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Aldoximes undergo rapid dehydration with polyvinylpyrrolidone—thionyl chloride complex under mild reaction con-

ditions to afford nitriles in high yields

The conversion of aldoximes into nitriles is an important
functional group transformation in organic synthesis.!
Development of efficient, mild and reliable reagents for this
propose has been an objective of synthetic chemists and
over the years a large number of such reagents have been
reported, e.g. Sulfuryl chloride fluoride,? chlorosulfonyl
isocyanate,® diphosphorus tetraiodide,* 1,1’-dicarbonyl-
bisimidazole,? chlorothionoformate,® trimethylamine—sulfur
dioxide complex,” phosphonitrilic chloride,® titanium
chloride—pyridine,” dialkyl hydrogenphosphonate,'® ortho
ester-acid catalyst,!'! polymer supported triphenyl-
phosphine—carbon tetrachloride,!? N-trifluoroacetyl-
imidazole,!®>  2-methylthio-4,6-diphenyl-pyrylium  tetra-
fluoroborate—triethylamine,'*  1-chlorosulfinyl-4-dimethyl-
aminopyridinium chloride,!> carbon disulfide-phase transfer
catalyst,'®, CsX-zeolite,!”, montmorillonite-KSF,'8, 1,1'-
carbonyldibenzotriazole,'” envirocat EPZG,?* sulfuric
acid-silica gel,! N, N’-sulfinylbisimidazole?> and di-2-
pyridyl sulfite.”> Each method using the above reagents
encounters at least one of the following drawbacks: (1) long
reaction times, (2) unsatisfactory yields, (3) harsh reaction
conditions, (4) expensive or not readily available reagents,
(5) inconvenient preparation of reagents, (6) need for
addition of an acid or a base, (7) need of a phase transfer
catalyst, (8) high reaction temperature, (9) tedious work-up
procedures, or (10) limited adaptability both to aryl and
alkyl substituted aldoximes. Considering these facts, there
is still a need for new reagents for this conversion. In con-
nection with our interest in wusing polyvinylpyrroli-
done-thionyl chloride complex as a mild polymeric
reagent in functional group transformation,>* we describe
in this article a new approach to easy and efficient one
pot conversion of aldoximes into the corresponding nitriles
by this polymeric reagent.

Results and discussion

The polymeric reagent was easily prepared in essentially
quantitative yield as a white solid by the reaction of thionyl
chloride with two equivalents of polyvinylpyrrolidone in
dichloromethane at 0°C. At first, polyvinylpyrroli-
done-thionyl chloride complex I is probably formed, which
is then converted into II by reaction with additional
pyrrolidone units; this kind of mechanism has been pro-
posed in the reaction of thionyl chloride and
N-methylpyrrolidone?® or N,N-dimethylformamide.?® Since
this white solid polymeric reagent was sensitive to moisture
it was used directly in its crude form suspended in
dichloromethane. The reaction of a stoichiometric amount
of polymeric reagent II and different aldoximes at room
temperature was complete in 15min to afford the corre-
sponding nitriles probably via III.

*To receive any correspondence.

1 This is a Short Paper as defined in the Instructions for Authors,
Section 5.0 [see J. Chem. Research (S), 1999, Issue 1]; there is
therefore no corresponding material in J. Chem. Research (M).
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The procedure is general for various structurally different
aldoximes. Aromatic, alicyclic, olefinic as well as
heterocyclic aldoximes with electron-withdrawing or donat-
ing groups were easily and efficiently dehydrated and
afforded high yields of nitriles within a short time (Table 1).

Compared to some previously reported reagents with
major or minor drawbacks, several noteworthy features
of this reagent are apparent: easy work-up procedure, avail-
ability of the reagent, operational simplicity, use of inexpen-
sive reagent, and high yields of products in considerably
short reaction times. It is also worthy of note that attempts
to perform the dehydration reaction with thionyl chloride
alone were not successful due to its very high reactivity
and the mixture of unidentified products obtained.

In conclusion, the present one pot procedure for
dehydration of aldoximes provides an easy, mild, efficient,
versatile and general methodology for the preparation of
nitriles from different classes of aldoximes, and we feel that
it may be a suitable addition to the currently available
methodologies.

Experimental

Polyvinylpyrrolidone (K30) and thionyl chloride were purchased
from Fluka. Aldoximes were purchased from Fluka or prepared in
our ad laboratory from the corresponding aldehydes according to
the reported procedures.’’ Products were characterized by compari-
son of their physical data, IR and '"HNMR spectra with those of
known samples. The purity determination of the substrates and
reaction monitoring were accomplished by TLC on silica gel
polygram SILG/ UV 254 plates.

General Procedure for the Synthesis of Nitriles Using the Polymeric
Reagent—To a stirred solution of polyvinylpyrrolidone (0.45 g,
4mmol) in anhydrous dichloromethane (15ml) at 0°C under a
dry nitrogen atmosphere was slowly added freshly distilled thionyl
chloride (0.25g, 2.1 mmol) to give a white precipitate. The reaction
mixture was maintained at room temperature for about Smin to



Table 1 Conversion of aldoximes into their corresponding
nitriles using the polymeric reagent

Isolated vyield?

Entry Substrate of nitriles(%)
1 86
@CH:NOH
2 OZN@CH:NOH 94
3 Or-eme .
O,N
4 C|@—CH:NOH 93
5 @CH:NOH 84
NC
6 MeO@CH:NOH 95
7 Me@—CH:NOH 95
8 @CH:CH—CH:NOH 95
CH=NOH
N
10 @CH:NOH 93
1 @CH:NOH 95
N
12 o 90
13 AN on 88

?Reactions are completed within about 15 min. Yields refer to
isolated yields. Products were characterized by comparison of their
physical data, IR, NMR spectra with those of known samples.2’~29

effect complete reaction. Aldoxime (2 mmol) was then slowly added
and stirred for about 15min at room temperature. The progress of
the reaction was followed by TLC (CH,Cl,—CCly). On its
completion the mixture was filtered and washed with CH,Cl,.
The pure product was obtained by either of the following procedures:
(A) the combined filtrates were chromatographed on a short column
of silica gel with CH,Cl, —CCly as eluent, or (B) poured into water
and extracted with CH,Cl,, with subsequent washing of organic
layers with water. In both cases the organic phase was dried over
anhydrous sodium sulfate and solvent evaporation under reduced
pressure afforded the TLC and '"HNMR pure products in 84-95%
isolated yields.
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