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friendly procedure.

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

2017 Elsevier Ltd. All rights reserved.

Introduction

Organonitrile derivatives have diverse utility as bioactive
molecules' (figure.1). They act as a precursor and intermediate
for pharmaceuticals, agrochemicals, polymers, dye’ etc. In
addition its usefulness has been widely recognized as a functional
group in organic synthesis. Several preparations like alcohol,
amine, ester, amide’ 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
reacti0n4, ammoxidation of aldehydess, Kolbe nitrile synthesisﬁ,
hydrocyanation of alkenes’ and Rosenmund-von Braun® reaction.
Nitrile can be prepared from alcoholg, amjnes,10 amjdes,11
azides'” and carbonyls" this include oxidative rearrangement of
alkene," methyl arenes'” and benzyl or allyl halides,'® 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 FeCl;'” or
also in presence of Fe;0,-CTAB NPs'®. It was also prepared from
oxime by using FeCl; in silica surface'’

N3

R-CHO — o5

R-NHCHO+ R-CN

Scheme 1. Schmidt reaction

* Corresponding author. Tel.: +91(0353) 2776381 ; fax: +91(0353)
2699001; e-mail: pizy12 @yahoo.com (P. Ghosh).

The well known Schmidt reaction’’has been used as a
synthetic tool to convert ketone and carboxylic acid to their
corresponding amide” and amine™ respectively whereas
aldehydes are converted to a mixture of formanilides and nitrile
(Scheme 1)%. 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 used™. So, selectivity
of Schmidt reaction of aldehydes to one of the two possible
products is very important.** Preparation of nitrile from aldehyde
by thziss method has also been reported previously by using triflic
acid.
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Fig 1. potent bioactive organonitrile derivative
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One pot synthesis promises numerous advantages in
economical and environment aspects as in one pot synthesis>®
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
catalyst'""®'” 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.

NaN; , p-TsOH
silica, 120°C

R—-CHO > R-CN

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°C and when the same
reaction was carried out in absence of acid, no product was

Table 1.

*Optimisation of temperature

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.
“Optimisation of p-TsOH at 120°C
Entry p-TsOH(mmol) Time(h) "Yield(%)
1 1 3 31
2 2 3 48
3 3 3 88

"Reaction of aldehyde (1 mmol), NaN; (2 mmol), p-TsOH (1-3 mmol) in
silica gel 60-120 mesh (1g) on magnetic stirrer.

"Isolated yield

Entry Temperature("C) Time(h) p-TsOH(mmol)  “Yield(%)
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 -

"Reaction of aldehyde (1 mmol), NaN; (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

"Isolated yield

formed even after 10h. So, the reaction is catalysed by p-toluene
sulphonic acid which is shown in table 2. Further, it was

Table 3.
‘p-TsOH catalysed synthesis of nitrile
Entry Aldehyde Time (h) Product ineld(%)
1 cHo 3.5 N 86
OMe OMe
) CHO 4 CN 74
02N© T
3 : _CHO 3 Q/CN 90
4 ©°“O 3.5 ©/C” 77
NO NO=
5 OH 3 OH 88
Q:CHO @ECN
OMe OMe
6 cHO 3 CN 83
85

~
o (@]
T I
]
w
)]
o Q9
I z

10 0 2 ON 81
11 CHO 1. OO CN
i )

@/\VCN 69

14 NN NeHo 3 NN 76
15 ©/COCH3 5 No reaction -
No reaction -

16 /©/COCH3 5
HO

"Reaction condition: Aldehyde (1 mmol), NaN; (2 mmol), p-TsOH (3 mmol)
and silica gel 60-120 mesh (1g) on a magnetic stirrer at 120° C at different
time interval.



"solated 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°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 NaN; and produces HNj, then p-TsOH activate the
carbonyl carbon, afterwards nucleophilic attack done by HNa.
Then expulsion of water molecule followed by N, gives the
desired product.

? Q o®
NaNj + HSC—©—§—O—H—> HN; + H3C H—oNa
0

0
H.® H.

. 0
N R S
R H R™ H RTANN
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Scheme 3. Plausible mechanism for the fomation of nitrile from aldehyde

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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General procedure for synthesis of nitrile from aldehyde:
Aldehyde (1 mmol) , sodium azide (2 mmol) and p-toluene
sulphonicacid (3 mmol) were finely mixed with silica gel 60-120

mesh (1g) in mortar and pestle. The resultant solid mixture was
poured into a round-bottom flask (50 ml) and allowed to stir on
magnetic stirrer at 120° for an appropriate time. The progress of
the reaction was monitored by thin-layer chromatography (TLC).
After completion of the reaction, the reaction mixture was
extracted with ethyl acetate (4x15 ml) and washed several times
with water. The combined organic mixture dried over anhydrous
Na,SOs, concentrated and purified by column chromatography on
silica gel 60-120 mesh using petroleum ether/ethyl acetate as an
eluent to afford pure nitrile. The desired isolated product was
characterised by IR, '"H NMR and “C NMR spectroscopy.
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HIGHLIGHTS OF THE WORK

1. Safe and mild reaction condition for a wide
variety of substrates.

Solvent and metal catalyst free

Simple and easy workup procedure.

Cost and time effective.

Environmental friendly.
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