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A Practical and Cost-Efficient, One-Pot Conversion of Aldehydes into Nitriles
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John Kallikat Augustine,** Agnes Bombrun,® Rajendra Nath Atta?
2 Syngene International Ltd., Biocon Park, Plot Nos. 2 & 3, Bommasandra IV Phase, Jigani Link Road, Bangalore — 560 099, India

Fax +91(80)28083150; E-mail: john.kallikat@syngeneintl.com

b Merck Serono SA, 9 Chemin des Mines, 1202 Geneva, Switzerland

Received 20 April 2011

Abstract: Participation of ‘activated DMSO’ in the one-pot trans-
formation of aldehydes to nitriles has been described by reacting al-
dehydes with NH,OH-HCI in DMSO in the absence of any added
base or catalyst. The method is applicable to access a wide range of
aromatic, heterocyclic, and aliphatic nitriles, in which only water is
a byproduct. A straightforward and practical procedure is demon-
strated on a multigram scale.
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The nitrile group is a key component in numerous natural
products, and nitriles are also significant synthetic inter-
mediates for pharmaceuticals, material sciences, agricul-
tural chemicals, and dyes.! Accordingly, the formation of
nitriles from the analogous aldehydes has become an im-
portant functional-group transformation in organic chem-
istry.> The most widely used method is based on the
dehydration of aldoximes, and although various protocols
already exist, new variants continue to appear.’ The use of
ammonia combined with an appropriate oxidant is also a
useful method for the transformation of aldehydes to their
corresponding nitriles.* Direct conversion of aldehydes
into nitriles without isolation of nitrogen-containing inter-
mediates is a topic of current interest. Consequently, a
number of reagents have emerged for this purpose.’~'°
However, many of these suffer from disadvantages such
as inconvenient preparation of the reagents,® limited sub-
strate scope,’ or use of expensive metals.® Further, some
of the methods involve hazardous oxidants such as SeO,’
and environmental pollutants like molybdenum and tung-
sten.'?

Dimethylsulfoxide (DMSO) is a highly polar aprotic sol-
vent with low toxicity. The combination of DMSO with
an electrophilic species to form ‘activated DMSO’!! has
been widely exploited for the oxidation of alcohols to
their respective carbonyl compounds.!> However, the use
of an ‘activated DMSO’ for the synthesis of nitriles from
aldehydes is less explored. In continuation of our studies
directed toward the development of efficient one-pot reac-
tions for nitrile synthesis from aldehydes,'® described
herein is a straightforward and practical procedure involv-
ing ‘activated DMSQO’ in which only water is a byproduct.
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Inspired by the report from Li and co-workers that DMSO
could be activated by HCL,'* we decided to explore the po-
tential of this reaction in generating nitriles from alde-
hydes. We reasoned that the reaction of aldehydes with
NH,OH-HCI in DMSO could generate aldoximes in the
absence of an added base, and the HCI associated with hy-
droxylamine would concurrently activate DMSO. The
‘activated DMSO’ would subsequently facilitate the de-
hydration of aldoximes. We were interested to find that
when a DMSO solution of 4-bromobenzaldehyde (1.0
equiv) and NH,OH-HCI (1.1 equiv) was heated at 90 °C,
complete consumption of starting material occurred to
provide 4-bromobenzonitrile (2a) in 99% yield (entry 1,
Table 1). The above conditions were most suitable for the
transformation as the reaction time was considerably
longer while performing it at 70 °C (entry 2, Table 1).
Similarly, aldoxime 1a was the major product while per-
forming the reaction at room temperature (entry 3,
Table 1). When triethylamine (1.5 equiv) was introduced
to the reaction mixture, aldoxime was isolated as the sole
product (entry 4, Table 1). Interestingly, no solvents other
than DMSO promoted the one-pot transformation of 4-
bromobenzaldehyde to nitrile 2a, and instead produced
the intermediate 1a in moderate to good yields in the ab-
sence of an added base (entries 5—10, Table 1). Further-
more, when the reaction was performed in dioxane
containing DMSO (5 equiv) at reflux (entry 11, Table 1),
an incomplete reaction was observed after five hours giv-
ing a mixture of 2a (73%) and 1a (23%). Under similar
conditions in DMSO, introduction of water (5 equiv) as
well led to nitrile in 98% yield (entry 12, Table 1).
Though the rate of reaction was noticeably diminished,
the formation of nitrile in the presence of added water
demonstrates the tolerance of this method to moisture, and
also accounts for a clean reaction despite the fact that wa-
ter is liberated in the reaction.

