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WO 2005/ 070879 PCT/ EP2005/ 000361 Descri ption Process
for preparing nitriles and isonitriles by dehydration
reactl ons with propanephosphoni c anhydrides 5
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CaCBU)QO longet ibesusedi A highly selective reagent for extremely selective
amide bond formation, which affords outstanding selectivities and yields
without epimerization even in oligopeptides, is propanephosphonic
anhydride (T3P®). This reagent is commercially available in various
solvents and conveniently usable. The performance of this reagent is so
high that the problem of forming amide and peptide bonds in complex
molecules can today be considered to have been solved.

There has to date been a lack of a comparable solution to the problem of
converting carboxylic acids, ammonium salts of carboxylic acids and
carboxamides to the corresponding nitriles and of converting formamides to
the corresponding isonitriles. Although the known reagents can accomplish
the desired transformations, other moieties are often likewise influenced. In
many cases, the drastic conditions required epimerize even stereocenters
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25 maximum regio- and stereoselectivity being observed at the same time.

The present invention thus relates to a highly selective process for
preparing a) nitriles of the formula (II) and b) isonitriles of the formula (lil)

30 R-C=N () R-N=C ()

by reacting
a) carboxamides (RCO-NH2), ammonium salts of carboxylic acids
(RCOO-NH4+) or carboxylic acids in the presence of ammonia or
35 ammonium salts (RCOOH + NH3, RCOOH + NH4+) or
b) formamides (H-CO-NHR) or mixtures of amines with formic acid,
with cyclic phosphonic anhydrides with elimination of water at a
temperature in the range from -30 to +120°C,



amoni um sal ts of carboxylic acids and carboxam des by
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The dehydration to nitriles (II) and isonitriles (IIl) can generally be carried
20 out at temperatures in the range from -30 to +120°C, preference being
given to temperatures in the range from +30 to +70°C, lower temperatures
generally correlating with higher selectivities. The reaction time is
dependent upon the temperature employed and is generally from 1 to 12
hours, in particular from 3 to 6 hours.
25
The cyclic phosphonic anhydride can be added to the reaction medium
either as a melt or as a liquid mixture dissolved in a solvent.
Suitable solvents are those which do not give rise to any side reactions with
the phosphonic anhydride; these are all aprotic organic solvents, for
30 example ligroin, butane, pentane, hexane, heptane, octane, cyclopentane,
cyclohexane, cycloheptane, cyclooctane, dichioromethane, chloroform,
carbon tetrachloride, 1,2-dichloroethane, 1,1,2,2-tetrachloroethane, methyl
acetate, ethyl acetate, propyl acetate, butyl acetate, dimethylformamide,
diethylformamide, dimethylacetamide, diethylacetamide, diethyl ether,
35 diisopropyl ether, tert-butyl methyl ether, THF, dioxane, acetonitrile or



preferably propanephosphoni c anhydride (T3P). The
dehydration to nitriles (Il) and isonitriles (Il11) can
generally be carried 20 out at tenperatures in the
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251° Subsequent reactions, so that even the direct use of the reaction solutions
obtained often brings very good resuits.
When an amine is to be converted to an isonitrile, this can be done very
elegantly by reaction of the amine (H-CO-NHR) with formic acid and the
phosphonic anhydride, which first forms the formamide which is finally
30 dehydrated to the isonitrile. It is likewise possible to convert an amine by
prior art processes first to formamides (for example with formic esters) and
then to react them with the cyclic phosphonic anhydrides to give isonitriles.

