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Deoximation is an important transformation in synthetic industry. It can be employed in protection,
characterization and purification of the carbonyls, and in the synthesis of ketones from non-carbonyl
molecules. In the field, oxidative deoximation reaction can utilize the driving force caused by the oxida-
tion process so that the reaction can occur under relatively mild conditions. Recently, we designed and
prepared polyaniline-supported molybdenum (Mo@PANI) just by immersing PANI into the EtOH/H,0 so-
lution of MoCls. The material was successfully applied as the efficient catalyst for oxidative deoximation
reactions, which were performed in ethanol using H,0, as the clean oxidant. The substrate scope of the
reaction was wide. It could be applied on heterocycle-containing substrates, making this protocol prefer-
able for pharmaceutical intermediate synthesis. Since Mo is a necessary trace element for both animals
and plants, this method is environment-friendly and is suitable for large-scale preparation. This work as
the first example of Mo-catalyzed oxidative deoximation reaction may inspire novel ideas for both cata-

lyst design and synthetic process development.
© 2023 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Deoximation is an important transformation in synthetic in-
dustry [1,2]. Since oximes are usually crystals with stable melt-
ing points, the oximation-deoximation strategies can be employed
to protect, characterize or purify carbonyls in the total synthe-
sis of medicines or natural products. Early in 1979, Cory et al
have employed this protocol in the total synthesis of erthrono-
lide A, a macro-cyclic antibiotic molecule with endo cyclic carbonyl
[3]. In industrial production of watermelon ketone, oximation-
deoximation processes are employed for product purification [4].
In addition, deoximation reaction can be employed in the pro-
duction of ketones from non-carbonyl molecules. For example, the
high-value-added spice carvone can be prepared from accessible
limonene, and the processes include the addition of the endo cyclic
C=C of limonene with NOCI, the elimination of HCl, and the last
step deoximation reaction [5-7]. Catalytic oxidative deoximation
reaction is now the major deoximation method at present. In com-
parison with the traditional acidic deoximation method, it can uti-
lize the driving force of the unit reaction of oxidation so that the
transformation can occur under relatively mild conditions free of
hazardous additives or halogen-containing solvents [8-11], and is
in accordance with the developing trend of industrial synthesis
[12-14]. Currently, a series of elements such as Se, Te, Fe, have
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been employed to develop the catalysts for oxidative oximation
reactions [15-19]. The reaction can also be catalyzed by organic
molecules, but suffer from the narrow substrate scope and high
catalyst loadings [20,21].

On the other hand, polyanilines (PANIs) are recently found to
be nice catalyst supports [22]. Although anilines are toxic, their
polymers are nontoxic and safe to the environments [23]. The ni-
trogen groups in PANIs can well coordinate with catalytic metals,
i.e., PANIs are not only catalyst supports, but also ligands that may
adjust the catalytic activities of the materials by using a varieties
of easily available substituted anilines as their monomers [24-26].
During the last decade, a variety of PANI-supported metal catalysts
using Pd [27], Au [28], Pt [29], Ni [30], Cu [31], etc., as the catalytic
metals have been developed. These materials are phosphorus-free
catalysts friendly to natural water sources, and the reactions can
be performed under mild conditions with high catalyst turnover
numbers (TONs). In our cases, we found that polyaniline-supported
tungsten (W@PANI) could catalyze the oxidative deoximation [32].
Owing to the strong coordination of nitrogen with tungsten, metal
residues in the produced ketones were very low, and this fea-
ture might in accordance with the requirements of pharmaceuti-
cal industry. Recently, we designed and prepared the polyaniline-
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Scheme 1. Catalyst preparation & screenings.

supported molybdenum (Mo@PANI) catalyst and successfully ap-
plied it in oxidative deoximation reactions. Since Mo is a neces-
sary trace element for both animals and plants, this method is
environment-friendly and is suitable for large-scale preparation.