The high efficiency of DMSO-mediated one-pot transfor-
mation of aldehydes to nitriles was maintained to the same
extent with structurally diverse aldehydes (Table 2). The
reaction was complete in less than two hours for all sub-
strates tested, and the nitriles were isolated in excellent
yields.!> As described in Table 2, electronic disparity of
the aromatic substituents did not diminish the efficiency
and selectivity. Protection of a hydroxy group or an amino
group on substrates was not necessary to achieve optimum
conversion (entries 2 and 3, Table 2). A substrate possess-
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Table 1 Screening Optimal Conditions

CHO
| A NH,OH-HCI Xy, -OH CN
—_—
Br Z solvent * /©/
Br Br

1a 2a
Entry  Solvent Time Temp Yield of 1a Yieldof2a

(h) O (%) (%)
1 DMSO 1 90 0 99
2 DMSO 5 70 0 99
3 DMSO 9 25 78 17
4 DMSO?* 1 100 99 0
5 dioxane 6 reflux 95 0
6 MeOH 5 reflux 98 0
7 MeCN 5 reflux 91 0
8 EDC 5 reflux 340 0
9 DMF 5 100 96 0
10 THF 5 reflux 93 0
11 dioxane® 5 reflux 23 73
12 DMSO! 8 90 0 98

* Reaction was performed in the presence of Ei;N (1.5 equiv).
b Starting material was recovered.

¢ Reaction was performed in the presence of DMSO (5 equiv).
4 Reaction was performed in the presence of H,O (5 equiv).

ing two aldehyde groups exclusively produced mononi-
trile while reacting with NH,OH-HCI (1.1 equiv) in
DMSO (entry 8, Table 2). A boronic acid functionality
(entry 5, Table 2) as well as a carboxylate group (entry 9,
Table 2) were tolerated under the reaction conditions.
Further, various heteroaromatics turned out to be compat-
ible with the new reaction conditions to yield the respec-
tive nitriles in excellent yields (entries 10-15, Table 2).

Not only were aromatic/heteroaromatic aldoximes effi-
ciently converted into respective cyano compounds but al-
iphatic aldoximes could also be employed as a good
substrate with comparable selectivity to afford the corre-
sponding aliphatic nitriles (entries 16-22, Table 2). It is
notable that fairly acid-sensitive molecules such as N-
Boc-4-piperidine carboxaldehyde (entry 19, Table 2) and
azetidine carboxaldehyde (entry 20, Table 2) reacted
smoothly under the reaction conditions to provide the cor-
responding nitriles in quantitative yields. Although the
acidity of HCI in DMSO is weaker than in water,'° these
reactions were performed at 70 °C as a precautionary
measure.

To illustrate the preparative utility of the method, our pro-
cedure was performed on a multigram scale (Scheme 1).
A synthesis on 84 grams of material gave 2f in 96% yield,
and the product was isolated in pure form simply by aque-
ous workup. Likewise, 32.3 g (94%) of 5-cyanoindazole
(21) was produced in pure form by reacting 5-formylinda-
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zole (35 g) with NH,OH-HCl in DMSO. However, in both
these cases, a slight excess of NH,OH-HCI (1.3 equiv)
was used to achieve optimum conversion (Scheme 1).

Table 2 DMSO-Mediated Synthesis of Nitriles from Aldehydes

NH>OH-HCI (1.1 equiv)

R—CHO R—CN
DMSO, 90 °C, 12 h 2a_v
Entry Substrate Product Yield
(%)*
1 : _CHO : _CN 99
Br Br
2a
2 Brj©/CHO BFD/CN 98
HO HO
2b
3 ¢] CHO Cl CN 98
H2NI;/ HzNj©/
Cl Cl
2c
4 CHO CN 97
F F
N02 N02
F F
2d
5 (l)H /@\ 95
_B CHO H
OH
2e
b.c
6 | X CHO CN 96
g F
F F
2f
7 /©/CHO /@CN 97
O.N 0N Z
2g
8 : _CHO ©/CN 98
OHC OHC Z
2h
99

9 CHO /©/CN
MeOOC” : MeOOC
2i
94 "’
N
CN

=z
=z

10 OHC X
pe
2j
11 Br\[j/CHO B
| ~
N
2

r 98
k

X
I

N

\
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Table 2 DMSO-Mediated Synthesis of Nitriles from Aldehydes
(continued)

NH,OH-HCI (1.1 equiv)

R—CHO R—CN
DMSO, 90 °C, 1-2 h 2a-v
Entry Substrate Product Yield
(%)*
12 OHC NC 94¢4
X
| N N
Z~N N
H H
21
13 97
- CHO CN
0 ¢}
OMe OMe
2m
14 98
gN IgN
Br g~ CHO Br g~ TCN
2n
15 98
@-CHO @-CN
(o) o]
20
16 /\/\/CHO /\/\/CN 95
2p
17 K CHO CN 94
y Ty
2q
18 N N 96
g "
X CHO &JVCN
2r
19 CHO CN 95¢
(r r
Boc” Boc”
2s
20 Ph Ph 92¢
>—N/}CHO >7N<>~CN
N
Ph Ph
2t
21 /@/\/CHO /@/\/CN 97
OZN 02N
2u
22 93¢
@%CHO @%CN
2v

2 Isolated yields.

b Reaction was performed on 84g scale.
¢ 1.3 Equiv of NH,OH-HCI were used.
4 Reaction was performed on 35 g scale.
¢ Reaction was performed at 70 °C.

