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Solvent free, Microwave-Assisted Synthesis of Aromatic Nitriles and Oximes
Using Solid Acids as Catalysts
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Abstract: Microwave-Assisted organic synthesis of aromatic nitriles and oximes was performed using
aromatic aldehydes in the presence of hydroxylamine hydrochloride NH,OH-HCI and solid acids as
catalysts to give good yields in short reaction times. The effect of the heterogeneous catalysts such as

mixed oxides and TiO, were discussed. This efficient method enabled us to synthesize a variety of useful
nitriles and oximes.
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1- Introduction:

Recently, the application of microwave-assisted solvent-free synthesis in
organic reaction has been of growing interest as an efficient, economic and clean
procedure (green chemistry) [1-5]. Over the past few years, a considerable number
of reactions have been developed in which inorganic solid supports such as alumina,
silica gel and montmorillonite and others appeared to be useful in terms of mildness
of conditions, yield and convenience [6-8]. Heterogeneous catalyst such as titanium
dioxide TiO, has attracted attention of synthetic organic chemists due to its
application as heterogeneous catalyst and as photo catalyst. In addition, TiO; is
inexpensive, non-toxic and safe [9].

Tanabe classified acid and base solid catalysts [10]. He found that SnO;
possesses both acidic and basic properties [10]. It was noticed that the formation of
mixed oxides accompanied by increasing both their acidic and basic properties,
catalytic activity and mechanical stability. Loading of some metal oxides with
sulfate ion produced very active catalysts (super acid) for various acidic catalytic
reactions like polymerization, acylation and esterification etc.... These superacid
solids possess both Lewis and Bronsted acid sites and are environmentally friendly
and noncorrosive reactors, compared to the corrosive properties observed with
known liquid acids like HF and H2SO4 [11-13].

Microwave-assisted solvent free organic synthesis is currently gaining
ground in synthetic chemistry largely due to the dramatic reduction in reaction time
(from days or hours to minutes or even seconds) [14,15].

Sharghi and Sarvari converted aldehydes into the respective amides in the
presence of NH,OH.HCI and TiO; in a one-pot solvent free procedure with long
reaction times [16]. TiO2 may form a complex with the carbonyl oxygen atoms of
aldehydes, therefore it may activate the carbonyl group for nucleophilic attack [17].

Lucas and Co-Workers converted aldehydes into nitriles and oximes in the
presence of NH,OH.HCI and TiO, without using solvent and in good yields [18].
Varma and Co-Workers also converted aldehydes into nitriles by using NH,OH.HCI
and Na,COs in solvent free conditions with good yields [19].

In this paper. we tried to compare different kinds of catalysts in the synthetic
reactions of aromatic nitriles and oximes from the corresponding aldehydes under
microwave irradiation. The transformation of aldehydes into nitriles and oximes are
a highly valued reaction, due to the versatility of the latter as starting materials in
organic synthesis [20]. These compounds have a potential use in perfumery industry
due to their higher stability when compared to their corresponding aldehydes, while
retaining a pleasant odor [21]. The aldehydes used in this research have already been
prepared by us in a previous research by the oxidation of the appropriate alkyl
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halides also in a solvent-free conditions using new catalysts such as pure zeolite,
organo zeolite and montmorillonite k1o supported by iodic acid as oxidant [22,23].

Based on these facts, we decided to evaluate the conversion of aromatic
aldehydes into aromatic nitriles and oximes under microwave irradiation by FT-IR
Spectrometry and by GC-MS. The spectroscopic data of the products were
compared to those available in the literature.

2-Experimental:
2.1.Measurement methods:

The HR GC/MS analyses were carried out on Agilent-5975C operating in
electron ionization mode at 70 eV. Helium was used as carrier gas and the injection
split ratio was 1:100. Separation was achieved on DB-5 capillary column (30 m x
0.25 mm x 0.25 um) using the following temperature program: 1 min at 60°C,
20°C/min until 260°C, then 10 min at 260°C. lon source and injection temperature
were at 260°C. The FT-IR spectrum was recorded on Jasco 4100 spectrometer (KBr
pellets). The spectroscopic data and the melting point of products were compared to
those available in the literature.

2.2. Preparation of novel WOs/ SnOz catalysts:

(i) Preparation of SnO-: pure tin oxide hydrogel was prepared by a dropwise
addition of ammonia solution (10 wt%) to 0.5 M solution of SnCls.5H,O with
continuous vigorous stirring for 4 h. The pH of the hydrogel was adjusted to 8. The
gel was left overnight then washed by decantation with 1% ammonium acetate
solution, until all CI- ions were eliminated. Then, the product was washed with bi-
distilled water (WTHG). then the resulting SnO; gel was dried at 120°C for 4 h.

