
Accepted Manuscript

p-TsOH mediated solvent and metal catalyst free Synthesis of Nitriles from
Aldehydes via Schmidt Reaction

Bijeta Mitra, Gyan Chandra Pariyar, Rabindranath Singha, Pranab Ghosh

PII: S0040-4039(17)30563-4
DOI: http://dx.doi.org/10.1016/j.tetlet.2017.04.100
Reference: TETL 48892

To appear in: Tetrahedron Letters

Received Date: 30 March 2017
Revised Date: 22 April 2017
Accepted Date: 29 April 2017

Please cite this article as: Mitra, B., Pariyar, G.C., Singha, R., Ghosh, P., p-TsOH mediated solvent and metal catalyst
free Synthesis of Nitriles from Aldehydes via Schmidt Reaction, Tetrahedron Letters (2017), doi: http://dx.doi.org/
10.1016/j.tetlet.2017.04.100

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.tetlet.2017.04.100
http://dx.doi.org/10.1016/j.tetlet.2017.04.100
http://dx.doi.org/10.1016/j.tetlet.2017.04.100


  

Graphical Abstract 
To create your abstract, type over the instructions in the template box below. 
Fonts or abstract dimensions should not be changed or altered. 

p-TsOH mediated solvent and metal catalyst free Synthesis of Nitriles from Aldehydes 

via Schmidt Reaction 
 

Bijeta Mitra,  Gyan Chandra Pariyar,  Rabindranath Singha, Pranab Ghosh*  

 

 

                                                  

NaN3 , p-TsOH

 silica, 1200C

R= aryl, aliphatic, napthyl, heterocyclic

R H

O
R N

69-90%

 

Leave this area blank for abstract info. 



  

 1

 

 

Tetrahedron Letters 
jo urn al  h om e pa ge:  w w w.els evi er . com  

 

p-TsOH mediated solvent and metal catalyst free Synthesis of Nitriles from 

Aldehydes via Schmidt Reaction 

Bijeta Mitra, Gyan Chandra Pariyar, Rabindranath Singha, Pranab Ghosh* 

Department of Chemistry, University of North Bengal, Dt. Darjeeling, West Bengal, India. 

Tel.: +91 (0353) 2776381; fax: +91 (0353) 2699001. 

E-mail address: pizy12@yahoo.com (P. Ghosh).  

 

Introduction 

Organonitrile derivatives have diverse utility as bioactive 

molecules
1
 (figure.1). They act as a precursor and intermediate 

for pharmaceuticals, agrochemicals, polymers, dye
2
 etc. In 

addition its usefulness has been widely recognized as a functional 
group in organic synthesis. Several preparations like alcohol, 

amine, ester, amide
3
 including many heterocyclic compounds 

such as 1,2-diarylimidazol,  thiazole, tetrazole etc can be carried 

out using suitable nitrile precursors. 

                Classical method for nitrile synthesis are Sandmeyer  

reaction
4
,  ammoxidation of aldehydes

5
, Kolbe nitrile synthesis

6
, 

hydrocyanation of alkenes
7
 and Rosenmund-von Braun

8
 reaction. 

Nitrile can be prepared from alcohol
9
, amines,

10
 amides,

11
 

azides
12 

and carbonyls
13

 this include oxidative rearrangement of 

alkene,
14

 methyl arenes
15

 and benzyl or allyl halides,
16

 but these 

methods result in the corresponding higher homologs. Literature 

survey also reveals that aldehydes get converted into nitrile by 

using hydroxyl amine hydrochloride in presence of FeCl3
17

 or 

also in presence of Fe3O4-CTAB NPs
18

. It was also prepared from 

oxime by using FeCl3 in silica surface
19 

          

