WD 01/ 70669 PCTI USOL/ 07411 - i PROCESS FOR FORM NG AN AM DE BOND Field
of the Invention 5 Background of the Invention The present invention
relates to a _praocess for formng an am de bond, conpri si ihg a
carboxle@”ﬁgﬁ "with 10 an anmine carboxylate salt, in thg%gﬁgggﬁt%gof an
i norgani ¢ base. Mre particularly, the process enploys the inorganic base
as a reagent to precipitate the salt-product of the inorganic base cation
and the carboxylate anion. 15 Typically, the formation of an am de bond is
carried out by reacting a carboxylic acid with a free amne or a salt of
the am ne, in the presepgecpisarcRUPORNENA@QERNtAANDE BOND he presence of a
base. Wien the amine is reacted in the formof a carboxylate salt, this
nmet hod generally 20 includes a separate step in which the anmne salt is
converted to a free amne prior to coupling, as the carboxylate anion may
interfere with the coupling, resulting in undesired side products.
(Bodansky, M, Principles offiRept idde GoupliviegitiZ? Edition, Springer- 25
Verlag, 1993). Thus there exists a need for a process which does not
require conversion of the am ne carboxylate salt to the free amne in a
separate step prior to coupbkchgranddi sT30hehePEEBEECHDre conpatible with

| ar ge scal e production needs.

The present invention relates to & process for forming
an amide bond, comprising reacting a carboxylic acid with
10 an amine carboxylate salt, in the presence of an inorganic
base. More particularly, the process employs the inorganic
base as a reagent to precipitate the salt product cf the

inorganic base cation and the carboxylate anion.

15 Typically, the formation of an amide bond is carried
out by reacting a carboxylic acid with a free amine or a
salt of the amine, in the presence of a coupling agent and
in the presence of a base. When the amine is reacted in
the form of a carboxylate salt, this method generally

20 includes a separate step in which the amine salt is
converted to a free amine prior to coupling, as the
carboxylate anion may interfere with the coupling,
resulting in undesired side products. (Bodansky, M.,

Principles of Peptide Coupling, 2" Edition, Springer-

25 Verlag, 1993).

Thus there exists a need for a process which does not
require conversion of the amine carboxylate salt to the
free amine in a separate step prior to coupling and 1is

30 therefore more compatible with large scalg production

needs.



WO 01/ 70669 PCTI US01/07411 - 2 The current invention relates to a nore
efficient nethod for form ng am de bonds, useful in the synthesis of
conpounggo ePfdedd Ni Ng ami de bonds, particul arly synthesis Bcoiuspepuides and
pepti de-1ike compounds. Brief Summary of the Invention The invention
relates to a process for form ng an .am de bond conprising reacting a
carboxylic acid wiwth an am ne carbdk&?ate salt, in the presence of an

i norgani c base, wherein the salt product of the inorganic base cation and
t he carboxyl ate anion has a solubility in water or a polar organic sol vent
| ess than or equal to about 5 15 part/100 parts water or polar organic
solvent, at a -3Jdn.t ange of - from about s5:40a heryi elfditdier:
corresponding ‘amde and a precipitate of the salt product of the

i nor gani ¢ rkase < atdrorf candi thearcatdoxyhds e WAE6HL 20 The FYEEESSSf Ythi s

i nvention, as described here--., is advant 1 I-ausly di scl osed
met hods i F¥FRRAMGAS QRRE?%ﬂﬁn?eﬁw{g% %%%@%f2?§%E%F8¥%g‘§ﬂs§2%§3%£ic)the
fyee am ng i@ iseparatie $dopi @ dDikéocompplindg. 25 Detail ed Description
of the Invention As used herein, the term"am ne carboxylate salt”, shal
denote a carboxylic acid salt of a primary or secondary am ne, such that

the salt product of the .car L,at e ;gniron Widdetdied norgani ¢ base cation
has a solubility in matégfgf Egﬁéﬁ B?Sanic sofvent of |ess than WO

01/ 70669 PCT/ US01/ 07411

The invention relates to a process for forming an

10 amide bond comprising reacting a carboxylic acid witz an
amine carboxylate salt, in the presence of an inorganic
base, wherein the salt product of the inorganic base
cation and the carboxylate anion has a solubility in water
or a polar organic solvent less than or equal to about 5

15 part/100 parts water or polar organic solvent, at a ri in
the range of from about 5-10, to yield the corresponcing
amide and a precipitate of the salt product of the

inorganic base cation and the carboxylate anion.

