
NOTES 2109 

A mechanism may be drawn for 2 with the same 
structure for the mle 168 ion. However, the [ C ~ , H ~ B O ~ B ~ ~ I @  -+ [ c I ~ H ~ ~ o ~ B ~ I @  -+ 

substantial difference in the relative abundances o 
of the ions between mle 99 and m/e 168 suggests 

[ c ~ ~ H ~ ~ ~ ~ B ~ ~ ~  + :<o] 
that a different mle 168 ion may be involved. 396 

Compound 3 yields an extremely rich spectrum 3 tnle 398 mle 317, 319 mle 245,247 
400 

in which the characteristic ketal peaks (mle 99, 
etc.) are relatively weak. The strong peaks at Acknowledgment 

rnle 317, 319 represent a monobromo species Financial support of this work by the National 
which differs from the parent (P = 396, 398, 400) Research Council of Canada is gratefully 
only in the loss of one bromine atom. The acknowledged. 

presence of a similar doublet at mle 245,247 and 
the broad metastable ion centered at mle 190.5 
(calcd. mle 189.3 and 191.3) provides some 
evidence that loss of the ethylenedioxycarbene is 
involved here as well. Note that here the mle 245 
peak is the base peak. 
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1 Structure and reactivity of the mono-oxime of 2,6-dimethoxy-1,4-benzoquinone 

H. I. BOLKER AND F. L. KUNG' 
Department of Chemistry, McGill University, Montreal, Quebec and Organic Chemistry Division, 
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Reaction of 2,6-dimethoxy-1,4-benzoquinone with hydroxylamine yielded 2,6-diniethoxy-4-oximino- 
2,s-cyclohexadienone-1 (3), as confirmed by spectroscopic analysis, and by independent synthesis from 
5-nitro-1,2,3-trimethoxybenzene. Infrared and proton magnetic resonance spectra in solution showed 
no significant proportion of the tautorneric nitrosophenolic form of 3. When 3 was heated for 3 min at 
90-95" in 1.0 N HCl in H2lsO, the N-OH group was stable, but the keto oxygen underwent conlplete 
exchange. Mass spectra of 3, its 180- and deuterium-substituted derivatives indicated that a major process 
leading to fragmentation upon electron impact was loss of oxygen from N-OH to form the correspond- 
ing quinone imine. 
Canadian Journal of Chemistry, 47,2109 (1969) 

In research aimed at elucidating the mech- 1 (2,6-dimethoxy-l,4-benzoquinone-4-oxime) (3), 
anism whereby 2,6-dimethoxy-l,4-benzoquinone a compound unknown until now, is an inter- 
(1) is formed by the action of nitrous acid on mediate. Its relevance to current studies on the 
1,2,3-trimethoxybenzene, we have found (1) that keto-en01 equilibrium of nitrosophenols (2), and 
2,6-dimethoxy-4-oximino-2,5-cyclohexadienone- our findings concerning the exchangeability of 

its oxygen, have prompted separate publication 
of this part of the work. 

'From the Doctoral Thesis of F.L.K.; present address: 
College of Forestry, Syracuse University, Syracuse, New Unsubstituted p-nitrosophenol is known to 
York. exchange 82 of one oxygen after only 5 min at  
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100" in 0.2 N alcoholic hydrogen chloride, and 
1-nitroso-2-naphthol exchanges 84 % in 5 min at 
80" in the same solvent (3). However, the exis- 
tence of the tautomeric keto-oximes has com- 
plicated interpretation of these reactions by 
suggesting that two exchangeable oxygens could 
be present. Nevertheless, it is proposed that only 
the carbonyl group of the keto-oxime is ex- 
changed (3,4). In the present work, application 
of mass spectroscopy to compound 3 and its 
derivatives has produced evidence to support the 
original proposal. 

