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Abstract 2-Nitro 13-dienes, generated in situ from the cormsponding nit~~seleno 
compounds, react with enamiues affording [4+2] heterocycloadducts of different 
stabiity. With chiral enamines a high asymmetric induction was observed in some 
cases. Some of the adducts wem readily hydrolyzed to unsatutated y-nitroketones 
whereas others spontaneously rearranged to Diels-Alder-type carbocycloadducts. 

Over the last several years, the chemistry of electron-deficient dienes has attracted increasing 

inte~~%.‘~ We recently reported the synthesis of 2-nitro 1.3~dienes from the corresponding conjugated 

dienes via a nitroselenation-elimiition sequence. 2 These dienes are of synthetic interest foi further 

reaction with electron-rich olefa like en01 ethers.2 We now report the cycloaddition reaction between 

2-n& 1,3-dines and enamine s, and the transfonuation of the cycloadducts to synthetically useful 

unsaturated nitroketone~~ 

The Zniw 1,3-dienes wenzi generated in situ from the corresponding nitroseleno compounds4 

via base-catalyzed elimination of PhSeH.2 In this case the enamine catalyzes the latter elimination and no 

extra base is needed. Once obtained, the highly reactive nitroolefm reacts readily with the enamine as a 49~ 

electron component giving products of [4+2] heterocycloaddition, most likely via a two-step reaction.5 

When compound 2 (see Scheme 1). obtained by nitroselenation of 1,3-cyclohexadiene,4 was 

allowed to react with the morpholino-enamine A,6 nitrodiene 3 was generated aud readily cyclized with 
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Table 1. Preparation of unsaturated nitroketones 
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Entry diem, precursor enamine nitti& % yieldb %WP 

no. Rl R, 4 

1 8aH H 40 

72 

llb 

3 0 N 69 
I 

5 &dHMCl -$f) 5, _ 

llc 
a.Mbctumoftwodhatemahne moel/I.b.kdatedyieldahrflmhchmmatogmphy,c.Dceerminedby 
‘HNMRusingEu(Mc),.d.Eyth~,andthrsa~othe~~. 

4 n, 
I 

(.1 OMe 

70 45 

the electron-rich species atfording cycloadduct 4. The analogous reaction employing chiral 

(s)-2-methoxymethylpynolidinoenamine B7 afforded 6. 

be detected 

by NOE 

a series of or tars 

5 and 7.9 The rather high stability of 

be due to conjugation of the or 

of acyclic in situ from reaction of the corresponding nitroseleno 

compounds 8 (see Table 1). with the appropriate enaminea 9 afforded cycloadducts 10. The adducts were 

identified in the crude reaction mixtums by ‘H NMR. and were readily hydrolyzed using mild acidic 

conditions (silica gel) to the G,c-unsaturated y-nitroketones ll.‘O With the use of the chiral enamine 

l-cyclohexenyl-(2s)-methoxymethyl-pyrrolidine (entry 4). both diastereoisomers afforded 45% ee 

(analysis of the corresponding heterocyclic intermediate lob indicated an asymmetric induction of 50% 

and appamntly a slight loss of stereospecificity occurs during workup). High diastmeoselectivity was also 

observed in these heterocyclixations* when R,=Me (entry 5). Thus, llc was obtained with total relative 

stereocontrol between the Q and p stereocenters and only two of the four possible diastereoisomers were 

formed in a l/l ratio. 
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When the reaction was performed with the niuoseleno adduct Sell and lcyclo- 

hexenyl-pyrrolidiue 13n (Scheme 2). the ma&on pathway was apparently different aud the isolated 

compound was the Diels-Alder-type carbocycloadduct l!Ia instead of the expected 7-nitroketotq as in the 

reaction with the l-cyclohexenyl-morpholine (Table 1, entry 5). This cycloadduct was obtained with 

complete and pm&table regmspe&& as one eer and with a relative staeochemistry 

detemuned by NOB exlxziments. When chiral enamine 13b was used, the cycloaddition compound l!Ib 

was obtaiued with 7 1% de.12 

Iu order to elucidate the mechanism of the formation of these Diels-Alder cycloadducts, the 

reaction was performed in the NMR tube and followed until completion. Iu this way it was possible to 

detect the pmsence of the 1,2-oxaxine N-oxide 14 as the kinetic product. Compound 14 is unstable under 

the reaction conditions and marmng~ to 15 by cleavage of the carbon-oxygen bond and subsequent CC 

bond formation. Moreover, hydrolysis of 14 in the crude reaction mixture before completion of the 

reaction afforded nitroketone llc in low yield (15%) due to the rapid tuuisfonnation of the intermediate to 

carbocycloadduct 15. All these experiments confii that this type of cycloaddition does not occur through 

a concerted mechanism. 

