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On the lead tetraacetate and related oxidations of aromatic ketoximes!

M. M. Froymovic? AND G. JusT
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Fluorenone and benzophenone oxime react in glacial acetic acid with lead tetraacetate to give parent
ketones, geminal dinitromethanes, iminyl ketal derivatives (9,9-difluorenylideniminoxylfiuorene and
1,1-bis(diphenylmethylideniminoxyl)-diphenylmethane), and minor amounts of oxime O-acetate.
Benzophenone nitrimine is also formed but only in the absence of oxygen. Sidereactions due to nitric oxide,
oxygen, and nitrogen dioxide take place. Separate studies with these oxidizing agents have therefore
been conducted. The lead tetraacetate oxidation of these oximes in methylene chloride (or any other
solvent) is complete with a half-mole equivalent of lead tetraacetate, is insensitive to molecular oxygen,
and affords mainly parent ketone and ketazinemonoxides. No ketazine-bis-N-oxides, obtained from
the ferricyanide oxidation of these oximes, are formed. The model oximes, benzil anti-monoxime,
xanthone oxime, and indanone oxime have been studied in the light of these observations. Mechanisms
involving iminoxyl radicals have been postulated for all reactions studied.

Canadian Journal of Chemistry, 46, 3719 (1968)

Introduction

It has been shown by electron spin resonance
(e.s.r.)) measurements that iminoxyl radicals
formed by lead tetraacetate oxidations of bis-
arylketoximes are very stable, with half lives
ranging from 0.5 to 5.5 min (1). No reports have
been published on the chemistry of these oxi-
dations, except for the ferricyanide oxidation of
benzophenone oxime (2), which gives benzo-
phenone, benzophenone azine monoxide, and
benzophenone anhydride N-oxide (2b), probably
better formulated as azine-bis-N-oxide (3b).
Similar oxidations of aliphatic ketoximes and
substituted acetophenone oximes generate much
shorter-lived radicals (1), with gem-nitrosoace-
tates generally produced as final products (3, 4);
hindered and strained ketoximes generally lead
to hydroxamic acids (5). In the following, the
lead tetraacetate and related oxidations of fluo-
renone, benzophenone, xanthone, indanone, and
benzil anti-monoxime (1a—e) in glacial acetic acid
and methylene chloride will be described.

The products obtained in these oxidations de-
pended on the nature of the oxime and the oxi-
dizing agent used, the solvent, the ratio of
oxidizing agent to substrate and the presence of
oxygen. Compounds isolated or detected were
gem-dinitro compounds (4), iminylketals (5),
azine monoxides (6) and bis-oxides (3), oxime-
O-acetates (7), parent ketones, and a nitrimine
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(8). In order to simplify the discussion, structure
proofs of products obtained will be first given.

Structure and Properties of Products

Gem-dinitro Compounds (4)

The molecular formula of 9,9-dinitrofluorene
4), C,3H;N,0,, was confirmed by mass spec-
troscopy (M™* = 256). Its ultraviolet (u.v.) spec-
trum showed maxima at 246 (g 26 000) and 276
(£ 6800) mp which are typical of the fluorenyl-
idene skeleton. The infrared (i.r.) spectrum con-
tained peaks at 1567 and 1350 cm™?, charac-
teristic of the NO,-stretching vibrations. Al-
though stable to acid, compound 4a decomposed
with evolution of nitrous fumes and formation
of fluorenone upon heating to its m.p. at 130°,
Dinitrodiphenylmethane (4b) and 1,1-dinitro-
indane (44) had similar chemical and spectro-
scopic properties.

Iminoxyl Ketals (5)

9,9-Difluorenylideniminoxylfluorene (5a), C;o-
H,,N,0,, had a molecular weight of 597
(osmometry). Its i.r., u.v., and mass spectra
(Table I) were consistent with the structure
assigned. Hydrolysis of ketal 5a gave two equiv-
alents of oxime and one equivalent of ketone.
This ketal was synthesized in low yield by re-
action of 9,9-dichlorofluorene with two equiv-
alents of the sodium salt of fluorenone oxime in
dimethyl sulfoxide. The analogous ketal 5b, de-
rived from benzophenone, was characterized in
a similar manner.

