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ABSTRACT

Deprotection of phenylhydrazones, semicarbazones and oximes to their corresponding
carbonyl compounds have been carried out in good to excellent yields (83-96 %) by using citric acid
as organic catalyst in water as a medium of reaction under microwave irradiation.
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INTRODUCTION

The protection of the carbon-oxygen
double bonds as carbon-nitrogen double bonds
has become a useful methodology in the synthesis
of complex organic molecules'. Semicarbazones,
phenylhydrazones and oximes are highly stable
and readily prepared compounds, which are used
extensively for the protection of carbonyl groups? and
are also used for the purification and characterization
of carbonyl compound?. The cleavage of imine
derivatives to afford carbonyl compounds continues
to be a significant aspect of organic chemical
transformations.

Most of the known methods deal for
the regeneration of carbonyl compounds from
oximes only, few publications were reported for
phenylhydrazones and semicarbazones. Therefore
search for faster, new protocols for the regeneration
of carbonyl compounds from phenylhydr-azones,
semicarbazones and oximes has assumed added
importance.

On the other hand, some of these reported
methods were carried out under conventional
methods or microwave irradiations in the presence
of oxidative or reductive catalysts. For example
AlO, “, polymer beads of N,N-dich-loropoly
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(styrene-co-divinylbenzene) sulphonamide resin®,
Sodium periodate-SiO, ¢, hypervalent iodine,
bis[dipyrid-inesilver () dichromate®, Manganese
triacetate®, urea nitrate'®, and low valent titanium',
MnO, 2, Clay ferric nitrate'®, 2,6-dicarboxpyri
diniumchlorochromate'*, Copper (IlI) Chloride
dehydrate'®, Wetsilica-supported Perm-anganate’s,
CAN-SiO, "7, Formic acid'®, Ag(py),S,0, ',
SiBr,2°,BNBTS?', Thalium(lI1)?, Lead(IV)?, Chromium
(VI)24, Zeolite H-NaX Supported Copper nitrate?. It
is worthy to mention that most of these reagents are
toxic or expensive.

Organic chemists are interested in the
developing of ecofriendly procedures by using
microwave irradiation under solvent free conditions
in water as a green solvent. The advantages of
these methods are shorter reaction time, excellent
yields, besides, formation of cleaner products and
minimization of pollutants26-28,

Make use of simply available and
biodegradable catalyst for organic conversion is
achieving enormous significance in the last few years
as a result of both the uniqueness of the concept
and, more importantly, the fact that the efficiency and
selectivity of these reactions meet the standards of
established organic reactions. In this regard, Citric
acid works as performing the role of perfect catalyst.
Citric acid is widely used because it is nontoxic,
cheap, safe to handle, and easily biodegradable.
There are reports in the literature on the use of Citric
acid as catalyst in organic synthesis®.

In continuation of our ongoing programme
to develop new synthetic green protocols and our
interest in the field of microwave assisted organic
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reactions®-3', in this report we represent a highly
efficient route for the regeneration of carbonyl
compounds from phenylhydrazones, semicarbazones
and oximes from good to excellent yields catalyzed
by commercially available inexpensive, mild citric
acid as organocatalyst under microwave irradiation
in water. (Scheme 1)

MATERIALS AND METHODS

Chemicals were purchased from Fluka,
Merck and Aldrich chemicals companies. The purity
determination of the substrates and products and
reaction monitoring were accompanied by TLC on
silica gel Polygram SILG/UV 254 plates. Melting
points were determined on Perfit melting point
apparatus and are uncorrected.'HNMR (Avance 300
MHz) spectra were recorded in DMSO using TMS
as internal standard. IR was recorded on a Thermo
Nicolet Nexus 670 FT-IR Spectrometer and Finnegan
MAT 1020. Panasonic co. microwave (2450 MHz
frequency at a power output of 1000 W) was used
for the microwave irradiation.

General procedure for the deprotection of
Carbonylcompounds from phenylhydrazones,
semicarbazones, and oximes

A mixture of 0.2 mmol phenylhydrazone,
semicarbazones or oximes and citric acid
(0.2 mmol) were mixed together in water (10 mL)
was introduced in a 50 mL Erlenmeyer flask and was
placed in a commercial microwave oven operating
at a power output of 300 W and irradiated for the
appropriate time in 30 seconds intervals each.
(Table 3). The reaction was monitored by TLC.
The product extracted with Chloroform, dried over
anhydrous Na,SO, filter and was chromatographed

R! R!
i
C=N—2X — L C=0
R2 11 R2
X= -NHPh, -NHCONH,, -OH
83-96 %

R!, R?= alkyl, aryl or H

i) Citric acid / H,O ii) MW, 7-14 min

Scheme 1:

Regeneration of carbonyl compounds from Phenylhydrazones, semicarbazones,

and oximes in the presence of Citric acid.
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on silica gel (eluted by ethyl acetate: hexane 2:8)
to afford the corresponding products in good to
excellent yields (Table 3). All the products were
characterized by their physical constants, IR, NMR
spectra and comparison with authentic samples.
The phenylhydrazones, semicarbazones and oximes
were prepared by standard procedures®.

