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(54) Title: METHOD FOR PRODUCING NITRILES AND ISONITRILES BY USING DEHYDRATION REACTIONS WITH
PROPANEPHOSPHONIC ACID ANHYDRIDES

(54) Bezeichnung: VERFAHREN ZUR HERSTELLUNG VON NITRILEN UND ISONITRILEN DURCH DEHYDRATISIE-
RUNGSREAKTIONEN MIT PROPANPHOSPHONSAUREANHYDRIDEN

(57) Abstract: The invention concerns a method for
producing: a) nitriles of formula (II) and; b) isonitriles
of formula (I} by reacting: a) carboxylic acid amides
(RCO-NH2), ammoniom salts of carboxylic acids
(RCQOO-NHA4+) or carboxylic acids in the presence of
ammonia or ammoninm salts (RCCOH +NH3, RCOOH
+ NH4+) or; b) formamides (H-CO-NHR) or mixtures
of amines with formic acid, with cyclic phosphonic acid
anhydrides while eliminating water at a temperatore
". ranging from -30 to +120 °C, in which R represents
an arbitrarily substituted linear or branched C,-C; alkyl
< radical, a C;-C,g cycloalkyl radical, alkenyl radical, alkynyl radical or an aryl radical or heteroaryl radical. As a cyclic phosphonic
acid anhydride, a 2,4,6,-substituted 1,3,5,2,4.6-trioxatriphosphinane-2,4,6-trioxide of formula (I} is used, in which: x=3,4 or 5;
& R, independent of one another, represents open-chain or branched, saturated or unsaturated, stralght-cham C, to Cy4 alkyl radicals
l“- or cyclic C3 to C,¢ atkyl radicals or aryl or heteroaryl.

R-C=N (Il) R-N=C (Il

R’

|
cyclo-(-O-P-), L
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(57) Zusammenfassung: Verfahren zur Herstellung von 2) Nitrilen der Formel (IT) und b) Isonitrilen der Forrel (IT) durch Umnset-
@ zung von a) Carbonsiiureamiden (RCO-NH2), Ammoniumsalzen von Carbonsiiuren {(RCOO-NH4+) oder Carbonséuren in Gegen-
m wart von Ammoniak oder Ammoniumsalzen (RCOOH +NH3, RCOOH + NH4+) oder b) Formamiden (H-CO-NHR) eder Mischun-
& genvon Aminen mit Ameisenséure, mit cyclischen Phosphonsiureanhydriden unter Abspaltung von Wasser, bei einer Temperatur im
& Bereich von -30 bis + 120°C, wobei R fiir einen beliebig substituierten linearen oder verzweigten C;-Cy-Alkylrest, einen Cs-Ciy-Cy-
cloalkyl-, Alkenyl-, Alkinyl- oder einen Aryl- oder Heteroarylrest steht. Als cyclisches Phosphonsiureanhydrid wird insbesondere
ein 2,4,6-substituiertes 1,3,5,2.4,6-roxatriphosphinan-2,4,6-trioxid der Formel (I}, worin x = 3, 4 oder 5 ist und R’ unabhiingig
voneinander fiir offenkettige oder verzweigte, gesittigte oder ungesittigte, geradkettige C,, bis Cls-Alky]reste oder cyclische C; bis
* Crg-Alkylreste oder fiir Aryl oder Heteroaryl steht, eingesetzt,
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pr opanephosphoni ¢ anhydrides Nitrites and isonitriles
are significant and extrenely versatile internedi ates
in organi c synthesis. Both conpound classes exhibit a
hi gh reactivity of the CNnultiple bond, as a result
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Vetientidesd. | sonitriles are obtainablfe anal0gously by
—Sélﬁgggﬁ e or P ot des with POCI3, and may find

— " vor erungen iche geltenden . :
. vl Do ERATTBY Sl 70l A4l COMPONENt reactions. In

nme&efs Oor gani ¢ synt hesis, t he significance of cheno-,
regi o- and stereoselective reagents is increasing
expl osi vely. \Wen, for exanple, the intentionis to
convert a specific acid group to an amde in a conpl ex
nmol ecul e wi th nunerous functional groups, sonme of them
having only slight differences in reactivity, wthout

i nfluenci ng other groups (for exanple epinerization
of chiral functionalities), unselective nmethods such
as SOCI2 can no |longer be used. A highly selective
reagent for extrenely selective amde bond formation,
whi ch af fords outstanding selectivities and vyields