It is mmarkable that such different products llc or 15 can be obtained under the same reaction 

conditions with the only a in the enamine being exchange of a morpholino by a pyrrolidino 

system. The different fate of the heterocycloadduct h&mediate 14 in the reaction medium is possibly due 

to a higher electron-releasing capacity of the nitrogen in the pyrrolidino system. This would allow 

cleavage of the kinetic product and its further carbocyclixation. 

Sdlwne2 

b R=cH&Ma b 

A zypicul &e&e for the q&addition is as followa To a solution of 1 mm01 of nitroseleno 

compound4 in 2 mL of dry methylene chloride was added 1.2 mm01 of enamhmandthemixturewas 

stirted for 2 h at room tempemtum. 1.2-Oxaxme N-oxides 4 and 6 wem isolated by flash chromatography 

(C!H@s/EK)H, 9812). The other cycloadducts 10 were hydrolyxed by the addition of 2 g of silica gel to the 

reaction mixture.~ lhe solvent was evapomted at mdukd pressure and the dry silica gel was 

chromamgraphed (pentan&her, 9/l) affording the nitroketones.*3 
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Erythro or three isomers gave the same results. 

The diasteteomeric excess was determined by ‘H NMR spectroscopy by integration over the 
vinylic resonances. 

AR compounds have been characterixed~ by Fscopic methods As an example, the spectral 
data of compounds 6, llc and 150 are grven ( H and t C NMR, 300 and 75.4 MHx respecuvely. 
CDCl, as solvent). 6: tH NMR 8 6.64 (lH, dd, J=lO.l, 3.OHz), 6.14 (lH, m), 5.08 (lH, s), 3.57 
(1H. m), 3.35-3.17 (3H, m), 3.29 (3H, s), 2.95 (1 
(4H, m), 1.47 (W, m), 1.07 (3H, s), 1.04 (3H, s); t “Ic 

m), 2.34 (2H, m), 2.23 (lH, m), 1.93-1.72 
NMR 8 134.9, 122.6, 120.3, 101.4, 76.6, 

61.6,58.7,46.3,45.6,35.1.28.0,25.9,25.6,22.5,22.4, 15.9. llc isomer 1: tH NMR 8 5.81 (lH, 
dc, J=l5.1, 6.8Hx). 5.62 (lH, ddc, E15.1, 9.3, 1.5Hx). 4.86 (Hi, t, J=9_3Hx). 2.90 (lH, m), 
2.40-1.85 (5H, m). 1.77 (3H, dd, J=6.8, 1.5). 1.70-1.45 (4H, m), 0.83 (3H, d, J=6.8 Hz); 13C 
NMR 6 210.6, 135.3, 124.2, 92.3, 51.2, 42.3, 35.0, 27.9, 27.6, 24.9, 18.0, 12.0; isomer 2: ‘H 
NMR 8 5.91 (lH, dc, J=lS.l, 6.8Hz). 5.62 (lH, ddc, J=lJ.l, 9.3, 1.5Hx). 4.80 (lH, t, J=9.3Hx), 
2.78 (lH, m& 2.40-1.85 (5H, m), 1.77 (3H, dd, J=6.8, 1.5Hx), 1.70-1.45 (4H, m), 0.90 (3H, d, 
J=6.8Hz); ’ C NMR 8 210.6, 134.9, 125.1, 94.0, 50.9, 42.3, 35.0, 27.4, 27.2, 25.1, 18.1, 12.3. 
15a: ‘H NMR 8 6.78 (lH, m), 2.97 (2H, m), 2.82 (4H, m), 1.90 (lH, m). 1.75 (4H, m). 1.70-1.40 
(8H, m), 1.14 (3H, d, J=6.5Hx), 1.10 (3H, d, J=7.4Hx); 13C NMR 8 151.7, 139.4, 57.6, 44.3, 
41.8,34.4,30.5,24.7,24.4,22.6,21.2, 19.8, 18.8, 16.2. 
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