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INTRODUCTION

Nitriles are useful substrates in organic synthesis.
Among several methods available for the preparation
of nitriles, dehydration of oximes is an elegant one.
Apart from classical reagents such as (CH

3
CO)

2
O

and C
6
H

5
SO

2
Cl[1], others like RC(OEt)

3
[2], 2,4,6-

trichloro[1,3,5] triazine-DMF[3], silicagel-SOCl
2

[4]
,

oxime-tosylate-MW[5], P
2
O

5
-SiO

2
[6], DMF[7], Red-

mud-MW[8] and PEG-SO
3
H[9] are ideal for dehydra-

tion of oximes into nitriles. Organometallics
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ABSTRACT
Aldoximes are almost converted quantitatively for the first time into their
nitriles by reaction with diethyl phosphate in the presence of tetra methyl
guanidine (TMG) in toluene at 65-75C. The reaction is chemo selective and
applicable to multi functionalized aldoximes.
 2011 Trade Science Inc. - INDIA

TiCl
3
(OTf)[10], [RuCl

2
(b-cymne)]

2
[11], AlCl

3
.6H

2
O/KI/

H
2
O/CH

3
CN[12], Na

2
SO

3
SOCl

2
[13], Ga(OTf)

3
[14], W-

Sn hydroxide[15], Pd(OAc)
2
-PPh

3
[16], and AIBN-

TABLE: 1 Optimization of reaction conditions

Yields[%]a 

Entry Base Phosphate 
55-65C 65-75C 

1 Et3N
b DMHPf ----- ------ 

2 Et3N DEHPg ----- ------ 

3 Et3N DPHPh ----- ------ 

4 TMGc DMHP 40 85 

5 TMG DEHP 55 99 

6 TMG DPHP Trace 70 

7 Pyd DMHP ----- 21 

8 Py DEHP Trace 35 

9 Py DPHP ----- 16 

10 NMPe DMHP 20 55 

11 NMP DEHP 40 85 

12 NMP DPHP Trace 46 

No reaction up to 550C, aYield after purification, bTriethyl amine,
cTetra methyl guanidine, dPyridine, e1,4-Dimethyl piperazine, f

Dimethyl / g Diethyl / h Diphenyl hydrogen phosphonate
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Scheme 1 : Conversion of aldoximes in to nitriles by DEHP-
TMG
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TABLE 2 : Conversion of aldoximes in to nitriles by DEHP-TMG

Entry Substrate Reaction time (Hrs) Product Yield[%]a 

1 C6H5CH=NOH 9 C6H5CN 95 

2 4-ClC6H5CH=NOH 8 4-ClC6H5CN 97 

3 4-BrC6H5CH=NOH 10 4-BrC6H5CN 98 

4 4-FC6H5CH=NOH 7 4-FC6H5CN 98 

5 4-NO2C6H5CH=NOH 7 4-NO2C6H5CN 97 

6 4-CNC6H5CH=NOH 9 4-CNC6H5CN 98 

7 4-CH3C6H5CH=NOH 7 4-CH3C6H5CN 98 

8 4-(CH3)2CHC6H5CHNOH 11 4-(CH3)2CHC6H5CN 96 

9 4-(CH3)2NC6H5CH=NOH 12 4-(CH3)2NC6H5CN 96 

10 4-CH3OC6H5CH=NOH 8 4-CH3OC6H5CN 99 

11 4-(CH3O)3C6H5CH=NOH 8 4-(CH3O)3C6H5CN 98 

12 4-HOC6H5CH=NOH 10 4-HOC6H5CN 95 

13 4-PhOC6H5CH=NOH 8 4-PhOC6H5CN 93 

14 C6H5 CH=CHCH=NOH 9 C6H5CH=CHCN 95 

15 CH3(CH2)2CH=NOH 12 CH3(CH2)2CN 94 

16 CH3(CH2)5CH=NOH 12 CH3(CH2)5CN 92 

17 

N

N
H

NOH

 