When an ammonium salt of a carboxylic acid (RCOO-NH4+) is to be
35 converted to a nitrile, this can be carried out by simple heating with the
phosphonic anhydride analogously to the above-described process. This
also gives rise to a very elegant and likewise extremely selective process
for directly converting carboxylic acids to nitriles, by adding any ammonium



The reactions are preferably carried out in such a way
that the appropriate 15 am de or formam de is
initially charged in a solvent, then heated to the
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from1l to 1.2 equivalents, based on the carboxylic
acid. The process may al so be carried out in such a
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and heated to 45°C. 1.2 mol of T3P solution in butyl acetate (50% w/w) are
25 metered in over the course of one hour, then the mixture is stirred at this
temperature for a further six hours. At this time, the reaction GC indicates a
conversion of > 99%. After cooling to room temperature, 140 ml of water
were added and the phases were separated. The organic phase was
distilled. The isolated yield of this reaction was 94%.
30
Example 4: Benzonitrile from benzoic acid

1 mol of benzoic acid, 1.05 mol of ammonium chloride and 1.08 mol of
triethylamine are suspended in 100 ml of ethyl acetate and heated to 65°C.
35 1.2 mol of T3P solution in ethyl acetate (50% w/w) are metered in over the
course of one hour, then the mixture is stirred at this temperature for a
further three hours. At this time, the reaction GC indicated a conversion of
99.8%. After cooling to room temperature, 150 ml of water were added and
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The reaction of the isonitrile should take place at
once, since rapid 15 racem zation otherw se occurs.
WD 2005/ 070879 8 PCT/ EP2005/ 000361 What is claimed
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b) formamides (H-CO-NHR) or mixtures of amines with formic
acid, with cyclic phosphonic anhydrides with elimination of
water at a temperature in the range from -30 to +120°C,

where R may have any substitution and is a linear or branched

C+-Cs-alkyl radical, a C3-C4o-cycloalkyl, alkenyl, alkynyl or an aryl or

heteroaryl radical.

2. The process as claimed in claim 1, wherein the cyclic phosphonic
anhydride is a 2,4,6-substituted 1,3,5,2,4,6-trioxatriphosphinane
2,4,6-trioxide of the formula (1)

.
|

cyclo-(-O-P-),

where x = 3, 4 or 5 and

R' are each independently open-chain or branched, saturated or
unsaturated, straight-chain C, to Css-alkyl radicals or cyclic C3 to
Cie-alkyl radicals, or aryl or heteroaryl.

3. The process as claimed in claim 2, wherein R' is a methyl, ethyl,
n-propyl, isopropyl, n-butyl, 2-butyl, isobutyl, pentyl, hexyl, in
particular an ethyl, propyl, and/or butyl radical.
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or formam de-containing reaction solution either as a
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anhydri shereinatiieccydia pi\osapoox:u anhydrideris ,added tor thiel gmide- or
in a ra?br‘héﬁ q@f&sﬁtauﬁ.@ Fe%lcilﬂﬁ so?utlo-ﬁg&tﬂé’r‘ﬁ%eé?nélﬁor dissolved

cl ai med east on e preceding c

wher ei nin Ado@M+t i on solution is heated to the

reacti on tenperature 15 after addi tion of the

phgsphogi ¢ anhydri de. Loc ss as .clai ned

ool odbeoprickss scelelined, T ARG 5. Witeis e Gyl fpdsphonic
case of anhyoﬁdezis added iman apl'caic soiveranpmfenabi)elal d ratio of from

together ){\% %1 carboxylic acid (R-COOH) is reacted
wWth the’ phosphoni ¢ anhydride in the presence of a

base. 9. The process as claimed in claima8, wherein

the baSqHéSEF*?de%s ag 'cﬂiméham BF’Ie §t'cﬂ“é’@f|tﬁ8‘ ﬂ%cedmﬁ claims,
benzyl di net m ne, N, N- djnethylaniline or gty e.
wherein the reaction solution is heated to the reaction temperature

after addition of the phosphonic anhydride.

8. The process as claimed in at least one of the preceding claims,
wherein, in the case of preparation of nitriles, an ammonium salt
together with a carboxylic acid (R-COOH) is reacted with the
phosphonic anhydride in the presence of a base.

9. The process as claimed in claim 8, wherein the base used is
triethylamine, tripropylamine, benzyldimethylamine, N,N-
dimethylaniline or pyridine.



