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~~~otbenzorureunoxidearithdiethy~~veacompkxmixturefromwhicb~~ 
1,4dioxilk (lo-15%). o-bw.qhw dioxilw (5%). benzohvezpn (5-1046,. 1: 
oxi& (3%), oe (3%X o-- (<3%), 3-methylbcnzotnrpae 
oxide (10%). and ohtmphcnyl-NJ hy&aW (10%) wcrc iaohd. 

ncforotathofIllescprodlwsamstobavea wmmonpatlnvaythatinvoh?stbclt?dnchofbenzohwzsn 
oxidcxndtbcoxidatbd&hykmiM?. 

Wethylamine was found to be a convenient medium for 
the reaction of benmfiuam~ oxide (1) with enolate 
anions to give quinoxaliwl,4dioxides.’ It was also 
used with cr-methylene aldehydes or ketones to 
generate enamines in situ that eventually reacted with 
benmfllrazan oxide to produce quinoxalinal,4 
dioxides.’ These reactions proceed with the development 
of a deep red color which turns reddish-brown. Pre- 
viously, the desired products, quinoxaline-l&dioxides, 
were isolated and no eff ti was made to look into the side 
products of these rcactioas. In an attempt to synthesize 
quinoxaliwl,Moxi& 3, tetronic acid 23 was treated 
with benzofurazan oxide (1) in diethylamine for one 
week at room temperature. Howevea, the work-up of the 
deep red mixture failed to yield the expected product 3, 
and only part of beazgfurazan oxide was recovered. . . 
Examuwn of the red s&ion by TLC revealed the 
presence of more than ten products. The same products 
were obtained in the absence of tetronic acid, and there- 
fore, dire&d our attention to the reaction of ben- 
xofuraxan oxide and diethylamine. Diethylamine was 
repMtedtoaddtobawfurazan oxide at 0” to give 
o-nitrophenyl-N,Ndialkyl hydrazinc: No additioaal 
products were descrii from this r&on. However, 
electron-rich reagents such as aJkoxides, hydroxides, 
hydroxylamines, thiols, triphenylphosphine, hydrides as 
well as ek&olysis are known to reduce benzofurazan 
oxide to o-benzoquinoae dioxime (5) and ben- 
z.ofurazan?b Consequently, it is expected that the reac- 
tion of diethylamine with benzofuraxan oxide should 
yield o-nitrophenyl-N,Ndkthyl hydraxine (4). o-ben- 
zoquinone dioxime (S), and benzofurazan. In the present 
work, these compounds were isolated along with seven 
additional products. The formation and possibk path- 
ways to this surprisingly large number of products are 
descrii below. 

Treatment of benxofuraxan oxide with diethylamine 
for one week at room temperature resulted in the pre 
cipitation of a llaky yellow solid (M-1596 yield) which 
was shown to be quinoxalin~1,4dioxide by comparison 
with an authentic sampk. Evaporation of the ckar dark 
red solution at room temperature yie4ded a thick oily 
residue which was extracted several times with benzene. 
The remaining benzene-insolubk, water-soluble residue 
was acid&d with acetic acid to give 1-hydroxy-2- 
methyl-benzimidaxole-Ioxide (lo), the identity of which 
was established by mixture m.p. and identical spectra 
data with an authentic sample? 

Concentration of the benzene layer caused the pre- 
cipitation of the known o-benzoqumone dioxime (5): 
Repeated chromatogmphy of the benzene solution led to 
the separation of the following products arranged in the 
orderoftheire~tionfromthec~ycohunn: 
o-aitropbenyl-N&&ethyl hydra& (4) benzofurazan 
(8). &nitroaniliae, o-niw (9). 3-methyibenzotri- 
azine (11) and 3-methyibenzotriazine4-oxide (12). Several 
unstable interndates and traces of unidenti6ed products 
_were also observed. 

The progress of the reactions of benzdwaum oxide 
with diethylaminc was monitored by tic. Hydrazine 4 
was, apparently, the first product to be formed. This 
result is not surprising since the formation of hydra& 4 
can be real&d through a simple addition of diethylamine 
to benzofurazan oxide (Scheme 1, route a) whaeas an 
addition of diethylamine via route b results in the forma- 
tion of o-benxoquinone dioxime (5) and imine-enamine 
6a, b. Although the dehydration of dioxime 5 is known to 
yield benzofuraxan (!$I, other pathways (route c) cannot 
be excluded. The production of enamine 6b in the 
presence of benxofurazan oxide explains the formation 
of quinoxaline-1,4di0xide.~ 

By far the most interesting product of the reactions of 
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bcIK.ofurazan oxide with dktllylamk is 0-m 
(9) which remained llnkmwl lmtil l!m when it was 
encounteredasamiaarbyqxoductfnnntheactioaof 
FhayM_owhiae 09 bcnmfmm oxidCm o- 

ltlwabe(9)waalsolataiatthattimeinlnillute 

quantitksaloughforam.p.,aussspecmlqandIR 
d&mmations. In the present study, o-l&mm&E (9) 
wasobtai&iagmqmt&a.Iheoxidatkokvdof9 
istwostagcsbdowthatof -0xideeadOItC 

stage below o-benzoqninone dioximc (5). Thus, it is 
reamabktoassumcthat5is&uxdfwthmby 
diethykminc to give 9 (!Schemc 2). ms assump& is 
wppoWlbythefactthattmtcmmt of 5 with &thyl- 
amincprodmd9inabcttmykldthantbatobtaimd 
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fralltllelt.acthofbcnxo~oxidcalldcliethyl- 
amine.” 

