroduct. Not surprisingly,
the observed selectivities are usually higher for the auxilfamth its sterically more demanding pivaloyl
protecting groups.
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The absolute configurations were determined by the cleavage of some ofhydroxy acids from
the auxiliaries using lithium hydroperoxitland subsequent comparison of the specific rotations with
literature values. It should be noted that the auxiliaries could always be recovered in high yields.

The structures of all isolated compounds were confirmedHbyand *3C NMR spectroscopy, MS
measurements, and microanalyses. According to these stddiesl 7 can be used as efficient chiral
auxiliaries in stereoselective boron-mediated aldol reactions. Further investigations are in progress.
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