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SYNTHETIC COMMUNICATIONS, 28(20), 3765-3768 (1998) 

ONE-STEP CONVERSION OF ALDEHYDES 
INTO NITRILES IN DRY MEDIA 

UNDER MICROWAVE IRRADIATION 

Jtm-Cai Feng* Bin Liu Li Dai and Ning-Sheng Bian 

Department of Chemistry, Nanjing University, 
Naiijiiig 210093, P.R.China 

ABSTRACT: Alcielqydcs zinciergo rapid reaction with 
h~d~o.~~~lcii?rinorqriitit chloride zisrng HCOOH/'Sr02 us solid sttpport 
catalyst, tinder niicrowcive irradiarion withotit solvent to affords 
nitriles in 60-90s yields. 

Organic synthesis under dry condition is a topic that is drawing many 
recent research interest. In our laboratory, we have been continually 
working on developing new synthetic methods for nitriles by taking 
advantage of both microwave irradiation and dry reaction conditions.['] 

The conversion of aldehydes into the corresponding nitriles is an 
important organic chemical transfamation. Several methods have been 
described, but only a fe\v are known for one-step conversion of 
aldehydes into nitriles without the need of separation of the aldoxiine 
intennediate formed.['-'' Almost all of these methods were carried out 
by using large amounts of -hazardous solvent or special catalysts which 

* To whom correspondence should be addressed. 
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3766 FENG ET AL. 

are not readily 
the synthesis of nitriles froin aldehydes could be accelerated by the use 
of microwave irradiation, the actual application of microwave in his 
experiment was limited to the synthesis of the intermediate oximate. 
Here we would like to report an effective one-step method to convert 
both alkyl and aryl aldehydes to the corresponding nitriles in dry media 
under microwave irradiation, using HCOOWSi02 as catalyst. Under 
the described conditions (see Table), reactions are generally completed 
in less than 3 minutes. 

Although Villeinin et al. reported, ['I that 

This mild and versatile method, which results in yields of 60-90%, can 
also be applied to aldehydes containing other reactive functional groups, 
such as double bond and hydroxy group. As to fiiraldehyde, the yield is 
very low (about 5%),  partly because it is easy to undergo ring-opening 
reaction or carbonization under microwave irradiation. 

The synthetic route is shown as following: 

HCOOH/SiO? 
RCHO + NH20H.HCl RCN+H20 

1 -3niin 
micro\mve irradiation 

R=alkyl or aryl 
The results obtained are shown in Table I: 

Table I: Syntheses of nitriles from aldehydes 
under microwave irradiation 

entry R Time yield mp. or bp. Lit. mp. or bp. 
(inin) (%)' ("C)/ininHg ("C)/minHg 

1 p-CH30C6I-4 2 85 59-60 61-2 
2 p-0.NCsI-4 1 S 5  144-6 149 
3 o-c,H, 2 72 38-40 42-3 
4 3,4-(CH30)2CsH3 2 90 62-4 67-8 
5 3,4,5-(CH30);CcH2 2 80 90-2 91-4 
6 p-CH,CJ& 2 61 28 30 
7 p-HOCs& 1 72 112-4 113-4 

(continued) 
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ALDEHYDES AND NITRILES 3767 

Table I. Continued 

8 ~ , ~ - ( C H ~ O Z ) C ~ H J  1 92 92-4 95 
9 p-Brc6I-4 2 85 110-2 113 
1 O 3,4-(HO)zC,jH3 1 70 153-4 156 

12 CsHj 3 75 190/760 69/10 
13 P-ClC6H4 3 79 90-2 92-4 
14 C6HjCHzCH 2 78 126-8/10 134/12 
15 CjHl1 3 75 1621760 1601760 
16 C7Hlj 3 70 200/760 1981760 
a Yields are determined by €€PLC.[column/Hypersil ODS 51tm (4.6x200mm). 
column temperature: 35"C, mobil phase: mothanol:water=70:30 (v/v); flow rate: 
lmL/min.; h=270nm] 

11 m-C(jI-4 2 80 1 14-6 117-8 

Experimental: 
All reagents were commercially available and used without fiirther 
purification. Microwave irradiation was carried out with a coinmercial 
microwave oven (2450 MHz, 500W) under atmospheric pressure. IR 
spectra were obtained on a Nicolet FT-IRSODX instniment. 'HNMR 
spectra were recorded 011 a JEOL JNM-PMX GOD1 spectrometer with 
TMS as internal standard. HCOOWSi02 was prepared from 
chromatography grade (Merck,70-130 mesh, 60A) silica gel. 

General procedure: 
Aldehyde (1 0 mmol) and hydroxylamine hydrochloride (1 3 mnol) were 
thoroughly mixed with HCOOWSiOz catalyst (5g) in an agate mortar. 
The resulting fine power was transferred to a flask (50ml) connected 
with refluxing equipment. After irradiated by microwave for 1-3 minutes, 
the mixture was cooled to room temperature. The inorganic support 
was separated by filtration after extracting the product with proper 
solvent. The filtrate was washed with saturated aqueous sodium 
bisulfite solution, dried with magnesium sulfate, and evaporated to give 
the cnide product, which was purified by crystallization, distillation or 
coluinn cluomatograpliy. 

Anhydrous formic acid (20g) was stirred with a suspension of silica gel 
(Merk, 70-130 mesh, 60A) in acetone (150 ml) for 1 hour. The catalyst 
obtained was flowing power after the acetone was removed. 

D
ow

nl
oa

de
d 

by
 [

M
ou

nt
 A

lli
so

n 
U

ni
ve

rs
ity

 0
L

ib
ra

ri
es

] 
at

 1
6:

21
 2

1 
A

pr
il 

20
13

 



3768 FENG ET AL. 

Acknowledgments: We would like to thank the Nanjiiig University 
for fniancial support of our work. The analyses work was partially 
supported by the Center of Materials Analysis, Nanjing University. 

REFERENCES: 
1. J.C.Feng, B.Liu, Y. Liu, C.C.Li, Synth. Comnzun. 1996,26,4545 
2. G.Sosnovsky, J.A.krogh, Synthesis 1978,703 and reference there in. 
3. M.Miller, G.London, J. Org. Chem. 1975, 40, 126 
4. C.Fizet, J.Streith, Tetrahedron Letter 1974, 3 187 
5 .  G.A.Olah, T.Keuini, Synthesis 1979, 112 
6 .  S.N. Kannarkar, S.L.Kelkar, M.S.Wadia, Synthesis 1985, 510 
7. T.Van Es, J. Chem. SOC. 1965, 1564 
8. D.Villemiii, M.Lalaoui, A.B.Allouin, Chenz. Ind. (london) 1991, 176 
9. Dictionary of Organic Coinpound Vol IV Loiidn 1953 
lO.P.Capdevielle, A.Lavigne, M.Mauiny, Synthesis, 1989,45 1 
1 1 .H.M.Samnpatli Kuinar, P.K.Mohanty, M.S.Kumar, J.S.Yaday, Synth. 
Commun. 1997,27, 1327 

(Received i n  t h e  USA 27 A p r i l  1998) 

D
ow

nl
oa

de
d 

by
 [

M
ou

nt
 A

lli
so

n 
U

ni
ve

rs
ity

 0
L

ib
ra

ri
es

] 
at

 1
6:

21
 2

1 
A

pr
il 

20
13

 


