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Abstract: Silyl nitronate cycloadditions to oppOlzcr’s chital sultam derivatives, followed by the elimination of the 
silyl alcohols from the resulting N-silyloxyisoxazolidines. provide M-isoxazolines in good stereoselectivity (ca. 
89/l 1). The favored transition state is suggested in the light of the X-ray crystal structure of a major cycloadduct. 

Silyl nitronates are versatile reagents for the preparation of A%oxazolines, 2 which can be converted b0/3- 

hydroxy carbonyls, y-amino alcohols, P,)“unsaturated ketones, and various other functional groups3 With the 

exploratory work by Torssell and coworkers,4 sllyl nitronates can be considered as synthetic equivalents of nltrile 

oxides in their reaction with olefinic dipolarophiles. The resulting N-silyloxyisoxazolidines are readily 

transformed into AGoxazalines upon tnzatment with acid or tebabutylammonium fluoride (Eq. I).5 

c R 
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Eq. 1 

The asymmetric induction in nitrile oxide cycloadditions to various dipolamphiles has been studied.6 but little 

has been done on the asymmetric induction in silyl nitmnate cycloadditions. We now report on the asymmetric 

silyl nibonate cycloadditions with the Oppolzer’s chiral sultdm derivatives.7 

The cycloadditions of N-acryloyl (2R )-bornane-10.2~sultam (1) with in situ-generated silyl nitronates formed 

by the 0 -silyIation of the corresponding primary nitm compounds, followed by p-toluenesulfonlc acid catalyzed 

elimination of trimethylsilyl alcohols from N-trime~ylsilyloxyisoxazolidine cycbadducts 2, produced the 

diastemomeric mixtures (3 and 4) of AZ-isoxazolines (Eq. 2). 

Eq. 2 
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Table 1 summarize s some of experimental results and the series of exampks presented demonstrates the 

generality of this procedure. A brief survey of solvent effects indicated that better diimkotivities were 

observed in nonpolar solvents such as toluene or bexane. This result parallels the. solvent effect in asymmetric 

nitrile oxide cyc1oadditions.a In these solvents, useful levels of asymmetric induction (typically 89/11) were 

consistently observed, regardless of the substituent on the silyl r&mate. 

‘IWe 1. Silyl Nitronare Cyclondditiona withN-Acryloyl Sulmmr I ar sntrl 

A2kxazoline Products 

Entry Sultam Silyl Nitronatea Solvent Major j/Minor 4 b Y ieldd 

1 1 R-H Toluene 8911 I 96%(57%) 

2 1 R-CH3 Toluene 89/l 1 95%(75%)’ 

3 1 R-CHj Hexane 88/12 

4 1 R-CH3 CHzCl2 82118 

5 1 R-C2H5 Toluene 89/l 1 96%(81%) 

6 1 R-W-I9 Toluene 89/l 1 93%(61%) 

7 1 R-WI II Toluene go/10 94%(69%) 

8 1 R-C%?3 5 Toluene 89/l 1 85%(60%) 

9 1 R-CaH5 Tol/CH~12 85/l 5 81%(50%)8 

10 ent-le R-CHJ Toiuene 88112 96%(65%) 

a) Generated by the Torssell method* by 0-silylation of the primary nitm compound using trimethyl shy1 

chloride and triethyIamine at room temperature. b) Ratios determined by lH NMR. c) Isolated yield based on the 

suItam after chmmatographic purification. d) The yield in parentheses represents the isolated yieid of the major 

cycloackkt 3. e) The enantiomeric sultam (ent-I) was used and emntiomeric products (ent-2. ent-3, and ent-4) 

were obtained. f) Isolated yield of the isoxazolidine product 2. g) NMR yield. 

It was possible to isolate the tnafi diastemomer 3 by chromatography in good yield and to excise the chiral 

auxiliary by L-Selectride@ miuction~ The absolute stereochemistry of the newly generated C5 stereogenic center 

of the major product 3 was rigorously determined as R by chemical correlation (R-CHs C&I& by comparison of 

the optical rotations of the resulting A~isoxszoRne alcohols by L-Selectride@ reduction with those of the 

authentic compounds prepared by nitrile oxide cycloaddition method (R-CH3 C&),* and by X-ray 

crystallography (ent-2, R-CHs see Figurel). The stereochemistry of tk other products was assigned by 

analogy. It is noteworthy that only two diastereomers out of four possible isomers of N- 

trimethyIsilyloxyisoxazolidine 2 were formed in Ute cycloadditions of 1 or ent-1 with methyl substituted silyl 

nittonate. The major cycloadduct in each case was separated by chromatography and attempts were made to grow 

a single crystal for X-ray crystallography. Finally, the X-ray crystal structure of the major product in the 

cycloaddition of ent-1 was obtained (Figure l).g 
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Figure 1. X-ray crystal structure of the major isomer of ent-2 (R-CH3). 

The stereochemical outcomes in the cycloadditions of 1 or ent-1 with silyl nitmnates can be rati~dii by 

inspection of the transition stzte models in Scheme 1. The ground state conformer in solid state of ent-1 has 

already been determined as the C-O/C-C s-cis conformer by X-ray crystallogtaphy.~~t” Lie nibone 

cycloadditions,*t the stemochemistry of silyl nitmnate q&addition is controlled by the facial selectivity (top vs. 

bottom face attach) and the endo-exo selectivity. The C5 stemogenic center is governed by the facial selectivity 

and the C3 stereogenic center is related to the endo-exo selectivity in silyl nitmnate cycloadditfons. Among lhs 

four possible transition states (Scheme 1). the major product may result from the topendo transition state. This 

transition state is stabilff by PIE favorable secondary orbital interactions between the molecular orbitals of silyl 

niuonate nitrogen and carbonyl carbon of IV-acryloyl sultam, and it alleviates a steric or electronfc encumbrance 

between incoming silyl nitronate and one of sulfonamide oxygens in the chimt dipolarophile.6b Additional, 

circumstantiaf evidence for this assignment comes from tht X-ray crystal structure of the major cyctoadduct in tfie 

cycloaddition of ent-1 with methyl substituted sflyl niironate (Figure 1). This structure clearly shows that the 

major cycloadduct closely resembles the proposed topendo tmnsition state. 

S&me 1 (Xc-(2R)-bomane-10.2~sultam auxiliary). 

top-exo 

bottom-8fldO bottom-8xo 
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Asymmetric silyl nitmnate cycloaddition, followed by the elimination of silyl alcohol, provides a useful route 

to optically active A%oxazolines. The application of this method to natural pmduct synthesis is under active 

investigation. 
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