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An efficient method for synthesis of nitriles haseh developed using diethyl chlorophosphate inestland solvent-free
conditions. Primary alkyl and aryl amides, effidigrare converted to the‘corresponding nitrileshieating in the presence of
diethyl chlorophosphate in excellent yields. Thistihod works under mild conditions with shorter teactimes.
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INTRODUCTION

The importance of nitriles ‘as intermediates inaoig
synthesis is well established. The discovery ofilag which
are reversible inhibitors of thiol protease enzyniigkhas
attracted our attention to developing a general aittl
method for their preparation. The synthesis ofilegrfrom
their corresponding alkyl or aryl amides is an imtpot
functional group transformation in organic syntke$R].
Conversion of primary amides to nitriles in the qmece of
phosphorus pentoxide [3], titanium tetrachloridg [hionyl
chloride [5], trifluoroacetic anhydride/pyridine ][6and
triphenylphosphine/carbontetrachloride  [7], has
documented in the literature. Alternative reactcamditions
and dehydrating reagents affording higher yieldschs as
diphosgene [8], (methoxycarbonylsulfamoyl)
ammonium hydroxide (Burgess reagent) [9hyleodide/
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silver oxide [10], acetic anhydride/pyridine[11]efluxing
acetonitrile with formic acid [12], (COGHDMSO/EgN [13],
organotin oxides [14], AIGI6H,O/KI/H,O/CH;CN [15],
pivaloyl chloride/pyridine [16], PdGI[17], PhP/l, [18],
dichlorophosphate/DBU [19] and TTREt;N [20] have been
reported.

Accordingly, we report herein a simple new mettod
effecting this transformation by using diethyl aldphosphate
in solvent and solvent-free conditions, in which tholar ratio
of diethyl chlorophosphate and primary amide is. Ithe
method is simple and applicable to both alkyl arnydl amides,
isolation of the product from reaction mixtureesy and the

rbee Yields are high.

EXPERIMENTAL

triethyl Chemicals

All starting materials were used as purchased frbnka
or Merck and progress of the reactions was mordtbseTLC
on silica gel PolyGram SILG/UV 254 plates.
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General Procedure for the Reaction in Solvent
(Method A)

For each reaction, the amide (1 mmol) and toluénel)
was charged into a 5 ml double-necked round-bottiask
equipped with a magnetic stirrer and condenser. nibxure
was heated to reflux and diethyl chlorophosphaten(tiol)
was added. The reaction was heated for 5-20 mirtterdthe
reaction mixture was cooled to room temperaturee Gilude
mixture was neutralized by 10 ml aqueous solutibsoalium
hydroxide (5%) and was extracted by diethyl ethzr<(10
ml). Drying the combined ethereal layer by anhydrsodium
sulphate and then filtration and evaporation of simévent
gave the crude product, which was purified by sholtimn of

corresponding nitriles was conducted in toluensohgent and
in solvent-free conditions (Scheme 1).

According to the mechanism proposed in Scheme 1,
primary amide 1) is in equilibrium with imidic acidZ) which
could react with diethyl chlorophosphate to forme th
corresponding diethyl phosphat8).(Then the intermediate
releases diethyl hydrogen phosphoric acid to prechitriles
subsequently. As-it'is.shown in Table 1, good tcedient
yields were obtained over dehydration of amidesitdles in
toluene as solvent (method A); however, the yiafialkyl
amides were lower than those of aryl amides. Adl miitriles
were separated from the reaction mixture by nemttibn of
the produced acid, (EtgHO(OH), with aqueous solution of

silica gel withn-hexane and ethyl acetate (9:1-1:1) to give thesodium hydroxide (5%) followed by extraction withher.

pure product.

General Procedure for the Solvent-Free Condition
(Method B)

For each reaction, the amide (1 mmol) was changeda
5 ml double-necked round-bottom flask equipped wéth
magnetic stirrer and condenser. Then the mixture keated
at 120 °C and diethyl chlorophosphate (1 mmol) wadded.
The reaction was heated for 5-25 min and then daetion
mixture was cooled to room temperature.  The mixtwees
extracted by diethyl ether (2 x10:ml). The combirtidereal
layer was allowed to dry by anhydrous sodium suiplend
then filtration and evaporation ©f the solvent galve crude
product, which was purified by short column ofadligel with
n-hexane and ethyl acetate (9:1-1:1) to give the puoduct.