Spectral data of some selected compounds
Benzaldehyde (Table 3, Entry 1)
IR (KBr): 3368,1710 cm™"; '"HNMR (300

2032

MHz, CDCI,) 6:6.60-6.70 (m, 1H, H arom),6.92-7.15
(m, 2H, Harom), 7.68-7.72 (d, 2H, Harom), 9-10 (s,
1H); Mass: m/z (M+*):106.

Acetophenone (Table 3, Entry 7)

IR (KBr): 3354, 2894, 1690 cm™'; THNMR
(300 MHz, CDCl,) 6:2.35 (s,3H, COCH,), 6.62-6.75
(m, 1H, Harom), 6.92-7.10 (m, 1H, Harom), 7.75-
7.92 (d, 2H, H arom);Mass; m/z (M*):120

Table 1: The effect of different molar quantities of catalysts on time
and yields for the regeneration of benzaldehyde from benzaldehyde
phenylhydrazone under MW irradiation in water

Entry Catalyst(mmol)*

Time (min)
A B C DE

Yield (%)
ABCDE

1 0.01 14 19 19 20 19 68 40 45 40 41
2 0.03 13 18 19 19 20 67 55 58 54 48
3 0.05 13 18 17 1719 76 58 60 60 58
4 0.1 10 16 16 17 19 95 61 65 62 60
5 0.2 7 15 17 19 19 96 67 68 66 64
6 0.5 7 15 17 18 19 96 68 69 67 67

A= Citric acid, B= Glycine, C= Succinic acid, D=Oxalic acid, E= Urea

Table 2: Regeneration of phenylhydrazones, semicarbazones and
oximes by citric acid (A) in water, comparison with different catalysts
(0.2 mmol ) under microwave irradiation and room temperature

Entry Substrate* Catalyst** MW (min/%) R.T(h/%)
1 S, A 7.0/96 2.0/60
2 S, A 7.0/95 2.5/67
3 S, A 7.0/95 2.5/64
4 S, B 15/68 2.5/58
5 S, B 14/72 3.0/59
6 S, B 13/65 3.0/55
7 S, C 17/67 2.5/60
8 S, C 17/70 2.5/48
9 S, C 16/65 2.5/43
10 S, D 18/67 2.0/55
11 S, D 18/70 2.0/48
12 S, D 16/69 2.5/55
13 S, E 16/67 3.5/54
14 S, E 18/70 3.5/48
15 S E 19/69 3.5/52

w

'S,:C,H.=NNHPh, S,:C H.C=NNHCONH,, S : C.H.C=NOH
“B =Glycine, C=Succinic acid, D=Oxalic acid, E=Urea
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Cyclohexanone (Table 3, Entry 9) Benzophenone (Table 3, Entry 23)

IR (KBr): 1690, 2780 cm; '"HNMR (300 IR (KBr): 1696 cm; 'THNMR (300 MHz,
MHz,CDCl,) 5:2.45-2.68 (m, 4H), 2.82-2.94 (m, 2H), CDCI,) 3:7.5-8.0 (m, 10H, arom); Mass: m/z (M"):
4.34- 4.62 (m, 4H); Mass: m/z (M*): 98 182.

Methyl Ethyl Ketone ( Table 3, Entry 11) RESULTS AND DISCUSSION

IR (KBr): 1697, 2798 cm'; 'HNMR: (300
MHz, CDCl,) 5:2.01(s, 3H), 2.1-2.4(q, 2H), 0.9-1.00 In the present study we broaden the scope
(t, 3H); Mass: m/z (M*): 72 of the citric acid as catalyst for the regeneration

Table 3: Regeneration of carbonyl compounds from phenylhydrazones (entries1-10),
semicarbazones (entries11-20), and oximes (entries 21-30) using citric acid in water (10 mL)
under microwave irradiation

