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Microwave Assisted, Solvent Free One Pot Synthesis of Nitriles
from Aryl Aldehydes on Melamin Formaldehyde as
Solid Support
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Various aryl aldehydes underwent prompt one pot conversion into the corresponding nitriles in high yields by
reacting with hydroxylamine hydrochloride supported on melamine formaldehyde under microwave irradiation in

the presence of ammonium acetate as catalyst.
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Introduction

The conversion of aldehydes into the corresponding
nitriles is a synthetically useful transformation. Nitriles
are required to construct a variety of biologicaly active
compounds.® Nitriles are very useful starting materials
for the synthesis of various bioactive molecules.? The
versatile nitriles are used for the preparation of thiazoles,
2-oxazolines, tetrazoles, imidazoles, triazoles and ben-
zamidines possessing a broad spectrum of biological
activities® The conversion of nitriles into amides,
amines, ketones, carboxylic acids and esters are of con-
siderable interests.” They are used for the preparation of
tetrazole derivatives as antipicornavirus agents® and as
carboxylic acid bioisosteres (particularly in the prepara-
tion of commercially important angiotensin receptor
ligands, losartan and valsartan),® thiazole analogues as
inhibitors of superoxide’ and 1,2-diarylimidazoles as
anti-inflammatory drugs.”

The conversion of nitriles into amides, amines, ke-
tones, carboxylic acids and esters are of considerable in-
terests.® In the majority of cases, the aldoxime is prepared
first and then dehydrated using a wide variety of reagents
such as chloramine/base,” O,N-bis-(trifluoroacetyl)-
hydroxylamine or trifluoroacetohydroximic acid,™
triethylamine/dialkyl hydrogen phosphinates,™*
p-chlorophenyl  chlorothionoformate/pyridine,* nitro-
methane/pyridine  hydrochloride,™®  TiCls/pyridine,*
triethylamine/phosphonitrilic chloride,™ 1,1'-dicarbon-
ylbiimidazole.*®

Conventional methods for the dehydration of al-
doximes include the use of reagent systems on solid
supports such as alumina/methanesulfonyl chloride,*
graphite/methanesulfonyl chloride,® aluminium chlo-
ride/potassium iodide,” Nal/MeCN,” aumia/PCls,*
and [RuCl(p-cymene)] /molecular sieves.??

*  E-mail: mohammadi @iauahvaz.ac.ir

However, most of these reported methods are associ-
ated with significant drawbacks such as low yields, long
reaction time, toxic and non-available reagents and
harsh reaction conditions. Recently we have developed a
more advantageous method for the one-pot conversion
of aldehydes into nitriles by treatment with hydroxyl-
amine hydrochloride under solvent free and microwave
irradiation conditions using melamin formaldehyde
resin as catalyst [EQ. (1), Table 1].
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Results and discussion

As shown in the Table 1, the reaction could be easily
applied to structuraly diverse aldehydes to give the
corresponding nitriles in excellent yields. This protocol
was compatible with reactive benzal dehydes containing
different electron-withdrawing and electron-donating
substituents. The variation of electron-donating and
withdrawing substituents to the aromatic rings have no
significant effect on the reaction rates and yields. The
present method probably proceed viainitial formation of
O-acetylaldoxime intermediates, formed in situ by the
reaction of aldoxime intermediates with acetic anhy-
dride, followed by its decomposition under microwave
irradiation conditions.

In these reactions, arylaldehydes bearing both elec-
tron-donating and el ectron-withdrawing substituents, are
rapidly converted into nitriles in good yields (58%—
83%) with melamine formaldehyde supported hydro-
xylamine hydrochloride coupled with MW irradiation
under solvent free condition.
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Table 1 One pot microwave-assisted conversion of aryl adehyde into corresponding nitriles using NH,OHsHCI/NH,OH/melamine
formaldehyde system
Entry Substrate Time/min Yield/% m.p./C b.p./C Product
1 HO@—CHO 6 58 112 HO@CN
2 CIOCHO 5 62 90—91 m@m
s on{ Heoro ; 5 s on—~ Hon
CHO CN
4 Q 5 83 109 Q
NO, NO,
ON CHO O,N CN
. ars 2 o — {Hon
7 H3C—©—CHO 3 72 216—218 H3C@CN
8 CI—< E}—CHO 3 78 5860 CI—< EFCN
Cl Cl
CI—<§ >—CHO C|—<§ >—CN
9 3 81 98—101
O,N O,N
\ \
10 /N@CHO 7 48 73—75 /N@CN

