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Abstract: A new method for the aerobic oxidative cleavage of the
C=N double bond of oximes and, tosyl- and N,N-dimethylhydra
zones of ketonesto yield their corresponding carbonyl compounds,
with aNi(ll) complex catalyst, oxygen and pivalaldehyde has been
developed.

K ey wor ds: protective groups, ketoxime, hydrazone, metal catalyst,
Ni(I1) complex

Nitrogen derivatives of carbonyl compounds such as hy-
drazones and oximes are important in organic chemistry.
Highly crystalline hydrazone and oxime derivatives con-
stitute a very efficient method for the isolation, purifica-
tion and characterisation of aldehydes and ketones.* From
the synthetic point of view, such derivatives not only
serve as protective groups® of aldehydes and ketones but
also have other uses. For example, metalated N,N-dimeth-
ylhydrazones have long been established as useful enolate
equivalents in carbon-carbon bond forming reactions, and
highly regio- and stereo-selective electrophilic substitu-
tions in the a-position to the carbonyl group have been
possible viathis methodol ogy.® On the other hand, oximes
can be prepared from non carbonyl compounds (i.e., Bar-
ton reaction* or nitrosation of alkenes® and enols®) and,
therefore, deoximation of such oximes provides an ater-
native method for the synthesis of carbonyl compounds.

Therefore, it becomes evident that the importance of de-
veloping hydrazone and oxime cleavage techniques that
encompass the desirable features of good yield, general
practicability, mildness, chemoselectivity and environ-
mental friendship.

Deprotection of hydrazones and oximes can be achieved
by either hydrolytic, reductive, or oxidative cleavage.?
Acid hydrolysis can lead to condensation products or hy-
drolysis of sensitive groups, and in these cases oxidative
or reductive cleavage may be aviable aternative. Further
to the classical methods, some new ones have been report-
ed in very recent years. For example, magnesium mono-
peroxyphthalate (MMPP),” dioxiranes?® and Pd(OAc),-
SnCl,? for hydrazones; 1-benzyl-4-aza-1-azoniabicyc-
lo[2.2.2] octane periodate (BAABCP),'0 silica supported
sodium periodate!! or chromium trioxide'? under micro-
waves and Dess—-Martin periodinane® for oximes; and ti-
tanium silicaitel (TS-1),** bis(1-benzyl-4-aza-1-
azoniabicyclo[2.2.2] octane) peroxodisulfate (BAAB-
CPS),*® o-iodoxybenzoic acid (IBX) and BiCl; under
microwaves!’ for both oximes and hydrazones can be

mentioned among them. Most of these methods require
stoichiometric or excess amounts of reagent, and only the
Pd(OACc),-SnCl, the BiClzand the TS-1 procedures are
catalytic, although they show some drawbacks. For in-
stance, catalysis with Pd?*-Sn?*and TS-1 require reflux
temperature while BiCl; under microwaves shows low
turnovers and requires Teflon vessels and microwaves
equipment that are not available in most organic synthetic
laboratories.

On the other hand, to the best of our knowledge, only a
few procedures for carbon-nitrogen double bond oxida-
tive cleavage in aeraobic conditions have been reported so
far.18

In previous papers some of us have reported on the syn-
thesis of monomeric square-planar complexes of different
metals with bis-N,N’-disubstituted oxamides and related
ligands (opba, Meopba and Me,opba)*® (Scheme 1). This
kind of polychelating amido ligands, which havelarge do-
nor capacities due to the presence of the deprotonated
amido groups alows that unusually high oxidation state
complexes of later first row transition metal ions can be
attained. We have used the corresponding Co(lll),%
Fe(l11),%* and Ni(I11)?2 complexes as catalysts in the agro-
bic epoxidation of olefins. We have aso used the Co(l11)
complex in the oxidative decarboxylation?® of a—hydroxy
acids.
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Scheme 1

Herein, we wish to disclose the use of the Ni(l1)Me,opba
complex asacatayst for the aerobic oxidative cleavage of
oximes, tosyl and N,N-dimethylhydrazones in the pres-
ence of an aldehyde as co-reductor and oxygen as oxidis-
ing agent (Scheme 2).%

