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Summary. Conjugated dienes were transformed to synthetically useful 3,4-epoxy-3-nitrol-alkenes via a 

nitroselenation-oxidation sequence. 

Electron-deficient conjugated dienes am useful building blocks that recently have amacted some 

interest.2-7 The synthetic utility of these dienes increases if the electron-withdrawing group can be eliminated or 

substituted at a later stage. An example of such an electron-withdrawhtg group is arylsulfonyl, and several 

methods for the preparation of 2-arylsulfonyl-1,3-d have recently been reporu~L~-~ Another 

electron-withdrawing group of great interest that can be substituted or undergo further interesting 

transformations is the nitto gro~p.~ 

In one of the procedures for preparation of 2-phenylsulfonyl-1.3~dienes a sulfonylselenation (seleno- 

sulfonation) of the diene was used. With the aim of preparing 2-nitro-1.3~dienes we decided to investigate the 

corresponding nitroselenation9 of conjugated diene8. We now report on a stereo- and regiospecific 

nitroselenation of conjugated dienes and subsequent transformation of the adducts to 3.4epoxy-3-nitro 

1-alkenes (eq. 1). 

[:c=c-E,“:] j )c=c-cf \c/ 1% , (eq.1) 

Nitroselenation of monoolefms is known in the literature9 but nothing has been mported on the 

corresponding reaction with conjugated dienes. Encouraged by the success of sulfonylselenation of conjugated 

dienes,5’ we studied the nitroselenation of these sub8trate.s. Reaction of the conjugated diene with 

PhSeBr/AgNOz in the presence of HgC1z9 resulted in a highly ngio- and stereoqecific nitroselenation of one of 

the double bonds. Results from addition to a few repm8entauve dienes are shown in Table I. In all cases tried 

the 12-monoadduct with selenium in the l-position was formed. Reaction of (E,E)- and (E,Z)-2&hexadiene 

afforded eryrhro- and r&o-adducts respectively, showing the uans stereospecificity of the reaction (entries 4 

and 5). Cyclic dienes afforded tranr-adducts (entries 6 - 8). 

Attempts to prepare 2-nitro-1,3dienes by oxidative elimination of selenium from the nitroselenation 

adducts failed. This reaction works well for nitto8elenation adducts of monooleflns to give vinyl nitm 

compounds.8 Furthermore, the corresponding sulfonylselenatlon adducts from 1,3-dienes afforded 
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Table L Nitroselenation of 1.3~dienes.~ 

entry Diene Reactbn tima Product Yieldb (%) 

8 

0 I \ 

\ 
0 / 

\ 0 / 

5h 

4h 

2.5h 

4.5h 

3h 

2h 

3h 

VSePh 

<SePh 

2 

g+- SePh 

NO2 

SePh 

+ 

NO2 ervthro 

SePh 

W 
NO2 m 

No, 

d I ..m SePh 

\ Q 
:ePh 

‘402 

Q 

NO2 

SePh 

c14)c 

(76)’ 

51 (75) 

40 (75) 

50 (71) 

43 (88) 

50 (W 

51 (62) 

a. In a typical procedure 1,3-cycbhexadiene (80 mg, lmmol) was added to a solutbn of 
PhSeBr (0.236 g, lmmol) in dry THF (5 ml) at -78 “C under nitrcgen. After 10 min of stirring, 
HgCl, (0.41 g, 1.5 mmol) was added and a solutbn of AgNQ (0.17 g, 1 .l mmol) in aceto- 
nitrile (5 ml) was added over 30 min. The resulting mixture was stirmd for 2h and ttWn alllowed 
to warm to room temperahrre and sUned for another 2h. The pmcipitates wem filtered off through 
celite and washed with ether (15 ml). The organic phase was washed with brine (3 x 7 ml), water 
(3 x 7 ml). 0.5 M NaOH (2 x 7 ml) and dried ( MgSO~. Evaporation of the sohreti in vacua affor- 
ded 0.266 g of the product contaminated v&h the oxyeelenatbn adduct 3-hydroxy4-(phenyl- 
selenyl)cycbhexene (N-attaok : O-attack I 72 : 28). After flash chromatography (ellba, pebo- 
bum ether/ether - lW1) 0.141 g (50%) of pun, ~~~n~ro&(phenylselenyl)cyckhexene was 
obtained. b. Isolated yields after chmmatogrphy. Yields in parenthesis am NMR ytekk determln- 
qd on the cruda p~~Iucts. Partial decompositbn of the product occured on the silica gel column. 
c. The product could not be purified by flash chromatography because of decompositbn on the 
silica column. 

2-phenylsulfonyl-1,3-dienes on oxidation. 5* The expected 2-nitro-1,3-dienes from oxidation of niuoselenation 

adducts apparently undergo further traasfomations under the reaction conditions eqloyed. However, we found 

that it was possible to trap the anticipated nitmdiene as its monoepoxide. Thus, reaction of the nitroselenation 
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Table IL Nitroepoxides from nitroseleno compounds* 

Starting 
material Yieldb (%) 

\ 
SePh 

ssc 

41d 

40C 

SePh 

a. Reaction condiibns: MeOWH,O,, NaOH, 5 min. b. Isolated yield after flash 
chromatograhpy. c. Based on the purifled starting material (cf. Table I). d. Based on 
the crude starting mate&l. e. E I2 - ratb for the epoxtde ring (‘H NMR, 300 MHz). 
1. Crude ‘H NMR yield (300 MHz) 

adducts with an excess of Hz& in the presence of NaOH afforded a 3&epoxy-3-nitso-alkene. A few examples 

are given in Table II. Epoxidation of electron-deficient olefins is known to occur readily with alkaline HzOz.to 

which indicates that the 2-nitm-1,3-diene is formed in situ. 

The monoepoxides obtained from the nitroselenation adducts (Table II) should be useful synthons 

analogous to the corresponding 1,2-epoxy-2-@henylsulfonyl)-3-alkenes.& Two examples of further 

transformation of these nitroepoxides are given in Scheme I. Reaction of 1 with sodium dimethyl malonate 

produced 3 as the major product. Presumably an intermediate a$-unsaturated ketone 2 is formed, which is 

considerably more reactive towards the dimethyl malonate anion than 1. In the reaction of 1 with MgBrz the 

a&unsaturated ketone 4, related to 2, was isolated. Reaction of 1 with butylcyanocuprate is expected to give 

5,” but again the adduct reacts further via a Michael addition to give 6’* and 7 as the major prodt~cts.~~ Thus a 

double nucleophilic addition to 1 can be achieved and, depending on the nucleophile, a 1,4- or a 1,2-addition to 

the 3,4-epoxy-3-nitro-1-alkene can take place. 

It is not yet clear why the 2-nitro-1,3-dienes are so reactive and difiicult to isolate since the corresponding 

1-nitm- 1,3dienes have been prepared and are quite stable. ‘* Further work is needed before it will be possible to 

isolate these potentially interesting 2-nitro-1,3dienes. 
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The structure of 6 was assigned from its ‘H NMR spectral data (CGSY. NOE, decoupling). It was shown 

that 6 ison&zed to 8 on treatment with base. Compound 8 was present in the fraction “isomers of 6”. 

6 J,2-Sliz: Jar-c(lHr; 
J2,-OtIz J,r-1Okk 

The yields given in Schem I are the isolated yiekls after pmiiicadon by flash chromatography. 
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