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An operationally simple and high yielding procedure has been developed for the preparation of nitriles
from aldoximes and primary amides using bromodimethylsulfonium bromide (BDMS) as a novel and effi-
cient reagent in the absence of any added base or catalyst. The optimal protocol is applicable to access a
wide range of cyano compounds including aromatic, heterocyclic, and aliphatic species. The conversion of
aldoximes to nitriles takes place at room temperature in acetonitrile, whereas acetonitrile at reflux tem-
perature is required for rapid conversion in the case of primary amides.

© 2009 Elsevier Ltd. All rights reserved.

Nitriles are particularly useful compounds endowed with rich
chemistry that serve as precursors in several functional group trans-
formations (e.g., RCN—RCOOH, RCONH,, RCHO, RCH,;NH,, and RCN,4
as well as Pinner and Ritter reactions).! The cyano group is a prom-
inent functional motif found in several bioactive molecules**" and
plays a significant role by hydrogen bonding to certain biological
receptors.> Among numerous methods available for the synthesis
of nitriles are the Sandmeyer reaction,¥ ammoxidation,* cyanation
of alkyl halides,* metal-catalyzed cyanation of aryl halides and tri-
flates,>4 cyanation of secondary amines and phenols with trichloro-
acetonitrile and boron trichloride,*® addition of hydrogen cyanide,
generated in situ from acetone cyanohydrin to alkenes,>’ the oxidation
of primary amines with Ru-Al,05/0,,% of hydrazones with m-chloro-
perbenzoic acid,”®> HOF-MeCN,”® MeReO;/H,0,,’ and oxone® on
wet alumina under microwave irradiation.”? Many of these methods
require hazardous and expensive reagents, and can be non-selective.

However, by far the most widely used method to synthesize ni-
triles is the transformation of aldoxime and primary amide function-
alities. Thus, due to the increasing demand for generic procedures in
solution-phase chemistry and the broad range of commercial impor-
tance of nitriles, it has become desirable to devise an improved pro-
tocol for the conversion of aldoximes and primary amides to nitriles.

A plethora of reagents has been described for the transforma-
tion of aldoximes to nitriles. The most common reagents are acid
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anhydrides'®® organic acids, strong mineral acids (H,SOyg,
CISO3H),°¢ the combination of acyl,'° thionyl, silyl, or sulfonyl chlo-
ride and a base,!! phosphorus based reagents, for example, diethyl
chlorophosphite,'? PPhs/l,,'3* PPh;/CCl,,'*®> BOP/DBU,'3¢ phospho-
ric acid diethyl ester, 2-phenylbenzimidazol-1-yl ester,'>PPhs/
NCS,'%¢ (the driving force is the formation of a strong P=0 bond),
(S,S)-dimethyldithiocarbonates,'4* DMAD,'*" Burgess reagent,'
pyridine-HCONH,,'#¢  N-methylpyrrolidine,'*® NBS/pyridine,'4f
polychloroheteroaromatic compounds such as tetrachloropyri-
dine,'® or trichlorotriazine,'”® quaternary ammonium,'®® or imi-
dazolium salts,'®® certain main group/transition metals and their
complexes,!” Lewis acids,'® ion exchangers,'® modified or unmod-
ified montmorillonite clays,?® enzymatic systems,?! or heating
without?? or with a catalyst.?? Very recently, Pd-catalyzed synthe-
sis of nitriles from aldoximes is also reported.?* Similarly, a wealth
of reagents is available to effect the conversion of primary amides
to nitriles.?>2® However, many of these methods are deficient in
some respect or other. Some of these methods have only limited
value due to low yields, expensive or not readily available reagents,
use of strong acids or bases (toxic and hazardous chemicals), dras-
tic reaction conditions, or tedious work-up and more importantly,
the methods are not equally applicable to alkyl, aryl, and heterocy-
clic compounds. The use of clays generally requires long reaction
times, reactive chemicals such as triflic anhydride involving incon-
veniently low temperatures (—78 °C); on the other hand, some
reactions suffer from high temperatures. Therefore, the search for
convenient, less toxic, and more affordable methods is ongoing.
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Bromodimethylsulfonium bromide (BDMS),?” a light orange solid
compound, has gained considerable interest in the field of organic
chemistry after the discovery by Meerwein,?’" due to its easy han-
dling and low cost, as well as its easy access and varied applications
both as a catalyst?® and as an effective reagent.?° However, its syn-
thetic utility as a reagent in nitrile synthesis has not been explored
until now. Nakajima and Ubukata?>® have reported conversion of
primary amides to nitriles under typical Swern oxidation condition
via the generation chlorodimethylsulfonium chloride (CDMS), a
well-known Swern intermediate and chloro analogue of BDMS. This
report and our continued quest for the development of environmen-
tally friendly new synthetic methodologies® have led us to investi-
gate whether BDMS could be utilized as a reagent for the
transformation of aldoximes and primary amides to nitriles, and
we report herein the preliminary successful results (Scheme 1).
The present method is associated with several advantages over the
existing methods, such as application of an inexpensive reagent
without using any added base or catalyst, operational simplicity, en-
hanced reaction rates, high yields, and wide applicability for hetero-
cyclic, aromatic as well as aliphatic compounds.