The Structure of the Oxime (3) 
Although the product 3 obtained by treating 

1 with hydroxylamine in pyridine (5) was clearly 
a monoxime, an alternative synthesis (6) from 
5-nitro-l,2,3-trimethoxybenzene (2) proved that 
the oximino group had been introduced in 
position-4, and not position-1. The products of 
the two reactions were identical in all respects, 
and, on acetylation, yielded the same acetate (4). 

The proton magnetic resonance (p.m.r.) spec- 
trum of 3 in deuteriodimethylsulfoxide showed 
the expected singlet at F 3.58 corresponding to the 
6 hydrogens of the methoxyl groups, and another 
singlet at F 12.62 (eliminated on deuteration) due 

sulfoxide nor that in deuteriodimethylsulfoxide 
containing 50% D,O exhibited any trace of the 
single peak which might have been expected to 
arise from the two identical phenyl ring protons 
of the tautomeric nitrosophenol (5). Rather, 
spectra of the compound in both solvents had a 
doublet at F 6.30 and F 6.64, corresponding to two 
phenyl ring protons with J,,, = 1.5 c.p.s. This 
AB pattern suggests that the protons at positions- 
3 and -5 are not equivalent, undoubtedly because 
of the rigidity and non-linearity of the C 5 - 0  
group on position-4. Hence, even in aqueous 
solution, the oxime form of 3 is overwhelmingly 
predominant, as would be predicted from the 
literature already cited (2). 

The oxime 3, treated with nitrous acid, 
produced no 2,6-dimethoxy-4-nitrophenol but 
only 2,6-dimethoxy-l,4-benzoquinone (1) in 
98 % yield. In contrast, treatment of 2-methoxy- 
4-nitrosophenol with nitrous acid gave rise to the 
corresponding nitro compound (although it 
forms an oxime acetate upon acetylation (7)). In  
general, most other quinone monoximes (or 
p-nitrosophenols) are xeported to exhibit reac- 
tions of both tautomers (2c, 8). In this respect the 
behavior of 3 is unusual. 

to a single hydrdxyl proton. However, neither Interpretation of Mass Spectra 
the spectrum of 3 in pure deuteriodimethyl- From the mass spectra of 3 (Fig. 1) and 
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NOTES 

NOH 

FIG. 1. Mass spectrum of 2,6-dimethoxy-4-oximino-2,5-cyclohexadienone-1 (3). 

deuterated 3 (i.e. as =N-OD), we have 
deduced many of the details of the pattern of 
fragmentation (Scheme 1) arising from electron- 
impact, and have related this interpretation to 
the spectrum of the acetate (4, and hence 
deduced, in turn, the position of 180 on com- 
pound 6 after exchange in acidified H,180. 

In the spectrum of deuterated 3, all the peaks 
representing species listed in Scheme 1, except 
Path 3, exhibit intensification of the next higher 
mass unit (mle + 1) over the corresponding peaks 
in the spectrum of the undeuterated 3 (Fig. 1). 
Therefore, these species have retained the deute- 
rium introduced by exchange. 

Thus, Path 1 demands tautomerization of 
species a to permit the expulsion of NO and 
formation of e (mle = 153) without loss of label. 
In the light of the known tendency of 3 to retain 
its oxime form, Path 2 (by analogy with the 
fragmentation of benzophenone oxime (9)) 

requires transfer of the bydroxyl hydrogen to the 
ring, but may be a better interpretation for this 
compound. Paths 4, 5, and 6 have a common 
starting point, fragmentf, which appears to have 
arisen in a one-step process (metastable ion is 
present) involving transfer of hydrogen to 
nitrogen simultaneously with the loss of oxygen. 
We have also observed the formation of a qui- 
none imine corresponding to f in the fragmen- 
tation of the 4-monoxime of 2-methoxy-1,4- 
benzoquinone. We are therefore led to suggest 
that the quinone imine mechanism may prove to 
be common to the fragmentation processes of all 
quinone monoximes. 