13 

N

N
H

CN
 

94 

18 

N

N

CH3

NOH

 

14 

N

N CN

CH3  

93 

19 
N

N
H

Cl

NOH

 

10 
N

N
H

CN

Cl

 

95 

20 
N NOH

 

11 
N

CN

 

97 

21 N
O
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aYield after purification

Bu
3
SnH[17] are another group of reagents utilized for

this purpose. In an endevour to find better reagents
for transformation of oximes into nitriles, some orga-
nophosphorus compounds like RO

2
P(O)Cl[18,19],

ROP(O)- Cl
2

[20], P
3
N

3
Cl

6
[21], (Me

2
N)

3
P=O [22],

Ph
3
PI

2
[23] are also successful in performing this reac-

tion. But most of these reagents are corrosive and toxic
involving drastic experimental conditions besides cum-
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bersome procedures that also give poor yields. They
include recently reported methodologies with
(EtO)

2
P(O)ONR

2
[24],

 
and BOP-DBU[25] which are not

free from these draw backs.
In connection with the investigation on the synthe-

sis of bioactive organophosphorus compounds, an at-
tempt is made to prepare addition product (4) of the
aldoxime (1) with dialkyl hydrogen phosphonate
(DEPH) (2) in the presence of tetramethylguanidine
(TMG) (Scheme 1). Contrarily, it reveals the forma-
tion of the nitrile (3) of the corresponding oxime in-
stead of its addition product (4). The reaction goes to
prove that aldoxime conversion is almost quantitative
and effective. Detailed studies of this reaction on sev-
eral aldoximes conclusively prove that DEHP-TMG
reagent system effectively dehydrates the aldoximes
at 65-75C to the corresponding nitriles in 92-99%
yield (TABLE 2).

The reaction conditions are optimized by carrying
it out with different alkyl/ aryl phosphonates, and vari-
ous bases at different temperatures. DEHP-TMG in
toluene at 65-75C is found to be ideal for efficient
conversion of aldoximes into nitriles (TABLE 1). On
the other hand ketoximes failed to convert into corre-
sponding nitriles under similar conditions.

EXPERIMENTAL

General procedure

The melting points are determined in open capillary
tubes on a Mel-Temp apparatus and are left uncor-
rected. The IR spectra (

max
 in cm-1) are recorded in

KBr pellets on a Perkin Elmer 1000 unit. The 1H, 13C
and 31P NMR spectra are recorded on a Varian Gemini
300 and Varian AMX 400 MHz NMR spectrometers
operating at 300 or 400 MHz for 1H, and 100.57 MHz
for 13C respectively. All the compounds are dissolved
in CDCl

3 
or DMSO-d

6
 and chemical shifts are refer-

enced to TMS (1H and 13C). Micro analyses data ob-
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Scheme 2 : Mechanism of conversion of aldoximes in to nitriles by DEHP-TMG

tained is from Central Drug Research Institute,
Lucknow, India.
Experimental procedure

DEHP (0.1mmole) and TMG (0.1mmole) were
added to the aldoxime (0.1mmole) solution in tolu-
ene (5mL) and the mixture was continuously stirred
for 18-25hrs. the progress of the reaction was moni-
tored by TLC using silica plates in 3:7 ethyl acetate-
hexane mixture. After completion of the reaction, the
solvent was removed in a rotaevaporator. The resi-
due after treating with cold water (10ml) was stirred
for 15 min to separate the product. The resultant solid
products were collected by filtration and recrystal-
lized from ethanol. The liquid products were directly
purified by column chromatography using 100-200
mesh slicagel as adsorbent and 8:2 hexane: ethyl ac-
etate as eluent. In both cases, the pure product with
92-99% yields was obtained. All the new nitriles were
characterized by IR, 1H, 13C and Mass spectra.
Known nitriles were confirmed by comparing with
their physical and spectral data with that of their re-
spective authentic samples.