PANIs were prepared via the oxidative polymerization of the
aniline monomers (Scheme 1). Three typical monomers such as
aniline (R=H), p-anisidine (R=0Me) and p-fluoroaniline (R=F)
were employed to produce the related PANIs marked as PANI-
H, PANI-OMe and PANI-F respectively. In this work, we employed
H,0, as the clean oxidant so that the generation of solid wastes
could be avoided [33]. Mo@PANIs were prepared just by immers-
ing the related PANIs into the 60 vol% aqueous ethanol solution of
MOCls.

The prepared Mo@PANIs were then employed in the oxidative
deoximation reaction of diphenylmethanone oxime (1a) to evalu-
ate their catalytic activities (Scheme 1). The deoximation reactions
also employed H,0, as the clean oxidant and were performed in
green solvent ethanol. Mo@PANIs containing 0.4 mol% of Mo vs. 1a
were employed. The reaction catalyzed by Mo@PANI-H afforded
the desired ketone 2a in 70% yield, while for the reactions being
catalyzed by Mo@PANI-OMe and Mo@PANI-F, 2a was produced in
34% and 52% yields respectively. Clearly, Mo@PANI-H was screened
out to be the preferable catalyst. Introducing electron-donating or
-withdrawing groups onto the aromatic ring of PANI could not im-
prove the catalyst activity.

A series of parallel experiments were then performed to op-
timize the reaction conditions. Without catalyst, the blank reac-
tion of 1a with H,0, in ethanol at 80°C could afford 2a in 31%
yield (Fig. 1a). The yield gradually increased along with the en-
hanced catalyst amount, and it could reach the peak at 77% when
Mo@PANI-H containing 0.3 mol% of Mo vs. 1a was employed (Fig.
1a). Further increasing the catalyst amount led to decreased 1a
yield contrarily, possibly due to the fact that Mo might led to the
decomposition of the oxidant H,0, (Fig. 1a). Without H,0,, 2a was
produced in only 5% yield (Fig. 1b). Elevated H,0, dosage could
enhance the yield of 2a, and using 100 mol% of H,0, vs. 1a was
screened out to be the most favorable condition (Fig. 1b). Using ex-
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Fig. 1. Screenings of the catalyst (a) and H,0, (b) dosage for the reaction of 1a in
ethanol at 80°C for 48 h.
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Table 1
Reaction conditions optimizations.?
Mo@PANI-H
NOH (0.3 mol% Mo) o
M tHo, —————
Ph Ph Solvent, T, air, 48 h Ph Ph
1a 2a
Entry Solvent T (°C) 2a yield (%)P
1 EtOH 40 39
2 EtOH 60 81
3 EtOH 80 77
4 EtOH 100 43
5 DMF 60 40
6 CH3CN 60 53
7 1,4-Dioxane 60 70
8 DMC 60 70
9 EtOAc 60 56
10 Toluene 60 68

2 For each reaction 0.5 mmol of 1a, 15 mg of Mo@PANI-H (0.3 mol% Mo), 0.5 mmol
of H,0, and 2 mL of solvent were employed.
b Isolated yields of 2a based on 1a.

cess H,0, resulted in the generation of over oxidation by-products
and led to the decrease of the 2a yield (Fig. 1b).

Catalyzed by Mo@PANI-H containing 0.3 mol% of Mo, and using
100 mol% of H,0, as oxidant, parallel reactions of 1a at different
reaction temperatures were performed and the results were given
in Table 1. It was found that 60°C was the preferable reaction tem-
perature (Table 1, entry 2 vs. entries 1, 3 and 4). Low reaction tem-
perature resulted in the incomplete reaction, while high reaction
temperature might lead to the decomposition of H,0,, and all of
them resulted in decreased product yields (Table 1, entry 2 vs. en-
tries 1, 3 and 4). High polar solvents, such DMF and CH3CN, were
not fit for the reaction (Table 1, entries 5 and 6). Reactions in 1,4-
dioxane, DMC, EtOAc and toluene led to 2a in 56%-70% yields, less
than the yield of the reaction in EtOH (Table 1, entries 2 vs. 7-10).
Thus, it could be concluded that performing the reaction in ethanol
at 60°C should be the favorable reaction condition.