20 The process c¢f this invention, as described herein, 1s
advantageous over previously disclosed methods in that 1T
does not require conversion of the amine salt to the ZIree

amine in a separate step prior to coupling.

25 Detailed Description of the Invention

As used herein, the term “amine carboxylate salt”,
shall denote a carboxylic acid salt of a primary or
secondary amine, such that the salt product of the

30 carboxylate anion with the inorganic base cation has &

solubility in water or polar organic solvent of less than



3 or equal to about 5 part/100 parts water or polar organic solvent,
preferably less than or equal to about 1 part/100 parts water or polar

or gani c Suitabl e exanples of the carboxylic aci fo9aRi ¢ acid
characte?ﬁgﬁgﬂg? the 5 presence of one or nore -000H groug%'ﬁﬁﬁgpude

tartaric, succinic, oxalic, malonic, fumaric, malefic, phthalic, «citric,
and the like. Preferably, the carboxylic acid is a 1,2- or

1, 3-di-carboxylic acid, such as tartaric, and the like. 10 As used herein,
the term"inorgani c base" shall nean any inorganic base whose cation, when
conbi ned wirt kequaé toarboxyl &t eaarti/éN Oobathe aritee ©ar POXFE atCE ISR, results

in a salt product havin solubility in water ar l.ar. 15 arganisg sol vent
of less t ‘6?“@q§5@f%5%§§8Uﬁe§sp§b?%186 “par s%ﬁaggP%gr‘pgﬁggqorganic
sol vent, pafter akloed ess ghan eigaequalsotioeabout shipabil/el @Xapales wdt er or

pol ar organic solvent. Suitable exanples of the inor anicdgase i ncl ude
cal ci um hytdroxiad®oydiicumciydr (6w @& 938 CoRCH Gnh¢drGHEde 2226 YahG %t he | ke.

The presegéré&%%t lon gl akes 40 apiecessben 1henmiRg an @mide bond

conprising reacting a carboxylic acid with an am ne carboxylate salt, in
t he presemnaeafnian 2&adlnar,gard lohase, futrer ef n mhkesal t PpEdduet of the

or 5 pol arc rga 6l VentL 1 85s { RN BF Seqtal "8 CapSr e partTIo parte

wat er or polar,organi c3s@l ve€itnoRylic acid, such as tartaric, and
the like.

10

As used herein, the term “inorganic base” shall mean

any inorganic base whose cation, when combined with the
carboxylate anion of the amine carboxylate salt, results in
a salt product having a solubility in water or polar

15 organic solvent of less than or equal to about 5 part/100
parts water or polar organic solvent, preferably less than
or equal to about 1 part/100 parts water or polar organic
solvent. Suitable examples of the inorganic base include

calcium hydroxide, barium hydroxide, strontium hydroxide,

20 and the like.

