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Nitriles are valuable intermediates in organic synthesis not

only because they serve as the appropriate precursors to

various functional groups, but also because they are widely

used as the key intermediates for pharmaceuticals, agro-

chemicals and various N-heterocyclic compounds.1 The cyano

group itself is also frequently found in many biologically

important molecules.2 

Therefore, a variety of synthetic routes to nitriles from

diverse chemical precursors have been developed.3 Among

these routes, nitrile synthesis from aldoximes using an ap-

propriate dehydrating agent has been a general and clean

method. For this purpose, numerous reagents such as

chlorosulfonyl isocyanate,4a di-2-pyridyl sulfite,4b Burgess

reagent,4c [RuCl2(p-cymene)]2/MS 4A,4d BOP,4e Pd(OAc)2/

PPh3,
4f Cu(OAc)2/ultrasound4g have been developed. These

reagents, however, may have limitations in some respects

such as harsh reaction conditions, use of expensive or less

readily available reagents, low yields, and lack of generality.

Therefore, there is still a need to develop mild and general

method for this conversion.

Diethyl phosphorocyanidate (DEPC)5 was initially intro-

duced as an efficient peptide coupling reagent,6a and has

been utilized for useful organic reactions.6b,c 

Previously, we reported that 2-chloro-1-methylpyridinium

iodide is an efficient and mild reagent for the dehydration of

aldoximes to nitriles under mild conditions.7 In continuation

of our interest in developing mild method for the conversion

of aldoximes to nitriles, we herein wish to report the first

application of DEPC to the efficient synthesis of nitriles

from aldoximes under mild conditions (Scheme 1). 

In order to obtain the information regarding the optimum

reaction conditions, 4-pyridine aldoxime (1a) was reacted

with DEPC without base, and in presence of various base in

CH2Cl2 at rt for a prolonged reaction time (20 h) (Table 1). 

CH2Cl2 was chosen as reaction medium in this reaction

due to the good solubility for both 1 and 3 in CH2Cl2, and

also operational simplicity in extraction. When 1a was

reacted with DEPC (1 eq.) in the absence of base, 1a was

recovered in 84% yield together with the reaction inter-

mediate (2a) in 13% yield (run 1). The structural identity of

2a was unambiguously corroborated by 1H-NMR which

showed a singlet peak for iminoyl-H at 8.32 ppm, and a

doublet of triplet peak for -O2P(OCH2CH3)2 at 1.40 ppm.8

With increasing amount of Et3N added, the yield of 3a was

steadily improved up to 85% together with the gradual

decrease of 1a and 2a (run 2, 3). (i-Pr)2NEt, and especially

K2CO3 failed to enforce the reaction to be completed most

probably due to the ineffectiveness of the bases to abstract

the iminoyl proton of 2a (run 4, 6). Although DBU exhibited

the similar reaction patterns to Et3N, it gave relatively lower

yield (76%) of 3a, which may be attributable to the formation

of unidentified, highly polar brown residue (run 5). Thus, the

reaction conditions of (preferably run 3, or run 5 in some

cases) using Et3N or DBU as base were adopted as the

standard conditions (DEPC (1.3 eq.), Et3N (2.1 eq.), rt).

Under the standard conditions, various kinds of aldoximes

were reacted with DEPC, and the representative results are

summarized in Table 2.9 

Various heteroaryl aldoximes (1a-1d) underwent dehyd-

ration reaction smoothly with DEPC (1.3-1.4 eq.) in the

presence of Et3N (2.1 eq.) to afford the corresponding

nitriles (3a-3d) in 74-85% yields (run 1-4). Other types of

aldoximes were also tested to examine the generality of this

Scheme 1

Table 1. Effect of various bases on the conversion of 4-pyridine
aldoxime to 4-cyanopyridine with DEPC ar rt

Run 
DEPC 

(eq.) 
Base (eq.) Time (h) 

Yield (%)a

1a 2a 3a

1 1.0 None 20 84 13 0

2 1.3 Et3N (1.1) 20 2 13 72

3 1.3 Et3N (2.1) 20 0 0 85

4 1.3 (i-Pr)2NEt (2.1) 20 0 23 58

5 1.3 DBU (2.1) 20 0 0 76b

6 1.3 K2CO3 (3.0) 20 0 82 0

aIsolated yield after flash column chromatography on silica gel.
bRelatively low yield may be due to the formation of unidentified, highly
polar brown residue.
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reaction. Several aryl aldoximes (1e-1h) also exhibited the

similar reaction patterns to 1a under the standard conditions

to provide the corresponding nitriles (3e-3h) in 81-86%

yields (run 5-8). On the other hand, vinyl (1i) and alkyl

aldoximes (1j-1k) were found to be less reactive toward

DEPC. Under the standard conditions, aldoximes (1i-1k)

were partially converted to the corresponding nitriles even

after being stirred for 20 h. By using excess (2.3 eq.) of

DEPC and extending the reaction time to 20 h, aldoximes

(1i, 1j) were converted to the corresponding nitriles (3i, 3j)

in 72-80% yields (run 9, 11). Aldoxime (1k), however,

required refluxing for 20 h with more excess (2.5 eq.) of

DECP to make the reaction proceed up to 76% yield (run

13). We also attempted DBU for these sluggish reactions as

base to examine the base effect (run 10, 12, 14). Under the

conditions of using DEPC (1.3 eq.) and DBU (2.1 eq.) ar rt

for 20 h, aldoximes (1i-1k) were successfully converted to

the corresponding nitriles (3i-3k) in good yields. 

In conclusion, DEPC is a mild and practical reagent for

the effective conversion of various aldoximes to nitriles.

Considering several advantages expected from this reaction,

e.g., commercial availability of DEPC at cheap price, good

to excellent yields, mild reaction conditions, and wide scope

of applicability, this new dehydrating protocol could be the

method of choice in the synthesis of nitriles from various

aldoximes.
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Table 2. Efficient Conversion of Aldoximes to Nitriles using DEPC
at rt

Run R = 
DEPC

(eq.)

Base

(eq.) 

Time 

(h)

Yield 

(%)a

1 1.3 Et3N (2.1) 10 85

2 1.3 Et3N (2.1) 10 82

3 1.4 Et3N (2.1) 10 74

4 1.4 Et3N (2.1) 10 80

5 1.3 Et3N (2.1) 10 83

6 1.3 Et3N (2.1) 10 86

7 1.4 Et3N (2.1) 10 84

8 1.4 Et3N (2.1) 10 81

9 2.3 Et3N (2.1) 20 80

10 1.3 DBU (2.1) 20 67

11 2.3 Et3N (2.1) 20 72

12 1.3 DBU (2.1) 20 77

13 2.5 Et3N (2.1) 20 76h

14 1.3 DBU (2.1) 20 68

aIsolated yield after flash column chromatography on silica gel.
bPredominantly Z-isomer. cPredominantly E-isomer. dMixture of (7:93)
of E- & Z-isomer. eMixture of (60:40) of E- & Z-isomer. fMixture of
(55:45) of E- & Z-isomer. gMixture of (25:75) of E- & Z-isomer. hThe
reaction was carried out under reflux conditions.