Our initial work commenced with screening of solvent and base
so as to obtain optimal reaction conditions for conversion of aldox-
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Scheme 1. Conversion of aldoximes and primary amides to nitriles using BDMS.

Table 1
Conversion of p-methoxybenzaldehyde oxime to benzonitrile using BDMS*
_OH
)
N
—
jog N o
- ase
+ _S —_ + DMSO + 2HB
MeO < BT Sovent, MeO * '
2 BDMS 1b
Entry Solvent Base® Time (h) Conv.€ (%) Yield! (%)
1 DCM Pyridine 12 92 82
2 CH5CN Pyridine 10 96 85
3 DCM EtsN 14 91 80
4 CH5CN EtsN 8 94 82
5 DCM No base 6 93 84
6 CH5CN No base 4 98 91

2 All reactions were performed using oxime 2 (1 equiv), BDMS (1.1 equiv), and
base (2.2 equiv).

b Base was added to reaction mixture at 0 °C.

€ Conversion (%) of 2b as determined by GC analysis with diphenyl or naphtha-
lene as an internal standard.

4 Yield of isolated and purified products.
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imes to nitriles. Compiled in Table 1 are the results of the model
study using p-methoxybenzaldehyde oxime as a substrate and
BDMS as a hitherto unexplored reagent to afford p-methoxybenzo-
nitrile. The efficiency of BDMS as a reagent was found to be the
best in acetonitrile as a solvent using pyridine as a base (Table 1,
entry 2). Interestingly, in the absence of a base BDMS led to fast
conversion of aldoximes without any significant decrease in the
yield (Table 1, entries 5 and 6). The underlying cause behind this
fast conversion in the absence of a base is not fully understood.
Probably, the added base competes with aldoxime in the reaction
with BDMS, thereby making it sluggish (Scheme 2). Thus, BDMS
in acetonitrile in the absence of a base (Table 1, entry 6) is consid-
ered the method of choice for transformation of aldoximes to
nitriles.

The generality of the method is apparently demonstrated by
conversion of various kinds of structurally diverse aldoximes to ni-
triles as summarized in Table 2.

Benzaldoximes were smoothly converted to the corresponding
benzonitriles in excellent yields (Table 2, entries 2a-f). Not only
aromatic aldehyde-derived oximes but also aliphatic ones could
be transformed to the corresponding nitriles (Table 2, entries
2h-j). The heteroaromatic aldoximes such as 2-thiophenealdoxime
and 2-furaldoxime (Table 2, entries 2k and 21) were found to be
compatible with the employed reaction conditions and reaction
proceeded smoothly within 3-6 h to afford 84-87% yield without
forming any side products. In addition, olefinic aldoximes like
trans-cinnamaldoxime was conveniently converted to the corre-
sponding nitriles with stereochemical retention of the double bond
(Table 2, entry 2g).