In the first step in each of the three pathways, 
4,5, and 6, whereby f undergoes further fragmen- 
tation, the products h, i, and j all retain their 
deuterium labels. The cleavage giving rise to iz is 
similar to that of methoxybenzoquinones (10). 
In Path 5, the first two steps from f are the same 
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H + C H ~  
I I  

NOf CO 

~ H 3 0 0 ~ c H 3  0 - - 

c m/e 153 s m/e 80 

SCHEME 1. Fragmentation of 2,6-dimethoxy-4-oximino-2,s-cyclohexadienone-1 (3) and its acetate (4). 
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TES 21 13 

as those known for phenolic methyl ethers (1 1): 
loss of formaldehyde, then methyl. Two more 
steps are required to form n (mle = 68), an 
isomer of h. The formation of n through two 
different paths, and the fact that it is resonance- 
stabilized, may account for mle = 68 being the 
base peak of the spectrum. 

In contrast with the other mechanisms, Path 3 
alone leads to a product, s, which has lost its 
deuterium label. 

With the exception of the transitions 183' +- 

153' + 30, 167' -> 68+ + 99, 153' +- 80' + 
73, all the fragmentation processes deduced from 
the spectra of 3 are further supported by the 
presence of appropriate metastable ions. 

Exchange of Oxygen 
For the experiment on the exchange of oxygen, 

3 was dissolved in 1.0 N hydrochloric acid 
containing 10% of H,180; the solution was 
rapidly heated to 90-95" and kept at that 
temperature for 3 min. Accurate measurement of 
the isotope content of the product by mass 
spectroscopic analysis (12) presented some diffi- 
culties, and it proved necessary to acetylate the 
compound to facilitate purification. 

In the "0-containing acetate, the ratios of the 
peaks at mle 2251227, 1831185, and 1531155 were 
all 100112, while the same peaks in the un- 
exchanged compound were in the ratio of 10012. 
Thus 10 % of ''0 had been incorporated in each 
of these species. (Natural relative isotopic 
abundance (13) of P,/P,+, for Cl,HllNO, 
(mle 225) is 10011.6, for C,H,NO, (mle 183) is 
10011.2, and for C,H,O, (mle 153) is 100/1.0.) 
The complete absence of spectral bands above 
mle 225 + 2 clearly ruled out the possibility that 
18 0 might have been incorporated into more 
than one oxygen atom of 4. 

The main features of the spectra of the acetate 
are the same as those of the unacetyfated oxime 
(Fig. l), with the necessary exception that the 
first step in fragmentation is the loss of ketene 
(M-42), as has been observed in the spectra of 
N-acetyl alkylamines (14), and of sugar acetates 
(15). This loss occurred with retention of ''0. 
Subsequent fragmentation through Paths 1,2, 3, 
and 4 also led to retention of 180, as measured 
from the peaks for c, e, i, s (Scheme 1). However, 
in Paths 5 and 6, once the keto oxygen is lost (I1 in 
Path 6, m and subsequent fragments in Path 5) 
the ratios of m/e:m/e + 2 are the same for each 
mle whether or not the compound originally 
contained "0. 

The mass spectra of the oxime acetate (4), 
both with and without "0, thus serve on the one 
hand to confirm the previous interpretations of 
the spectrum of the free oxime, and, on the other, 
to demonstrate that. in accordance with earlier 
conjecture, the keto oxygen is the one which is 
exchangeable, in this instance, completely so. 

Nucleophilic displacement of ring oxygen has 
also been reported to occur (16) as a minor path- 
way in the mechanism of direct alkylation of 
benzoquinone oxime by acidified alcohols (17). 
The major mechanism involves attack by 
protonated alcohol on carbonyl oxygen. 

