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Summary: The [3 + 21 cycloaddition of Salkoxyoxazoles with aldehydes in the presence of the 
organoaluminum reagent, which was prepared from (f)-2,2’-dihydroxy-l,l’-dinaphthyl and Al.Ve3, gave ci.T-4- 
alkoxycarbonyl-2-oxazolines in high regio- and stereoselective manner. 

4-Alkoxycarbonyl-2oxazolines have been a versatile building block in organic synthesis as a masked 

form of P-hydroxyamino acids or 2-amino-1,3-diols.3) In general, trans isomers of Ssubstituted 4- 

alkoxycarbonyl-2-oxazolines are selectively synthesized in the aldol reaction of isocyanoacetacs with aldehyde 

under thermodynamic control.l-3) We recently reported that oxazoles undergo formal [3 + 21 cycloaddition 

with some dienophiles having strong electron-deficient character, and the mechanism thro!.lgh the stepwise 

pathway involving a zwitterionic intermediate was proposed.4) Carbonyl compounds are usu:: Ily unreactive in 

this [3 + 21 cycloaddition,5) but could be activated by Lewis acid according to the proposed mechanism.4) In 

this paper we report the first example of regio- and &-selective synthesis of 5substituted 4-alkoxycarbonyl-2- 

oxazolines by the formal [3 + 21 cycloaddition of Salkoxyoxazoles with aldehydes. 

The reaction of oxazole la with benzaldehyde was carried out in the presence of several kinds of Lewis 

acids. As expected, 4-methoxycarbonyl-2-~-methoxyphenyl)-5-phenyl-2-oxazoline (2a) v. as formed in an 

exclusively regioselective manner@ in high yield (Table 1, Run a - e). Organoaluminum reag ants?) or tin(IV) 

chloride was found to be effective, and high cis selectivity (cis:tmns = 98:2) was observed by using catalyst A 

cis-2 trens-2 

la: Ar=p-MeOCgHq, Rl=Me; 

lb: Ar=Ph, RI=Et; 

2a: Ar=p-MeGC@4, Rl=Me, R2=Ph; 

2b: Ar=p-MeOCgH4, Rl=Me, R2=p-NO2CoI-Q; 

2c: Ar=p-MeOC@I& Rl=Me, R2=p-ClCgH4; 

2d: Ar=pMeOC@4, Rl=Me, R2=p-MeOQjH4; 

2e: Ar=p-MeOC6Hq, R1=Me, R2=PhCH=-CH(E); 

2f: Ar=p-MeOC6H4, R1=Me, R2=Et; 

2g: Ar=Ph, Rl=Et, R2=Et02C; 
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Table 1. Reactions of Oxazoles la and lb with Aldehydesa) 

Run 1 Aldehyde Conditions 2 Yield(%)b) 
Lewis acid Solvent, Temp., Time cis-2 trans-2i) cisltrans 

a la PhCHO Catalyst AC) 

PhCHO b la 

c la 

d la 

e la 

f la 

PhCHO 

CH2C12 + cH3CNd), 
O”C,93h 

CH3CN, r.t., 94 h 

CH2CL2,O “C, 112 h 

PhCHO 

PhCHO 

p-NO2- 
C@QCHO 

Catalyst AcTe) 

Catalyst Bf) 

SnCl4 

SnCl4 

Catalyst AC) 

8 la p-Cl- 
C6H4CHO 

Catalyst AC) 

h la p-MeU 
C6H4CHO 

Catalyst AC) 

i la Catalyst AC) 

j la 

Cinnam- 
aldehyde 

EtCHOh) Catalyst AC) 

k lb Et02CCHOh) Ti(OPri)4 

TiCl4 

CH3CN, 0 ‘C, 120 h 

CH2Cl2, r.t., 21 h 

CH2Cl2 + CH3CNd), 
O”C,45 h 

CH2Cl2 + CH3CNd), 
0 “C, 66.5 h 

CH2C12 + CH3CNd), 
0 ’ C, 18 h - r.t., 78 h 

CH2Cl2 + CH3CNd), 
O’C, 18 h-r.t.,5t h 

CH2Cl2 + CH3cNd), 
r.t., 52 h 

CH3CN, r.t., 13 h 

1 lb Et@CCHoh) Ti(OEt)4 
TiC14 

CH3CN, r.t., 20 h 

m lb EtO2CCHOh) SnC14 CH3CN, r.t., 10.5 h 

2a 768) 1.78’ 9812 

2a 858) 1.8g ’ 9812 

2a 338) 548) 38/62 

2a log) 588) 15/x5 

2a 308) 546) 36164 

2b 84 5.9 93rl 

2c 81 1.4 9812 

2d 37 12 76/24 

2e 21 5.9 78122 

2f 

2g 

2g 

2g 

13 2.3 85/15 

4x3 8.28 ’ 
(4o)b) (7.4)‘)) 

