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Asymmetric Catalysis of Diels-Alder Cycloaddition by a p-Amino Alcohol Derived 
Boron Complex: Reasonable Transition-state Assembly for One-directional Diene 
Approach 
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Asymmetric Diels-Alder reactions of glyoxylate with acid-labile Danishefsky dienes are catalysed in high 
enantio- and &(endo)-diastereo-selectivity by a chiral amino alcohol derived boron complex, via the favourable 
transition-state assembly for one-directional diene-approach from the site proximal to the sulfonylamino moiety. 

Asymmetric catalysis, particularly of carbon+arbon bond 
forming reactions, is one of the most challenging and 
formidable aspects of organic synthesis.1 The Diels-Alder 
(DA) reaction forms six-membered rings with the potential to 
control the absolute and relative stereochemistry at all four 
newly created chiral centres.2-3 We envisioned the use of the 
p-amino alcohol derived boron complex, (1S,2R)-1 as a mild 
Lewis acid for asymmetric catalysis of this reaction. In this 
paper, we report the highly enantioselective hetero DA 
cycloaddition of glyoxylate 4 with the acid-labile Danishefsky 
dienes 3a,b catalysed by chiral complex 1, which might 
proceed by the favourable transition state assembly for one- 
directional diene approach A from the site proximal to the 
sulfonylamino moiety (Fig. 1). 

The reaction of methyl glyoxylate 4 with the Danishefsky 
diene 3a was promoted by a catalytic (10 mol%) amount of 
complex 1 at -78 "C to give 5a in 69% isolated yield after acid 
treatment (trifluoroacetic acid) (Scheme 1). The remarkably 
high (94%) ee of 5a was determined by HPLC analysis using a 
chiral column (DAICEL CHIRALPAK AS, hexane-propan- 
2-01, 3 : 1). The absolute configuration of the adduct 5a was 
determined from its optical rotation after transformation to 
the known compound 6a.4 The high enantioselectivity com- 
pares favourably to the moderate level of enantioselectivity 
(up to 62% ee) obtained with the bis-sulfonamide complexes 2 
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Scbeme 1 Reagents and conditions: i, toluene, 1, -78 "C; ii, 
CF3C02H; iii, NaBH4, CeCl,; iv, HCl, MeOH; v, LiAlH, 

Table 1 Yield and enantiomeric excess (ee) of product 5a on treatment 
of reagents 3s and 4 with various catalystsa 

Entry Catalyst Yield (%) ee (%)b 

1 2a 69 29 
2 2b 76 61 
3 2€ 78 58 
4 26 77 25 
5 2e 88 38 
6c 242 71 62 
7 4  1 69 94 

a All reactions were camed out using 1.2 mmol of diene, 1.0 mmol of 
methyl glyoxylate and 0.05 mmol of chiral catalyst. b Determined by 
HPLC analysis [DAICEL CHIRALPAK AS (hexane-PriOH, 3 : l)]. 
c In toluene. d 0.1 mmol of chiral catalyst was used. 
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under the same reaction conditions? (Table 1) and is 
consistent with our hypothesis that the DA reaction would 
proceed via the transition-state assembly A. 

Use of complex 1 leads also to endo-diastereoselectivity in 
the reaction with the diene 3b. The DA reaction of methyl 
glyoxylate 4 proceeds smoothly to give the 5,6-cis-endu- 
adduct 5b with high enantioselectivity (Scheme l), providing a 
further mechanistic insight into the transition-state assembly 
of the reaction. As implicated in A (Fig. 1) the e m  mode of 
cycloaddition would be disfavoured by interactions with R2 in 
BL,* B (Fig. 2). Furthermore, the glyoxylate should possess 
the s-trans conformation because of dipolar repulsion between 
the two carbonyl groups. Therefore, the boron catalyst 1 
should be complexed to glyoxylate 4 in an anti (monodentate) 
fashion and the DA reaction should proceed with endo- 
orientation C. 
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Footnote 
t The use of a more polar solvent, propionitrile, leads to a lower level 
of enantioselectivity (20% ee, 71% yield) than that obtained for 
CH2C12 (entry 2). 
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