SPECTRAL DATA

4-(pyridine-2-yl)benzonitrile (20)

IR(KBr, cm-1) : 2225.22(CN) 1H NMR (400 MHz,
CDCl

3
) ä 8.74 (d, J = 2.29, 2.30 Hz, 1H), 8.12 (d, J =

8.07 Hz, 2H), 7.83-7.75 (m, 4H), 7.32(t, J=5.53, 5.30
Hz, 1H) 13C NMR (100 MHz, CDCl

3
) ä 115.09,

149.92, 143.32, 137.04, 132.46, 127.36, 123.25,
120.90, 118.70, 112.36. HRMS (EI) calcd for
(C

12
H

8
N

2
+H): 181.0766; found 181.0768.

4-[2-(1-azonanyl)ethoxy]benzonitrile (21)

IR (KBr, cm-1): 2224.66(CN) 1H NMR (400 MHz,
CDCl

3
) ä 7.41(d, J=8.6Hz, 2H), 6.88(d, J=8.6Hz,

2H), 4.24(t, J=6.34Hz, 2H), 2.99(t, J=6.33Hz,), 2.86-
2.79(m, 4H, N(CH

2
)

2
), 1.72-1.63(m, 12H, CH

2
) 13C
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NMR (100MHz, CDCl
3
) ä 159.81, 148.74, 128.12,

125.41, 114.72, 66.45, 56.03, 55.82, 27.35, 26.87,
26.75. MS (EI) m/z: 273(M+�+1).

Methyl4-[(2-butyl-4-chloro-5-cyno-1H-1-imida-
zoly)methyl]benzoate (22)

IR (KBr, cm-1): 2221.56 (CN) 1HNMR (400 MHz,
CDCl

3
) ä 8.043 (d, J = 8.2 Hz, 2H), 7.164 (d, J =

8.13 Hz, 2H), 5.21 (s, 1H, CH
3
), 3.90(s, 3H, OCH

3
),

2.59(t, J=7.6Hz, 2H), 1.66-1.61(m, 2H), 1.345-
1.28(m, 2H), 0.86(t, J=7.30Hz, 3H) 13C NMR (100
MHz, CDCl

3
) ä 160.07, 152.14, 140.42, 138.58,

130.48, 129.84, 126.42, 124.19, 109.84. MS (EI) m/
z: 332(M+�+1), 354 (M+�+Na).

RESULTS AND DISCUSSION

Conversion of the oximes (1) to the nitriles (3) is a
base catalyzed and DEHP induced reaction (Scheme
2). Initial hydrogen abstraction by TMG from the oxime
(1) renders its oxygen more nucleophilic and thus fa-
cilitates its nucleophilic attack on the P-atom of DEHP
(2). The low energy empty d-orbitals of the
phosphonate phosphorus (2) allows oxime oxygen
nucleophilic addition on it and forms the new P-O
bond with simultaneous elimination of ethoxide as etha-
nol. This process is further facilitated due to the for-
mation of a six memberd cyclic intermediate (5) stabi-
lized by H-bonding with á-H of the oxime (1). There
is no reaction with ketoximes where á-proton is un-
available to form a H-bonded cyclic intermediate (5),
wich supports this assumption. Facile elimination of
ethyl hydrogen phosphate from the cyclic intermedi-
ate (5) results in the formation of nitriles (3). This re-
action course in which conversion of DEHP (2) with31P
 6.8 in the presence of TMG into the cyclic oxime
phosphite intermediate (5) with 31P  1.95 and elimi-
nation of ethyl hydrogen phosphite (6) with 31P  26.18
is monitored by 31P NMR.

CONCLUSION

A simple direct and highly efficient method for al-
most qantative conversion of aromatic aldoximes into
nitriles by DEHP-TMG is reported for the first time.

Significance of the reaction is its chemoselectivity and
applicability to multifunctionalised aldoximes. The re-
action is green for it works at moderate temperature
with biodegradable non-toxic reagents.
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