wi t hout epinerization even in oligopeptides, is

pr opanephosphoni ¢ anhydride (T3P(r)). This reagent is
commercially available in various solvents and
conveniently usable. The performance of this reagent
is so high that the problemof form ng am de and
peptide bonds in conplex nolecules can today be

consi dered to have been solved. There has to date been
a lack of a conmparable solution to the probl em of
converting carboxylic acids, ammoni um salts of
carboxylic acids and '
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carboxani des to the corresponding nitrites and of
converting formam des to the correspondi ng
isonitriles. Although the known reagents can
aggomuosivogyiee desired transformations, PCHPEP2005/000361
noieties are often |ikew se influenced. In many cases,
B&Sdrastl c conditions required epinerize even
EoR¥Mt ers far away. WD 2005/ 070879 2
PCT/ EP2005/ 000361 It would therefore be very

Sira have a. process. whi.ch onver. - .
B Be PR o BuleR i istirges CasmaltGhion reaptpps wit
aptbpmebb&sphumsabbydrtdﬂwdratl on to the correspondi ng
nitrites and formam des by dehydration to the
corresponding isonitriles, but at the sane tinme has
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LR s Fer diafhplel in Ugemusticeyisiorappddstioas whi ch is
formed as a subsequent product and can barely be

renoved, or can only be renoved by chromat ographic
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epimerization of chiral functionalities), unselective rnethods such as SOCI2
can no longer be used. 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 con'venient!y- 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 cdnvertihg 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 requured epimerize even stereocenters
far away.
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i deal and highly selective reagent for converting
carboxylic acids, amoniumsalts of carboxylic acids
and car boxam des by dehydration to the corresponding .
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 the product. The use of water-soluble DCC derivatives is usually not

performable economically as.a result of their very high cc_;st and difficuit
-obtaina'bility. ' ' ' o

it has been found that, ‘surpnsmgly, cychc 2,4, 6-substituted 1,3,5,2,4,6-
tnoxatnphosphmane 2,4,6-trioxides solve all of these problems and are an
ideal ‘and highly selective reagent for convertlng carboxylic acids,

. ‘ammonium salts of carboxylic acids and carboxamides by dehydration to

the corresponding nitriles and formamides by dehydratlon to the

: _‘correspondlng isonitriles, the desired freedom from eplmenzatlon and
25

maximum reglo- and stereoselectlwty being observed at the same time.

in one aspect, there is provided a process for

preparing a) nitriles of the formuia (Il) and b) isonitriles of the formula (111}

R-C=N {Il) 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
ammonium salts (RCOOH + NH3 RCOOH + NH4+) or ,

b) formamides (H-CO-NHR) or ‘mixtures of amines with formiic acid,
with cyclic phosphonic anhydrides with elimination of water at a
‘temperature in the range from -30 to +120°C, '



unsaturat'e'd strai ght - chai n C, to C16-al kyl radicals,

_in particular a C2 to Cl2- alkyl radical, or cyclic C3

to Cl6-al kyl radicals, or aryl or heteroaryl.
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aMPoR0QR870879 he formula (1)3in  which %¢-§’E52005’000361
nethyl ethyl, n-propyl, isopropyl, n-butyl, 2-butyl
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nltrltes (I'1) and isonitriles (Il11) can generally be:
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corr lgtd)ng wi t'h higher selectivities. The reaction
dependent-.upon the tenperature enpl oyed and

s generally froml to 12 hours, in particular from3

to 6 hours. The cycllc phosphonlc anhydri de can be
added to the reaction medium eilRher as a nelt or as a

‘liquid mxture dissolved in a solvent.. Suitable

solvents are those whi cheglgoiab-piyve rise to any side
reactions with the phosphorl C ant? dride; these are
all aprotic organic solvents, for exanple Ilgr0|n
but ane, pentane, hexane, hept ane, octane,

cwheppant ané or ycl ohexane, cycl ohept ane, cycl ooctane,
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. The dehydratton fo nltriles (H) and isonitriles (I} can generally be carried
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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. o o