The present invention relates to a process for
forming an amide bond comprising reacting a carpoxylic
acid with an amine carboxylate salt, in the presence of an

25 inorganic base, wherein the salt product of the inorganic
base cation and the carboxylate anion has a solubility in
water or a polar organic solvent less than or equal to
about 5 part/100 parts water or polar organic solvent, at
a pH in the range of from about 5-10, as outlined in

30 Scheme 1.



a pHin the range of from about 5-10, as outlined in 30 Schenme 1. WD

(C)]%I/ 7R(2)6|6i9 :DCBJT/ (L)JSOl/ ([)7411 4 1 Inorganic Base O+ HN R3 Carboxylic Acid Rl
R3 [Salt Product of Inorganic Base R N + i

Car boxy| IRVMPGh, Rz as Precipitate] I SCHEME 1 More specgﬁfﬁg(gﬁ?g”

carboxylic acid of formula Il, 5 wherein Rl is any organic side chain, such

as an anino acid side chain, is reacted-with an am ne carboxylate salt of

formula 111, such as tartaric, succinic, oxalic, malonic, fumaric,

mal ei ¢, phthalic, citric, and the like, preferably 10 tartaric; wherein R2

and R3 are inggpendently any gani ¢ side chain, such as an amno acid

side chain or jare taken together to forma g‘{C'l i ¢ secorgdaryaraoiBese i n the
eiglcl ohexyl carbodi i mige (DCC),

presence of, oupl i ngtreaddiNt stich Gasbaxglic
0- benzot riRZol e-O_ - 15 N, N, )2 N -tetramet hyl uroni um hexaf | uor ophosphat e
(HBTU), or 1-(3-dinethylam nopropyl)-3-ethylcarbodiimde
I III
O

)}\ R? [Salt Product of Inorganic Base
R’ N~ + Cation and Carboxylate Anion,
| as Precipitate]

SCHEME 1

More specifically, a carboxylic acid of formula II,

5 wherein R' is any organic side chain, such as an amino acid

side chain,

is reacted with an amine carboxylate salt of formula
III, such as tartaric, succinic, oxalic, malonic, fumaric,
maleic, phthalic, citric, and the like, preferably

10 tartaric; wherein R? and R° are independently any organic
side chain, such as an amino acid side chain or are taken
together to form a cyclic secondary amine;

in the presence of a coupling reagent such as 1, 3-
dicyclohexylcarbodiimide (DCC), O-benzotriazole-l-yl-

15 N,N,N’,N’ -tetramethyluronium hexafluorophosphate (HBTU) ,
or 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride, preferably DCC;

in the presence of 0 to 1 equivalents, preferably 0.1
equivalents of an additive such as 1- hydroxybenzotriazole

20 hydrate (HOBT) or 3,4—dihydro—3—hydroxy—4—oxo—l,2,3—
benzotriazine (HOOBT), preferably HOBT; preferably DCC and
HOBT;



hydrochl ori de, preferably DCC, in the presence of 0 to 1 equivalents,
preferably 0.1 equivalents of an additive such as 1- hydroxybenzotriazol e
20 hydrate (HOST) or 3, 4-di hydro-3-hydroxy-4-oxo-1, 2,3 be jazh N
(HOOBT),W;S’rQ(éFB?%bly HOST: preferably DOC and HOBT: WO 01 FEQ Ry
PCT/USCL/ 07411 5 wth addition of an inorganic base, wherein the

i norgani ¢ base is selected such that-the salt product of the inorganic
base cation and the carboxylate anion has a solubility in water or apolar
organi c solvent less than 5 or equal to about 5 part/100 parts water or
pol ar organic golvemdipref esably 1essghhan besequahereiabdde 1 part/ 100

parts water or polar organic solvent; such_as _calciu hydr oxj de, Darium
(B <CBhE! U Mvdioidle o D

hydr oxi de, i maraati QR #sRIroki Bt S areC t AeCh| FRET HPEf arabl “ium

hydroxi de; pherein the. inorganic 10 bageths peeseryluneamnampuntasegual to
at least 1 equivalent; 1n a solvent-m xture of an organi ¢ sol vent and