(ii) Preparation of 15%S042/SnO2 or (S. Sn) support: the catalyst (S. Sn)
was prepared by vigorous mixing of appropriate amount of 1 M H,SO4 with SnO,
gel for 4 h, the percent loading of sulfate ions was 15% wt that was then dried at
120°C for 24 h.

(iii) Preparation of xXWQ3/S042/SnO; : the support S. Sn was impregnated
with appropriate amount of ammonium paratungastate [(NH4)10W12041.5H,0]
solution to obtain percentage ratios of x loading of 15 and 45% wt of WO3;, with
vigorous stirring for 4 h, then dried at 120°C for 24 h. All prepared catalysts 15%W-
S. Sn and 45% W-S. Sn were calcined in air at 500°C for 4h. The specific surface
areas, Sger, were determined from nitrogen adsorption at 77K and the total surface
acidity was measured by potentiometric titration method in a non-aqueous solution
[13]. Table 1 summarises the surface properties of the used catalysts.
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Table (1). The textural properties of (15-WSS, 45-WSS)

Catalyst Sget (M?/Q) Total acidity(mmol/g) Density acidity(N/m?)
15-WSS 101 0.0575 3.429
45-WSS 66.4 0.0600 5.442

2.3. Microwave assisted conversion of aldehydes into Nitriles and Oximes:

A 25 ml reaction flask was charged with a ground mixture of an aldehyde (1
mmol), one of the catalysts 15-WSS, 45-WSS or TiO; (0.4 g), and hydroxylamine
hydrochloride ( 5 mmol, 0.35 g). The reaction mixture was taken in a microwave
reactor and irradiated at the power settings and reaction times specified in Tables 2
and 3. After cooling to room temperature, the reaction mixture was extracted with
dichloromethane (10 ml x 2). The progress of the reaction was monitored by thin
layer chromatography (40% ethyl acetate in hexane), filtered and the sample was
submitted to GC-MS analysis. In our research, we used a microwave irradiator with
a power that can reach 1400 W and frequency of 2450 MHz.

3. Results and discussion:

We studied the conversion of some useful and interesting aldehydes, namely,
4-hydroxy benzaldehyde, 4-hydroxy 3-methoxy benzaldehyde and 2-nitro
benzaldehyde, to the corresponding nitriles and oximes over different catalysts 15-
WSS, 45-WSS and TiOy, in the presence of NH,OH.HCI under microwave
irradiation at power 840 W for 3 min. The results which we obtained are
summarized in Table (2).

Table (2). Microwave-assisted conversion of aldehydes to the corresponding nitriles and oximes
over different catalysts 15-WSS, 45-WSS and TiO,, in the presence NH,OH.HCI.

Substrate Catalyst %Nitrile %O0xime %0thers
15-WSS 83 10 7
4-hydroxy benzaldehyde 45-WSS 77 9 14
TiO, 80 11 9
4-hydroxy 15-WSS 86 9 5
3-methoxy 45-WSS 80 9 11
benzaldehyde Tio, 84 10 6
15-WSS 18 79 3
2-nitro benzaldehyde 45-WSS 15 76 9
TiO, 17 78 5

* Condition: 1 mmol aldehyde, 0.4 g 15WSS, 5 mmol NH,OH.HCI.
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The results show that the best conversion percentage was obtained by
irradiating the solid mixture for three minutes at 840 W by using 15-WSS
catalyst. The aldehydes bearing electron donating groups were readily converted
into the corresponding nitriles in satisfactory conversion percentage (77-86%),
whereas the substrate bearing electron withdrawing group afforded the respective
oximes more than nitriles. The proposed mechanism for these reactions is given in
Scheme 1. The conversion of the aldehyde into the respective nitrile occurs at the
expense of the oxime through acid catalyzed dehydration.

n+
M
foN NOH

R)L]\H - R)J\H

-H50

H,NOH

Scheme (1). Proposed sequence of transformation during catalyst- promoted
conversion of aldehydes to nitriles.

We have also explored the effects of the amounts of catalyst and NH,OH.HCl in
the reaction mixture on the yield of the resulting products. Reducing the amount of the
reagent from 5 mmols to 2.5 mmols for NH,OH.HCI and from 0.4 g to 0.2 g for catalyst
that led to incomplete conversion of aldehyde and enhanced yield of undesired products.
Table (3) summarizes the results obtained for the conversion of 4-hydroxy benzaldehyde
to the corresponding products as an example of our study.

