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The preparation of functionalized 6-membered rings via 
enantioselective [4 + 2] cycloaddition processes is currently an 
area of very active research. The majority of the reported 
investigations on this topic have dealt with the use of chirally 
modified dienophiles,1 although Lewis acids have also received 
increasing attention as chiral catalysts2 for asymmetric cycload-
ditions. On the other hand, there have been only a few reports 
of [4 + 2] reactions in which the 4-ir-electron component contains 
a chiral center.3 Most of the examples in the literature involve 
C-I-substituted dienes whose allylic position is substituted with 
a heteroatom. The diastereofacial selectivity for [4 + 2] reactions 
of these C-I-substituted chiral dienes has been examined.4 

Enantioselective Diels-Alder reactions have also been reported 
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for 1,3-dienes which have a chiral auxiliary appended to the C-I 
position through a heteroatom linkage, such as an ester,3 amide,6 

or carbohydrate.7 Unfortunately, the enantioselectivities for these 
systems have not been very high. Furthermore, for the carbo­
hydrate-containing dienes, the sugar moiety can prove to be a 
nuisance if it is merely intended to serve as a chiral auxiliary, 
since it cannot be easily removed or modified at a later stage in 
the synthesis. 

The cycloaddition chemistry of 1,3-dienes which have a chiral 
group at C-2 has received surprisingly little attention thus far. 
The diastereofacial selectivity for reactions of 2-substituted dienes 
having heterosubstitution at the allylic center has been examined.8 

However, the diastereomeric excesses (de) have generally been 
low, and the chiral groups in these examples cannot really be 
considered as chiral auxiliaries.9 

Recently, we have demonstrated that 2-amino-1,3-butadienes 
react with various electrophiles to give [4 + 2] adducts.10 Thus, 
using simple nonactivated imines" or 0-nitrostyrene,12 the 
corresponding piperidones13 or cyclohexanones can be prepared. 
We have also found that 2-amino-1,3-butadienes react with 
vinylchromium Fischer-type carbenes to afford highly function­
alized 1,3-cycloheptadione derivatives with very high stereose­
lectivity.14 We report herein the extension of this methodology 
toward the enantioselective synthesis of 6-membered and 7-mem-
bered rings (Scheme I), using chiral 2-amino-1,3-butadienes which 
have a pyrrolidine auxiliary at the C-2 position. These dienes are 
prepared easily in optically-pure form from commercially available 
enynes and (S')-2-(methoxymethyl)pyrrolidine. 

We first examined the cycloaddition reactions of 2-amino-
butadienes 1 with JV-silylimines 2 (Scheme I). The additions 
take place at -80 0C to room temperature over a period of 10 h 
in the presence of 1 molar equiv of ZnCl2 in THF. The cyclic 
enamines 5 produced in the reactions were not isolated due to 
their instability in the aqueous media required for removal of the 
catalyst. Consequently, the crude product mixture was hydrolyzed 
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Table I. Preparation of Compounds 6, 8, and 10 

compd 

6a 
6b 
8a 
8b 
10a 
10b 
10c 

R1 

CH2OH 
CH2OCH3 

CH2OCH3 

CH2OCH3 

CH2OCH2Ph 
CH2OCH3 

CH2OCH2Ph 

Ar 

phenyl 
2-bromophenyl 
phenyl 
2-chlorophenyl 
phenyl 
2-furyl 
2-furyl 

yield (%) 

65 
63 
70 
76 
55 
45 
52 

ee (%) 

95 
86 
82 
90 
72 
86 
81 

with aqueous NaHCO3 and purified by silica gel flash chroma­
tography (dichloromethanexthyl acetate 3:1) to afford piperidones 
6 in good yields (Table I). 

In a similar manner, 2-amino-l,3-butadienes 1 reacted with 
nitroolefins 3 in methanol at -80 0C over an 8-h period to give 
cyclic enamines 7 (Scheme I). Evaporation of the solvent and 
1H-NMR analysis of the crude reaction mixture revealed the 
presence of a major diastereoisomer, which unfortunately de­
composed during attempted purification by column chromatog­
raphy. Therefore, the crude enamine was hydrolyzed in NaOAc/ 
HOAc buffer solution (pH = 4.6) to provide 4-nitrocyclohexanones 
8 in good yields after flash chromatography (Table I). 

We next turned our attention to reaction of chiral dienes 1 
with vinylchromium carbene complexes 4. Vinylcarbenoids'5 and 
Fischer-type carbene complexes16 have previously been shown to 
react with dienes to give 7-membered ring compounds via a tandem 
cyclopropanation/Cope rearrangement process. However, the 
direct preparation of 7-membered rings in an enantioselective 
manner has remained a problem yet to be solved.'7 The prospect 
of accomplishing this via an enantioselective [4+3] cycloaddition 
between chiral dienes 1 and vinylchromium carbene complexes 
4 was therefore intriguing. 
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To test this strategy, a 0.12 M solution of 4 was treated with 
an equimolar amount of 1 at room temperature for 48 h. To our 
delight, aminocycloheptadienes 9 were produced in the reactions, 
along with minor amounts of the [4 + 2] cycloadducts (Scheme 
I).14 Hydrolysis of the crude reaction mixture with 3 N HCl for 
3 h (longer times result in epimerization at the methyl center) 
afforded cycloheptadienes 10 in 45-55% yield after SiO2 flash 
chromatography (ethyl acetate:hexane 1:3). The results are 
summarized in Table I. 

To summarize, we have demonstrated that chiral 2-amino-
1,3-butadienes serve as excellent starting materials for the 
enantioselective synthesis of highly functionalized six-membered 
and seven-membered rings. Features which make this method­
ology most attractive for asymmetric synthesis are the ease in 
which the chiral diene can be prepared and the facile conversion 
of the enamine cyclic adduct to a ketone using mild hydrolytic 
conditions. We are currently exploring additional aspects and 
some synthetic applications of this chemistry. 
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