To authenticate the role of DMSO and HCl in nitrile syn-
thesis, the reaction was further probed by a sequential ap-
proach. Thus aldoxime la was reacted with DMSO at
90 °C in the presence of a catalytic amount of 4 M HCl in

F: CHO ) F
NH.OH-HCI (1.3 equiv)

DMSO, 90 °C, 5 h

CN

849 2f
96%, 79 g (isolated)

OHC NC
\(;E\\N NH,OH-HCI (1.3 equiv)
N DMSO, 90 °C, 4 h

H

IZ\ /g
=z

359 2|
94%, 32.3 g (isolated)

Scheme 1 Multigram synthesis of nitriles in one pot

dioxane (entry 1, Table 3). The reaction was complete
within 30 minutes to generate 2a in 96% yield. Converse-
ly, under similar conditions when HCl was omitted, we
did not observe any reaction (entry 2, Table 3). Likewise,
all other solvents failed to promote the dehydration of al-
doxime indicating the requirement for DMSO in the pro-
cess (entries 3—8, Table 3). These observations also prove
that the process is not an acid-catalyzed dehydration, but
is driven by ‘activated DMSO’ and the role of HCl is lim-
ited to that of a catalyst to activate DMSO.

Table 3 Screening the Role of DMSO and HCI

X _OH N
/©/\N/ 4 M HCl in dioxane (cat.) /@/C
Br solvent B

1a 2a
Entry Solvent Time (h) Temp (°C) Yield (%) 1
1 DMSO 0.5 90 96
2 DMSO 5 90 n.r.®
3 DMF 5 100 nr.
4 dioxane 5 reflux n.r.
5 MeOH 5 reflux nr.
6 MeCN 5 reflux n.r.
7 DCE 5 reflux n.r.
8 THF 5 reflux nr.

* Reaction was performed in the absence of HCI.
® No reaction.

Although the activity of HCI could be diminished while in
contact with nitrogen heterocycles, it was surprising that
all the nitrogen heterocycles participated effectively in the
reaction (entries 1015, Table 2). We decided to look into
this phenomenon. Consequently, 1la was reacted with
DMSO at 90 °C in the presence of pyridine hydrochloride
(0.5 equiv). The reaction was complete within four hours
to give 2a in 98% yield as shown in Scheme 2. This exper-
iment proves that the reaction is not influenced by the na-
ture of substrates involved, and the completion of reaction
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PyrH*CI~ (0.5 equiv)

\N/OH CN
DMSO, 90 °C, 4 h
Br Br

1a 2a
98%

Scheme 2 Reaction of aldoxime with pyridinium chlororide in
DMSO

with substoichiometric amount of PyrH*CI™ indicates the
catalytic role of HCI in the process.

These results support the mechanism described in
Scheme 3. The interaction of HCI (associated with hy-
droxylamine hydrochloride) with DMSO yields an oxy-
sulfonium salt 3. The intermediate 3 instantaneously
reacts with aldoxime 1 to produce 4 via electrophilic ad-
dition. Subsequent expulsion of nitrile from 4 regenerates
DMSO and HCI. The process is mechanistically related to
oxidation of aldoximes to nitriles using bromodimethyl-
sulfonium bromide.!”

NH,OH-HCI

R—CHO —————— ™

R
HCI + HO + >=N\
H , OH

?H
CI-.
S+
Me” “Me
3
(|)| HQO
HCI + S
Me” “Me R
>:N Me
\ |
H O—?* (ol
4 Me
R-CN
2

Scheme 3 Probable pathway of nitrile generation from aldehydes
involving ‘activated DMSO’

In conclusion, we have demonstrated a practical and cost
efficient one-pot transformation of aldehydes to nitriles
mediated by ‘activated DMSO’. A variety of aromatic,
heterocyclic, and aliphatic aldehydes are converted into
respective nitriles, in which only water is a byproduct.'®
The reaction tolerates a wide scope of functional groups,
and the method is simple to conduct. As established by us,
this protocol can be readily applied to multigram-scale
processes with high efficiency and selectivity, making it
an economical and a convenient process for the prepara-
tion of nitriles.

Supporting Information for this article is available online at
http://www.thieme-connect.com/ejournals/toc/synlett.
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General Procedure for Nitrile Synthesis from Aldehydes
A mixture of aldehyde (1 equiv) and NH,OH-HCI (1.1

equiv) in DMSO (3-5 volumes depending on homogeneity
of mixture) was stirred at 90 °C for 1-2 h. When the reaction
was completed as confirmed by TLC (5% EtOAc in hexane),
the mixture was cooled and diluted with H,O. The solid
precipitated was collected by filtration, washed with H,O,
and dried under suction to afford the corresponding nitrile in
excellent yield. Alternatively, the reaction mixture could be
poured onto H,O and extracted with Et,O. The organic phase
could be evaporated to afford the nitrile with good purity and
yield. This method is suitable for the isolation of liquid and
aliphatic nitriles.
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