Under the optimized conditions described in Table 1, entry 2, a
series of ketoximes 1 were employed as substrate to examine the
scope of the reaction (Table 2). Besides 1a, diaryl ketoximes with
electron-withdrawing or -donating substituents were also suitable
substrates for the reaction (Table 2, entries 1-8). Notably, in re-
gardless of the oxidative reaction conditions, substrates with re-
ductive functional groups, such as phenol (1i) and aniline (1j),
were fit for the reaction, leading to the desired ketones 2i and
2j in moderate yields (Table 2, entries 9 and 10). Besides diary
ketoximes, the reaction could employ ketoximes bearing aliphatic
groups as substrates, affording the related ketones in moderate
to excellent yields (Table 2, entries 11-21). Moreover, the reac-
tion showed certain degree tolerance to heterocycles in substrates,
such as pyridine, thiophene and furan, indicating that the method
might be applicable for medicine intermediate synthesis (Table
2, entries 22-24). Reaction of (E)—1-(naphthalen-2-yl)ethan-1-one
oxime (1y) could produce 2y in 95% yield, in regardless of the
steric hindrance of the substrate bearing naphthyl (Table 2, entry
25). Finally, cyclohexanone oxime (1z) was employed as the exam-
ple of aliphatic substrate and its reaction led to 2z in 40% GC yield
(Table 2, entry 26).

Materials characterizations as well as control experiments were
performed to get sufficient information for reaction mechanism
study. X-ray photoelectron spectroscopy (XPS) analysis showed that
Mo existed as Mo®* species in fresh Mo@PANI-H (Fig. 2). The result
indicated that the nitrogen-coordinated Mo was easily oxidized by
air under ambient conditions. Moreover, in the XPS spectrum of
the used catalyst, both Mo>* and Mo%* species could be observed,
attesting that the high valent Mo species could be reduced by the
organic substrates during the deoximation reaction process, i.e., the
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Table 2
Reaction substrate scope extensions.?
Mo@PANI-H
NOH (0.3 mol% Mo) ¢
R11LR2 *H02 Tion 60 °C, air 48 n R1B\R2
1 2
Entry R', R? or substrate structure 2 2 yield (%)°
1 1a: Ph, Ph 2a 81
2 1b: Ph, 4-CICsH4 2b 83
3 1c: 4-CICgHy, 4-CICgH, 2c 96
4 1d: 4-FCgHy4, 4-FCgH,4 2d 59
5 1e: Ph, 4-MeCgH4 2e 99
6 1f: 4-MeCgHy4, 4-MeCgHy 2f 99
7 1g: Ph, 4-MeOCgH4 2g 82
8 1h: 4-MeOCgH,, 4-MeOCgHy4 2h 43
9 1i: Ph, 4-OHCgHy4 2i 56
10 1j: Ph, 4-NH,CsH,4 2j 40
11 1k: Ph, n-C,Hs 2k 97
12 11: Ph, Me 21 92, 96¢
13 1m: 2-CICgH4, Me 2m 78
14 1n: 3-ClCgHy4, Me 2n 52
15 10: 4-CICgH4, Me 20 95
16 1p: 4-NO,CgH,, Me 2p 41
17 1q: 2-CH5CgHy4, Me 2q 58
18 1r: 3-CH;CgHy, Me 2r 86
19 1s: 4-CH3CgH4, Me 2s 69
20 1t: 3-MeOCgHy4, Me 2t 72
21 1u: 4-MeOCgH,4, Me 2u 99
N-OH
|
22 1v: NS 2v 66
l %
_OH
N
|
23 w: S, 2w 52
W,
N-oH
24 x Ao 2x 50, 61¢
W
N
25 1y: OO I 2y 95
OH
2z 404

26 1z: <:>=N/

2 0.5mmol of 1, 15mg of Mo@PANI-H, 0.5 mmol of H,0, and 2 mL of EtOH were

employed.
b solated yields based on 1.