wat er, susdilasilethyln acetat edmad epObRI erpanyar 6PLVER/naSSS ' polar
(RP) - “at B pREYAE LTS T30ide BIETT o ABOE 6o1Y” hrerar ably - St T
pref er abl ys @t vént enpes adrirs | N die trange ofeqbautt 0-aB0C, 2®ard Alditn t he
eort eSpOndli)QrgtSan;gteerofO; %roqlgra olrgaérgldica solvent; such as calcium
hydroxide, barium hydroxide, strontium hydroxide, and the
like, preferably calcium hydroxide; wherein the inorganic
10 base is present in an amount equal to at least 1
eguivalent;
in a solvent mixture of an organic solvent and water,
such as, ethyl acetate/water or tetrahydrofuran/water or a
polar organic solvent, such as dimethylformamide or 1-
15 methyl-2-pyrrolidinone (NMP);
at a pH in the range of from about 5-10, preferably
about 6-7;
preferably at a temperature in the range of about 0-
50°C,
20 to form the corresponding amide of formula I and a

precipitate of the salt product of the inorganic base

cation and the carboxylate anion.

In a preferred embodiment of the present invention,
25 the amine carboxylate salt is a tartaric acid salt and the

inorganic base is calcium hydroxide.

One skilled in the art will appreciate that although
the instant process is suitable for forming any amide
30 bond, carboxylic acids of formula II and amine carboxylate

salts of formula III containing additional reactive



precipitate of the salt product of the inorganic base cation and the
gﬁrboxylate anlonI In a preferred embodi ment of the present invention, 25

e am ylate salt is a tartaric acid salt and th c base
is calci (ﬁg@%EX|de One skilled in the art wll appreC|2ten¥ﬁ%?§gPthough
the instant process is suitable for form ng any am de 30 bond, carboxylic
acids of fornula Il and am ne carboxyléate salts of fornula Il containing
addi tional reactive WO 01/ 70669 PCT/US01/07411 6 functional groups wll
need to be protected. Mreover, the skilled artisan will recognize that a
vast nunbernet;opeot gebuye @HQUPSHeE ta:vaid qjﬁcete'mtdecsui tMbreofer, use in
such instances. See Greene, T.W, Wits, P. S5 Protective GGoups in
Organi ¢ SVh?hé§#él@énérEdﬁ@PbﬁthQQBCOgHHﬁ?f?ﬂquﬁrﬁF%Raﬂﬂwgg d8scribe the
'nvent'Ong%?tegEﬁ@%eﬁrgﬁé%kaﬁ§“¥¢gfidﬂﬂéﬂEHE’éﬁhﬁiﬂl§tf@£eubéelnlnventlon
but not t imt it MPLE 1 Methyl [S- (R, S* éS [ [ 1- [
1- oxo- 3- @ﬁchemnﬁtamyearbo@ﬂedﬁreene, T.W., Wuts,

d

O L bRE L : | ol 2°"“ pYLidiae AigEeanoate 15
propi onyl | - 3- plperldlnecarboxyllc aC|d (Ikg, 2.48 nol), nethyl

(S)-3-am no- 3- (3 pyridyl)propanoate tartrate (where,
he following examples describe the invention in

greater detail and are intended to illustrate the
invention, but not to limit it.

10

EXAMPLE 1
Methyl [S—(R*,S*)—B—[[[1—[l—oxo—3—(1—benzyloxycarbonyl-4—
piperidinyl)propyl}—3-piperidinyl]carbonyl]amino]—B—
pyridine propanoate
15
(R)-1-[3~(l-benzyloxycarbonyl-4-piperidyl) -

propionyl]-3-piperidinecarboxylic acid (lkg, 2.48 mol),
methyl (S)-3-amino-3-(3-pyridyl)propanoate tartrate (where
the tartrate is present as a hemi-tartrate) (0.7kg, 2.73

20 mol) and HOBT (38g, 0.25 mol) were added to a reacticn
vessel. To the mixture was added a previously preparec
cold solution (0-5°C) of KH,PO, (96.8g, 0.71 mol) and
Na,HPO, (69.2g, 0.49 mol) in water (3kg) and THF (2kg).
The pH was then adjusted to 6.0-6.4 using calcium