Fluorenone Azinemonoxide (6a)
Compound C,cH;¢N,O had an uwv. (255
(e 53 000) and 261 (g 65000) my) and an ir.
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(1540 and 1268 cm ™) spectrum consistent with
the structure 6a. Its mass spectrum contained
peaks at m/e 356 and 180 due to loss of oxygen
and nitrogen, respectively (Table I). Reduction of
6a with triphenylphosphine gave fluorenonazine,
which was independently synthesized by the
autoxidation of fluorenone hydrazone in glacial
acetic acid. Hydrolysis of 6a in glacial aceticacid
containing concentrated hydrochloric acid gave
fluorenone (63%,) and 9-chlorofluorene (33%).
The formation of 9-chlorofluorene is somewhat
surprising since a similar hydrolysis of aldazine
monoxides was reported (6) to give the corre-
sponding aldehyde and primary acetate, 9-
Diazofluorene, suspected to be the intermediate
in the hydrolysis of 6a, gave 9-chlorofluorene in
acetic acid — hydrochloric acid, and 9-fluorenyl
acetate in pure acetic acid. Benzophenonazine-
monoxide (6b) had similar spectral and chemical
properties. It was synthesized independently
from benzophenone oxime and potassium fer-
ricyanide (2).

Fluoxenone Azine bis-N-Oxide (3a)

The compound C,4H,; N,0, had i.r. and u.v.
spectra similar to that of azine monoxide 6a.
Acid hydrolysis gave a 1:1 mixture of fluorenone
and its oxime. Pyrolysis gave fluorenone and the

azinemonoxide 6a. These data do not permit
differentiation of the azine bis-oxide structure
3a from the anhydride N-oxide structure 24. The
i.r. spectrum of 3a does not correspond to the
published spectra of other oxime anhydride N-
oxides and furoxans (7). The R; value of 2a
would be expected to be equal or less than that of
azinemonoxide 6a. The observed R; value was
greater than that of 64. The mass spectrum
(Table II) showed a peak at M-16, while further
fragmentation was strikingly similar to that of
azinemonoxide 6a4. Based on these criteria,
structure 3ais preferred to 2a.

R’ R
S
Rl

7, R = OAc
8, R’ = ¢, R = NO,

Benzophenone Nitrimine (8)

Compound C,;H,,N,0O, gave a mass spec-
trum consistent with the nitrimine structure 8.
Of note was the weak parent peak at mass 226
and the base peak at mass 30 (NO™) which has
been observed for other nitro compounds (8).
Independent synthesis of 8 was effected from
diazodiphenylmethane and nitric oxide (9).
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TABLE I
Mass spectral data of fluorenone derivatives

Relative Intensity

Mass— Sa 6a 3a
charge
ratiomfe 70eV  10eV  70eV 12eV  70eV
358 7.3 4.2 0.3 0.9 1.0
357 25.9 13.0 1.7 6.4 2.7
356 9.0 3.0 6.2 20.0 4.4
355 4.0 0.6 5.5 0.0 3.7
328 11.6 4.0 2.4 1.3 1.9
327 7.1 0.0 4.0 4.0 2.3
180 51.2  100.0 78.2 70.0 100.0
179 45.1 96.0 100.0 100.0 28.6
Vapor
temp. (°C) 200 (Direct) 250 (Indirect) 200 (Direct)
Va 1750V 1750V 1750V
Vm 2400V 2000V 2000V

Mass Spectrometry of Fluorenone Derivatives

The data shown in Table I for the mass spectra
of compounds 3a, 54, and 6a indicate that loss
of an aromatic radical constitutes an important
if not predominating process in the fragmen-
tation of these compounds. This process prob-
ably occurs through abstraction of a hydrogen
radical by a departing fragmented radical,
since no metastable peaks corresponding to M
to M —1 conversions were observed.