The synthetic efficacy of the present method was further dem-
onstrated by transforming primary amide functionality to the cya-
no group, which has extensive utility in organic synthesis and the
results are shown in Table 3. Initially, we tried the conversion of
benzamide, as a model substrate, to benzonitrile under the above
optimized reaction conditions for obtaining nitriles from aldoxi-
mes. Thus, the solution of benzamide (1 equiv) in acetonitrile
was treated with BDMS (1.1 equiv) in the absence of a base, but
starting material was not consumed at all after the prolonged
(20 h) stirring of the reaction mixture at rt. However, upon raising
the temperature up to reflux, starting material disappeared within
2 h to afford the corresponding benzonitrile in 91% yield (Table 3,
entry 3a). In a similar manner various aromatic and aliphatic pri-
mary amides were converted to corresponding nitriles with BDMS
in the absence of a base in refluxing acetonitrile within 2-4 h in
excellent yields (Table 3). As in the case of aldoximes, the addition
of a base (pyridine or Et3N) does not show any notable enhance-
ment of the reaction rate or yields of the product. The use of ace-
tonitrile as a solvent appeared to be critical for the conversion of
primary amides to nitriles, because when the reaction was per-
formed in DCM, THF or 1,4-dioxane as a solvent either at rt or at
reflux temperature, no appreciable formation of the desired nitrile
was observed even after 6-7 h.
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5

Scheme 2. Plausible pathway for the formation of nitriles 1 from aldoximes 2 and primary amides 3 using BDMS.
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Table 2
Conversion of aldoximes to nitriles with BDMS?*
‘?r CH3CN
R—CH=NOH + _-S<_Br +» R—CN + DMSO + 2HBr
I
2 BDMS 1

Entry R Nitrile®  Time (h)  Conv.S (%)  Yield®® (%)
2a Ph 1a 5.5 >99 94
2b 4-MeOCgH,4 1b 4 98 91
2c 3,4,5-(Me0);CgH> 1c 3 >99 96
2d 4-CICeHy 1d 5 96 89
2e 4-NO,CgHy 1e 6 98 92
2f 4-MeCgH4 1f 4 97 88
2g Ce¢HsCH=CH 1g 3 97 90
2h CH3(CH3), 1h 4 90 76
2i CH5(CH3)3 1i 4.5 93 81
2j CsHs(CHz)2 1j 4 89 78
2k 2-Furyl 1k 6 92 84
21 2-Thienyl 11 3 >99 87

2 See Ref. 31a for general procedure.

> All are known compounds.>?

¢ Conversion (%) of 2 as determined by GC analysis with diphenyl or naphthalene
as an internal standard.

4 Products were characterized by comparison of their mp or bp, TLC, IR, and 'H
NMR data with those of authentic samples.

¢ Yields of the isolated pure compounds.

Table 3
Conversion of primary amides into nitriles with BDMS?
Br
I g~ CHCN
R—CONH, + _S<_ ———— R—CN+DMSO + 2HBr
+ reflux
3 BDMS
Entry R Nitrile® Time (h) Conv.€ (%) Yield®® (%)
3a Ph 1a 2 >99 91
3b 4-MeOCgH4 1b 2 96 86
3c 4-ClC¢Hy4 1d 3 96 89
3d 4-NO,CgH,4 1e 4 95 90
3e 3,4-(Me0),CgH;  1m 2 >99 94
3f CsHsCH, 1n 3.5 92 78
3g Cyclohexyl 1o 3 94 80
3h CH5(CH,)s 1p 4 94 87

@ See Ref. 31b for general procedure.

b All are known compounds.>?