The procedure in its entirety involves admixing al-
dehydes with melamine formadehyde supported
hydroxylamine hydrochloride and subjecting the solid
reaction mixture to microwave irradiation in an unmodi-
fied laboratory MW oven at its full power (900 W) for
2—7 min. A variety of aldehydes undergo facile conver-
sion in the presence of hydroxylamine hydrochloride

“doped” melamin formaldehyde to afford high yield
of nitriles within a short time of irradiation [Eq .(1)].

In the case of diphatic aldehydes, however, only
poor yields of nitriles (10%—15%) are obtained with
complex by-product formation that was not included in
Table 1. It was showed from Table 1 that withdrawing
groups such as Cl and NO, decrease the time of the re-
action probably due to increase of the positive property
of carbonyl group, but it was not case sensitive for yield
of products. As a model compound, we examined the
reaction of benzaldehyde with various bases such as

NH} OAc™, KF, KSF, NaHCO; and NaHSO, (Table 2).

Best results are obtained with NH; OAc™, in the case
of reaction time and yield of the reactions.
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Table2 Conversion of benzaldehyde to benzonitrile in the pres-
ence of various bases

Entry Base Reaction time/min Yield/%
1 NH; OAc™ 6 58
2 KF 6 28
3 KSF 5 35
4 NaHCO; 3 43
5 NaHSO, 2 52

Selected data for compounds (2a—2j)

p-Hydroxybenzaldehyde (2a) m.p. 112—114 C
(Lit2 112 C); 'H NMR (CDCls, 300 MHz) &: 9.21
(br.s, J=3 Hz, 1H, OH), 7.47 (d, J=8.0 Hz, 2H, Ar-H),
7.14 (d, J=8.10 Hz, 2H, Ar-H); IR (KBr) v: 3031, 2232
cm .

p-Chlorobenzonitrile (2b) m.p. 91—93 C (Lit.*
95—96 C); 'H NMR (CDCl;, 300 MHz) §: 7.37 (d,
J=8.4 Hz, 2H, H-Ar), 7.47 (d, J=8.4 Hz, 2H, H-Ar);
IR (KBr) v: 3065, 2215 cm .

p-Nitrobenzonitrile (2c) m.p. 146—149 C (Lit®
147 °C); *H NMR (CDCls, 300 MHz) 5: 8.37 (d, J=8.0
Hz, 2H, H-Ar), 7.92 (d, J=8.0 Hz, 2H, H-Ar); IR (KBr)
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v: 3094, 2230 cm %,

o-nitrobenzonytril (2d) m.p. 109—110 C (13)
(Lit® 109 C); 'H NMR (CDCl3, 300 MHz) §: 8.40 (d,
J=8.25 Hz, 1H, ArH), 7.85 (dd, J=8.0 Hz, 1H, ArH,),
7.82 (dd, J=7.85 Hz, 1H, ArH), 7.79 (dd, J=8.10 Hz,
1H, ArH); IR (KBr) v: 3120, 2909, 2261 cm ™.

m-Nitrobenzonitrile (2¢) m.p. 115—117 °C (Lit.®
115 ‘C); *H NMR (CDCl;, 300 MHz) J: 8.46 (s, 1H,
H-Ar), 7.90 (d, J=9.0 Hz, 1H, H-Ar), 7.70 (dd, J=8.35,
7.12 Hz, 1H, H-Ar); IR (KBr) v: 3036, 2238 cm ™.

benzonitrile (2f) b.p. 189—190 ‘C (Lit.® 190

‘C); *H NMR (CDCl3, 300 MHz) §: 7.55—7.61 (m, 5H,
H-Ar); IR (lig) v: 3031, 2232 cm .

p-Tolunitrile (2g) b.p. 216—218 C (Lit.*® 218
‘C); *H NMR (CDCls, 300 MHZ) 6: 7.23 (d, J=7.4 Hz,
2H, H-Ar), 7.47 (d, J=7.4 Hz, 2H, H-Ar); IR (KBr) v:
3039, 2229 cm .