25 hydroxide (110g). The resulting suspension was cooled to

0-5°C and a solution of DCC (564g, 2.73 mol) in THF (lkg)

was added. The mixture was stirred for lh at 0-5°C, warmed
to 20-25°C and stirred for 4h. The suspension was cooled
to 0-5°C and ethyl acetate (2kg) was added. After 15

30 minutes, the precipitate (a mixture of DCU and calcium



the tartrate is present as a hem-tartrate) (0.7kg, 2.73 20 nol) and HOBT
(389, 0.25 nol) were added to a reacticT_ vessel. To the m xture was added
a previ owy o Bdsgpared cold solution (0-5C) of KH2PO4 (96.p8g/uddiédinol ) and
Na2HPO4 (69.2g, 0.49 nol) in water (3kg) and THE (2kg) The pH was then
adjusted to 6.0-6.4 using cal cium 25 h%dr oxi de (110g). The resulting
suspensi on was cooled to 0-5C and a solution of DCC (564g, 2.73 nol) in
THE (1kg) was added. The m xture was stirred for |h at 0-5C, warned to
20-25C and stirred for 4h. The suspension was cooled to O- 505I a hyl
acetat e (2kapt e added. fAtereds5030 ARAurESheChe Priedi st e(<£ xture of
DCU and cal ci um 01/ 70669 _P S t ar was diddeered of f
and vvashed!]&fq)h' \[;\’f)fe‘?%o%ﬁl%agsl“Hgé%I géégz%%%dp%ggeéﬂmi?tﬁ%aepare?';ed and the
organi ¢ phase waeseashed wit NaB2ZONaHOOB) (| k§he Theaoigarhé@sSphasé was
concentrated at 40-50C, the residual "oil was dissalv in, 5 T - and
evapor at edcERC e yiesedt 8tafford met AyF F&S1dusl o=l Wd uaHd
(B*,5#)7(3?§&[@Ii%“Oéﬁd3é5%p9§@%¥ﬁoﬁﬁcﬁ&gﬁﬂﬁbj40 afford methyl [S-

pi peri di nyl) propy ]-3- pi peridi nyl]carbonyl]am no]-3- pyridine propanoate as
an oil. 10(EXAVPLEB2[ MeLhyl -bik6136X0d-Bephenpkycepyony3-—#T nobut anoate A

m xture of 3-phenyl propanoi ¢ _acid tyt'lly]lang.-naonji_n?_bat e tartrate

: . a ,%1 mol. e) lz?nq e
salt (1 noPEyeTHATMEL | BOOPHL) ~$5PARE ThALEY 1( 566 )Y §'€%5ti red at room
t emper aturgygpgiﬁge}grobgggggg withnBat®d) 2 (1 - 1.1 nole) [a slight excess
of

10 EXAMPLE 2
Methyl N- (1-oxc-3-phenylpropyl)-3-aminobutanoate

A mixture of 3-phenylpropanoic acid (1 mole) and
methyl 3-aminobate tartrate salt (1 mole) in THF (500 mL)
15 and water (500 mL) is stirred at room temperature and then
treated with Ba(OH), (1 - 1.1 mole) [a slight excess of
Ba (OH), may be needed to maintain the pH between 7-10; a

white precipitate of Ba-tartrate 1s formed immediately

following the addition of Ba(OH):]. The reaction mixture
20 is cooled to 0-10 °C and treated with HOBT (0.1-0.5 mole)
and DCC (1 mole) in THF (500 mL). The reaction mixture 1is

stirred at room temperature until analysis indicates that
the reaction is complete. The reaction mixture is cooled
to 0-5 °C and treated with ethyl acetate (500-800 mL).

25 The resulting mixture is filtered to remove the
precipitate and results in a biphasic filtrate. The top
organic layer is separated and washed with 5% aqueous
Na,COs; solution and then dried with MgSO;. The sclvent is
evaporated to yield the crude product, which is purified

30 as desired.