¢ Conversion (%) of 3 as determined by GC analysis with diphenyl or naphthalene
as an internal standard.

4 Products were characterized by comparison of their mp or bp, TLC, IR, and 'H
NMR data with those of authentic samples.

€ Yields of the isolated pure compounds.

A mechanistic rationale for the preparation of nitriles 1 from
aldoximes 2 and primary amides 3 is depicted in Scheme 2. It is
easily conceivable that the aldoxime 2 and primary amide 3 are
initially coupled with BDMS to form an active O-derivative inter-
mediate 4 or 5, respectively, which in turn undergo bromide an-
ion-induced elimination to deliver the corresponding nitriles 1
along with DMSO and HBr. The aldoximes 2 were converted to ni-
triles 1 at rt but primary amides 3 required reflux temperature
probably due to demand of high energy for the breakage of more
strong C-0 bond involved during elimination process in primary
amide-derived O-intermediate 5 than that of N-O bond breakage
operated in aldoxime-derived O-intermediate 4. Moreover, among
the solvents tested (CH3CN, DCM, THF, and 1,4-dioxane), the trans-
formation of primary amide to nitriles took place only in CH5CN.
This suggests that in CH3CN the equilibrium concentration of tau-
tomer 3’ is enough to attack BDMS to afford the corresponding ni-
trile 1 (Scheme 2), whereas in THF or 1,4-dioxane it is too low to
bring about the reaction. Thus, the conversion of primary amides

3 to nitriles 1 with BDMS is favorable in acetonitrile, which is in
conformity with the solvent effect earlier observed with PPhs/
CCl, system.'?”

In conclusion, bromodimethylsulfonium bromide (BDMS) has
been employed here for the first time as a mild and efficient re-
agent for the conversion of the wide range of aldoximes and pri-
mary amides to the corresponding nitriles. The method offers a
useful alternative to the existing methodologies, as it is simple,
high yielding and requires no added base or catalyst. The present
work has opened up a new aspect of the synthetic utility of BDMS.
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(a) General procedure for conversion of aldoximes 2 to nitriles 1: To a solution of
aldoxime 2 (1 mmol) in acetonitrile (5 mL), bromodimethylsulfonium bromide
(BDMS) (1.1 mmol) was added at rt and reaction mixture was stirred at the
same temperature for 3-6 h (Table 2). After completion of reaction (monitored
by TLC), the solvent was evaporated under reduced pressure and H,O (10 mL)
was added. The mixture was extracted with EtOAc (3 x 10 mL) and combined
extracts were dried over anhydrous Na,SO,, filtered, and concentrated under
reduced pressure to yield the crude product, which was purified by silica gel
column chromatography (EtOAc-hexane, 1:9) to give the corresponding nitrile
1. The structure of the products was confirmed by comparison of their mp or
bp, TLC, IR, or 'H NMR data with authentic sample obtained commercially or
prepared by literature methods.

(b) General procedure for conversion of primary amides 3 to nitriles 1: To a
solution of primary amide 3 (1mmol) in acetonitrile (5mL),
bromodimethylsulfonium bromide (BDMS) (1.1 mmol) was added at rt and
the reaction mixture was heated at reflux for 2-4 h (Table 3). After completion
of reaction as indicated by TLC, the reaction mixture was cooled to rt. The
isolation, purification, and characterization of the products 1 was done by
following the same procedure as described above for the conversion of
aldoximes 2 to nitriles 1 (Ref. 31a).

Registry numbers of the nitrile products: 1a: 100-47-0, 1b: 874-90-8, 1c: 1885-
35-4, 1d: 623-03-0, 1e: 619-72-7, 1f: 104-85-8, 1g: 1885-38-7, 1h: 109-74-0,
1i: 110-59-8, 1j: 645-59-0, 1k: 617-90-3, 11: 1003-31-2, 1m: 2024-83-1, 1n:
140-29-4, 10: 766-05-2, 1p: 124-12-9.