lllepmiDlls~tlNltMtotbepreparatioaofthe 
dusive 9 ia mnkkllt qmtitks for fwther study,1’ 
pmptcduatoexaminethemctiomofelcctron-rich 
~tSWitll-OXidCaSIUlt4bMtiVClUUtC 

t0 9. Mcchaaktic com&a&M -ted that desoxy- 
bcnzoinshouMbcasuitabkn?a9ult.In~therabc- 
tionofbcnmfurazanoxi&withdcso~ia 
metham& pm&m by&oxide gave, m other 
p+tu%+wilalKi9(schcmc3).Itwasobscrv~that 

tmmnilmpossessesagrccncdorinaprotk 
~attswhaeasitaq&csabrowwcdcdorinprotic 
sohmt8.1tisbdkvcdthatthecompoundexistsinthc 
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two talltomeric forms 9J** Although o--e 
is indeMely stabk in pure crystalline form and in 
aprotic solvents, it is oxidized to o-&roan&e in the 
presenceofbase.!Tucheaaeofoxida&woukiexplain 
the form&ion of o-l&oani& in the reaction of ben- 
zoturazan oxide with dkthylamine. 

AlWtbC~iIltlTCSfiUgtISpCCtOfthenactionsOfbeb 

zofwaanoxideanddi~ylamineistbcfomutionof 
I-llydroxy_Zmethyl -a3aidc (10) and I 
methylbenzocriazine (11). These two products, which 
were identilkd by compaison with aothcntic sampk~:“~ 
couldarinefromtbereactionofdioximeSwithimine6r 
(scheme 4). scheme 4 draws support from the fact that 
treatment of dioxime 5 with dkthylamine gave boa10 
and 11 togethez with o-n&wan&e and otha products. 

However, the formation of 11 (Scheme 5) and 10” via 
other paths is possible. 

A mechanism analogous to that of Scheme 4 where 
benzofuraxan oxide is involved instead of dioxime 5 
explains the formatioo of either Imethy~& 
oxide (12) and/or ImethylbcwMazine-l-oxide (13). 
The Imethylbenzotriaziae oxide isolated is tentatively 
assigned structure l2. Reduction of 12 with sodium 
dithionite gave 11. oxidation of either 12 or 11 witb 
m&lorcperbenzoic acid gave the same d&N-oxide, 
whichintumwasre&edto11witlsodiumdi&ionite. 
FWhermore the synthesis of 3_methyIbenzotriazinaf- 
oxide (l3) has been reported, although no evidence was 
advanced in support of its structure.14 The reported m.p. 
of 13 (921939 is d&rent from that of the presumed 12 
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Ydbw crystals (from lk?xaM?), ny 
92w, irlentd with authaltic sample” (InJILp., IR uv, * 
NMR: 7 2 (W multipkt), 25 OHl ml@let), 7.0 OH+ d@t). 
Maw 145 (?d+). 118 @mzo@w&+), 117 (I@-Na mast htcaac), 
90 (0. 

6.3AUhy/buwhh+o1&fe. YdIow crystals (h 
pctrokum ctha-bsnzeae) mp. 1~1319 (Paond: c, 60.w; H, 
434; N, 25.79. Cak.: C, 59.62; H, 4=; N. 260796). NMRz T 2.5 
(W. moltipkt), 1.85 (2H, multiplct). 7.1 (3H. s&let). Mass: 161 
w+, most intaM, 120 (haz&wm+), 117 (Id+-Nz), 116, 104 
(CdGNz+), 5W (C&N+). lR (KBr): 1610 cm-‘. 1570.1470 (-CH,). 
1340 (N-o), 780,760. 

Tr&multoftbeoxidcwitllsodklnl’fitlh&in 
WatcxethaQol’~ gave Imethylbenzotriezine. oxidath witl’ m- 
chloropabenzoic acid iu bear&’ gave a dioxide tcothdy 
idcnt&l as 3-ubctllyhut&hel,Cdioxide, 0l.p. 186-w 
(from A). (pouad: C, 54.33; Il. 393; N, 23.35. C&z C, 
54.23; II, 398; N, 23.72%). Mrw 177 (I@, mart &tame), 161 
(I@+-16). 18 (w-17). 136 Caa’xIGCN, (BFO)+). NMRZ r 2 (w, 
multipkt), 25 (2H. multipkt), 7.35 (3H, singkt). IR (KBr): 1490, 
1160. MS, 13sO (N-o), 1310 (N-o), 1095,!VO, 780,7#). Redw 
thoftbedioxi&withsodium~gave3-metby& 

7.II~product..lknspusnt~ 
mp. 120-1213 yidd is kss than 3%. The ihtity of this aA 

mixtm of o-bcnzoquiaolu dioxid (20) ad diitllylaminc 
(100 ml) was nlhxal for 12 hr. wark-w awl rueated ClmMM- 

beDzolunzsn (5OOnt& ohbwoaah @tOm&, oAtroaa& 
(-w,m& fmcthyllxuh&e (ccr lOOlug). TIC uf the cnl& 
mixtureshowcdthepfcKweoffcwotbrrproductr,buttbe 
rbsslrce of quiuoxalhel,4diox& o-nitrophyl-N,Ndir&yl 
llydnziae aDd hetbylbcuha& oxide was noti&. 

a&led 5% nMholic KOH (5ml). An cxothumic rtrtioa 
awuxlawladeepgrccocdordev&pal.Afta5min,wata 
(SOmI)wpsFddCdaBdtlEWhlWUCXtIXtCdwithbenzeae.Ibe 
gnxal!uKulclayawa8dri~umcultratcd(5ml)aad~ 
fmmallydcposiisdid.ChfonntgnphyoftkcbepEeae 
concentrate gave, amoae w prodwt% bauil and o- 
llhao&h (0.4 g). 
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