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Summary: Both syn- and anti- isomers of 3-substituted-A2-isoxazolines can be prepared in a 
stereoselectlve way by the aldol reaction of 3-formyl-As-isoxazolines and silyl enol ethers in the 
presence of appropriate Lewis acid. 

Recently, A2-isoxazoline has become an important intermediate in organic synthesis.ls This 

heterocycle can be readily converted into a yamino alcohol or a p-hydroxy ketone.4l5 The relative 

stereochemistry between C4 and Cs on the ring depends solely on geometry of the starting olefins, 

because concerted cycloaddition process between a nitrile oxide and an olefin proceeds in a 

stereospecific way. However, the cycloaddition of chiral nitrile oxides or their derivatives to olefin 

usually takes place in non-stereoselective way to give mixtures of a pair of diastereomersss lt is 

meaningful to develop a useful method for a stereoselective carbon-carbon bond formation on the 

side chain of the rtng.slls 3-Formylds-isoxazoline should be a good candidate for this purpose. 

However, there have been a few reports concerning on this compound.11 In this paper, we report 

stereoselective introduction of substituents on C3 position can be readily achieved by the aldol 

reaction of 3-formyl-As-isoxazolines. Two possible diastereomers can be prepared with high 

stereoselectivity by the use of Tic14 or BFsOEts, respectively. 

R5-CH= -0SiMe ’ 2 #+P@ 

CH2C12, -78 % 

Lewis acid syn-2 anti-2 

Scheme 1 

Treatment of 3-formyl-As-isoxazoline 1 with various kinds of silyl enol ethers in the presence 

of appropriate Lewis acid afforded corresponding aldol adducts 2 (Scheme l).ts The results are 

summarized in Table 1. Various kinds of Lewis acids can be used for the reaction. While TiCl4, 

ZnBq, and BFs-OEts give 2a in good yfeld (run 1.3.5) SnC4 and AICIs result in low to moderate 

yield of 2a (run 2 and 4). The reaction with high reactive silyl end ether proceeds smoothly in the 

presence of catalytic amounts of TiCq (run 1,8,8,11,15). The products usually consist of a pair of 

diastereomers, which are syn-2 and anti-2. Their ratios were determined by HPLC analyses. Tic4 
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and SnCl4 give synQe in high stereoselectivity (run 1 and 2). ZnBrs shows moderate syn- 

selectivity (run 3). The opposite isomer, anti-Pa, is also prepared in the presence of AlCl3 or 

BFsOEts (run 4 and 5). BFs.OEts shows a somewhat better selectivity than AICl3. Since the 

formation of syn- and anti-2a is now possible, the reactions of other kinds of 1 are canied out. Tic14 

always exhibits high syn-selectivity except the case of Rl = H (run 6, 6, 10, 11 and 13). This 

selectivity is not observed in absence of substituent on C4 to give 1 :l mixture of anti-29 and syn-2g 

(run 15). Relative stereochemistry between C4 and Cs does not affect the syn-selectivity. On the 

other hand, while anti-2 is obtained as an almost single isomer from 4,5-M substituted 1 under the 

BFs-OEts catalyzed conditions (run 5, 7, and 14). 4,5trans substituted 1 gives a diastereomeric 

mixture of 2, whose ratio is about 6:4 to 7:3 (run 9 and 12). Some selectivity is observed in absence 

Of the substituent on C4 to give 2g in 24/76 diastereomer ratio (run 16). 

The stereochemistry of 2 was confirmed on comparison with 1H NMR spectra after the 

conversion of syn-2f to 3 (Scheme 2).ts 

syn-2f 3 

a: TBSU lmH, DMF, 60 “C b: NaBH4 c: NaH, CS2, Mel d: Bu~SIH, AIBN, 60 “C 
8: Raney-Ni, H2, B(OH)3 

Scheme 2 

These compounds can be readily converted into corresponding hydroxy ketones under the 

hydrogenation condition.14 For example, syn-2a and anti-b gave compound 4 and 5 as a single 

diastereomer, respectively (Scheme 3). 
H H 

syn-2a 
a, 8 ,P 

fi 

anti-2a 
a, e ,P 

TBS Y+) ~TBS 

Scheme 3 4 47% 5 47% 

This reaction pathway can be explained via chelation or non-chelation control of Lewis acid 

(Scheme 4).15-ls For example, TiCI can coordinate to the oxygen in the formyl group and the 
nitrogen atom in the As-isoxazoline ring to form five membered ring.10 A nucleophile can attack 

from the less hindered site, which is opposite site to R1 group, to give syn-2 predominantly. In BFs 

system, on the other hands, this chelation is not formed but dipolar repulsion of C-O and C=N bond 

governs the confomtation of 1 to give anti-2 selectively. In both cases, the substituents on C4 play 

an important role to determine the stereochemistry of the products. Further application of this 

reaction is now proceeding in our laboratory. 
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Table 1. Stereoselective Aldol Reaction of Silyl Enol Ethers to 1. 

run 1 IV R* F@ Iv RS Lewis acid (eq) time (h) 2; yield (%)4 Syn/antib) 

1 1 a -(CH&- H 

2 1 a -(CH&- H 

3 1 a -(CH&- H 

4 1 a -(CH&p H 

5 1 a -(CH2)3- H 

6 1 a -(CH*)3- H 

7 1 a -(CH*)3- H 

6 lb Ph H Ph 

9 lb Ph H Ph 

10 lb Ph H Ph 

11 lc Me H Me 

12 lc Me H Me 

13 Id Me i-Pr H 

14 Id Me i-Pr H 

15 1eH Ph H 

16 1eH Ph H 

Ph H 

Ph H 

Ph H 

Ph H 

Ph H 

Ph Me 

Ph Me 

Ph H 

Ph H 

t-Bu H 

Ph H 

Ph H 

‘@H2)4- 

‘(CH2)4’ 

Ph H 

Ph H 

TiCI4 (0.1) 1 20; 89 9614 

SnCl4 (0.1) 1 2a; 48 96/4 

ZnBr2 (1.0) 2 28; 93 63t37 

AICl3 (1.0) 2 2a; 57 11189 

BFsOEt2 (1.0) 4 2a; 90 4lQ8 

TiCI (0.1) 1 2b; 99 98/2c) 

BFs.OEt2 (1 .O) 2 2b; 94 2fQ8d) 

TIC4 (0.1) 1 2c; 76 96J4 

BFe.OEt2 (1 .O) 1 2c; 89 3916 1 

TiCl4 (1.3) 48 2d; 708) 9814 

TiCI (0.1) 6 20; 93 93J7 

BFs.OEt2 (1 .O) 8 2e; 54 27/73 

Tic14 (1.0) 1 2f; 70 9713 

BFsOEt2 (1 .O) 2 2f; 89 4l96 

TiCI (0.1) 2 2g; 96 53/47f) 

BFsOEti (1.0) 2 2g; 88 24/769 

a) Isolated yield. b) Determined by HPLC analyses. c) Diastereomer ratio on syn- PhC(=O)CH(Me)- 
CH(OH)- was 81/17. d) Diastereomer ratio on anti- PhC(=O)CH(Me)-CH(OH)- was 71/27. e) 
Dehydrated olefin was isolated in 17% yield. 9 Stereochemistry of 2g was not determined. 
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