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Abstract : Diastereomerically pure 2-formyl-N-Boc-1,3-oxazolidine 7 was prepared
in 83% yield from stannyloxazolidine 4. Grignard additions to the formyl group of
compound 7 in the presence of Lewis acids afforded diastereomerically pure secondary
carbinols 8. Protection of the hydroxyl group and unmasking of the oxazolidine ring
gave O-protected a-hydroxy aldehydes 11, which were immediately reduced to the
corresponding 1,2-diols 12. © 1999 Elsevier Science Ltd. All rights reserved.

We recently introduced norephedrine- and camphor-derived 2-acyl-N-Boc-oxazolidines 2 and § as efficient
chiral templates for the enantioselective synthesis of a-hydroxy aldehydes and their corresponding 1,2-
diols. ? These compounds could be easily obtained diastereomerically pure by a two step sequence starting
from 2-stannyloxazolidines 1 and 4, as depicted in Scheme 1. High levels of stereocontrol in nucleophilic
additions to the acyl group of these systems was realized. Reduction of the benzoyl derivative 2 (R=Ph)
with NaBH,/Lil and Grignard additions to various acyl derivatives § produced the corresponding carbinols
in a highly diastereoselective fashion. Similar results were also obtained by Agami’ in Grignard reactions
with norephedrine derivatives 2. The usefulness of this synthetic sequence was shown by conversion of
alcohols 3 and 6 into the corresponding 1,2-diols with very high enantiomeric excess (>96%).
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In order to demonstrate the versatility and the efficiency of camphor-derived 1,3-oxazolidines as chiral
auxiliaries 'in asymmetric synthesis, we considered the possibility of preparing in an easy and highly
diastereoselective way the 2-formyloxazolidine 7. This would constitute a new chiral synthetic equivalent of
a glyoxal synthon. Other chiral versions of monoderivatized glyoxal reported in the literature have used
acetals,”" aminals,’ and thioacetals® as protecting groups. Stereoselective addition of nucleophiles to either
2-formyloxazolidine 7 or its hydrazone derivatives’ should provide access to enantiomerically enriched a-
hydroxy and a-amino aldehydes respectively.

In this preliminary communication we report on the preparation of formyloxazolidine 7 and the results of its
reactions with Grignard reagents, lithium alkyls and allyltributylstannane (Scheme 2 and Table 1).
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Treatment of a THF solution of stannyloxazolidine 4 with n-butyllithium at -78°C, followed by rapid
addition of excess freshly distilled DMF (20 eq.), afforded 2-formyloxazolidine 7. 'H and '’C NMR
spectra of the crude reaction mixture showed that the product aldehyde 7 was diastereoisomericalty pure.
The absolute configuration at C2 of the oxazolidine ring was assigned as S on the basis of n.O.e.
correlations between all three protons on the oxazolidine nucleus. After chromatographic purification on
silica gel (n-Hex/EtOAc 9:1), aldehyde 7 was obtained in as high as 83% yield, as a pure colorless oil that
crystallized on standing (m.p. 45-46°C; [a], +7.7, ¢ 1 in CHCL,). The results of organometal reagent
additions to formyloxazolidine 7 are reported in Table 1.

Initial experiments involving addition of Grignard and organolithium reagents to aldehyde 7 under the
conditions previously used for ketones 5 (THF as solvent) resulted in the formation of both epimeric
alcohols with marginal selectivity (entry 1 and 6). When using less coordinating solvents, only a modest
improvement of the diastereomeric ratio was observed (entry 2 and 3). A modification of the reaction
conditions, aimed to further improve the stereoselectivity by favoring the formation of a cyclic bis-chelate
intermediate, involved precomplexation of the formyloxazolidine with a strong Lewis acids, such as MgBr,
or TiCl, in CH,Cl, solution.® Addition of Grignard reagents to the aldehyde 7 under these conditions
proved to be highly stereoselective, affording diastereomerically pure secondary alcohols 8 in good yield.
Also, the addition of allyltributylstannane afforded a single adduct 8d in high yield (entry 10).



Table 1: RM additions to formyloxazolidine 7.

Entry RM Exp. conditions Yield (%) Diast. ratio (8:9)
1 n-C,HMgCl THF, -78°C 87 60:40
2 Et,0, -78°C 85 65:34
3 CH,CL,,-78°C 90 70:30
4 MgBr,, CH,Cl,,-78°C 63 >98:2
5 TiCl,, CH,Cl,,-78°C 84 >98:2
6 n-C H,Li THF, -78°C 82 50:50
7 c-C,H,MgBr TiCl,, CH,Cl,,-78°C 78 >08:2
8 MgBr,, CH,Cl1,,-78°C 54 >98:2
9 C,HMgBr TiCl,, CH,Cl,,-78°C 80 >98:2
10 CH,=CHCH,SnBu, TiCl,, CH,Cl,,-78°C 90 >98:2
11 +-C,HMgBr TiCl,, CH,Cl,,-78°C 75 >98:2

'H and *C NMR analysis of the crude reaction mixture showed the presence of only one diastereoisomer:
no signals attributable to the other diastereoisomer were detected.” Moreover, we observed that all major
stereoisomers had a similar coupling constant of the C2 oxazolidine proton ranging from 6.2 to 6.7 Hz.
Indeed, the same coupling constant in all the minor isomers showed values from 1.2 to 1.8 Hz. Molecular
mechanics calculations'® gave calculated constants in excellent agreement with the experimental values
(6.2-6.6 Hz and 2.6-2.8 Hz respectively), allowing for the configuration of the carbinolic center in the
major isomers 8a-e to be determined as S.

Confirmation of the configurational assignment came from comparison of optical rotation values with
compounds of known configuration (see below).
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The unmasking procedure (Scheme 3) involved benzoylation of alcohols 8a-d to afford benzoyl derivatives
10a-d,"" which in turn were subjected to hydrolysis by treatment with 4M HCI in AcOEt solution at 0°C,
followed by evaporation of the solvent and treatment with aqueous THF. The a-benzoyloxyaldehydes 11a-
d thus obtained were isolated and, without purification, submitted to reduction with NaBH, to afford the
monoprotected diols 12a-d. The enantiomeric excess of 12a-d was shown to be >96% in all cases by
NMR analysis of the Mosher esters.'” Configurational assignment was confirmed by comparison of the
optical rotation values of deprotected diols, derived from 12a-d by LiAlH, reduction, with compounds of
known configuration. **
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It is worth noting that the optical rotation value of the diol derived from 12¢ was found to be +7.1, notably
higher than that (+5.1) previously reported for the same optically pure compound measured under the same
conditions.”

In conclusion, it as been shown that the addition of Grignard reagents and allyltributylstannane to the 2-
formyl oxazolidine 7 under chelation control conditions (complexation with MgBr, or TiCl, in CH,Cl,
solution) is highly stereoselective and synthetically useful for the synthesis of highly enantiomerically
enriched O-protected a-hydroxy aldehydes. Future work will focus on nucleophile additions to hydrazone
derivatives of 2 formyloxazolidine 7 as a new approach toward the asymmetric synthesis of o-amino
aldehydes.
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