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Although several routes have been reportedl_3 for the di-
rect conversion of carboxylic acids into nitriles, there are
few general methods for this useful synthetic transformation.
Relatively expensive chlorosulphonylisocyanate (CSI) is one
reagent capable of converting -CO,H to —CEN.4-6 Other methods
are in some cases7 not applicable to carboxylic acids with
sensitive functional groups (e.g. esters), or fail to give
consistently high yields with a range of carboxylic acids of
various structural types.8 We now report a general method for
the transformation of carboxylic acids into nitriles in high
yields; this method is not, however, applicable to acids con-
taining -NH,, -NHR, -OH or -SH groups.

The carboxylic acid is initially converted into its mixed
sulphonic anhydride with one equivalent of methanesulphonyl
chloride (MSC) in dry pyridine at 00.9 Treatment of the mixed
anhydride with ammonia gas at 0° followed by removal of the
10

excess ammonia (rotary evaporator) yields an intermediate

which on recooling to 0° can be dehydrated by the addition of

R-CO,H 0 NH 9
Voo it
pyridine R-C=0-S0.~CH ———§4>R—C-NH MSC R-C=N
+ 2 3 2
CH3SOZC1
(MSC)
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further MSC.ll The products are isolated after 24 hrs by ei-

ther pouring the reaction mixture into dilute acid followed by
extraction with ethyl acetate or in the case of substrates 6 and
7 (see Table), by removing the solvent im vacuc to give a residue

which was partitioned between saturated NaHCO., and ethyl ace-

3
tate. For example, 4-methoxybenzoic acid (2.55 g) and dry py-
ridine (85 ml) were stirred at 0° and MSC (1.92 g) added drop-
wise. After 1 hr. dry ammonia gas was passed into the reac-
tion mixture for two minutes and the excess ammonia removed by
placing the reaction vessel on the rotary evaporator for five
minutes. The mixture was recooled to Oo, MSC (16 g) added and
the mixture stirred at 20o for 24 hrs. The mixture was poured
into dilute acid, the pH adjusted to 7, and the mixture ex-
tracted with ethyl acetate (2 x 100 ml). Concentration of
the combined dried extracts gave 2.16 g. of crude 4-methoxy-
benzonitrile. Recrystallization from light petroleum gave 1.83
g (82%) of pure nitrile, mp. 58-59°. In several instances a
colouration is produced in the initial reaction, e.g. red in
the case of substrate 6 (see Table) and purple in the case of
substrate 7. This fortuitous colouration greatly simplifies
the procedure since it allows the anhydride to be titrated (if
desired) with the ammonia gas (end point = yellow/orange).
The results from a range of substrates are shown in the Table.
In conclusion we have described a general method for the
conversion of carboxylic acids into nitriles in high yield,
which should be of great synthetic use. Further studies on
the use of mixed sulphonic-carboxylic anhydrides are contin-

uing in this laboratory.
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TABLE. Nitriles from Carboxylic Acids1 .

Yield (%) mp. (bp.)

Acid Nitrile (isolated) (oc)

1. 3-nitrobenzoic 3-nitrobenzonitrile 70 118--1192

2

2. 4-methoxybenzoic 4-methoxybenzonitrile 82 58-59

2
3. 4-chlorobenzoic 4-chlorobenzonitrile 72 93-94
4. cinnamic cinnamonitrile 70 (249) 2
2
5. stearic stearonitrile 78 394¢
3

6. 2-carbomethoxy 2-carbomethoxynico- 73 150-152
nicotinic tinonitrile

7. 4-carbomethoxy 4-carbomethoxynico- 63 84.5-—85.54
nicotinic tinonitrile

1. All mp's and bp's are uncorrected and all compounds had
satisfactory analyses (C,H,N} and IR and pmr spectra are
consistent with the proposed structure.

2. Dictionary of Organic Compounds, Fourth Edition, Eyre and
Spottiswoode (London) (1965), a) 117-118°, b) 61-62°, c)
94-96°, d) 255-256°), e) 42.5-43.50,

3. S. Fallab and M. Erlenmeyer, Helv. Chim. Acta., 34, 488,
(1951), mp. 150-151°,

4. E. Wenkert, E. B. Spitzner and R. L. Webb, Aust. J. Chenm.,
25, 433 (1972), mp. 82.5-83.50,
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N'-Aryl-pyridinecarboxamidines (III) are of current inter-
est because of their useful biological properties,l and because

they can serve as precursors of the corresponding benzimida-

zoles.2 While the aluminum chloride-catalyzed condensation of

AlCcl,(A) R

R
) O Cemo .
N/ 2 NaNH. (B) NH_% ~

NH

Ta-c 11 IIla-c to VIIa-c

R = CHs, CzHs a) 2-pyridyl; b) 3-pyridyl; c) 4-pyridyl
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