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for preparing nitri tes and isonitriles by dehydrati on
reactions with propanephosphoni c anhydrides 5
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significance in nodern organic synthesis is restricted -
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" can no longer be used. A highly selective reagent for extremely selectlve'

amide bond formation, which affords outstanding selectivities and yields
without epimerization even in oligopeptides, is propan_ephosphonic
anhydride (T3P®). This reagent is commercially available in various
solvents and convenlentiy 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 carboxyllc acids and
carboxamides to the corresponding nitriles and of convertlng formamldes to

- the correspondmg isonitriles. Although the known reagents can accomplish
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~the desired transformations, other moieties are often likewise influenced. In

many cases, the drastic cohdit_ions required epimerize eVen stereocenters

far away. -
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dtaimabliliies is usual ly not perfornable econonically

as a result of their very high cost and difficult

- abtainability. It has been found that, sur
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maximum regio- and stereoselectivity being observed at the same time.

The present mventron thus relates to a highly selective process for
preparing a) nitriles of the formuta (Il) and b) isonitriles of the formula (i)

R"—-CEN' (n R-N=GC (I

by reacting

'. a) carboxamides (RCO NH2) “ammonium salts of carboxylic amds .

(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 formic acid,
with cyclic phosphonic anhydrides with elimination of water at a
‘temperature in the range from -30 to +120°C,



correspo’ndi ng isonitriles, the desired freedom from
epi neri zation and 25 maxi mum regi o- and

- stereosel ectivity being observed at the sane tine. The

present invention thus relates to a highly selective
PV @O65/0510878r eparing a) nitriles of t hePEHERAPP§361
and b) isonitriles of the formula (111) 30 RC=N (11) '
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tenperature in the range from-30 to +120C, ammoni um -

. salts (RCOOH i o
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wat ér  af. a 005/'070879 3 PCT/ EP2005/ 000361 where R

Myl any . subst_ltutl on and is a linear or brarnched

. Ci-C6-alkyl radical, .a C3-Coo-cycloal kyl, al kenyl,
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~nitriles

al kynyl or an aryl or heteroaryl radical. 1In a

preferred inventive enbodi ment, R'he cycl i c phosphonic .

anhydride is a 2,4,6- substltutdd

1,3,5,2,4,6-trioxatriph ¥, 4,6-trioxide ofthe

formula (1) 10 where x %EQ’QIB-QETP , and R are each

i ndependent|y open-chain or branched, saturated or

unsaturat ed, straight-chain Cl to Cl6-al kyl radicals, '
Q,%r)u: I4 r'&‘ C2 to Cl2- al kyI rad| cal, or cycli [ C3
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. The dehydratlon fo nitriles (II) and isonitriles (1) can generafly be carried
C 20

out at temperatures in the range from —30 to +120°C, preference being
given fo temperatures in the range from +30 to +70°C, lower temperatures B
generally correlating with higher selectivities. The reaction time. is ’
dependent upon the ‘temperature employed and is generally from 1 to ‘!2
hours, in partlcular from 3 to 6 hours.

The cyclic phosphonlc anhydride can be added to the reaction medlum
either as ameltoras a liguid mixture dissolved in a solvent.
Suitable solvents are those which do not’ give rise to any side reactlons with

. the phosphomc anhydrzde these are all aprotic -organic solvents, for :

example ligroin, butane, pentane, hexane, heptane, octane, cyclopentane,
eyclehexanem eycleheptane .-cyclooctane,-dichloromethane, . chloroform,
carbon tetrachloride, 1 2-dichloroethane, 1,1,2,2-tetrachloroethane, methyt
acetate, ethyl acetate, propyl acetate, butyl acetate, dlmethytformamlde
diethylformamlde dimethylacetamide, diethylacetamide, diethyl “ether,
diisopropyl ether, tert—butyI methyl ether THF, dioxane, acetonitrile .or




~given to tenperatures in the range from +30 to +70C,

| ower tenperatures generally correlating with hi gher
selectivities. The reaction tine is dependent upon

the tenperature enployed and is generally froml
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phosphoni ¢ anhydri de can be added to the reactl on
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di_i-sopropyl eth_er tert- butyl met hyl et her, THF,
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di met hyl acet ani de, diethylacetanmide, diis
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di oxaF cetonitril e r [ xt ures thereof; special

pPRe € ofementiang o ethyl acetate or butyl

- acetate. 10 The phosphonl c anhydr| de is added at |east
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: s&enm’raﬂlcm mmwﬁia subsequent grodista i Be; phasahgnicoaphydrides
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subsequent phosphonic anhydride product formed often does not disrupt:
‘subsequent reactions, so that even the d:rect use of the reaction solutions
obtained oﬂen bnngs very good results..