RESULTSAND DISCUSSION

Dehydration of a series of aryl and alkylid®s to the

0 OH
R)J\ /K (EtO),POCI
—_—
NH, R nH o HC
1 2

R=alkyl, aryl

Evaporation of ether and column chromatography yced
the pure nitriles. The nitriles could also be pedfby a short
column without neutralization of the produced acid.

Additionally, we studied the effect of solventdre
conditions (method B) on the formation of nitrilksem the
corresponding primary amides. The results are shiowiable
1. It appears that by omitting the solvent thereaislight
improvement in the yields of the reactions; howeteere is
no noticeable effect on the rate of the reactions.

We compared our findings with a recently reported
protocol [19], where ethyl dichlorophosphate wasduas a
dehydrating agent, whose results are shown in Table
According to these data, although the yields amaparable,
diethyl chlorophosphate has several striking ecdoalrand
environmental advantages over ethyl dichlorophotpha)
cheaper reagent, b) less moisture sensitive, aglesh@action
time, d) no use of toxic solvents such as,CH, ¢) using just
stoichiometric ratio of amid to dehydrating agehtlj, and e)
no need to use base.

PO(OEt)
(i
« = R—C=N
NH
3 4

Scheme 1
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Table 1. Dehydration of the Primary Amides to the Corresting Nitriles in the Presence of Diethyl Chloroppbate

in Toluene (Method A) and Solvénte Conditions (Method B)

Yield (%)°

Reaction time

. . M.P. (°C) (min)
Entry Amide Nitrile® (Lit)[21] ~Method Method Method Method
A B A B
(e}
1 C)-c-nma W (11%2;) 83 89 20 15
(e}
I OZN—< >—CN -
2 o= 1?17 4%19 89 91 15 25
(e}
M CN -
3 Mo~ )—C-n, -0 (22993;3‘; 82 90 10 15
(o]
I CN -
4 W OZN@ (11112_1117? 83 89 10 15
O,N
(0]
|_ @—CHZCN 231_2?
5 @—wzc NH; (234) 86 90 10 10
6 E s @'C“ N 80 89 10 15
fot S ol
r
O -
7 Br—Q—E-NHZ B"@‘CN 1(1121 41)3 87 87 10 15
8 C)—cracnt -, ) cHreme (22%% o1 94 10 10
(0]
MeO CN -
9 MeO—@—g—NHZ _©_ (660165])' 85 91 5 5
(0]
10 (-, Oren (11%3:) 72 74 10 10
o A CN
P 163
11 ™, (1635) 70 72 10 10
(0]
12 ne~_)=C-nma o) 2?222'2)23 83 86 15 15
9 CN
£k 172173
13 (177.5) 77 9 10 15
(o] CN
S & G
14 o6 ) 375 90 93 10 10
15 Cgmert—wn, {)—g=cron (2227;) 92 94 10 10

?All the products are knowflsolated yieldBoiling point.
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Table 2. Comparision Between Efficiency of Diethyl Chloraphate and Ethyl Dichlorophosphate in Conversid
Primary Amides to the Corrasging Nitriles

Diethyl chlorophosphate Ethyl dichlorophosphate
Entry Amide Nitrile
Yield . Time Yield . Time
%) Mole ratid® (min) (%) Mole ratid’ (min)
(¢] <:>
] CN
1 ®_CNH2 89 1:1:0 15 98 1:2:3 60
(e}
0 OZN—®—CN
) ozN—Q—CNHz 91 1:1:0 25 93 1:2:3 120
o
2 Mo, e 90 1:1:0 15 92 1:2:3 180
(0]
0 MeO—< >—CN
. MeOQ—CNHZ 91 1:1:0 5 94 1:2:3 180
_ i ©—ﬁ=CHCN
. )gmenenn, 94 1:1:0 10 92 1:2:3 180
9 CN
5 O_gNH2 O‘ 74 1:1:0 10 80 1:2:3 180

Mole ratio = amid: dehydrating reagent:base.

CONCLUSIONS Shiraz University Research Council.
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