Theresultsfor oxime cleavage are summarised in Table 1.
Reactions were tested in fluorobenzene, dichloromethane
and acetonitrile. Fluorobenzene was found the best sol-
vent. Only in the case of p-nitroacetophenone oxime, did
acetonitrile and dichloromethane gave better results,
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Scheme 2

probably because of the low solubility of this compound
in fluorobenzene. The yields for aromatic ketoximes in
this solvent were good (80-96%) although the presence of
electron withdrawing groups on the aromatic ring de-
creased the reaction rate and lowered the yields. With ali-
phatic ketoximes the yields were low (40%), and complex
mixtures were obtained because of side reactions proba-
bly involving oxidation to nitro compounds.®

Oxidative cleavage of the C=N double bond also proceed-
ed with tosyl- (Table 2) and N,N-dimethyl hydrazones (Ta-
ble 3). In these cases, blank probes showed a little extent

Tablel Oxidative Cleavage of Oximes?

Substrate Solvent Time Yield
(IO
Acetophenone oxime CeHsF 5 90

CH,Cl, 85 49
CH,CN 85 32

p-Bromoacetophenone oxime CeHsF 45 90

CH,Cl, 7 90
CH,CN 7 82
p-Methoxyacetophenone oxime CeHsF 45 96
CHCl, 7 78
CH,CN 6 75
p-Methylacetophenone oxime CeHsF 5 80
m-Methylacetophenone oxime CeHsF 4 60
p—'!'rifluoromethylacetophenone CeHsF 6 45 (15)
oxime
p-Nitroacetophenone oxime CeHsF 75 59

CH,Cl, 55 75
CHCN 65 77

m-Nitroacetophenone oxime CeHsF 6 52 (36)
Tetralone oxime CeHsF 85 57
4-tert-Butylcyclohexanone oxime CgHsF 20 32
Cyclododecanone oxime CeHsF 20 40
2-Undecanone oxime CeHsF 6 32

@ No reaction advance was observed under Ar.
bYieldsrefer toisolated and chromatographically pure compounds.
¢ Recovered unreacted starting material arein brackets.

of hydrazine exchange between the ketone and pivalalde-
hyde, probably catalysed by pivalic acid formed upon ox-
idation of pivalaldehyde. This undesired side reaction
could be avoided by addition of a base such asimidazole
or N-methylimidazole in the case of tosylhydrazones and
of aromatic N,N-dimethylhydrazones, but not in the case
of aliphatic N,N-dimethylhydrazones. However, the addi-
tion of base diminished the reaction rate, and additional
amounts of pivalaldehyde and base were needed for com-
plete reaction of the starting material.?® The reaction
works well with tosylhydrazones of aliphatic ketones and
N,N-dimethylhydrazones of aromatic ketones? giving
yields higher than 80% in most of the substrates tested but
it does not seem to be of synthetic application for aromatic
tosylhydrazones. Again, it was found that electron with-
drawing groups on the aromatic ring decreased reaction
rates and yields.

The method cannot be applied in the case of aldehyde de-
rivatives because these compounds are over-oxidised to
acids under our reaction conditions.

In summary, we have described a new catalytic method
for the conversion of oximes, tosyl- and N,N-dimethylhy-
drazones to the corresponding ketones. Our method has
good turnovers, uses oxygen as terminal oxidising agent,
and avoids the use of stoichiometric amounts of toxic ox-
idants.

The required oximes, tosylhydrazones and N,N-dimethylhydra-
zoneswere prepared by the standard procedures from commercially
available ketones. (NMe,),[Ni(Me,opba)]-4H,0 complex was pre-
pared as described in the literature.?? Fluorobenzene, pivaaldehyde
and N-methylimidazole were commercially available and used
without further purification. Reactions were monitored by TLC on
Merck DC-Alufolien Kieselgel 60 F,s, plates which were visualised
under UV radiation. Column chromatography was performed on
SDS chromagel 60 silicagel.