Experimental 
All melting points were determined on a calibrated 

Fisher-Johns apparatus unless otherwise specified. 
Infrared (i.r.) spectra were recorded on a Perkin-Elmer 
spectrometer, model 337. The proton magnetic resonance 
(p.m.r.) spectra were recorded on a Varian A-60 spectrom- 
eter, with tetramethylsilane as  a n  internal standard. Mass 
spectra were determined by the Morgan Schaffer Corp., 
Montreal, on a Hitachi Perkin-Elmer RMU60 mass spec- 
trometer operating at  70eV. Elemental analyses were done 
by Schwarzkopf Microanalytical Laboratory of Wood- 
side, N.Y. Magnesium sulfate was used to dry all solvent 
extracts before concentration. Deuterium oxide and 
hydrogen 0xide- '~0 were products of Merck-Sharpe and 
Dohme. Known methods (1) were used to prepare 
2,6-dimethoxy-l,4-benzoquinone (1) and 5-nitro-1,2,3-tri- 
methoxybenzene (2). Solutions of nitrous acid were 
prepared according to the published procedure (18). 

Preparatiorl of 2,6-Dit~1etl~oxy-4-oxirnir1o-2,5-cyclo- 
hexadienorre-1 (3) frorn 2,6-Dit~1et~~oxy-l ,4- 
benzoqrrinone (1)  

A solution of 20 g (0.12 mole) of 1 and 20 g (0.30 mole) 
of NH20H.HC1 in 100ml of anhydrous pyridine and 
150 ml of anhydrous ethanol was boiled under reflux for 
1 h with exclusion of moisture. The solution was then 
made alkaline with aqueous sodium hydroxide and 
concentrated by complete removal of the remaining 
pyridine under reduced pressure. Water (200ml) was 
added and then the pyridine-free aqueous solution was 
extracted with methylene chloride (5 x 300 nil). Drying 
and evaporation of the combined extracts yielded 6.8 g 
(31 %) of brown powder with m.p. 212-216". Two 
recrystallizations from water containing 5 %  methanol 
gave 4.1 g, m.p. 218.8" (decomp.), of yellow plates. This 
compound was insoluble in ether and carbon tetra- 
chloride, moderately soluble in cold water and chloro- 
form, soluble in hot water, ethanol and methanol. 

Anal. Calcd. for C8H9N04:  C, 52.46; H,  4.92; N, 7.65. 
Found: C, 52.57; H,  5.01; N,  7.83. 

The i.r. spectrum (KBr), 3270 cm-' broad (OH), 
1635cm-' (C=O), 1570cm-' (C=N), 1010cm-' 
(N-OH str.) and the absence of -N=O str. band at  
1500 cm-I, accorded with an  oxime structure (19,20). 

Preparation of 2,6- Dimethoxy-4-oximi~zo-2,5-cyclo- 
hexadier~one-I (3) frorn 5-Nitro-1,2,3- 
trirnethoxybenzerre (2 )  

In a solution of 1.0 g of NH,C1 in 50ml of water 
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containing 20% methanol, 1.5 g of 2 were dissolved. The 
solution was heated to 6&65", and zinc powder (2.5 g) 
was added over a period of 10 min with stirring. After 
rapid filtration by suction, the filter cake was washed with 
hot ethanol, the filtrate was cooled, and then was poured 
with stirring into 200 ml of water containing 10% ferric 
chloride. Steam distillation led to the recovery of 80 mg 
of starting material, 2, in the distillate. The residue in the 
still (pH 2) was cooled and extracted with chloroform 
(3 x 100 ml). Drying and evaporation of the extract gave 
1.1 g (85%) of light brown solid material with m.p. 
210-215" (decomp.). One recrystallization from water 
containing 5% methanol gave 0.85 g of yellow plates 
with m.p. 218.&218.5" (decomp.). This material exhibited 
an i.r. spectrum identical to that of a sample of 3, pre- 
pared according to the method described in the preceding 
section, and showed no depression of melting point upon 
admixture. 