R CHO R CN
HN3

H2SO4
R NHCHO +

Scheme 1. Schmidt reaction   
 

__________ 
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    The well known Schmidt reaction
20

has been used as a 

synthetic tool to convert ketone and carboxylic acid to their 

corresponding amide
21

 and amine
22

 respectively whereas 

aldehydes are converted to a mixture of formanilides and nitrile 

(Scheme 1)
23

. Schmidt reactions of aldehydes have limitations 

due to the formation of mixture although it is great for ketones 

and acids. In this reaction, the amounts of the two products 

depend on the amount of the sulphuric acid used23. So, selectivity 

of Schmidt reaction of aldehydes to one of the two possible 

products is very important.
24

 Preparation of nitrile from aldehyde 
by this method  has also been  reported previously by using triflic 

acid.25  
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A new and efficient protocol for the conversion of aldehyde into nitriles by modified Schmidt 

reaction. The reaction is carried out under solvent free condition using sodium azide as a source 

of nitrogen and catalysed by p-toluene sulphonic acid in presence of silica surface with no side 

product. This transformation gives good to excellent yield for numerous aromatic, aliphatic and 

heterocyclic nitriles using very simple reagent. This method has avoided the use of  transition 

metal catalyst, toxic cyanide, hazardous solvent and offers a greener, simple and environment 

friendly procedure. 
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   One pot synthesis promises numerous advantages in 

economical and environment aspects as in one pot synthesis
26

 

there is no need of  separating  intermediate which help to reduce 

the energy consumption, solvent waste and reaction time. 

Although, as per literature survey, a large number of protocol has 

been reported, it is evident that most of the one pot synthesis 
suffer from use of metal catalyst, harsh reaction conditions, 

longer reaction time, low yield, work-up difficulties and waste of 

toxic metal salt or solvents. 

      In most of the protocol metal salts are used as a 

catalyst17,18,19 which gives toxic metal at the end of the reaction 

and sometimes it leads to metal contamination which may not be 
desired. We have thus concentrated our investigation in 

generating a metal free protocol for this purpose. The use of 

silica is often considered as a green approach. In recent years, 

silica is used as a reaction medium in many organic reactions to 

avoid hazardous solvent which may cause chemical pollution. In 

other words, silica gel is non-toxic and has a high thermal and 
chemical stability. 

R CHO R CN
NaN3 , p-TsOH

 silica, 1200C

R= aryl, aliphatic, napthyl, heterocyclic

Scheme 2. p-TsOH catalysed nitrile synthesis from aldehyde

 

 
Therefore, we have developed a metal catalyst free and 

solvent free solid supported method to prepare nitrile from 

aldehyde devoid of  side product and moreover it is cost efficient, 

environment friendly and has high functional group tolerance 

(Scheme 2). 

 

Result and Discussion 

For the reaction protocol, o-vanillin was taken as the starting 

material. The model reaction comprising of o-vanillin (1 mmol), 

sodium azide (2 mmol) in silica (1g) at room temperature gave 

no product both  in absence and presence of the acid even after 

24h (entry 1, 2 table 1). The same reaction when carried out in 

presence of 3 mmol  p-TsOH, increased the yield upto 42% 

(entry 3, table 1). Finally we optimized the reaction temperature 

to obtain 88% of the product in 3h at 120
0
C and when the same 

reaction was carried out in absence of acid, no product was  

Table 1.  

a
Optimisation of  temperature 

Entry Temperature(0C) Time(h) p-TsOH(mmol) bYield(%) 

1 RT 24 Nil - 

2 RT 24 3 - 

3 50 9 3 42 

4 90 5 3 68 

5 120 3 3 88 

6 120 10 Nil - 

aReaction of aldehyde (1 mmol), NaN3 (2 mmol) in presence of  p-TsOH  as 

well as in absence of the acid and silica gel 60-120   mesh (1g) on magnetic 
stirrer 

bIsolated yield 

 

formed even after 10h. So, the reaction  is catalysed  by p-toluene 

sulphonic acid which is shown in table 2. Further, it was 

observed that with  increasing  the amount of  acid, the yield of 

the products get  increased. When the reaction was performed 

with 1 mmol of acid the yield was only 31%, but when the 

reaction was proceeded  with 3 mmol of  p-TsOH yield of  

product was  88%  (entry 3, table 2). So, the sharp increase in the 

yield of nitrile with increase in the amount of  p-TsOH indicated 
that the reaction was acid catalysed. 

