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Hamer end Macalueol have recently reported the results of a study of 

the reactiom of nitroeobenzenee with a variety of oleflne and found t&at 

no !zycloadditione Of the type observed by Ingold and weave? oc cwredl in 

each csee,the ~isolatedproductie the azwbemene arieingbyEduc- 

tion oftbe nltnmobenzene. We have recentlyrelnvestigatedthe reacticm 

ofnitroeobenzene (I)and etyrene (1I)endJuwe obtainedevidence for a 

reacti~~vhlcb4be useful Fn the interpretation Of the results 

0fEamranveUee othergeneral etudiee. of the reactlm of1 eadmmo- 

oleiins.293 

me reaction Of I and II WM 2.tpded2'3 to be rapid leadlng to 

cleamge of the o.lefinicbondofII to formbenzylidene-IT-pbenylnitrone 

(III); no supported mecbanietic pootolatim wee advanced and the fats of 

thcterminalcarbon-nat~tratedslthoughf~cecidcouldbe 

leol.atedbyst.eemdletiUationof tbe mactionresidues.2 Thesegeneral 

f~verec~iYrmcd;IandIIga~a~erothermic-ti~at~ 

tepparsturelIclllorofora. AtO* inthe ebeence of solventaud inpyrMine, 

15. %mzr and A. Macalueo, Tew Lettan, moo. 6, 3LQ (1963). 
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C. K. Ingold end 9. D. Weaver, J. Cbem. Sot. z, 1456 (1924). 
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‘A. UBeandri, class. chim. ital. 54, 426 (1924) end earlier refeRncee. 
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a moderate reaction without tar formation was obsemed and III was isolated 

in 2% yield. Alumina chrmatography of the residues led to the isolation 

of azoxybenzene (IV), benzaldehyde and II; an unstable band decomposed 

exothemically during elution to form III. This observation suggested the 

existence of an unstable intermediate which was the precursor of III. 

Certain observations of Alessandri4 and studies carried out in this labora- 

tory on the reactions of I with methylenemalomte and l,l-diphenylethylene2 

suggested that the cleavage of olefins by I to form nitrones proceeded with 

the formation of unstable 2:l adducts (-N-C-C-N- structures) of I and the 

olefin. In order to test this postulation, the reaction of I and II was 

examined in greater detail. 

The reaction of I and excess II was carried out at -25* for sevsnty- 

two hours; after removal of meacted sty-rem by extraction, the residues 

were chrcmatographed on Florisil at 2O. Elution with ether led to the 

isolation of IV, bemaldehyde, III, fo-ilide and two yellow materials, 

V, m.p. &Jo, and VI, m.p. 140". EiothV andVI were unstablematerials and 

could only be maintained at low temperatures; each had satisfactory 

anslyses [Found (V): C, 76.17; H, 5.87; N, 8.97. (VI): C, 75.X; 

H, 5.74; N, 8.65. Calcd. for C20Hl$V202: C, 75.45; H, 5.70; N, 8.801 and 

molecular weights for 2:l adducts of I and II. The behavior of V snd VI 

varied somewhat on decomposition, V being less stable. A spectrophoto- 

met.ricsJly dilute solution of V after four days in the dark showed bands 

in the ultraviolet characteristic of I and fomanilide, while VI - 

unchanged. A similar sample of V exposed to diffuse light showed the 

gradual develo~nt of bands characteristic of fomanilide and III, while 

-- 
4 
A. Ahwsandri Atti 
55, 729 (1925j. 

accad. ~incei 24, I, 62 (1915); G~ZZ. a.m. ital. 
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No.21 Course of the reaction of styrene and nitrosobenzene 1363 

VI only developed a band characteristic of I. The thermal cleccmp0sitic.n of 

vandVI was detenninedbypyrolytic GLC. The chromato~~ OfVgavepeaks 

identified as nitrobenzene, benzaldehyde, formanilide, and benzylidene 

aniline (VTI); in a separate experiment, it was shown that III underwent 

&oxygenation under these conditions to give VII. The chrolaatogrem of VI 

showed only nitrobenzene, benzaldehyde and VII. !Che relative yields of VII 

frwl v and VI was 2O:l. 

Further evidence for the structures of V and VI xas provided by mass 

spectra. The fragmentation patterns of both V and VI showed major peaks 

at 318, 317, 197, 123, 121, 107 and 104; additionally, V shwed a peak at 

103 and VI a peak at 181. Isomeric tetrahydro-1,2,5-oxadiazole structures 

me consistent in eJ.l respects with the evidence cited. The NMR spectra 

C6H5-r--FH2 
c6H5-%\,/ 

C6H5-FH-F% 
Ii-C6H5 C6=5-N\,&-C6=5 

0 

of both V and VI showed benzylic; methylenic and armnatic proton signala in 

the relative ratios 1:2:15; the diphatic proton splitting pattern was that 

of a typical "B system. Consistent with its attachment to the IT-oxide 

fmction, the benzyl proton of V gave a signal at lower field (4.7v) than 

the corresponding proton of VI (6.2 1); a similar relationship was obsemd 

for the methylene protons of VI and V. Confirmation of the positi- of 

the N-oxide functions was provided by base-catalyzed exchange reactions; 

V exchanged one proton (benzylic) and VI exchanged two protons (methylenic) 

with D20. While other structures may be possible for V and VI, it is felt 

that they are the only reasonable structures consistent with all of the 

available physical and chemical evidence. 
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Azthu@ the 8ecaqpositlon skrdiee etrcmgly in8icat.e V to be the pre- 

CulsoT of III in the rea&SOn of I aud II, more definitive evidence was 

obtained by au iufra-edatudyofthe reaction. The 0pectnrm0fa filmOf 

I in excess II showedthe rapiddisappearance of I and the imkediate de- 

velopmeut of Y over a period of seventy-five minutes; no baud8 characteris- 

tic of III or beuzaldehyde were observed during this time period, but after 

ninetymimtes,bauda characteristic of111 developed. Asimilar study of 

amull of111 ami1 ehovedthatbenzaldehydewas formedrelati&yrapFdly 

at temperatures 88 lov as -25'; this cleavage of IIIto azoxybeuzene aud 

bemaldehyde had previously been reported.3 

These results indicate that the reaction of I aud II proceeds by 

rapid formatian of V which decomposes thermally in a alow step to yield 

III; III cannot be f-d to auy appreciable extent prior to the complete 

C~ticm Of I. The other product of the decmpositiou is fomauilide; 

formatIan of this fragaentaccounta for the fate of the terminal carbou 

of II. An iuternally comisteutmode for the decompositionof Vwould 

require the initial formatian of the uuatable formylidene-&phenylmAtrone 

and ita eubsequeutre arrangement to formauKiide. The isaneric oxadiazole 

VI can tilso decompose to the observed products, but by a slower and more 

c~lexproceEs. 

Wh$le this study has been restricted in scope, it is probable that 

the reaction course postulated applies to all of the uitrosoarene olefin 

reacticnls which lead to cleavage of the oleiinic bond, since these reac- 

2,3 ticm are reported to possess the same characteristics as the reactim 

of I md II. 

We stuay- mqwrtedbya~t(RD68~)frcm1tbe IdvIsion of 
General Medical Sciences, Public Health Service. 