The cyclic phosphonlc anhydride can be added to the reaction medlum'
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 phosphomc anhydrzde these are all aprotic organic solvents, for
example ligroin, butane, pentane, hexane, heptane, octane, cyclopentane, -
- —eyclehexane;— cyeloheptane m-oyclooctane,._dlchiommethane chloroform |
carbon tetrachloride, 1,2-dichloroethane, 1,1,2,2-tetrachloroethane, methyl
acetate, ethyl acetate, propyl acetate, butyl acetate, dlmethylformamlde,
diethylformam'ide, dimethylacetamide, diethylacetamide, diethyl ether,
diisopropy! ether, tert-butyl methyl ether, THF, dioxane, acetonitrile or



di et hyl f or mam de, di net hyl acet am de, diethyl acetam de

dii sopropyl -ether, tert-butyl nethyl ether,
THF, di oxane, acetonitrile or mxtures thereof very -

parti cul reference is given to dichior

chiV& Bf)%ﬁwggmtyl acetate, bfityl acetat e(inr@})%"i'l'lb%05’000361
di met hyl f or mam de, di net hyl acetam de;, tert-butyl
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oni ¢ anhydri de as It or solution in one of .
t he af orenmenti oned sol vents. The reaction product is .
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. waxemplelrublratio 88p@ndi ng on the nature of the product
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to be isolated, post-extractions may al'so be required.

The subsequent phosphoni ¢ anhydri de product f '
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to the isonitrile. It is |likew se possible to convert
AR HRMARGY product is isolated preferably by hydrolysis and simple phase
separation, since the subsequent products of the phosphonlc anhydrides
- are generally very highly water-soluble. Dependlng on-the nature of the
product to be isolated, poSt~e'xtractions may also be required - The
subsequent phosphonic anhydride product formed often does not disrupt
subsequent reactions, so that even the dlrect use of the reactlon solutions
obtained often brings very good results.. |
When an amine is to-be converted to an |somtnle this can be done very
elegantly by reaction of the amine (H-CO-NHR) with formic acid and the |
phosphomc anhydnde which first forms the formamide ‘which is finally
dehydrated to the isonitrile. It is likewise possible to convert an amine by
prior art processes fi first to_formamtdes (for example with formic esters) and -
then to react them with the cyclic phosphonic anhydrides to give isonitriles.

When an amimoniumi—§alf of & carboxylic “&fcid‘(RC‘O‘O-‘N‘Hﬂ;'-F)' is to be
converted to a nitrile, this can be carried out by simple heating with the
phosphonic anhydride ana_logously 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



prior art processes first .to formam des (for exanple
wth formc esters) and then to react themw th the
cycllc phosphoni ¢ anhydrides to give isonitriles.

When an am nhoniums t of-a carboxylic acid :
i sSWQ A0SR ed to a nitril®, this can Bé%&ﬁ%ﬁbﬂ%i '
out by sinple heating with the phosphonic anhydride
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10 ba@mbegmdm therdashyhyiic aaid th bd benyerttkishydeycarbens beesters
carried o r o
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hyequivalebbnt aoimenieayas and sibasquartily| treated avith Bie @bewhomc
ac&lﬂﬁ; deS saturated with at | east one equivalent of =
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a gas and subsequently treated with the
: phosphonl c anhydride. All. procedures nentioned

15 T e&l Wrecodirés gaottiotied fiatiiey vergagdaod 9té+cﬂd)aﬂypucauy 90-100%, in
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t rm)rmweatwwse Treactlastivilies afftherinventivieereactingearefoften in the

%‘ﬁg/ 9|7n1 in%%rﬂﬁ%@?g%%%"/ The process accordi ng

€ inven | ust'rat ed by. t he exanpl es

20 The process according to the invention will be illustrated by the examples
which follow. without restnctlng the mventuon thereto ‘




-which follow. without réstri‘cti ng the invention
‘thereto: WD 2005/070879 6 -PCT/ EP2005/ 000361 Exanpl e

1: Dehydration of benzam de to benzonitrile 1 nol of :
bepzanj Laobgitially charged in 150 ml ofnt :
ag‘@@?@@%ﬁs@at ed to 45C. 1.2 nol of TSFﬁgi’?l%}?#%OﬂS]OOOSB'I
ethyl acetate (50% ww are netered in over the :
c cinzaaplef 1:.onpelnrration bé behbamidedowenzositdlel rred at

this tenperature for a further three hours. At this

time, the reaction GC indicates a conversion of 100%
Aft ol cifobenzamisler ésoinitialiypehargad: jn 18D ml ofosthyheeetate and.

Wq{eeat@&‘ 45 d4§"@d {. PemBIth q%F’"ﬁBE:tléﬁ “ﬁré!}?’y]'?c%t% ?5@%%%) are

phase "was dis e 1solate
r dBeteres 'Weg@’ﬁ CRUEPpPEONE hgé'ﬁyftﬂileat grimbdure is stirred at this

Ntéﬁf J?mge :fgkyé ai”ﬁhérti%ré’eti?él)f:s: scqntméliumeo tﬂlggﬂiacﬂé? GC
- | a ar ge |n )
etih@rs%@eq PRV AE100k%. Rder Bpoling WSRT sppafatire, 480 mi

saif uvaten were ﬁdﬂiﬁid an@ttm Phse%owére) separatedt g1 Mdongamc phase

10.