2,4-dichlorobenzonitrile (2h) m.p. 58—60 C
(Lit® 61 °C); '"H NMR (CDCl3, 300 MHz) §: 7.54 (s,
J=8.0 Hz, 1H, H-Ar), 7.42 (d, J=7.95 Hz, 1H, H-Ar).
7.46 (d, J=8.0 Hz, 1H, H-A); IR (KBr) v: 3076, 2234
cm .
4-Chloro-3-nitrobenzonitrile (2i) m.p. 98—101
‘C (Lit. 103 C); *H NMR (CDCls, 300 MHz) §: 8.45
(s, J=8.0 Hz, 1H, H-Ar), 7.87 (d, J=8.23 Hz, 1H, H-Ar).
7.81 (d, J=8.15 Hz, 1H, H-Ar); IR (KBr) v: 3076, 2234
cm .
p-Dimethylaminobenzonitrile (2j) m.p. 69—71
‘C (Lit.” 75—77 C); *H NMR (CDCl;, 300 MHzZ) &
3.02 (s, 6H, Me), 6.63 (d, J=8.2 Hz, 2H, H-Ar), 7.43 (d,
J=8.2 Hz, 2H, H-Ar); IR (KBr) v: 2909, 2261 cm ™.

Conclusion

It can be concluded that melamin formaldehyde/
hydroxylamine hydrochloride/fammonium acetate sup-
port, can be used as an efficient, excellent, readily
available, and cheap catalyst in conversion of aldehydes
to nitriles under microwave irradiation. Furthermore, the
reaction is a green process and the catalyst is recyclable
for several uses. The advantages of the present method
in terms of facile manipulation, fast reaction rates, and
formation of cleaner products under neat reaction condi-
tions should make this protocol as a valuable alternative
to the existing methods.

Materials and method

Benzaldehyde derivatives, NH,OH, HCl,
NH;OAc™, melamin formaldehyde (Merck) were
used without further purification. Silicagel Aldrich, 150
mesh (Aldrich) and TLC plates (Merck) were used.
Solvents were purified by standard methods. Infrared
spectra were recorded as KBr disks on a Shimadzu
model 420 spectrophotometer. The UV/Vis measure-
ments were made on a Uvicon model 922 spectrometer.
'H and *C NMR were caried out on a Bruker
AVANCE DRX 300 spectrometer. All the chemica
shifts are quoted in ¢ using the high-frequency positive
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convention; the *H and *C NMR spectra were refer-
enced to external SiMe,. Experiments were carried out
in closed vessel multi mode Microsynth Milstone labo-
ratory microwave oven (not domestic owen) using a 900
W Westpointe microwave operating at 3.67 GHz with
an internal volume of 0.9 m*. All experiments had good
reproducibility by repeating the experiments in same
conditions.

Experimental

Benzadehyde (2 mmol), hydroxylamine hydrochlo-
ride (4 mL), ammonium acetate (1 mL) and melamin
formaldehyde (2 g) were mixed thoroughly with me-
chanical mixer. This mixture was then irradiated in mi-
crowave oven (800 W). The progress of the reaction was
monitored with period of 30 s by TLC (EtOAC/CHCI3).
On the compellation of the reaction (monitored by TLC),
CHCI3 was added priory (10 mL X 3). The formaldehyde
was removed by simple filtration and the organic layer
was separated. The solvent was removed by a rotary
evaporator and the resulting precipitate was washed with
CHCI3 (10 mL X 2). The residue was then recrystallized
with ethanol and dried in electrical oven to give benzo-
nitryle in good to high yields (Table 1). For other
benazaldehyde derivatives, procedure was the same as
benzaldehyde.
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