Entry Substrate MW/Time Product? b.p/m. Yield
(min) p° (%)°
1 C,H,CH=NNHPh 7 CH,CH=0 179 96
2 2-NO,C H,CH=NNHPh 8 2-NO,C H,CH=0 44 89
3 4-NO,C H,CH=NNHPh 8 4-NO,C H,CH=0 106 90
4 2,6-Cl,C,H,CH=NNHPh 9 2,6-Cl,C,H,CH=0 71 87
5 2-HOC H,CH=NNHPh 8 2-HOCH,CH=0 197 78
6 C,H,C(CH,)=NNHPh 13 C,H.,C(CH,)=0 80 84
7 C,H,C(CH,)=NNHPh 9 C,H.C(CH,)=0 202 92
8 (C,H,),C=NNHPh 9 (C,H,,C=0 49 90
9 C,H,,C=NNHPh 14 CH,,C=0 156 83
10 4-BrC,H,CH=NNHPh 9 4-BrC,H,CH=0 67 85
11 C,H,C(CH,)=NNHCONH, 14 C,H.,C(CH,)=0 80 88
12 C,H,C(CH,)=NNHCONH, 10 C,H.C(CH,)=0 202 92
13 (C,H,),C=NNHCONH, 9 (C,H,,C=0 49 90
14 C,H,,C=NNHCONH, 14 CH,,C=0 156 83
15 4-BrC,H,CH=NNHCONH, 12 4-BrC,H,CH=0 67 87
16 C,H,CH=NNHCONH, 7 CH,CH=0 179 95
17 2-NO,C H,CH=NNHCONH, 8 2-NO,C H,CH=0 44 86
18 4-NO,C H,CH=NNHCONH, 8 4-NO,C H,CH=0 106 89
19 2,6-Cl,C,H,CH=NNHCONH, 9 2,6-Cl,C,H,CH=0 71 83
20 2-HOC H,CH=NNHCONH, 8 2-HOCH,CH=0 197 73
21 C,H,C(CH,)=NOH 13 C,H.,C(CH,)=0 80 88
22 C,H.C(CH,)=NOH 9 C,H.C(CH,)=0 202 92
23 (C,H,),C=NOH 10 (C,H,,C=0 49 90
24 C,H,,C=NCH 14 CH,,C=0 156 83
25 4-BrC,H,CH=NOH 9 4-BrC,H,CH=0 67 87
26 C,H,CH=NOH 7 CH,CH=0 179 95
27 2-NO,C H,CH=NOH 8 2-NO,C H,CH=0 44 86
28 4-NO,C H,CH=NOH 8 4-NO,C H,CH=0 106 89
29 2,6-Cl,C,H,CH=NOH 10 2,6-Cl,C,H,CH=0 71 83
30 2-HOC H,CH=NOH 8 2-HOCH,CH=0 197 76

2; All the products are identified by comparing IR, NMR and Physical constants with those authentic samples.
; Yields refer to isolated products. ¢; Referenc®?
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of carbonyl compounds from phenylhydrazones,
semicarbazones and oximes under microwave
irradiations in water. In order to check the role of
catalyst we studied the efficiency of regeneration of
benzaldehyde from benzaldehyde phenylhydrazone
in water as a model reaction in absence of catalyst
under microwave irradiation. After 20 minutes
of irradiation there is no detection of carbonyl
compounds was observed. Subsequently to
investigate the suitable catalyst and the best molar
quantities we carried out the model reaction of
benzaldehyde phenylhydrazone in presence of
different molar quantities of various catalysts for
example citric acid, glycine, succinic acid, or urea.
From the results obtained in Table 1, we found that
(0.2 mmol) citric acid is emerged as the best catalyst
of choice in terms of reaction kinetics and product
yield (entry 6, Table 1).

Then the model reaction has been
carried out by stirring a mixture of benzaldehyde
phenylhydrazone (0.2 m mol) and 0.2 m mol of the
catalyst in 10 mL of water at room temperature as
well as microwave irradiation. From the results shown
in Table 2 we have found that using citric acid under
micro wave irradiation afforded the highest yield
( entry 1 96%, Table 2). Similarly, we run the same
reaction condition on benzaldehyde semicarbazone
and benzaldehyde oxime in the presence of various
catalysts, such as citric acid, succinic acid, glycine,
oxalic acid, or urea. The best results were obtained
by using citric acid as catalyst comparable with
that obtained in the presence of other previously
mentioned catalysts (Table 2 ).Then the model
reaction has been carried out by stirring a mixture
of benzaldehyde phenylhydrazone (0.2 mmol) and
0.2 mmol of the catalyst in 10 mL of water at room
temperature as well as microwave irradiation. From
the results shown in Table 2 we have found that using
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citric acid under micro wave irradiation afforded the
highest yield ( entry 1 96%, Table 2). Similarly, we
run the same reaction condition on benzaldehyde
semicarbazone and benzaldehyde oxime in the
presence of various catalysts, such as citric acid,
succinic acid, glycine, oxalic acid, or urea.The best
results were obtained by using citric acid as catalyst
comparable with that obtained in the presence of
other previously mentioned catalysts( Table 2 ).

Finally a series of experiments were
performed by taking different derivatives of
phenylhydrazones, semicarbazones and oximes
for the regeneration of carbonyl compounds under
microwave irradiations (Table 3). Regeneration
of aliphatic phenylhydrazones, semicarbazones,
and oximes normally requires longer reaction
times (entries 6, 9, 11, 14, 21, 24). Therefore this
methodology offers a simple, inexpensive and
selective route for converting phenylhydrazones,
semicarbazones and oximes to the corresponding
carbonyl compounds.

CONCLUSION

In conclusion we have developed a clean
and environmentally friendly alternative protocol
for the regeneration of carbonyl compounds from
phenylhydrazones, semicarbazones and oximes in
good to excellent yields under microwave irradiations
and water as a green solvent by using commercially
available inexpensive biodegradable citric acid.
The present protocol has several advantages;
mild reaction conditions, reduced reaction times
operational and experimental simplicity. We believe
that the new methodology will be a valuable addition
for the regeneration of carbonyl compounds from
phenylhydrazones, semicarbazones and oximes.
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