Product Distribution

The results of the oxidation of fluorenone
oxime (1) and benzophenone oxime (14) under
a variety of conditions are shown in Table II.
Lead tetraacetate oxidations of these ketoximes
in glacial acetic acid [entries 1, 2, and 9] led to
products which could be independently formed
by analogous reactions with molecular oxygen
[6 and 11] and nitrogen dioxide [7, 8, and 12].
The corresponding oxidation in methylene chlo-
ride (representative of other solvents ranging
from dimethyl sulfoxide to ether) led to different
products whose distribution [3, 4, and 10] was
now insensitive to oxygen and required only a
half-mole equivalent of lead tetraacetate for
complete reaction. It must be noted that the
distinct difference described above was not re-
flected in the e.s.r. spectra of iminoxyl radicals,
which, in the case of aromatic ketoximes, have
been reported to be relatively solvent inde-
pendent (10).

The products of oxidation of benzil-anti-
monoxime (le) were very different from those

observed for the above bis-arylketoximes. The
rapid («1 min) lead tetraacetate oxidation of 1e
in glacial acetic acid was only slightly oxygen
sensitive and gave mainly a single, uncharac-
terized compound with spectral properties simi-
lar to that of an azine dioxide (3). In addition, a
minor amount of ketone (only in the presence of
oxygen) and of oxime-QO-acetate (7) was formed.
The corresponding rapid oxidation in methylene
chloride was O,-insensitive, required only a half-
mole equivalent of lead tetraacetate, and gave
509 of ketone as sole identifiable product.
Finally, no autoxidation of oxime le took place.

Xanthone oxime (1¢) and indanone oxime (1)
both behaved very similarly to aliphatic ke-
toximes (3-5). They underwent no autoxidation
reactions. The lead tetraacetate oxidation of 14
in oxygen-free acetic acid led to 509, gem-
nitrosoacetate and 50 9 parent ketone. All other
lead tetraacetate oxidations of 1c¢ and 1d in
various solvents were insensitive to oxygen and
led to parent ketone only. The nitrations of these
oximes with NO,, as described for 1a and 15,
led to 70 9 yield of a nitrated product similar to
4 and 8 9 yield of 44, respectively.

Discussion

It is obvious from the above results that the
oxidations of aromatic ketoximes do not pro-
ceed via a single pathway, and that, in addition
to the primary oxidation step, many secondary
reactions involving oxygen and nitrogen dioxide
take place. Although by no means proved, the
following schemes may account for the forma-
tion of various products described above.

Gem-dinitro Compounds

The most probable scheme for the formation
of gem-dinitro compounds from the reaction of
ketoximes with nitrogen dioxide may best be
represented as shown in Scheme 1. A few re-
actions of this type have been described in the
literature (11), but no mechanism has been given
to describe in detail the course of the reaction.

Ionic reaction of dinitrogen tetroxide with
fluorenone oxime was ruled out since the latter
was inert to NO* (12). Dimerization between
the iminoxyl radical and the NO, radical is ex-
pected to be very facile since the electronic and
geometric properties of these two radicals have
been reported to be strikingly similar (13). The
above scheme will readily explain the formation
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Scheme 1. Gem-dinitro compounds.

of pseudonitroles 13 reported for aliphatic ke-
toximes (14) and aromatic aldoximes (15). For
bis-aryl-pseudonitroles (never detected), radical
displacement of NO by NO, most likely occurs
as shown in step (d) above. It should be noted
that an intermediate similar to nitrito-nitrone 12
has previously been postulated (16, 17).

Auto-oxidations

Tonic reactions of organic compounds with
oxygen have been reported (18). This type of
mechanism may be ruled out since the sodium
salt of fluorenone oxime was inert to oxygen. It
is postulated that the auto-oxidation of fluore-
none oxime is similar to the nitrogen dioxide
oxidation depicted in Scheme 1. The iminoxyl
radical initially formed can react with hydro-
peroxyl radicals to form ketone and nitrous acid.
Nitrogen dioxide, generated from the latter, can
then lead to gem-dinitro products (Scheme 1).

Auto-oxidations of the bis-aryl-ketoximes oc-
curred only in glacial acetic acid and were totally
quenched by catalytic amounts of water or acid.
The latter phenomenon probably arises from the
prohibitive activation energy required to form an
iminoxyl radical whose unpaired electron cannot
delocalize over both the iminoxyl oxygen and
nitrogen (13).

