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ABSTRACT

Recovery of aldehydes and ketones from oximes is one of the most
important reactionsin organic synthesis, because oximes are served asan
efficient protective group for carbonyl compounds. We report here an
efficient and rapid deoximation method using nano SiO,- AICI, system, for
conversion of various oximes to the corresponding carbonyls under
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INTRODUCTION

Oximesare extensively used for purification and
characterization of carbonyl compound™ aswell as
preparation of amidesviathe Beckmann rearrange-
ment?. Theimportant role of oximesas protecting
groups® has provided motivation to develop
deoximation agents such assilicagel confined func-
tional ionic liquids, aluminasupported N-methyl
piperidinium chlorochromate®®, ZrCl, onwet SiO,
supported ammonium dichromate®, and supported
quinolinium flourochromate”, a uminasupported po-
tassium permanganate’®, wet SiO, supported Mg
(HSO,),%, N,N-dibromo-N,N-1,2-ethanediylbis (p-
toluene sulphonamide)*®, polymer supported
peroxotungstate complex, poly (4-vinyl-N,N-
dichloro benzene sulfonamide)™2, cetyltrimethyl am-
monium cerium citrate3, triscetyl pyridiniumtetrakis
(oxodiperoxotungsto) phosphate™™. However, some
of these methods suffer from different disadvantages
such astediouswork-up procedure, drastic reaction

conditions, long reaction times, undesired chemical
yieldsand use of expensive and toxic reagents. There-
fore, amilder, more sl ective, non-hazardousand in-
expensivereagent isstill required for such transfor-
mation.

Ontheother hand, one of themost stimulating fea:
turesof nanotechnology isits potential usein amost
any field. Thediscovery of nanoparticleswith varied
size, shape, and composition hasstretched thelimits of
technology in waysthat scientistswould never have
dreamt of acentury ago'*®. So, intheline of the out-
lined strategies, herein, wewish to report supported
AICl, anhydrouson nano SO, asanew promoter sys-
tem for clean and efficient recovery of carbonyl com-
poundsfrom oximesat solvent-free conditionsinterms
of smplicity, mildnessand eco-friendly aspects(Scheme
1).

NOH Nano SiO,-AlCl3 o Q
RJ\R' Solvent-free, oil bath (70-80 °6) R R’
R=aryl, alkyl, H

Scheme 1
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EXPERIMENTAL

General

All solventsand reegentswere purchased from com-
mercid sourceswiththebest qudity and they wereused
without further purification. Nano SO, areprepared in
high purity according to thereported proceduresin lit-
erature’®, *H, *C NMR and IR spectrawere recorded
0on 300 MHz Bruker Avanceand Thermo Nicolet Nexus
670 FT-IR spectrometer, respectively. All productsare
known and were characterized by their spectral data.
Yieldsrefer to isolated pure products. TLC was ap-
plied for monitoring of thereactionsover silicagel 60
F,5, duminum sheet.

A typical procedurefor solvent-freedeoximation
of acetophenone oxime to acetophe-none using
nano SiO,/AICI, system

A mixtureof nano SO, (0.240g, 4 mmoal) and an-
hydrousAlCl, (0.266 g, 2mmol) wasground inamor-
tar. Acetophenoneoxime (0.135 g, 1 mmol) wasthen
added to themortar and grinding of the reaction mix-

ture was continued for amoment. The mixture was
stirred magnetically in oil bath (70-80°C) at solvent-
freeconditionsfor 40 min. TLC monitored the progress
of thereaction (eluent; n-hexane/EtOAc: 5/3). After
completion of thereaction, themixturewaswashed with
EtOAc (3x5 mL). Evaporation of the solvent affords
the pureliquid acetophenonein 90%yield (0.116 g,
TABLE 3: entry 1).

RESULTSAND DISCUSSION

Theliteraturereview showsthat the sol-gel pro-
cessiswiddy used to produce puresilicaparticlesdue
toitsabilityto control the particlesize, sizedistribution
and morphol ogy through systematic monitoring of the
reaction parameterg'”. soweprepared nano silicawith
thismethod (diagram 1).

H,0: 0.216 moles
H,S0y: 0.036 moles

EtOH
0.216 moles

TEOS
0.054 moles

Mixing
25C°, 30min

Mixing
25C° 60min

Gelation

Diagram 1%

TABLE 1: Optimization experimentsfor deoximation of benzaldoximewith nano SO /AICI ,under different conditions

Entry Reaction components Molar ratio Condition Time(min) Conversion(%)
1 oxime/AlCl; 1:2 Solvent free/oil bath? 50 80
2 oxime/SiO,/AICI; 1:4:1.5 Solvent free/oil bath? 20 100
3 oxime/SiO,/AICI; 1:4:1 Solvent free/oil bath? 25 80
4 oxime/SiO,/AICI; 1:4:2 Solvent free/oil bath? 20 100
5 oxime/SiO,/AICI; 1:3:1.5 Solvent free/oil bath? 30 50
6 oxime/SiO,/AICI, 1:1:15 CH;CN/reflux 60 30
7 oxime/SiO,/AICI 1:1:15 EtOH/reflux 60 30
8 oxime/SiO,/AICI, 1:1:1.5 H,O/reflux 60 60
9 oxime/SiO,/AICI, 1:1:1.5 THF/reflux 60 10

