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ABSTRACT

Carboxylic acids were converted into nitriles by one-pot reactions with
hydroxylamine hydrochloride and zinc catalyzed by PEG400 under micro-

waveirradiationin good-excellent yields.
© 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Nitrileisakey compound for organic synthesis, and
it S0 servesasanimportant syntheticintermediatefor
pharmaceuticals, agricultural chemicals, dyes, and ma:
terial sciences. A number of methodsareknown for the
conversion of carboxylic acidsinto nitriles. The primary
methodsareacid-nitrileexchangereaction’”; acid chlo-
ridereact with sulfonamidé?; carboxylic acidstreat with
ureaand sulfamic acid®7, ethyl carbamateand thionyl
chloride® or diphosphorustetraiodideand ammonium
carbonate®. However, anumber of drawbacks may
be encountered in using some of these reagents, such
aslow yields, harsh reaction conditions, tediouswork-
up procedures, opaguereaction mechanismsand vari-
ous limitations. In addition, some of them are corro-
sve, toxic, expensiveor commercially unavailable.

In recent reports, microwaveirradiation had been
widely appliedin organic synthesig'>*2., It had been
reported that microwaveactivationfor the one-pot syn-
thesisof nitrilesfrom aldehyded***%. However, only
onereaction about conversion of carboxylicacidsinto
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nitriles under the microwave wasfound by our team,
and carboxylic acidsismore steady, extensveand in-
expensive compared with al dehydes. We now wish to
report another new method for theone-pot conversion
of carboxylicacidsinto nitriles catalyzed by PEG 400
with hydroxylaminehydrochl orideasamidation reagent
and zinc asreductant under microwaveirradiation. In
thismethod, theyieldsare much higher for some prod-
uctsand save much timewith comparisonto the gen-
era methods. Theresultsshownin TABEL 1 and reac-
tionasfollow:

NH,OH.HCI/Zn
RCOOH — > RCN

PEG400/M . W
Scheme 1

RESULTSAND DISCUSSION

Thesereactionsarevery difficult, evennoreact if
have no catalysts. PEG400 as phasetransfer catalyst
to thisreaction hasbeen studied and thebest amount is
5mol%. It was found that lower dosage of PEG 400
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TABLE 1: Conversionsof car boxylicacidsintonitriles
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TABLE 2: Effect of the power tobenzoicacid

Time Yield m.p./°C
(min) (%) Found Report®71
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CN

Entery Nitriles
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HO
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CN
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3 \©\ 22 87 9295 949
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O,N CN
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CN
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CN
H,N
10 \©\ 25 80 8385 8385
CN
CN
AN
11 | _ 25 85 5051  50-52
N
122 @\ 14 90 190-192 192
s~ CN
CN
132 16 90 149-151 151
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L
-

@Boiling points were determine
could not catalyze thereaction effectively and higher
dosage would undoubtedly |ead to moreloss of prod-
uctsduring thewashing procedure.

Asshownin TABLE 1, most of aromatic carboxy-
licacidscould be converted to corresponding nitrilesin
good-excellent yields. Thearyl carboxylic acidswith

Entry Power (W) Time(min) Yield(%)
1 119 20 45
2 119 30 57
3 119 40 61
4 231 15 78
5 231 20 93
6 231 25 92
7 385 10 55
8 385 15 63
9 385 20 62

electron-donating groups such as—CH_ and -OCH,
weremorereactivethanthosewith dectron-withdrawing
groups such as —Cl, -1, -NO, in the aromatic ring,
mai nly because € ectron-donating groupsincreased the
electron density of carbonyl and caused thereaction
eas er. Thegroup of amino asad ectron-donating group
made 4-aminobenzonitrile (10) alower yield than oth-
ers, sinceit likeanitro under acidic 20 minutes under
the power of 231 watt. The causation may bethat the
higher power input and with the prol ongation of time,
thetemperatureistoo high to makethereaction effec-
tively carry through, and hydroxylamine hydrochloride
would be decomposedin the higher power at the same
time; Ontheother hand, lower power input and shorter
reaction timeisunableto progresscompletely. Condi-
tion; al so because of the reduced solubility and lower
reactivity of the zwitterionicamino acid compared with
theother substrates. Excdllent yields could be obtained
inthereactants of heteroaromatic carboxylic acidses-
pecia 2-thiophenecarbonitrile (12) and 3-furonitrile
(13). We proposethat themainreasonfor thehighyield
may bethemore el ectron their own than benzenering.

In TABLE 2, the power had an obvious effect to
theyields. Themost suitableconditionwas

EXPERIMENTAL

All reactionswereperformedinacommercia do-
mestic microwave oven (MideaPJ21C-BF). There-
action processwasmonitored by GF254 thinlayer chro-
matography (TLC) using petroleum ether/ ethyl acetate
(10:1v/v) aseluent. Melting pointswere determined
on amicroscopy apparatus (SGW X-4) and uncor-
rected. 1H-NMR spectrawere obtained on aBruker

Onganic CHEMISTRY o
Au Tudian Yournal



OCAIJ, 6(1) March 2010

AVANCE (400MHz) spectrometer using TMSasin-
ternd standard and CDCl, assol vent. IR spectrawere
recorded on aBio-Rad FT S-40 spectrometer (KBr).
All theliquid parent materialsarefresh distilled. The
productswered so characterized by comparison of their
Mélting pointsand boiling pointswiththeliteratureval-
ues.

General procedurefor the preparation of benzo-
nitrile(entry 1, TABLE 1)

A mixtureof benzoic acid (2.44g, 20mmol), hy-
droxylaminehydrochloride (2.09g, 30mmoal), zinc dust
(2.96g, 30mmol) and PEG400 (5mol%) wasirradi-
ated at middlelow power (231W) for aperiod of 20
min. Upon completion, the solidswerefiltrated and
washed with dried dichloromethane (2 x 10ml). The
organic phasewaswashed with H,O (3 x 10mL ), dried
with magnesum sulfate. After solvent wasremoved by
digtillation, thebenzonitrile 1.88g (91%yield) was col-
lected at 186-189°C by ditillation at atmospheric pres-
sure. 'H NMR (CDCl,): § 7.44 (d, 2H, 2x CH), 7.51
(d,2H,2x CH), 7.54 (t, 1H, CH); IR (KBr): v 3067,
2229, 1599, 1490, 1447, 1287, 1223, 1178, 1070,
1026, 927, 760, 688, 548cm*

CONCLUSION

In summary, anew method for the conversion of
carboxylicacidsinto nitriles catalyzed by PEG 400 un-
der microwaveirradiationin satisfactory yieldswith hy-
droxylamine hydrochl oride as amidation reagent and
zinc asreductant isdeve oped. Thismethod isinexpen-
sive, practical and with theless pollution and ease of
work-up.
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