Lead Tetraacetate Oxidations

Iminoxyl radicals produced in the lead tetra-
acetate oxidations of the oximes studied may
recombine with lead triacetate and/or acetoxyl
radicals to form gem-nitrosoacetates which, in
the case of aromatic ketoximes, can be expected
to decompose to parent ketone and nitric oxide
(3). Nitric oxide was in fact isolated from the
lead tetraacetate oxidation of fluorenone oxime
in glacial acetic acid. Subsequent formation of

gem-dinitro products (4) can proceed as shown
in Scheme 1.

Iminyl Ketals (5)

These may be formed by Scheme 2 represented
for the oxidation of fluorenone oxime. The N-
nitroso-nitrone 14 may behave as a radical trap
in analogy with the similar behavior of nitroso
compounds (19).

(o] + O7
N~ G _t
F=N""4 N=0 — F=N{_
la—R 14 I
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O— O—N.
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Scheme 2. Iminyl ketal formation.

Benzophenone Nitrimine (8)

The formation of benzophenone nitrimine
probably occurred via reaction of the iminoxyl
radical of benzophenone oxime with nitric oxide®

*Benzophenone oxime underwent rapid reaction with
NO in glacial acetic acid to give unidentified products,
while fluorenone oxime was inert.
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which has independently been shown to lead to
parent ketone and nitrimine 8 (9, 20).

Azine-bis-N-oxides (3)

These have been obtained only in ferricyanide
oxidations of bis-arylketoximes and probably
arose as shown in Scheme 3. The intermediate
16 has been proposed since similar radicals have
been observed (21) in the oxidations of aromatic
aldoximes which lead mainly to corresponding
aldazine-bis-N-oxides (5, 7, 16). This inter-
mediate 16 has not been observed in lead tetra-
acetate oxidations of bis-arylketoximes, nor has
the expected product 3 been detected in these
oxidations.

/OH /0 }s{‘—o
. K sFe(CN)g F_n - OH \
la 1—R OH
16a
I_Rl
o
Vd e
AT
F=N —— ™ ON=F
T\ |
|=F OH -0
o]
3a

Scheme 3. Fluorenonazine-bis-N-oxide formation,

Azinemonoxide (6)

The formation is not understood. No inter-
mediates, including azine-bis-N-oxides, were
ever detected in the reactions leading to 6 [3,
5, and 10 in Table II], including those conducted
at temperatures from —70° to room temperature.

Experimental

General

The lead tetraacetate used in all experiments was
obtained from Fisher Scientific. It was crystallized from
glacial acetic acid, filtered, covered with a sheet of poly-
styrene and briefly kept under vacuum. It was then dried
in an Abderhalden (refluxing methanol and 0.1 mm pres-
sure). This compound was stored in the dark in vacuo for
a few days with no decomposition. Solvents were ob-
tained oxygen-free by distilling them in a stream of
helium. Mass spectra were taken on a Hitachi Perkin-
Elmer RMU6D mass spectrometer by Morgan and
Schaffer Corporation, Montreal. Low temperature infra-
red (i.r.) spectra were taken of solutionsin 0.1 mm Amal-
gam FT cells (IRT-2) from Barnes Engineering Co.

Fluorenonazine-bis-N-oxide (3a)

Fluorenone oxime (2.34 g) and potassium hydroxide
(680 mg) in ethanol (40 ml) were added (16 min) to a
vigorously stirred solution of potassium ferricyanide (6.8
g) and potassium hydroxide (13.6 g) in distilled water
(300 ml) kept at —3 to —7°. The resulting suspension
was allowed to warm up overnight to give a red oily pre-
cipitate which was filtered. Addition of ether to the red
oil gave 410 mg of light-yellow microcrystals of 3a, m.p.
210° (decomposed). Two crystallizations from benzene—
methylene chloride (7:1) gave an analytical sample of 3a
(70 mg), m.p. 212.5° (decomposed), vkp: 1620, 1520, and
1235cm~ 1.

Anal. Caled. for C;6H¢N20,: C, 804; H, 4.15; N,
7.21; O, 8.24, Found: C, 81.8; H, 3.18; N, 7.00; O, 8.08.