¢ Reactions expanded to the scale using 500 mmol of 1, and the products were

isolated by distillation.
4 GC-yield based on 1.
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Fig. 2. XPS spectra of the fresh and used catalysts.
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Table 3
Control experiments.?
NOH i . 0
Oxidant, Additive, Catalyst_ )]\
Ph™ “Ph EtOH, 60 °C, 48 h Ph” “Ph
1a 2a
Entry Oxidant, additive, catalyst® 2a yield(%)°
1 H,O0, (air), Mo@PANI-H 81
2 H,0, (air), MoCls 48
3 H;0; (N3), Mo@PANI-H 75
4 Air, Mo@PANI-H 9
5 0,, Mo@PANI-H 31
6 N;, Mo@PANI-H 0
7 H,0, (air), TEMPO, Mo@PANI-H 0
8 H,0; (air), Cr@PANI-H 51

@ For each reaction 0.5mmol of 1a and 2mL of solvent were employed.

b If Mo (or Cr) catalyst was used, the molar amount of Mo (or Cr) in catalyst vs.
1a was 0.3 mol%, while the molar amount of H,0, or additive vs. 1a was 100 mol%.

¢ Isolated yields of 2a based on 1a.

valent of Mo shifted between +5 and +6 during the catalysis pro-
cess.

MoCls could also catalyze the reaction. However, in comparison
with Mo@PANI-H, the catalytic activity of MoCls was poor (Table
3, entry 2 vs. 1). Thus, it is supposed that PANI is a support that
can enhance the activity of the metal owing to the coordination
effect of its nitrogen group, and this has been discussed by our
previous works [24-26]. Performing the reaction in N, resulted in
decreased product yield (Table 3, entry 3 vs. 1). Without H,0, ox-
idant, the reaction in air could also produce 2a in 9% yield (Table
3, entry 4), and the product yield could be enhanced to 31% when
0, was employed as the oxidant (Table 3, entry 5). In contrast, no
reaction occurred when heating 1a and Mo@PANI-H in N, without
H,0, (Table 3, entry 6). The experimental results in Table 3, entries
3-6 could support the hypothesis that the Mo-catalyzed oxidative
deoximation reaction could employ H,0,/air as the hybrid oxidant,
so that no excess H,0, was required. Addition of free radical scav-
enger TEMPO (2,2,6,6-tetramethyl-1-piperidinyloxy) into the sys-
tem could restrain the reaction, showing that it proceeded via a
free radical reaction mechanism (Table 3, entry 7) [34]. Further-
more, the salicylic acid trapping experiment verified the existence
of hydroxyl radical during the reaction progress (Fig. S1 in Sup-
porting information). Cr@PANI can also catalyze the reaction, but
the product yield is low (Table 3, entry 8).

On the basis of the experimental results as well as the litera-
ture reports, a plausible mechanism of the reaction was supposed
in Scheme 2. Since the reaction was performed in organic solvents
such as ethanol, the Mo(VI) species in catalyst could be reduced to
Mo(V). Single electron transfer reaction of Mo(V) with H,0, could

Mo(V)
é H202
HNO + H,0
HO,
Mo(V1) .
HO
o NHOH N?H
J]\ 5 RT R2
R" “R? 1
2 .
NHOH NOH
R1/ER2 -~ Rw’i\Rz
o o,
H
4 3

Scheme 2. Possible mechanisms of the reaction.
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afford the hydroxyl radical, while Mo was oxidized into the Mo(VI)
species bearing an addition hydroxyl group [35]. The free radical
addition of hydroxyl radical with substrate 1 led to the interme-
diate 3 [36], which rearranged to give the radical intermediate 4
[36]. Decomposition of 4 produced the ketone 2, i.e. the deoxima-
tion product, and led to the radical 5 [37]. Shifting of the hydroxyl
in Mo(VI) species to 5 led to HNO and H,O [38], and regenerated
the Mo(V) species that could restart the catalysis circle.

In conclusion, we designed and prepared Mo@PANI catalyst for
the oxidative deoximation reaction. The material was easily pre-
pared, while the deoximation process was clean. Since Mo is a
necessary element for animals and plants, using this metal as cat-
alyst is more environment friendly. Thus, this work could afford a
practical method for deoximation reaction, which is an important
transformation in synthetic industry. Continuous investigations are
ongoing in our laboratory to expand the application scope of Mo-
based catalysts in more useful reactions.
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