Ba(OH)2 may be needed to nmaintain the pH between 7-10; a white precipitate
of Ba-tartrate is forned imediately follow ng the addition of Ba(COH)2].
The reacty@pifdsed ure 20 is cooled to 0-10 C and treated wipdrtkaEn7410. 1- 0. 5
nole) and DCC (1 nole) in THE (500 nmL.). The reaction mxture is stirred
at roomtenperature until analysis indicates that the reaction is
conpl ete. The reaction mxture is cooléd” to 0-5 C and treated with ethyl
acetate (500-800 mL.). 25 The resulting mxture is filtered to renove the
precipitate and results in a biphasic filtrate. The top organic layer is
separated and washed with 5% aqueous Na2CO3 solution and then dried with
MySH4. The_solvent .is evaporated to yield the crude product, which is
purified gﬁ—g\si—aééns'—ired. WD 01/ 70669 PCT/US01/07411 - R We Claim 1. A
process for formng an am de bond, conprising 5 reacting a carboxylic acid
wi th an am ne carboxylate salt, in the presence,of . nQr gani ¢ base,
wherein the:- @aptromcftoroffqrﬁblq%%ﬁﬁgcde%a %n%at?%ﬁpghgig e carboxylate
anj on has a solybidiity 4 nWalgry10c adial afi tiorganieisel venbokedstehan or
equal to about 5 part/100 io parts water or polar organic solvent, at a pH
in the range sefltabdut Bel®Prezemfite Pr eess Of ITFAF n?%s%eY’E?ﬁefﬁetgﬁi ne
carboxylate salt is select rom.t Q0 SkLSt| taptaric, 15
succini c, fumfrailct, pd:xoé]ﬁllcgc, O%Ie:)hnel ?nr%eqe%f&g%%ﬁgli&%%ﬁg ghate

carboxylate anion has a sclubility in water or a polar

organic solvent less than or equal to about 5 part/100
10 parts water or polar organic solvent, at a pH in the

range of about 5-10.

2. The process of Claim 1 wherein the amine carboxylate
salt is selected from the group consisting of tartaric,
15 succinic, fumaric, oxalic, malonic maleic, phthalic and

citric.

3. The process of Claim 2 wherein the amine carboxylate

salt is a tartaric acid salt.

20
4. The process of Claim 1 wherein the inorganic base 1is
selected from the group consisting of calcium
hydroxide, barium hydroxide and strontium hydroxide.
25 5. The process of Claim 4 wherein the inorganic base 1is

calcium hydroxide.

6. The process of Claim 1 wherein the amine carboxylate
salt is a tartaric acid salt and the inorganic base is

30 calcium hydroxide.



citric. 3. The process of Caim2 wherein the am ne carboxylate salt is a
tartaric acid salt. 20 4. The process of Caim1 wherein the inorganic base
is sel egbfibdeem t he group consisting of calcium hydroxpdeusbaeisum
hydroxi de and strontium hydroxide. 25 S. The process of Caim4 wherein the
i norgani c base is cal ci um hydroxi de. § The process of Claim1 wherein the
am ne carboxylate salt is a tartaric dcid salt and the inorganic base is
30 cal ci um hydroxi de. WO 01/ 70669 PCT/USOL/ 07411 9 7. The process of
Claim1 wherein the salt product of the inorganic base cation P%ﬁthe
car boxyl at @. alhenphaseas o6l Gl Wroksiar F9 HEGHHENI T sotvent

|l ess than or _ equal to bout 1 t .100 t = Daorganic
sol vent 8. Th&"BFgeBss FS&I acﬁ%e%glmﬁgr&eltﬁl%[ %fﬁﬁlaﬁ] %ﬁleladrnange of about
6-7. 10 solubility in water or a polar organic sclvent less

than or equal to about 1 part/100 parts water oOr polar

5 organic solvent

8. The process of Claim 1 wherein the pH is in the range

of about 6-7.

10