aTemperature of oil bath was 70-80°C

Continuation of our research program directed to
the oximesreactionsunder mild and greenreaction con-
ditiong*® wefound that AICI, anhydrousinthe pres-
enceof nano SO, dramatically performs deoximation
of variousa doximesand ketoximesto the correspond-
ing carbonyl compoundsat solvent-freeconditions. In
order to obtain the optimum reaction conditions and
showing theinfluence of thereaction components, we
performed deoximation of benzaldehydeoximeasa
model compound with nano SIO,- AICI,, system under
different reaction conditions(TABLE 1). Asit’s seen,
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the solely AICI, did not show completed even at the
prolonged reaction time (entries 1). However, by the
combination of nano SO, withAlCl inamolar ratio of
4:1.5, respectively, deoximation of 1 mmol benzade-
hyde oximewas carried out perfectly inoil bath (70-80
°C) within 20 min at solvent-free conditions (entry 2).
Versatility of thissynthetic protocol for deoximation of
variousadoximesand ketoximesisshownin TABLES
2 and 3. Theresults show that all types of aldoximes
and ketoximeswere deoximated successfully by nano
SO/AICI, sysemwithin 15-150 minto afford thecor-
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TABLE 2: Deoximation of aldoximeswith Nano SO, /AICI, system?
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Entry Substrate Product Time (min) Yeild (%)°
1 @CH:NOH @CHO 20 93
) @CH=NOH @cm 25 o

O,N O,N
3 OZN@CH=NOH OZN@CHO 30 92
A @CH:NOH @mo - o
cl Cl
CH=NOH
5 u@ CI@CHO 15 93
cl Cl
6 @CH=NOH @wo 20 %0
MeO MeO
. @CH:NOH @CHO 2 oL
NO, NO,
g ©0H=NOH @mo 20 -
HO HO
9 Br@CH:NOH Br@CHO 30 90
10 MeO@CH=NOH MeO@CHO 35 90
(4 —_
11 @NCH—NOH @NCHO 50 85
o) _ 0!
1 @/CH—NOH @ CHO 40 54

2 All reactions were carried out with the molar ratio of Subs./nano SiO,/AICI, (1:4:1.5) in oil bath (70 - 80 °C) under solvent-free
conditions . * Yields refer to isolated pure products. © Completion of the reaction required a molar artio of Subs./nano SiO,/
AICL, (1:6:2)

TABLE 3: Deoximation of ketoximeswith Nano SO, /AICI, system®

Entry Substrate Product Time (min) Yeild (%)°
1 @C(:NOH)CHg <C:>>c:oc:H3 40 90
, C(=NOH)CHj <C:)>cocH3 5 o
O,N O,N
s @C(zNOH)CH3 @COCHg 60 o
Cl Cl
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Entry Substrate Product Time (min) Yeild (%)°
4 M eO@C(:N OH)CHj MeO@COCHg 70 %4
5 Ph@C(:N OH)CH, Ph@COCH3 110 92

NOH o)
6 120 92
NOH 0
7 ©i> ©i> 110 93
8 <:>= NOH <:>:o 60 92
9 PhO:NOH PhQO 150 92
Ph Ph
10 NOH o) 120 93
Ph Ph
11 E} NOH &o 50 %5
12 ©= NOH Ozo 110 93
13 Ph NoH Ph\/oj\ 120 90

3 All reactions were carried out under oil bath (70 — 80°C) conditions.  All reactions were carried out with the molar ratio of
Subs./Nano SiO,/AICI, (1:4:2)

TABLE 4: Comparison of deoximation of oximeswith nano SO, /AICI, system and other reported deoximation systems

Time(min)/Yield(%)

4-Nitro-

Benzalde-

benzalde- Acetophen- Cyclohexan Cinnamaldeh-

Entry Deoximation systems Condition hy_de- hyde oneOxime -ydeOxime _one Oxime
Oxime .
Oxime
1 Nano SIO,/AICI, fﬁ;‘efe”t' 20/94 30/92 40190 60/94 50/92
2 FeCly/CH;CN?%® Ultrasound ~ 10/90 10/75 30/93 15/92
3  MoClgzn® CHLCN 15/91 - 40/93 20/75
SiO,-OSOsH/Paraform
4 ey de™ H,O - 180/79 90/93 90/93
5  Si0,/CrOs2 M.W - 2/57 1/95 /87 2/91
6  Al(NOs)y/NaBr CH.Cl, - - 110/98 45/89

responding aldehydesand ketonesin high to excel lent
yields (85-95%). In addition, dueto theinherent less
reactivity of ketoximesversusadoximes, higher quan-
titiesof AICI, (2mmol) wereused inthereactions. In-
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terestingly, the o,p-unsaturated oximes underwent
deprotection very efficiently without rearrangement of
the C=C bound and the reactions are essentially
chemoselective(TABLE 1, entry 11), but heterocyclic
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oximeswere not successfully deoximated. Furfural
oximefor example, produced amoderateyields, fur-
ther increasing thereaction timeand changemolar ratio
gaveno sgnificant improvement inyiddsbut rather de-
composition occurred (TABLE 2, entry 12). In order
to show the efficiency of thisdeoximation system, we
compared our resultswith those of reported inthelit-
erature for FeCl/CH,CN!", MoCl /Zn*, SiO,-
OSO,H/Paraformal dehyde®!, SiO,/CrO/#, Al
(NO,)/NaBr® asshownin TABLE 4.

CONCLUSIONS

Inthis paper, we have shown the combination sys-
tem of nano SO, and AIClI,, anhydrousefficiently per-
formed deoximation of various oximesto the corre-
sponding carbonyl compoundsin highyieldsat solvent-
freeconditions Smplicity, excellent yie ds, mildnessand
eco-friendly aspectsof thissynthetic protocol arethe
advantageswhichmakenano SO,/AICI, systemanew
addition to the present methodologiesinthisarea.
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