Reaction of 2,6-Dimethoxy-4-oximino-2,5- 
cyclohexadienone-1 (3) with Nitrous Acid 

This reaction was conducted in a flask fitted with a 
reflux condenser, with the top of the condenser connected, 
by means of rubber tubing, to two wash bottles in series. 
The first wash bottle was empty, and acted as a safety 
bottle. The second contained water, and its purpose was 
twofold: (a) to inhibit the escape of gases so that decom- 
position of nitrous acid would be retarded, and (b) to trap 
whatever oxides of nitrogen might otherwise tend to 
escape. A suspension of 10 mg of 3 in 20 ml of nitrous 
acid (pH 1) was placed in the flask and boiled under 
reflux for 1 h. The reaction mixture was then extracted 
with chloroform (3 x 10 ml). After drying and evapora- 
tion of the solvent, the yellow solid residue, 9 mg (98 %), 
m.p. 25&252O was identified as 1 (by mixture m.p. and i.r. 
spectrum). 

Reaction of 2-Methoxy-4-nitrosophenol with Nitrous Acid 
A suspension of 10 mg of 2-methoxy-4-nitrosophenol 

(18) in 20 ml of nitrous acid (pH 1) was boiled under 
reflux for I h in the apparatus described in the previous 
section. The product solution was then extracted with 
chloroform (3 x 10 ml). Drying and evaporation of the 
extract yielded 10 mg (91 %) of yellow solid, m.p. 9&96O. 
Two recrystallizations from ether with a few drops of 
petroleum ether added each time gave 7.3 mg of yellow 
needles, m.p. 100.3-100.4", which proved to be identical 
(i.r. spectrum and mixture m.p.) with a sample of 4-nitro- 
guaiacol prepared according to Pollecoff and Robinson 
(21). Thin-layer chromatography (on silica gel with 
methano1:benzene:acetic acid:petroleum ether (8:45:3.5: 
20) showed that the crude yellow solid contained a trace 
of 4,6-dinitroguaiacol (18). 

Preparation of 2,6-Dirnethoxy-4-oximino-2,5- 
cyclohexadienone-1 Acetate (4) 

A solution of 1.0 g of 3 in 25 ml of acetic anhydride was 
boiled under reflux for 2 h. The hot solution was poured 
into 200 ml of ice water and extracted with chloroform 
(4 x 501111). Drying and evaporation of the extract, 
yielded a residue, which, after thorough washing with 
methanol and subsequent drying, was a yellowish material 
weighing 0.85 g (69%) with m.p. 179-181". After two 
recrystallizations from ethanol, the product (0.61 g) 
appeared as yellow prisms, m.p. 181.8-182.0'. 

:HEMISTRY. VOL. 47, 1969 

Anal. Calcd. for CloH1lNO,: C, 53.33; H, 4.89; N, 
6.22. Found: C, 52.84; H, 4.83; N, 6.31. 

The i.r. spectrum (KBr) exhibited a band at 1795 cm-' 
corresponding to C=O stretching vibration of acetoxyl 
(22). 

Oxygen-18 Exchange Reaction of'2,6-Dimethoxy-4- 
oximi~zo-2,5-cyclohexadiemne-I (3) Followed by 
Acetylation 

To a solution of 1 ml of 6 N aqueous hydrochloric acid 
in 8 ml of water containing 10.6% 180, 3 (400 mg) was 
added. The resulting mixture was heated to 9&95" with 
constant stirring for 3 min. Extraction with chloroform, 
drying of the extract, and evaporation gave a yellowish 
product which was then acetylated by the same procedure 
as described in the preceding section. The purified labeled 
oxime acetate weighed 150 mg, m.p. 178.5-181.8°. The 
i.r. spectrum of the 180-containing compound showed no 
detectable difference from its unlabeled precursor (3). 
However, its mass spectrum indicated that 10% lsO had 
been incorporated into the molecule. 

Deuterium Exchange Reactio~z of 2,6-Dimethoxy-4- 
oximino-2,5-cyclohexadienone-1 (3) 

A suspension of 100 mg of 3 in 3 ml of deuterium oxide 
was heated to boiling and filtered. The filtrate was allowed 
to stand at room temperature and the partially deuterated 
oxime gradually separated as yellow plates, m.p. 216.0- 
218.5" (turns brown at 210°), yield 75 %. The i.r. spectrum 
exhibited an 0-D stretching band at 2400 cm-I (23). 
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