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One-pot conversions of carboxylic acids into nitriles without
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ABSTRACT

In an environmentally benign solvent-free system, carboxylic acids were
rapidly transformed into corresponding nitriles by amidation with ethyl
carbamate via one-pot reactions in excellent yields under microwave irra-
diation. The most suitable condition was 18 minutes under the microwave
power of 231 watt with the amount of zinc chloride of 0.5 equiv.
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INTRODUCTION

Nitriles, important reagentsfor organic synthesis,
had been knownto chemistsfor alongtime. In recent
reports, it showed that nitriles could be converted to
thiazolederivativesasinhibitors™ benzamidinespossess-
ing activity of fibrinogen antagonist9? tetrazol e deriva
tives as antipi cornavirus drugs and the commercialy
important angiotensin 1 receptor ligands, losartan and
valsartan. Literature survey indicatesthat therewerea
large number of methodsreported for the preparation
of theseuseful classic compounds. The primary meth-
ods arethe dehydration of aldoximes® carboxylic ac-
idsand acyl amind*®; the Sandmeyer reaction of diazo
salt; theammoxidation of hydrocarbon, acoholsand
aldehydes®® and so on.

In recent years, microwave had been widely used
in organic synthesig®Y. It had been reported™ that
microwave activation for the one-pot synthesisof ni-
trilesfrom a dehydes. But no report about microwave
promotethesynthesisof nitrilesfrom carboxylic acids
wasfound. In continuation of our ongoing programme
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to devel op environmentally benign reactions, we now
wish to report anew method for the conversion of car-
boxylic acidstother corresponding nitrilesby amidation
with ethyl carbamate viaone-pot reactionsunder mi-
crowaveirradiation.

Thegenerd methodisby thereaction of carboxylic
acidsand carbamide under melting conditions. Theop-
erationistoo difficult to control, thereaction can not
carry through completely and take too much time and
low yields. With comparison to thegeneral method, the
yieldsaremuch higher for some productsand sasvemuch
timesynchronoudly. Theresultsshownin TABLE 1in-
dicatethat thereactionissuccessful for avariety of car-
boxylicacids.

ZnCl,
RCOOH + NH,COOEt

RCN + H,0 + EtOH + CO,
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RESULTSAND DISCUSSION

Compared with other methods, ethyl carbamatewas
used to provideamidogeninstead of carbamide. Ethyl
carbamatewasalow melting point reagent, it could be
melted easily at |ow temperature and then carboxylic
acidswould bedissolvedinit. Thus, thereactionwould
progress much moreeasily. Moreover, ethyl carbam-
atewith steady character waseasy to obtain. Soit was
moresuitableto thisreaction.

General method

A mixtureof carboxylicacids, carbamideand amido
sulfoacid are heated at 200-250°C for 1-5h.

AsshowninTABLE 1, severd structurally differ-
ent carboxylic acids coul d be converted to correspond-
ing nitriles by amidation with ethyl carbamate under
microwaveirradiation at the absence of solventsin ex-
cellent yields. The substitutional groups of the phenyl
could not only bethe el ectron-donating groupssuch as
-CH, and -OCH_, but also the electron-withdrawing
groupssuchas-Cl, -NO, At the presence of some of
the subgtitutiona groupswhich could beaffected easily
through other reactions, such as -1, -OH, -NH,, the
corresponding nitrilescould also begained normaly. A
longer reaction timewas needed in thereactions of 4-
aminobenzoic acid (10) because of the reduced solu-
bility andlower reactivity of thezwitterionicamino acid
compared with the other substrates.

AsshowninTABLE 2, the power and timehad an
obviouseffect to theyields. Themost suitable condi-
tion was 18 minutesunder the power of 231 watt. The
causation may bethat with the prolongation of timeand
the higher power input, thetemperatureistoo highto
makethereaction effectively carry through; Ontheother
hand, if the power input istoo low or thereactiontime
istoo short, the reaction is unable to progress com-
pletely, sotheyieldistoo low.

In thisreaction, we use zinc chloride as catal yst
and dehydrating agent. ZnCl,,can giveexcellent yields,
and the amount was reduced to 0.5 equiv. So ZnCl,
wasmoresuitablefor thisreaction. Theamount of zinc
chloride played animportant role. Under the micro-
waveirradiation of 231 watt and 18 minutes, theyield
was promoted with theaddition of zinc chloride, and it
would reach peak at theamount of 1.70g(0.5 equiv).
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TABLE 1: Conversionsof carboxylicacidsintonitriles

Time—Yield(%) m.p./°’C
Entry R . . Report
(min) M.W General Find " [1314
18 CeHs 18 93 65 186-9 188"

