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'ISarlier we had shorn with the aid of % that formation 

of azoq compounds fromaromatic nitroeo coupounde and-1 

hydroxylamines (the so-called azoq coupling reaction) proceed6 

wwa~ of a metrical intermediate with chemically equivelent 

nitrogen atoms (1). In order to obtain additioual lnfonation 

onthena-hme of this intermediate and to extend ourknowledge 

of the mechauiem of such reactions we considered it of interest 

to include in the studies a closely related reaction, viz., 

nitrone fomation from aldehydee aud B-substituted hydroxyl- 

amlnee, with the objective of elucidating the muroe of the 

oxygen atom for the products of both reactions. 

Condensation of EhNH'*OH with unlabeled nitrosobenzene 

gave azoxybenzene with 54 of the original '*O enrichment 

(within the limits of experImenta error) (Table 1) Independent 

of the reaction conditions (aqueous-alcoholic alkali or apro- 

tonic media such as benzene). On the other hand condensation 

of RINE'*OH with varioue aromatic aldehydee, or else coudeu- 

sation of phcH1*0 with various I-substituted hjdroxylaminee 

( benzene solution in the presence of &SO,; 20°; 24 hrs.) 
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afforded n:Ltrones whose I80 content al-s corresponded to that 

of the ~?~lsmines (Table 2). 

NHLEI 

PhHHoH + pbgo- Phl!T(0>aPh 

Reaction lkcess I80 content (at.%) 

conaitionls PhenyUqdroqlamine Bitrosobenzene Asoz#benzene 

Bmsaw; 
1 w.; 800 23.2 0 12.2 

!mBIlE2 

mEOH + B’OHO - aa(O>=cBR’ 

lkzcess “0 content (at.%) 
B B' 

Hydroxylamine AldsaJae Bitrone 

Ph Ph 23,2 0 2298 

Ph Ph 0 55,3 0 

Ph P-~O~~&+ 23~2 0 23,5 
p-rn3v4 Ph 0 5593 0 
p-m30c6H4 Ph 0 55r3 0 

PhcBa ph 0 55.3 0 

Itfollws frothe data t&hydroxylamines are 100% 

sources of oqgen for nltrones end only 5G% sources for asoq 

compounds. One mey therefore exclude from consideration the 

possibility of the intemedlate formation of three-membered 
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heterocrclic oxasiranee (I) end oxadiacirenee (II)* through 

d-elimination of rater element8 fror the aryUvdroxylam$ae'* 

and subeequentaddition of the reaultentarylaceaaradioal 

to the carbonyl or nitroso group***. 

R-a;;c-R B-H\jT-E R-Ii-CR-~ 

0 0 Hb &i 

R-R-E-R Ph-R-H-Ph 

Hb AH --A b- 

(1) (II) (III) an of> 

Naturally en I8 0 etudJprovid.ednomeane ofprovimgor 

refuting the r0mti0n 0r oxadiaairanee (II) via R,R~diols 

(IV) or the corresponding ions or radicals (B,Illdiole have 

long been regarded as intermediates in the acoq couplin(r 

reaction). However, !SI the case of the reaction of 4draql- 

amine8 with aldehydes, the results obtained make it quite 

certain that no migration of oqgen from carbon to nitrogen 

occurs at q atage of the oondensation. Thie raj be oonai- 

dered aa a mite weigh-, although not direct, ergment 

against the infezwediate formation of CJ-dials (III), or 

of H,&iiole (IV) which, by analogy with C,R-diole, have 

themselves been proposed as intermediatee in the aeoq coupling 

* 

L. 

l ** 

Althougb, oontrerJ to oxaziranes (2), oxadlasirenea have 

as jet not been isolated, the poasibili~ of their titer- 

mediate formation during the various isomeriaationa of 

aeom compounds has been shown by meens of '% and I80 (3). 

The cf-elimination of bydroxylaaine ethers teking place 

under conditions close to those of the asorg coupling re- 

action (in the presence of bases) and leading to the for- 
mation of three-membered heterocJclee ie well known (4). 

Regarding the poesibililg of such reactiona Bee (5). 
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reaction*. Indeed, had r0aatia at C,B-diole have t&en place, 

the subeequent eliwlnation of rater muld have been at the Ed 

pense OithehJdFoqlattachedtoPitrogenratherthan csrbon, 

as the fission of a B.0 bond 18 energetical.Q more ravorable 

(IV-0 end O-O bond energies are 61 end 75 kcal, reepectiveQ) 

and the zxmrrangement 0r the Oxad.mnes remdting rrom such 

elimination (I, B = Ar) into the riw nitrones requlres no 

additional enew (oi. 7). Moreover, the presence of a nucleo- 

pbilic substituenton the nitrogen atom 0r diola (III) wcdld 

have faailitated @iro~l elidnation fron the R-atom in the 

formation of the oxasirenes (I). However, even here (see Table 

2, B = p-tolyl,p-eniajl or benql)thenitrone oqgen stems 

exclusively rr0r the corresponding 4drorylerine, thus dispro- 

*the oxaairsnemecbanismendshoW5ngthe intezwediate rar- 

mation Of C,B-dials (III) to be of little probabiliw. 

The data given in the present paper, as well as those ob- 

tained earlier with I%, are Fu good accord with the asoq coup- 

ling mechanism recently proposed br Russell and Gee18 (8) on the 

basis of BSR studies. These authors conaluded that in alkaline 

medium the symmetric intermediate has the structure of a bis-. 

anion (V), formed from two m&ion radicals PhIJO?, whereas in 

neutralmedium such apartisplayedby the phewlnitrodde 

radical PbRHO'. It thus follows that the levelling Of the iSOtO- 

pit compoa,ition.ve have observed must OCCUT already at the Stage 

l Oae (6) obtained results similar to ours in the reaction 
of ~i'80E with PM?0 in alkaline medium, but interpreted 
them ae~ evidence of the intermediate formation of the B,RL 
diol (xv). 



of anion-radical or radical formation. 

!Phe deep enalogybetweenformation of asoq compounds and 

nitrones, as well as the results on the nitronee obtgined with 

the aid of I8 Oleadsto a eimilarmechauism r0r thie reaction: 

RORO + R’NROR- -RoR-NHR’-R - 7 
. 

AR8 
vn oI1) 

The presence in the intermediate (VI) of a single hjdroryl 

(attached to carbon) m&es clear the hydroqlaminic origin of 

the owgen in the resulting nitrone (VII). 

It should be pointed out that while the substituent species 

in the reactants have no bearing on the origin of the oxygen in 

nitrones, they have a profound effect in the azory coupling re- 

action. In the general case, as shown above, the oqvgen source 

can be both nitrolso compounde and hydroqlaminea, but if the 

nitrogen atom in the latter io linked with a coneiderably more 

powerful nucleophilic group than in the former, the nitroeo com- 

pound may turn out to be the only 8ource of oxygen (9). This 

fact agreeing with the radical mechenism is of considerable im- 

portance for the synthesis of mixed azon;y compounds. 

The I8 0 content of the compounds was determined mass apec- 

trometrically from the relative peek intensities of the I60 end 

18 0 containing molecular ions, for which the authors wish to 

express their grateful ackuowledgment to Prof. N. S. Wulfson 

and Dr. V. A. Puchkov. 
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