Oxidation Products from Fluorenone Oxime (1a)
9,9-Dinitrofluorene (4a)

Lead tetraacetate (1.4 g) in glacial acetic acid (3 ml)
was added in 20 min to a stirred solution of 12 (585 mg) in
glacial acetic acid (25 ml). Reaction was complete at the
end of the addition.* The insoluble lead diacetate was re-
moved by filtration. Water was added to the filtrate to
give a yellow precipitate which was dissolved in methy-~
lene chloride, washed with saline water and NaHCO,
solution (5%), and dried (MgSOy,). Crystallization from
hexane gave 150 mg of 9,9-dinitrofluorene (4q) as pale-
yellow needles, m.p. 129.5-131° (decomposed, NO,
evolved). Recrystallization gave an analytical sample with
m.p. 131-133° (decomposed) (reported m.p. 130-131.5°
(decomposed) (16)).

Anal. Caled. for C;3;HgNO, (mol. wt., 256): C, 60.94;
H, 3.15; N, 10.93; O, 24.98. Found (mol. wt., mass
spectrometry, 256): C, 60.76; H, 3.53; N, 10.67; O, 25.20.

9,9-Difluorenylideniminoxylfluorene (5a)

(i) Lead tetraacetate (1.2 g) was added to glacial
acetic acid (50 ml) which was purged with dry nitrogen
for 1 h. To this vigorously stirred solution was added
fluorenone oxime (1 g). After 4 h the suspension was
filtered to give 290 mg of a4, slightly contaminated by 1a
(shown by thin-layer chromatography (t.lLc.)), m.p.
264.5-265.5 (decomposed). Three recrystallizations from
methylene chloride — ethanol gave an analytical sample of
5a, m.p. 267° (decomposed).

Anal. Calcd. for C39H,4N,0,; (mol. wt.,, 552): C,
84.60; H, 4.34; N, 5.06; O, 5.78. Found (mol. wt.,
osmometric-CHCl3, 597): C, 84.46; H, 4.26; N, 5.16;
0, 5.96.

(if) Fluorenone oxime (975 mg) was added to a solu-
tion of sodium hydride (480 mg of 509, NaH-oil sus-
pension) in dimethyl sulfoxide. After 10 min, 9,9-di-
chlorofluorene, prepared according to ref. 22, was added.
The solution was stirred overnight in a nitrogen atmo-
sphere, Addition of water gave a precipitate which was
filtered to give ketal 54 (150 mg).

Fluorenonazinemonoxide (6a)
Lead tetraacetate (1.4 g) was added to a stirred solution
of 1a (1.17 g) in oxygen-free CH ,Cl, (200 ml). An opaque

“An aliquot (0.5 ml) was shaken with 0.1 N potassium
iodide solution (2 drops). Addition of starch solution
gave a purple color only when unreacted lead tetra-
acetate remained.



Can. J. Chem. Downloaded from www.nrcresearchpress.com by 132.174.255.116 on 11/10/14
: . For personal use only. '

FROJMOVIC AND JUST: LEAD TETRAACETATE AND RELATED OXIDATIONS 3725

chocolate brown suspension immediately formed. After
4 h, lead acetate was removed by filtration. The CH,Cl,
filtrate was washed with water, dried and evaporated in
vacuo to give a red oil (1.55 g). Elution on silica gel (30 g)
with hexane followed by hexane-benzene (1:1) yielded
ketal 5a (36 mg) and dinitro compound 4a (20 mg).
Elution with benzene gave initial fractions containing
azinemonoxide 6a and further fractions containing both
the latter and starting oxime. Crystallizations of the
initial benzene fractions from MetOH gave red rosettes
of 6a (141 mg), homogeneous by t.l.c. A recrystallization
from CH.Cl, -petroleum ether (90-120°) gave an analy-
tic sample with m.p. 178°.

Anal Caled. for C,¢H,N,O: C, 83.85; H, 4.33; N,
7.52; O, 4.30. Found: C, 83.60; H, 4.43; N, 7.80; O, 4.38.