2 4-HOCH, 20 88 65 111-3 113

3  4CICH, 20 86 74 92-6 946

4 2CICH, 20 85 80 436 436

5 4-0,NCeH, 19 84 71 1469 149

6 3O,NCH, 21 91 76  116-8 118

7 4-CHsCH, 20 83 65 279 29

8 4-1ICH, 21 85 72 1269 128-9

9 4-H;COCeH, 21 78 68 536 54-6

10 4-H,NCgH, 23 75 46 869 88

11° ©\ 21 89 83 2334 2334
12° O 20 81 70 1179 117-9

aBoiling points were determined
TABLE 2: Effect of thepower and time

Power Time Yield Power Time Yield

Compound ") (min) (%) (W) (min) (%)
Benzoic acid 119 15 11 231 23 78
Benzoic acid 119 25 23 385 5 45
Benzoic acid 119 40 39 385 10 36
Benzoic acid 231 13 24 539 5 12
Benzoic acid 231 18 93 539 10 7

So the suitableamount of zinc chloridewas 0.5 equiv.
EXPERIMENTAL

All reactionswereperformedinacommercia do-
mestic microwaveoven (MideaPJ21C-BF). TLCwas
used to monitor thereaction process. TLC wasGF,,
thin layer chromatography with petroleum ether/ethyl
acetate (4/1) used as el uent. Melting pointswere de-
termined on amicroscopy apparatus and uncorrected.
H-NMR spectrawere obtained on aBruker AVANCE
(400MH2z) spectrometer using TMSasinternd stan-
dard and CDCI , assolvent. IR spectrawere recorded
on aBio-Rad FTS-40 spectrometer (KBr). All thelig-
uid parent materialsare fresh distilled. The products
were a so characterized by comparison of their Melting
pointsand boiling pointswiththeliteratureva ues.

General procedure for the preparation of benzo
nitrile(entry 1, TABLE 1)

A mixtureof benzoicacid (3.05g, 0.025mal), ethyl
carbamate (2.67g, 0.03mol ), zinc chloride (1.7g,
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0.0125mol) wasirradiated a middlelow power(231W)
ina50mL one-necked, round-bottomed flask equipped
whichwasplaced into a200mL besaker coveredwitha
evaporating dish. The progress of the reaction was
monitored by TLC. Upon completion, thesolidswere
extracted by alcohol, digtilled to iminate solvent. The
benzonitrile 2.4g (93% yield) was collected at 186-
189C by didtillation at atmospheric pressure. 'H-NMR
(CDCl,)): 8:7.44(d, 2H, 2xCH), 7.51(d, 2H, 2<CH),
7.54(t, 1H, CH); IR (KBr) v: 3067, 2229, 1599, 1490,
1447, 1287, 1223, 1178, 1070, 1026, 927, 760, 688,
548 cm™*
Someother resultswere shown asfollows:

Compound (entry 2, TABLE 1)*H-NMR (CDCl,,)

8: 5.40 (s, 1H, OH), 6.91 (d, 2H, 2xCH), 7.34 (d,
2H, 2xCH); IR (KBr, cmr) v: 3250, 2220, 1610, 1580,
1500, 1280, 1220, 1160, 835cm™

Compound (entry 3, TABLE 1)'HNMR (CDCI,)

8: 7.45(d, 4H, 4xCH); IR (KBr, cmr?) v: 3091, 2225,
1591, 1483, 1397, 1088, 1015, 828, 585, 542cm™

Compound (entry 4, TABLE 1)'HNMR (CDCI,)

8:7.77 (d, 1H, CH), 7.80 (m, 1H, CH), 7.83(m, 1H,
CH), 8.37(d, 1H, CH).

Compound (entry 5, TABLE 1)'"HNMR (CDCIl,)

8: 7.77(d, 2H, 2xCH), 8.37 (d, 2H, 2xCH); IR (KB,
cm) v: 3106, 3073, 3052, 2231, 1603, 1527, 1488,
1437, 1350, 1293, 1236, 859, 747, 682, 539cm

Compound (entry 6, TABLE 1)'"HNMR (CDCIl,)
3:7.77 (d, 1H, CH), 7.80 (m, 1H, CH), 7.83(m, 1H,
CH), 8.37(d, 1H, CH)

Compound (entry 7, TABLE 1)'"HNMR (CDCIl,)
d: 2.35(s, 3H, CH,), 7.24 (d, 2H, 2xCH), 7.39 (d,

2H, 2xCH); IR (KBr, cm™) v: 3039, 2953, 2925, 2228,
1608, 1508, 1451, 1384, 1176, 1040, 818, 546cm™

Compound (entry 10, TABLE 1)'HNMR (CDCl,)

8:7.32 (m, 1H, CH), 7.48 (m, 1H, CH), 7.45(d, 2H,
2xCH); IR (KBr, cm) v: 3094, 3073, 2232, 1590,
1471, 1435, 1268, 1165, 1133, 1059, 1035, 955, 762,
677, 555, 460cm™
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CONCLUSION

Insummary, themicrowave promoted conversions
of various carboxylic acidsinto Nitrilesby amidation
with ethyl carbamate under solvent-free conditionswith
excdlent yiddsin very short reactiontime. The neutra
conditionsand rapid reaction conditionstogether with
eco-friendly solvent-free conditionsshould make present
protocol an important alternative to other classical
methods.
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