S LR End locBlB VR of SIS RedBrih B6%-hour <.

At this tine, the reaction GC i ndicates - a conversi on

_O‘(‘E g%g Af SHydraRn BQNIfBrrﬂgho ?tﬁ}/lﬁh’;niﬁ%c}!‘g%tswyé@ﬁiﬁile

e phases were separat e

f'solvent had been condensed out, thé isonitrile

r @RS Sf NIformifi- @Ltdwm%% IBAN Sheirgy .ﬁ%%rﬁaéﬁéihyl acetate

eI 0o Orie Rl ot TRP BB Sosbelitoghe wiw) is
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‘butsterext it aver thencbursatafbrieo ha6C.ther the InoikiIee is stitred @t this

. 'Perhéé?ﬁtlfu%cl%"r %ﬁnh@??(ﬂﬁWﬁ&hé”&t th??{n“ﬁr e@hé : feddiiBh G &B8ndicates
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cour

- tRigpnveriien 8f 1% ohfter eanlingde G0y 2B af waler warg added and

t i phhbes WeRS b ParalEe. | ATthopkahent HRARIE @cshdénséd out, the

g eﬁ%@“iﬁ%@éﬂggﬁd ﬂ‘ﬁ@%ﬁ%&é‘“ i e%@%’ua&ééid The

organi ¢ phase was
Examp}e 3: Dehydratlon of ammonium benzoate

‘1' rh'ol of ammonium benzoate is initially charged in 180 ml of butyl acetate -

and heated to 45°C. 1.2 mol of T3P solution in butyi acetate (50% wiw) are-

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 _phlases ‘were separated. The organic phase was
" distilled. The isolated ‘'yield of this reaction was 94%.

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 o 65°C.

35

1.2 mol of T3P solution in et_hyf 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




distilled. The isolated yield of this reaction was

94% Exanple 4: Benzonitrile frombenzoic acid | nol

of benzoic acid, 1.05 nol of amonium chloride and

| ét% %b5f6f7'087§“ et hyl am ne are suspended PPT}[%EQ%SI%O:BM o

acetate and-heated to 65C. 1.2 nol
solutlonln et hyl acetate(SO%vv/vv) are netered in . ‘
ovibe phasesoveseseparatas. the orgaménphase miast distiléds The isolated

€ reaction GC indicated a

'ﬁ%éfﬁ&@k%ﬁb@ﬁ%%ﬁ} ure for a further. three

'conver3| on of 99.8% After cooling to.room:-

WelcRyloEr i ester
2005/ 0@0879 7é%%|'/ EP§f865/ 00'8] % ﬁteﬁg%ﬁrgiggnéﬂlees o

separat ed. The organi c -phase was distilled. The

_I Sﬂhﬁh@ldof }N%Idn)ﬂfL phe@yialgﬁme Priethils eBHH0 |sExﬁtmee cﬁarged in -

31 25 AR Bl e g B RS AR 88 tion in

i rethylaadegtamh(é@@édv/m) ard Onetered ireovsl trmcmta‘se ofrahe hour, then

10

'hecﬁ{aerﬁlxh?g g%t I%dlamé téf%P-er%? %o%ol:‘té ?@1 ék th?éé“ﬁou][s At this

orffingothe wﬂontHELﬁa xpgicateds taeu mraaleée eppspmption of the

t eaBStant. Usfer 8bolmhd t D"@rSHr@ﬁwﬁﬁéﬂ\ﬁemﬁdeBd Sarfd i phases
the reaction HP C I nd@(?a%ed t &e co ion _

ofVeTReenagaieraifter gy ubspna@n%'%g @E? V8f‘ mgx. 30°C

‘Wihe dedited @i trdimmifmsemammlr as sepaloneed. oﬂAfdmaie yield 99% 5

et R 0 S Tl s e e
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ourac;emrzati@nﬂﬂmrmseggm@irs The reaction of the _
isonitrile should take place at once, since rapid

raceni zati on ot herwi se occurs. WD 2005/ 070879 8

PCT/'EP2005/ 000361 What is clained is: .1 A pr ocess-,fqr

‘preparing a) nitrites. of the fornula (Il1) and b)

isonitriles




of the formula (I11) RC=N (I1) RNC (111) by

10

reacting a) carboxam des (RCO NH2), ammbni um salts of
carboxylic acids (RCOO NH4+) or carboxylic acids in

e W s

m xtures of amines with formic acid, with cyclic

phaspbrndlainaeddri des with elimnation of water at a
tenperature in the range from-30 to +120C, where R

may have any substitution and is a linear or branched’