Dinitrodiphenylmethane (4b), 1,1-bis( Diphenylmethyl-
ideniminoxyl ) diphenylmethane (5b), and
Benzophenone Nitrimine (8)

Lead tetraacetate (4.48 g) was added to a rapidly
stirred solution of benzophenone oxime (2 g), m.p. 143—
144°, (lit. 142° (23)) in oxygen-free acetic acid in a nitrogen
atmosphere. After 20 min, the reaction was complete.*
The acetic acid solution was evaporated in vacuo at 30°.
Methylene chloride (10 ml) was added, the lead acetate
was filtered off, and the solution evaporated. The re-
sulting oil (1.84 g) was crystallized from methanol at
—10° overnight to give colorless flakes (60 mg). Two
crystallizations from methanol — methylene chloride gave
an analytic sample with m.p. 170.5-171.5°,

Anal. Calcd. for C35H3oN,O, (mol. wt., 558.6): C,
83.84; H, 5.41; N, 5.01; O, 5.73. Found (mol. wt., 547,
osmometric-CHCl3): C, 84.05; H,4.93; N, 5.29; O, 6.07.

The mother liquor from the above reaction was evap-
orated. The yellow oil was dissolved in hexane and
poured onto a column of silica gel (60 g). Elution with
hexane-benzene (7:3) gave 226 mg of 6b, m.p. 78.5-79°,
homogeneous by t.l.c. Crystallization from hexane gave
an analytic sample of 6b, m.p. 80.5-81° (decomposed,
100° with NO, evolution).

Anal. Calcd. for C;3H;,N,0,4 (mol. wt., 258.2): C,
60.46; H, 3.90; N, 10.85; O, 24.78. Found (mol. wt.,
260, osmometric-CHCl3): C, 60.22; H, 4.79; N, 10.60;
0, 24.58.

Further elution with hexane-benzene gave crystals of
compound 8 (245 mg), m.p. 62-66°, homogeneous by t.l.c.
Crystallization from hexane gave an analytic sample of 8,
m.p. 70-71° (decomposed, 165° with NO, evolution),
vNO,/KBr 1540 and 1270 cm ! (s).

Anal. Caled. for C35H,oN,0, (mol. wt., 226): C,
69.01; H, 4.46; N, 13.48; O, 14.14. Found (mol. wt., 233,
osmometric-CHCl;): C, 69.15; H, 4.55; N, 12.37; O,
14.16.

Further elution with benzene afforded benzophenone
(1.15 g) and elution with ether gave an oil (35 mg) prob-
ably corresponding to benzophenone oxime-O-acetate
(7b) (i.r. 1765 cm~! and R, value = that of 15).

Geminal Dinitromethanes (4)

The following general method was used: methylene
chloride (25 ml) was briefly purged with nitrogen dioxide
to give a light brown solution. The oxime (ca. 100 mg)
was added all at once to the stirred solution. Immediate
reaction occurred. The light-green solution was evap-

orated at room temperature in vacue. Work-up was con-
tinued as follows.

(/) 9,9-Dinitrofluorene (4a) was obtained directly as
pure crystals, m.p. 129.5-131°,

(if) Pale-yellow crystals (174 mg) were obtained from
oxime 1b (150 mg), treated as above, consisting of 4b and
minor amounts of ketone. Crystallization from hexane
gave pure 4b (115 mg), m.p. 79-79.5°..

(iif) The yellow oil (277 mg) obtained from indanone
oxime (250 mg; prepared as i ref. 24) consisted mainly of
indanone (t.l.c.). Elution on silica gel with hexane—
benzene (1:1) gave a yellow oil (31 mg) whose i.r. spec-
trum in CHCI; contained bands characteristic of gem-
dinitromethanes (1570 (s) and 1360 (m) cm—*). These
absorption bands and the R; value indicated that this
product was probably 1,1-dinitroindane (4d).

Entries to Table 11

The experimental runs were conducted as previously
described. All solids used in the oxygen-free experiments
were degassed in the reaction flask prior to reaction. In
order to simplify analysis of crude reaction mixtures, the
following graphical technique was used.

An aliquot was removed from the reaction mixture and
analyzed by i.r. in 0.1 mm IRT cells. Bands at 3565, 1765,
1720, and 1570 cm™* could be empirically related to the
amounts of oxime, oxime-O-acetate, ketone, and azine-
monoxide, respectively for the cases of 1z and 15. Work-
up led to actual isolation of the above compounds, except
for oxime-O-acetates (10), which had R; values identical
to parent oximes. Actual amounts of products 10 were
empirically calculated from ir. and nuclear magnetic
resonance (3copci, 2.35 p.p.m.) spectra of the crude
reaction mixtures.
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