Table2 Oxidative Cleavage of Tosylhydrazones?®

Substrate Time Yield
(h) (%)°°
Acetophenone tosylhydrazone 7 61
p-Bromoacetophenone tosylhydrazone 6 46
p-Methoxyacetophenone tosylhydrazone 6 50 (10)
p-Nitroacetophenone tosylhydrazone 75 48 (14)
Tetralone tosylhydrazone 6 80
4-tert-Butylcyclohexanone tosylhydrazone 24 74
Cyclododecanone tosylhydrazone 24 82
2-Undecanone tosylhydrazone 24 80

aNo reaction advance was observed under Ar.
bYieldsrefer toisolated and chromatographically pure compounds.
¢ Recovered unreacted starting material are in brackets.
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Oxime Cleavage; General Procedure?®

A solution of the oxime (0.18 mmol) in fluorobenzene (0.3 mL) was
added to asolution of (NMe,),[Ni(Me,0pba)] -4H,0O complex (4 mg,
7.2 x 107 mmol) and pivaladehyde (58 uL, 0.53 mmol) in fluo-
robenzene (0.3 mL). The reaction mixture was stirred under O, atm
at r.t. Pivalaldehyde (58 pL, 0.53 mmol) was added after 1 h and
stirring was continued until the oxime reacted completely as indi-
cated by TLC. Then, the reaction was diluted with Et,O (40 mL),
washed with sat. NaHCO; (2 x 10 mL), dried (MgSO,) and concen-
trated under reduced pressure. The product was further purified by
column chromatography.

Tosylhydrazone Cleavage; General Procedure

Tosylhydrazone (0.22 mmol) was added to a solution of
(NMey),[Ni(Me,opba)]-4H,0 complex (4 mg, 7.2 x 107 mmol),
pivaladehyde (70 pL, 0.64 mmol), and N-methylimidazole (18 pL,
0.37 mmoal) in fluorobenzene (0.8 mL). The reaction mixture was
stirred under O, atm at r.t. The following reagents were then added:
After 2 h of reaction, pivalaldehyde (70 uL, 0.64 mmol) and N-me-
thylimidazole (18 pL, 0.37 mmol); after 4 h of reaction, pivalalde-
hyde (70 uL, 0.64 mmol), and N-methylimidazole (18 uL, 0.37
mmol) and Ni(ll) complex (2 mg, 3.6 x 1073 mmol). Stirring was
continued until complete reaction of the starting material. The reac-
tion mixture was concentrated and chromatographed to give the ex-
pected product. In some cases, an additiond filtration through a
short pad (2 cm) of basic alumina was required to eliminate traces
of pivadic acid.

Table3 Oxidative Cleavage of N,N-Dimethylhydrazones?

Substrate Time Yield
(h) (%)°°
Acetophenone 7 90

N,N-dimethylhydrazone

p-Bromoacetophenone 20 70
N,N-dimethylhydrazone

p-M ethoxyacetophenone 20 81
N,N-dimethylhydrazone

p-Methylacetophenone 20 86
N,N-dimethylhydrazone

m-M ethylacetophenone 20 82
N,N-dimethylhydrazone

p-Trifluoromethylacetophenone 20 60 (30)
N,N-dimethylhydrazone

p-Nitroacetophenone 20 46 (43)
N,N-dimethylhydrazone

m-Nitroacetophenone 20 60 (30)
N,N-dimethylhydrazone

Tetralone 20 88
N,N-dimethylhydrazone

Benzophenone 48 95
N.N-dimethylhydrazone

aNo reaction advance was observed under Ar.
bYieldsrefer toisolated and chromatographical ly pure compounds.
¢ Recovered unreacted starting material are in brackets.

N,N-Dimethylhydrazone Cleavage; General Procedure

A solution of the N,N-dimethylhydrazone (0.18 mmol) in fluo-
robenzene (0.3 mL) was added to a solution of (NMey),
[Ni(Me,opba)]-4H,0 complex (4 mg, 7.2 x 107 mmol), pivalade-
hyde (59 pL, 0.54 mmol), and N-methylimidazole (7.4 mL, 0.15
mmol) in fluorobenzene (0.3 mL). The reaction mixture was stirred
under O, atm at r.t. The following reagents were then added: After
2 h of reaction, pivalaldehyde (59 pL, 0.54 mmol) and N-methylim-
idazole (7.4 mL, 0.15 mmol); after 3 h of reaction, Ni (1) complex
(4 mg, 7.2 x 10 mmol); after 4 h of reaction, pivalaldehyde (59 L,
0.54 mmol). Stirring was continued until complete reaction of the
starting material. | solation of the product was achieved as described
above for tosylhydrazone cleavage.
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