Table (3). Microwave-assisted conversion of 4-hydroxy benzaldehyde to the corresponding nitriles
and oximes over different amounts of catalyst 15-WSS, and different amounts of

NH,OH.HCI.
substrate Catalyst 15-WSS %Nitrile %O0xime %0Others
4-hydroxy benzaldehyde 049 83 10 7
02g 69 12 19
NH,OH.HCI %Nitrile %Oxime %0Others
5 mmols 83 10 7
2.5 mmols 65 11 24

* Condition: 1 mmol aldehyde, 840 W, 3 min.

To confirm the best reaction conditions, we have studied the effects of time
and irradiation potency on the conversion of 4-hydroxy benzaldehyde to oxime and
nitrile using 15-WSS as catalyst under microwave irradiation. The results obtained
are summarized in Table (4).
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Table (4). Time and potency effects on the conversion of 4-hydroxy benzaldehyde to 4-
hydroxybenzonitrile and 4-hydroxybenzaldoxime.

Entry Time(min) Power(W) %Nitrile %O0xime %0Others
1 2 840 40 60 0
2 3 840 83 10 7
3 4 840 56 17 27
4 3 700 69 28 3
5 3 980 78 14 8

* Condition: 1 mmol aldehyde, 0.4 g 15WSS, 5 mmol NH,OH.HCI.

The results show that the best conversion percentage was obtained by
irradiating the solid mixture for three minutes at 840 W. Upon increasing the
reaction time, higher yields of undesired products (such as the amide and
degradation products) are obtained. When we reduced the reaction time, higher
amounts of the oxime were formed.

It can also be observed that increasing the power led to higher yields of
undesired products, and when we reduced the power, there was incomplete
conversion of the aldehyde to corresponding nitrile. In addition, we can write the
proposed mechanistic of amide formation as we increase the reaction time and
irradiation potency as given in Scheme 2.

Beckmann Hearrangement KE}* KE}'
Bonds formed Bonds broken
JOH ~
0 wwon N Acid NH C-N N-0
K== 0 A
Heat 0 c-0 c-C
Oxime C-0 () C-N (x)

[Beckmann Rearrangement]

Scheme 2. Proposed sequence of transformations during increasing the reaction time
and power with formation of amides.

The isolated products were re-crystalliysed in ethanol and identified by FT-IR and
GC-MS. The results are shown in Figures 1-3.

Figure (1). GC chromatogram of scaled- up conversion of 4-hydroxy benzaldehyde into
4-hydroxybenzonitrile and MS of the major compound (tr = 5.93 min).
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4-hydroxybenzonitrile: mp = (109 - 112°C, lit. 110-113°C); FT-IR (KBr): 2227
cm(C=N), 1520, 1600 cm™ (C=C) in aromatic ring, 3596 cm™ (O-H); GC-MS:
tr=5.93 min, m/z = 119 (M").

Figure (2). GC chromatogram of scaled- up conversion of 4-hydroxy-3-methoxy
benzaldehyde into 4-hydroxy 3-methoxy benzonitrile and MS of the
major compound (tr = 6.33 min).
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4-hydroxy-3-methoxybenzonitrile:mp = (84-88°C, lit. 85-87°C), FT-IR (KBr):
2240 cm™(C=N), 2966 cm™*(C-H), 3082 cm™*(C=C-H), 1510, 1586 cm*}(C=C) in
aromatic ring, 3379 cm(O-H); GC-MS: tg=6.33 min, m/z = 149 (M*).

Figure (3). GC chromatogram of scaled- up conversion of 2-nitro benzaldehyde into
2-nitro benzaldoxime and MS of the major compound (tg=8.43 min).
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2-nitrobenzaldoxime: mp = (91-94°C, lit. 89-93°C); FT-IR (KBr): 3256 (hydrogen
bonded) cmt, 3561(free OH) cm™, 910 cm™?,

1306 cm*(N-O-H), 1615 cm™ (C=N), 1542 cm*(C=C) in aromatic ring, 3093 (C=C-
H) cm™?, GC-MS: tr = 8,43 min, m/z = 166 (M*).

4.Conclusions:

Mixed oxides 15WSS, 45WSS and titanium oxide TiO, are useful catalysts
for a fast and convenient procedure to synthesize nitriles and oximes from the
appropriate aldehydes using NH.OH.HCI under microwave irradiation without
solvent. This method offers some advantages in terms of simplicity of performance,
solvent-free conditions, short reaction time and also to synthesize a wide range of
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aromatic nitriles and oximes by converting the corresponding aromatic aldehydes
under microwave irradiation. On the other hand, the catalysts 15WSS, 45WSS and
TiO2 may be recycled after activation.
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