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Abstract: Diastereoselectivity in asymmetric Diels-Alder reaction of chiral 2-siloxyfurans 
with dimelhyl acetylenedicarboxylale (DMAD) depending on the protecting groups in the 
allylic stereogenic centers of the molecules in the presence of the (+)-Eu(hfc)~ catalyst was 
described. 

The asymmet r i c  Diels-Alder  react ion is a h ighly  efficient method for p repa ra t ion  of 

chiral  s ix-membered  r ing  compounds,  in which several  chiral  centers  can be es tab l i shed  in  

one s t e p J  Al though chiral  auxi l iar ies  are  commonly used in  dienophiles ,  2 dienes  2 or 

ca ta lys ts  3 to induce dias tereofacia l  selectivity,  Diels-Alder  react ions  of dienes  wi th  an  

adjacent  chiral  center  have been also extensively studied. 4 As pa r t  of our  project  on the  total  

synthes is  of na tu r a l  products ,  we s tudied asymmetr ic  Diels-Alder  react ions  of 2-si loxyfurans 

3a - f  der ived from L-ascorbic acid. We repor t  here the  exceptional  enhancemen t  of 

dias tereofacial  select ivi ty  by protect ing groups on the allylic s tereogenic centers  of 3. 

Si loxyfurans  3a - f  were p repared  from compound 15 Protect ion of the  diol moiety  of l b y  

t -buty ld imethyls i ly l  or dialkyl-  and  d iary l -methyl idene  ke ta l  group by convent ional  methods  

gave 2a-f,  6 which can be converted into 3a - f  by t r e a t m e n t  wi th  t -buty ld imethyls i ly l  t r i f la te  

and t r ie thy lamine .  7 Diels-Alder  react ions of 3 a - f w i t h  10 equiv, d imethyl  acetylene-  

dicarboxylate  (DMAD) wi thout  solvent a t  room t e m p e r a t u r e  gave cycloadducts  5 a - f  and  6a-f. 

The resu l t s  are  summar ized  in Table 1. For  Ent r ies  1 and 2 us ing  the t -buty ld imethyls i ly l  

group as the  protec t ing  groups,  Diels-Alder  react ions  of 3a  gave e i ther  no dias tereofacial  

select ivi ty ( 5a  : 6 a  = 1:1 ) wi thout  a ca ta lys t  or poor dias tereofacial  select ivi ty  ( 1.3:1 ) wi th  

(+)-Eu(hfc)3 cata lys t ,  s When  the protect ing group was a l te red  to the  i sopropyl idene ke ta l  

group ( Ent r ies  3 and 4 ), the  diastereofacial  select ivi ty improved s l ight ly  ( 1.8 : 1 and  2.2 : 1 ) 
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Table I. Asymmetric Diels-Alder Reactions of Siloxyfurans 3 

Entry 2-Siloxyfurans 3 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

3a R1- -R2=TBS 

3b 

3c  

3 d  

3e  

3 f  

R1 and R2 = 

(CH3)2C ~ 

R 1 and R2 = 

(Ph)2C ~ 

R1 and R2 = 

(p-MeOPh)2C ~ 

R1 and R2 = 

(PhCH2)2C ~ 

R1 and R2 = 

(Cyclohexyl)2C < 

Catalyst 

(+)-Eu(hfc)3 

(+)-Eu(hfc)3 

(+)-Eu(hfc)3 

Reaction 

Time 

5 days 

37 h 

22 h 

15 h 

48 h 

24 h 

Diastereofacial 

Selectivity (5:6) 

1 : 1  

1 .3 :1  

1 .8 :1  

2 .2 :1  

2 .1 :1  

9 .3 :1  

- 4 8 h  2 . 1 : 1  

(+)-Eu(hfc)3 24 h 9.3 : 1 

24 h 

48 h 

Eu(fod)3 

(+)-Eu(hfc)3 

(+)-Eu(hfc)3 

22 h 

24 h 

12 h 

3 .7 :1  

2 .1 :1  

7 .5 :1  

6 .4 :1  

7 .6 :1  

Yield/% 

60 

73 

81 

83 

82 

90 

92 

86 

79 

88 

84 

86 

91 
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without or with the (+)-Eu(hfc)3 catalyst. However, when diphenylmethylidene ketal group 

was employed as the protecting group, the diastereofacial selectivity was enhanced greatly to 
9.3 : 1 in the presence of the (+)-Eu(hfc)3 catalyst ( Entry 6 ). In contrast, without the (+)- 

Eu(hfc)3 catalyst the selectivity was only 2.1 : 1. Similarily, compound 3d with the di-p- 

methoxyphenylmethylidene ketal protecting group gave high diastereofacial selectivity ( 9.3 : 
1, Entry 8 ). On the other hand, with an achiral Eu(fod)3 catalyst ( Entry 9 ) compound 3d 

gave much lower diastereofacial selectivity ( 3.7 : 1 ).8 Compound 3e with a 

dibenzylmethylidene ketal protecting group also gave cycloadducts in high diastereofacial 
selectivity (7.5 : 1, Entry 11 ) with the (+)-Eu(hfc)3 catalyst. An X-ray analysis of the major 

cycloadduct 5e confirmed its absolute stereochemistry, Figure 1. 9 In order to confirm the 

stereoehemistry of 5d, correlation of the stereochemistry of 5d with 5e was undertaken. 

Hydrogenation of 5d and 5e gave compounds 7d and 7e, respectively. Reaction of 7d or 7e 

with tetrabutylammenium fluoride afforded compound 8d or 8e. When compound 8d was 

treated with dibenzyl ketone dimethyl acetal and a catalytic amount efp-toluenesulfonic 

acid, 8d was converted into a compound identical to 8e. These correlation experiments 

proved that  major cycloadducts 5d and 5e have the same stereochemistry. 

O.. OTBS (~k0 TBs O 
/~ ,~CO2Me H2,5%Pd-C ~ C O 2 M e  nBu4NF [ ~  cO2Me 

O,,.(,~ "CO2Me EtOAc " ,,- CO2Me THE,-78°C "~-/'~CO2Me 

R R R R 

5d R = MeOPh - 7d Sl% (PhOH2)2C(OMe)2F 8d R = MeOPh- 94 95 

$e R=PhCH2- 7e 82% PTSA, CH2C] 2 ~ 8e R=PhCH2- 9695 

In addition, we also found that  compound 3f using dicyclohexylmethylidene ketal 

protecting group underwent Diels-Alder reaction in good diastereofacial selectivity ( Entries 

12 and 13 ), Table 1. From these results, we attribute this exceptional enhancement in 

asymmetric induction to the steric bulkiness of the aryl rings and the double differentiation 
due to the chiral (+)-Eu(hfc)3 catalyst, z-stacking effect 1° of the aryl rings in 3¢ and 3d is 

probably not as important in view of comparable effectiveness of diarylmethylidene ketal 

groups in 3c and 3d versus the dibenzylmethylidene and dicyclohexylmethylidene ketal 

groups in 3e and 3f  

In summary,  we report herein that  diphenylmethylidene and di-p-methoxyphenyl- 

methylidene ketal protecting groups on the allylic stereogenic centers of 3c and 3d enhanced 

the diastereofacial selectivity of the Diels-Alder reactions of 3c and 3d significantly in the 
presence of the (+)-Eu(hfc)3 catalyst. The application of this discovery to other asymmetric 

reactions and the use of Diels-Alder adducts 5c and 5d as the starting materials for total 

synthesis of natural  products are under current investigation. 
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