 

Table 2. 

a
Optimisation of  p-TsOH at 120

0
C 

Entry p-TsOH(mmol) Time(h) 
b
Yield(%) 

1 1 3 31 

2 2 3 48 

3 3 3 88 

aReaction of aldehyde (1 mmol), NaN3 (2 mmol), p-TsOH (1-3 mmol) in 

silica gel 60-120 mesh (1g) on magnetic stirrer. 

bIsolated yield 

 

Table 3. 

a
p-TsOH catalysed  synthesis of nitrile 

Entry Aldehyde Time (h) Product 
b
Yield(%) 

1 

 

CHO

HO

OMe  

3.5 CN

HO

OMe  

86 

2 

O2N

CHO

 

4 

O2N

CN

 

74 

3 CHO

 
3 CN

 
90 

4 CHO

NO2  

3.5 CN

NO2  

77 

5 OH

CHO

OMe  

3 OH

CN

OMe  

88 

6 CHO

HO  

3 

HO

CN

 

83 

7 CHO

OH  

3.5 CN

OH  

85 

8 CHO

Me2N  

3 CN

Me2N  

81 

9 CHO

MeO  

2 CN

MeO  

79 

10 CHO

 

2 CN

 

81 

11 CHO

 
1.5 CN

 
85 

12 

O CHO  
2 

O CN  
79 

13 CHO

 
4 CN

 
69 

14 CHO  
3 

CN  
76 

15 COCH3

 
5 No reaction - 

16 COCH3

HO  

5 No reaction - 

aReaction condition: Aldehyde (1 mmol), NaN3 (2 mmol), p-TsOH (3 mmol) 

and silica gel 60-120 mesh (1g) on a magnetic stirrer at 1200 C at different 

time interval. 
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bIsolated yield  

 

      Finally the optimised reactant ratio and condition showed that 

aldehyde (1 mmol), sodium azide (2 mmol) , p-TsOH (3 mmol) 
and silica gel mesh 60-120 (1g) at 120

0
C to be the best 

combination to furnish maximum yield of the desired product 

(90%)  in 3 h (entry 4, Table 3).  No side product was obtained  

in our protocol. Since both sodium azide and p-toluenesulphonic 

acid are soluble in water, product separation is much easier. For 

the generalisation of our scheme, aldehyde 1-14 was successfully 
converted to their corresponding nitriles under the optimised 

reaction condition. Aldehydes such as heterocyclic aldehydes 

(entry 12, table 3), aliphatic aldehydes    (entry 14, table 3), 

aldehyde with napthyl moiety both 1 and 2 position (entry 10,11, 

table 3) furnished good yield. Aromatic aldehyde having both 

electron withdrawing (entry 4, table 3) and electron donating 
group (entry 8, table 3) give good yield. But when same reaction 

was carried out with acetophenone  (entry 15, table 3) and its 

derivative no nitrile was obtained. Therefore, it can be concluded 

that the reaction is highly selective for aldehyde. 

     Plausible mechanism for p-TsOH catalysed one pot synthesis 

of nitrile from aldehyde was shown in scheme 3. At first p-TsOH 
reacts with NaN3 and produces HN3, then p-TsOH activate the 

carbonyl carbon, afterwards nucleophilic attack done by HN3. 

Then expulsion of water molecule followed by N2 gives the 

desired product. 
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Conclusion 

In conclusion, we have developed a solvent free and metal 

catalyst free method to prepare nitrile from aldehyde, sodium 

azide, p-TsOH in silica medium using the Schmidt reaction 

protocol. Advantages of the protocol include cost efficiency, use 

of no transition metal, no toxic cyanide, functional group 

tolerance, environment friendly, simple work up process and no 

side product. 
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HIGHLIGHTS OF THE WORK 
 

1. Safe and mild reaction condition for a wide 

variety of substrates. 

2. Solvent and metal catalyst free 

3. Simple and easy workup procedure. 

4. Cost and time effective. 

5. Environmental friendly. 

 
 