Cl1.C8- aMpyd:cesa:tioc @repali'f@aa)ciitxfileg/of thed flopinpilea(l B emgl b) isorni.triles‘ L

al kynyl heteroaryl radical. 2. The
processoﬁéeg " éuﬁn claim1, wherein the cyclic

phosphoni c anhydr| de is a 2, 4 6-substituted -~

1,3,5, 2,4, 6-tgoxaty phegyhi nane F\Q_,_ZNQ.GH phde of

the formula (1) cyclo- (?J)P )X . where x = 3‘( l

and R are -each independently open-chain or. branched, __
sat ur atdreRictingnsat ur at ed, strai ght chain C to -

G e-al kyl radi gal CAB. al K
ragl 2al E)?ala{ a ai |%reﬁe¥%b9awa§) FMEQDIYLP i %@Ess of s carboxylic

clained in GMSn(RCﬂ@-rMﬂ#)R)r icarteoxytit rqdlds in ithe presence of

©...N-propyl hex;.‘:ﬁ'ﬂﬁ'n%}’al pap?'bm WrmdnRithY! . séEQbUt?dc ngH&

pentyl, i cul-ar an ethyl, propy

. butyl radi caRCO@Y 2095460879 9 PCT/- EP2005/ 000361
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b)  formamides (H-CO-NHR) or mixtures of amines with formtc. - _
P acid, with cyclic phosphonic anhydrldes W}th 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 .
C4-Cg-alky! radical, a Ca-Cw-cycIoaIkyi alkenyl, alkynyl or an aryl or '
_ ‘heteroary! radlcal : '

2. The process as claimed in claim 1, wherein the cyclic phosphonic
| anhydrlde is a  2,4,6-substituted 1 .3, 5 2.4 B-tnoxatnphosphlnane
2.4, 6—tr:ox1de of the formu!a ()]

JT'

cyclo-(-O-P-), -

-where x=3,4 or5 and ‘

R' are each mdependently open-chain or branched saturated or

unsaturated stralght—chain C1 to Cye-alkyl radicals or cycllc Ca to
| Cig-alkyl radicals, or aryl or heteroaryl. |

3. The process as claimed in claim 2, wherein R' i a methyl, ethyl,
n-propyl, isopropyl, -n-butyl, 2-butyl, isobutyl, pentyl, hexyl, in
_particular an ethyl, propyl, and/or buty! radical. S




4. The process as claimed in claim2, wherein the

cyclic phosphonic anhydride is propanephosphonic
anhydride. 5. The process as clainmed in at |east one

HOBBTEHRD, T 1 agtoqCo  ho. o dRCTIEP20081000361

formam de-contai ning reaction solution either as a

- medt orTik psotesdas ictaimesioinveaim XK. wﬁ'dae:rptlm:eydlcaphosphomc

Sy ar AR B BB bR SRR o or o y

10 1s
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inaratio of from 1:1 to 1:2. 7. The process as

cl A mdﬂ#tﬂ g%cés%a% &Q‘Fné}j |ﬁ hg Eeéﬁlc‘éﬂégﬂ‘ fHeaEFBbedlng Ac.l.alms :

wher ei n reactiron solution is

react i okhereip&iacyels pfa@&monaaanhy@rm%fs added fr s amige- or

anhydr ifgdgna ﬁndéEBSni@irfh‘i@ $Sa@PrcsAUIGS eithetds heRglt cPlissolved.
of th egrec clainms, wherein, in the case of ' ‘

pr epar dt g3 nltrl | es, an ammoni um salt together
vvlthacarboxyllc aC|d(R- is reacted wi.th the.

P bcos s PRRASHAF Fiiely @5%?&2&%%@&@%320"0%“%4%%0“'6 -
is tr mﬂiyylndmmedded lrpan;aplrenn snlyent, preferably in a ratio of from
benzyl dll{n&; By} am ne, N- ~di met hyl ani | i ne or pyr| d| ne.

7. The prbceés as claimed in at least one of the precedihg claims,
——_wherein the_reaction solution is heated to the reaction temperature .

after additlon of the phosphonlc anhydnde
‘8. - The process as claimed in-at least one of thre‘prec_eding, 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_procees' as claimed in claim 8, wherein the base used is

triethylamine, : triprepylla‘mine',‘ benzyldimethylarhine,_ - N,N-
~dimethylaniline or pyridine. ' |