84116 

44 16 73/27 

106) 588) 
(1 o)b) (55)b) 

15/X5 

a) The reaction was carried out in the presence of 1 .O equiv. of Lewis acid unless otherwise noted b) Isolated 

yield by column chromatography. c) For preparation: See text of a typical experimental proceliure. d) 1: 1 

Mixture of the solvents. e) Two equiv. of organoaluminum reagent A was used. 0 Prepared I q siru from 

2,4,6&bromophenol and AIMe3 (0.99 M in hexane) in dry CH2CI2. g) Determined by HPLC :Inalysis. h) 

Two equiv. of the aldehyde was used. i) Recovered oxazole 1: Run a , 4.8%g); Run b, 0.1 $8); Run c, 

l.l%g); Run d, 5.9%g); Run e, 0.9 %g); Run f, 0%; Run g, 0%; Run h, 25%; Run i, 4.8%g); :‘2un j, 70%; 

Run k, 0%; Run 1, 0.7’%g); Run m, 0.7%g), 

Catalyst A Catalyst B ~~ 
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(Run a and b). Although the reaction rate was very slow in the presence of catalyst A (1.t’ equiv.) in dry 

CH2Cl2 or dry MeCN, the mixed solvent of CH2Cl2 and M&N (1:l) was effective. Son,: p-substituted 

benzaldehydes, cinnamaldehyde and propanal also undergo regioselective [3 + 21 cycloaddition vith oxazole la 

to give the corresponding 4-methoxycarbonyl-2-oxazolines 2b - 2f with high cis selectivity (Tal lie 1, cis:trans = 

982 - 7624). 

A typical experimental procedure is given for the reaction of oxazole la with p-nitrobemsldehyde. To a 

solution of (4)2,2’-dihydroxy-l,l’-dinaphthyl (0.286 g, 1.0 mmol) in dry CH2C12 (5 ml) was _idded a 0.99 M 

hexane solution of AlMe (1.0 ml, 1.0 mmal), and the resulting solution was stirred at room temperature for 1 

h. After cooled to -78 “C, a solution of oxazole la (O.ZOSg, 1.0 mmol) andp-nitrobenzaldehy,le (0.151 g, 1.0 

mmol) in dry MeCN (5 ml) was added. The reaction mixture was stirred at 0 “C for 45 h, pouret into ice cooled 

saturated NaHC03 solution, and extracted with CH2Cl2. The combined extracts were dried 0, er MgS04 and 

evaporated in WCUO. Column chromatography of the residue on silica gel eluting with 4: 1 hexa lie/ethyl acetate 

gave rrans-2-oxazoline trans-2b (21 mg, 5.9%); and eluting with 7:3 hexane/ethyl acetate gave :is-2-oxazoline 

cis-2b (301 mg, X4%).*) 

Ethyl glyoxylate also reacted with oxazole lb to give 2-oxazoline 2g in the presence t f a Lewis acid. 

Using 1:1 mixture of titanium(IV) chloride and titanium tetraalkoxide in dry MeCN, cis- ‘#g was formed 

selectively (cis:trans = 84; 16 - 73:27). On the other hand, trans-2g was obtained as a major i .omer by use of 

tin(lV) chloride in dry M&N (cis;trans = 15;W). The formation of thermodynamically more suble trans-2a or 

tram-2g in the presence of tin(IV) chloride occurred through epimerization of the initial aciduct under the 

reaction conditions.9) In the case of the reaction of ethyl glyoxylate, catalyst A gave less satisf ctory results in 

reactivity and stereoselectivity. 

Efforts to apply the reaction to diastereoselective or enantioselective syntheses of 2-o ,.azolines using 

chiral aldehydes or chiral Lewis acid are now in progress, together with mechanistic study for tl 3 cis selectivity 

by using organoaluminum catalyst A. 
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