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Abstract. Diels-Alder reactions of less reactive acrylate-type dienophiles with dienes were achieved by 
replacing its ester counterpart to a pentafluorophenyl group, which remarkably enhanced the reactivity of 
the dienophiles to give the corresponding cycloadducts in excellent yields with a high stereoselectivity. 

The methyl or ethyl (2E) and (2Z)-acrylate derivatives, la ,b  and 3a,b, have been employed as useful 

chiral synthons for the syntheses of various unusual amino acids, t It was considered that [n+2]-type 

cycloaddition to these acrylate derivatives would provide potential synthetic values for the construction of 

carbocycles possessing a chiral amino acid residue. 2 However, the Diels-Alder reactions of  la ,b  and 3a,b 

with dienes such as 2-trimethylsilyoxybutadiene were not successful and resulted in the recovery (160 °C) or 

decomposition (180 °C) of the starting materials. Their poor reactivities to the diene were considered to be 

due to steric and/or stereoelectronic reasons with regard to the dienophiles. To this problem, this paper 

describes an efficient solution that an electronegative ester counterpart introduced into the acrylate-type 

dienophiles remarkably accelerated the rate of  the Diels-Alder reactions giving rise to the desired 

cycloadducts 2 and 4. 

Our initial attempts to enhance the reactivity of the dienophile were the use of a Lewis acid catalyst) 

However, the reaction of  l a  with 2-trimethylsilyloxybutadiene in the presence of a catalytic amount of 
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Eu(fod) 3 at 100 °C resulted in a complete recovery of la.  At more than 130 °C, the diene was decomposed. 

Examined next were the Diels-Alder reactions employing the acrylate lg  possessing an electronegative 

pentafluorophenyl (PFP) group 4 which was expected to activate the electron deficient C-C double bond of the 

dienophile. The [4+2]-cycloaddition of the PFP ester I g with 2-trimethylsilyloxybutadiene proceeded 

smoothly at 130 °C to give the desired cycloadduct. The yield was 84% after conversion to the corresponding 

methyl ester 2. 5 It is noted that the product was composed of a single diastereomer whose stereochemistry was 

ascertained as depicted in Scheme 1 by the 1H NMR studies of the corresponding lactone 5. 6 Among the other 

electronegative ester counterparts such as 2,2,2-trifluoroethyl and p-nitrophenyl groups, the PFP group was 

the most effective one in view of its yields and stereoselectivity (Table 1). In the case of  the (2Z)-acrylate 

derivatives 3a-e, the PFP ester 3e also gave the desired cycloadduct 4 in good yield. 6 

Table  1. Diels-Alder reactions of I and 3 with 2-trimethylsilyloxy-1,3-butadiene °. 

Dienophile Yield (%)b Product (I 'R : 1' S) Temperature (°C) 

la ,b  R = Me, Et no reaction 160 

la ,b  R = Me, Et decomp 180 

l c  R -- CI-I2CF 3 47 ~ 2 (75 : 25) 130 

l d  R =CH(CF3) 2 71 ~ 2 (100 :0)  130 

le  R = CcJ-I~ no reaction 130 

I f  R = p-NO2-C6H 4 52 c 2 (100 : 0) 130 

l g  R = C6F5 (PFP) 84 2 (100 : 0) 130 

3a,b R = Me, Et no reaction 130 

3c R = CH2CF 3 no reaction 130 

3d R = CH(CF3) 2 12 ~ 4 (100 : 0) 130 

3e R = C~5 (PFP) 54 ~ 4 (100 : 0) 130 

°All reactions were performed in toluene for 3 days using a sealed tube. bThe yields were 
isolated yields as the corresponding methyl esters (ref 5). ~Starting material was recovered 
as the methyl ester l a  or 3a (from the reaction of Ic,  34% of la  was recovered; ld, 20%; 
If, 36%; 3d, 71%; 3e, 22%). 

As an additional example, the methyl acrylate derivative 7a 7 did not react with 2-trimethylsilyloxy- 

butadiene even at 130 °C for 5 days and the starting material was completely recovered. However, the 

reaction of  its PFP ester 7b underwent stereoselective cycloaddtion to give in 94 % yield the cycloadduct 86 

(2S-8 : 2R isomer = 93 : 7). Thus, the PFP group was found to activate the dienophiles which did not react 

with 2-trimethylsilyloxybutadiene. The exclusive formation of the I'R cycloadducts 2 and 4 and the 2S adduct 

8 can be explained by the attack of the diene from the less hindered side of  the dienophiles (Scheme 1). 8 

Inspection of the 13C NMR spectral data of the PFP derivative lg  revealed that its C2 carbon signal 

appeared at higher field (118.8 ppm) and the C3 carbon shifted to lower field (151.0 ppm) than those of the 

unreactive phenyl derivative l e  (C2, 125.9 and C3, 148.0 ppm), respectively. These data suggest that the 

electronegative ester counterpart strongly activates its electron deficient C-C double bond. 

The reaction profiles of  the methyl esters la  and 3a and the PFP derivatives lg  and 3e with other dienes 

were summarized in Table 2. In the case of the PFP derivatives, remarkable rate enhancement was observed 
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and the correponding cycloadducts were obtained in good yields, while the methyl esters did not react except 

with cyclopentadiene. 

Scheme 2. 
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Table 2. Reaction profiles of the acrylates la,  lg ,  3a, 3O with several dienes. = 

Dienes l a  (2E Me ester) l g  (2E PFP ester) 3a (2ZMe ester) 3o (2ZPFP ester) 

130 °C, 3days r.t., 3days 130 °C, 3days 50 °C, 3days 
Me ester of 10, 46% yield 10, 77% yield no reaction 11, 71% yield 
3 : 3 : 1 : 1  b 5 : 3 : 1 : 1  b 4 0 : 4 : 3 : 1  b 

' •  130 °C, 5days 130 °C, 3days 130 °C, 5days 130 °C, 5days 
no reaction 12, 79% yield no reaction 13, 68% yield 

3 : 2 c'd 3 : 2 c'd 

MeO--~\ /// 130 °C, 5days 80 °C, 5days 130 °C, 5days 80 °C, 5days 
OTMS no reaction 14, 84% yield no reaction 15, 67% yield 

2.5 : 1 d,e 3 : 1 d't 

aAII reactions were carried out in toluene using a sealed tube.The products were isolated as a mixture of the PFP 
esters. The yields were isolated yields as a mixture of cycloadducts.The products ratio was determined by 1H NMR. 
bThe products were a mixture of the I'R/I'S and endo/exo isomers (l'R-endo : l'R-exo : l'S-endo : l'S-exo). 
crhe products were a mixture of 12 and its 4'-Me regioisomer, dNone of the 1 'S isomers were detected. ~qhe products 
were a mixture of 14 and its 3'S isomer, trhe products were a mixture of 15 and its 3'R isomer. 

H I'R R PFPO2C*. R H R PFPO2C~ R 

10 11 4 " ~ ' ~  5' 12 13 
PFPO2C, " H, R R 

U e O 3 , R , ~  MeO~ 
14 15 R = 

O O 

Thus, the PFP group was proven to be an excellent ester counterpart of acrylate-type dienophiles for the 

Diels-Alder reactions. In particular, this method would be useful when dienes and/or dienophiles are labile 

under high temperature or to Lewis acid catalysts. Studies regarding the conversion of the resulting 

cycloadducts into the conformationally restricted glutamate analogs 9 as well as an extension of the present 

findings for further applications are in progress. 
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