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’
déhydrated 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’ amiviohiuni~ salt of a carboxylic “a“cid“(R'CO'O-'NHZt"-I-')' is to be
converted to a nitrile, this can be carried out by simple heating with the
phOSp_honic 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 _ahy ammonium
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reacti on tenperature, and subsequently converted to

the desired nitrile or isonitrile by metering in the
phosphoni ¢ anhydride as a nelt or solution in one of

the aforenenti oned solvents. 20 The reaction product
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acid H4-+)-"is to be 35 converted to a - ,
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. N, N-di nethylaniline or pyridine. The base i s added

typically in a ratio of from1l to 2 equival ents,
preferably from1l to 1.2 equivalents, based on th-e :
car boxyl.i ¢ aci d. -




The praocess may al so be carried out in such a way t hat

-a solution or 10 suspension of the carboxylic acid to

be converteg i n hydrocarbons or esters such as ethyl
acetate or butyl acetate is saturated wt :
oMO 2MGIQHETR of ammoni a gdb and subsqugﬁ‘lt’?bsgaémomm

‘treated with the phosphoni ¢ anhydride. 15 Al l
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0% 1n particular > 95% in the

”S|nultaneous absence of side reactions and of -
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one hour, then the mixture |s stirred at this
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cooling to roomtenperature, 180 m of vvater wer e
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o) th
s %:thqjsegfv?%rrﬁssiep%r%t%g o ﬂ?hee &%nﬂ?ﬁd ?ﬁéﬁ %ﬁdéﬁsed out the
Asohitile remained he yieldcof SteIRLEPRty £8% & é’bnver SI on ,

of > 99%- After cooling to 0C, 25 m of water were

added and h
agﬁaﬁ‘éﬁéaé’emr 2 %Sﬁwabé‘rﬁé% S

| 1 mol of ammonium benZoate is initially charged in 180 mi-of butyl acetate
and heated to 45°C. 1.2 mol of T3P solution in butyl 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 phases- were separated. The organic phase was |
distilled. The isolated vield 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-mi 'of“‘ethyl---'aceta'te-*and--heated to 65°C.
35

1.2 mol of T3P solution in eihyl 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 convers:on of
09.8%. After cooling to room temperature, 150 ml of water were added and
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isonitrile remained in. a yield of 97% HPLC purity
98% (a/a). 20 Exanple 3: Dehydration of amoni um

-benzoate 1 nol of ammoni um benzoate is initially

charged in 180 nl of butyl a tate and h
1 VBORN0MOTOBNS sol ution in b acet at e ??ﬁfﬁg}@g@ﬁgiﬁm |
25 metered in over the course of one hour, then the -

Eh@sésc' weké SBereR8d [ THS orgATD Phabe Wead Gistilied. UFHidsolated
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94% 30 Exanpl e 4: Benzonitrile from benzoic aci d 1
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ne are su pen
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yireld of t reaction.was, 94%

Eg ciaaclioh of Uhe rigPmiie LSTHHA PAFaRIEKE b GHE: cinBe TPid
nmlenﬂiatw&hmisboﬁhmw al ani ne methyl ester is
initially charged in 10 m of ethyl ‘acetate and

heated to 28C. 1.1 nmmol of T3P solution in ethyl

acetate (50% ww) are netered in over the course of

~one hour, then the mxture is stlrred at this

tenperature for a further three hours. At this 10
time, the reaction HPLC indicated the conplete
consunption of the reactant. After cooling to. 0C, 5
m of water were added and the phases were separat ed.

"~ After cautiously condensing out the solvent at nex.
- 30C, :




the desired chiral isonitrile renained as a col orl ess
oi |, crude yield .99%. .The reaction of the

isonitrile should take place at once, since rapid 15.
racem zati on otherwi se occurs. WO 2005/ 07087 -
cNORAD5/70879 t he formul a (181) PCT/ EP20B&T 8%6%@‘&5/930351

A process for preparing a) nitriles. of the formula

( hsgnitriles. RC=N (11) RNC (IH1) a)
QY%%QQ%I%%'G SI%OO NH2) , ammoni um salts of carboxylic
10 acids (RCOONH4+) or carboxylic acids in the ‘

presengenof-aby fd A arﬁméaowh@mw said Is) isonitriles -
Ezcom P H% 5%% or 15 formamd(eﬂs) ) .
(I—l—CONf—Iﬂ)e@’FmEB(" es of amnes with formic, acid,

5 Wth cyclic phosphonic anhydrl des w t h elim natl on of
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773,77 The process as claimed in claim 2, wheréein RS a ‘methyl, ethyl,

water at a te ggw t he rar]ge 061 %

+120C, . where'R any substi t'uti on anc? is a’
| i near or branched Cl C8-al kyl radical, a -

G3-Go al kenyl | kynyl |
heterog?yﬁg &E‘ cal yb, @aixynyl or an aryl or

‘ 20 2. The '
clai m &) mgaéloﬁam%ij'W&%fg%%%iﬁ%%m% cpgbcg(yhc

2,4, 6-subst i
2 & SUbS! K SRGDS.EHALY o bl aosh hogreserco of

V\here X —-3amr@9m%t aﬁB; %r %g‘%ﬁ%ﬂcycég%ndeﬁ??}é&ﬁ SQH‘? |

_open- chal n RCGOHRCNeE+)oat ur at'ed or

b) -formamides (H-CO-NHR) or mixtures of amines with formlc. :
. acid, with cyclic phosphonic anhydndes‘ 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 Cg—Cm-cycloaIkyl alkenyl, alkynyl or an aryl or |
heteroaryl radlcal '

2. The process as claimed in claim 1, wherein the cyclic -phosphdnic
' anhydride is a 2,4,6-substituted 1 3 5 2.4 6-tr|oxatr|phosph|nane
2,4,6-trioxide of the formula (1}

R
|

cyclo-(-O-P-),

where x = 3, 4 or 5-and

R' are each ‘independently open-chain or branched, saturated or
| unsaturated straight-chain Ci to Cyg-alkyl radicals or cychc 03 to_‘_
~ Cae-alkyl radicals, or aryl or heteroaryl. |

n-propyl, isopropyl, n-butyl, 2-butyl, isobutyl, pentyl, hexyl, in
particular an ethyl, propyl, and/or butyl radical. R




unsaturated, straight-chain C, to G s-alkyl radicals

~or cyclic C3 to Cl6-alkyl radicals, or aryl

orheteroaryl. 3. The process as clained in clai m 2,
wherein R is a nmethyl, ethyl n- pr opyl

nVWO3005/67GRTS | , i sobutyl, gentyl, hexy|PCSf?£'55&¥é'°°°351
parti cul ar an et hyI propyl , and/or butyl radical. WO '

2g05/ 0 o%eggé%ﬁ?i% 999%% 2 4wheFB't€ s ‘ggﬂﬁ_ﬁphesphonic N |

clai me |ncla|m2 rein l.i.c_phosphonic
anhydr aaaydrsdq)ss&ﬁaa@mﬁ@waﬁn@ QaF?ae 5. The

process as clainmed in at |east one of the “preceding .

| Wh h I s
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sol uti oimeesihithe cayshcaphetsmhan'nc dinkyodtideds aflde t@éh@@mlde- or
6. The I, t ,
f‘%ﬂ%&ﬁﬁ% c%ﬁtﬁﬁl ct déh gblﬁhﬂh ithePa8 emBit d?‘quSSONed-

cyclic € 1S a ed In an aprotic
sol venin apolyest.ably in a ratlo of from1:1 to 1: 2. 7.

The process as ctaimed in at |east one of the

~ preceding claims, --wherein the reaction saol on o
hBat ed The RrAgesLag GaMedeiElp ewﬁel@"hﬂteefiy‘ﬂ&dt’??%ﬂ“on'c ’
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of th eaﬁﬁ%&l@i@i@ izeidethy @i jsroti® soleat, prefeesisly irsachiio of from
in at 36}81 ne of .the preceding clains, wherein,' in
the cal f g'reparatlon of nitrites, an anmoni umsalt.
together with a carboxylic acid (R—Cw-b is reacted

WLh *She BoBROSRNGAYfod YA It bRp! Sty BRRRAM blafms,

rocess as

-t-he- bawbem@te geaqtpne?q{ytlwsnbeaiqd, tgr‘gt;nqu lwé temperature

benzyl gﬁéfegdwﬂ,mme dﬂogphgh,awaaael i ne ror pyrl di ne.

8. The process as claimed in.at least one of the precedlng clalms '
wherein, 'in the case of preparation of nitriles, an ammonium salt .'
together with’ a carboxylic acid (R- COOH) is reacted thh the _
phOSphonIC anhydrlde in the presence of a base.

| 9 The process as claimed in claim 8, wherein the base used is

'trlethylamlne | trlpropytamlne,, benzyldlmethylamlne N,N-
~ dimethylaniline or pyridine. '




