Process for the Preparation of Am no Acids Useful in
the preparation of Peptide Receptor Modul ators FIELD
OF THE INVENTION 5 The present invention provides
process useful for the preparation of internedi ates
whi ch are useful in the preparation of am no acids
useful in preparing peptide receptor nodul ators, for
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15 BACKGROUND OF THE INVENTION

It is desirable to develop peptide receptor
modulators which may be useful for affecting the native
activity of such a receptor and thus for affecting the

20 biological pathways in which such a receptor is involved.

For example, GLP-1 is an important gut hormone with
regulatory function in glucose metabolism and
gastrointestinal secretioﬁ aﬁd metabolism, and has been
identified as a very potent and efficacious stimulator

25 for insulin release. Therefore, it is desirable to
develop modulators of peptide receptors, for example the
GLP-1 receptor, which will affect the native activity of
the receptor to effect a desired biclogical response.

The present invention therefore provides a novel

30 process for the preparation of intermediates useful in

the preparation of amino acid which may be used in




1 preparing peptide receptor nodul ators, for exanple

GLP-1 receptor nodul ators, including agonists or

partial agonists. 5 SUMWARY OF THE | NVENTION I n one

aspect, the present invention is directed to a

process for the preparation of a conpound of Fornula

l: O10 B(OH)2 | the process conprising the steps

of | pyedwiliy igedtalie3retbytgh atlulla@opepdBee Sxample GLP-1

et hyl ani sol e; 15 brom nation_of the 3-ethyl ani so| e at
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4- - 3-et hyl anisole; conversion of the

4- Bérgggr%l%sgt hyl ani sol e, the conversion conprising (a)

reacting the 4-brono-3-ethyl anisole with n-butyl

[ithiumto produce JJf hi.u a t he
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prep ion of a conpounhd of Fornula
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10 B(OH),
I
the process comprising the steps of :
methylation of 3-ethylphenol to produce 3-
ethylanisocle;
15 bromination of the 3-ethylanisole at a position para
to a methoxy group to produce 4-bromo-3-ethyl anisole;
convergion of the 4-bromo-3-ethyl anisole, the
conversion comprising (a) reacting the 4-bromo-3-ethyl
anisole with n-butyl lithium to produce the lithium salt
20 of the corresponding anion of the 4-bromo-3»ethyl
anisole; (b) reécting the lithium salt of the anion of
the 4-bromo-3-ethyl anisole with triethyl borate; and (c)
quenching with agqueous acid.
In another aspect, the present invention is directed

25 to a process for the preparation of a compound of Formula

I:




according to Schene 1, as follows: 5 Schenme 1 OH OO
O lz- CH31 NBS n-Bu-Li -- 1 K2CO 3 B(O-nBu)3 Br 1.5
N HCl B(OH)2 In another aspect, the present invention
is directed to a process for the preparation of a
compound of Forrmula 10 Il: O OH NH22 15 Me Et 11 20
the process conprising the steps of: nethylation of
3- et hyl phenol to produce 3- ephyl anisole; 3
brom nati on of the 3-ethylanigole at a position para
to a methoxy group to produ br ono- 3- et hyl ani sol e;
conversion of the 4-brono-3- ni sole, the
conversion conprising (a) readting the 4-brono- 3-ethyl
5 anisole with n-butyl |ithi u®8zproduce the lithium
sal t

I

according to Scheme 1, as follows:

5
Scheme 1
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ch03 B(O-nBu);
Br 1.5NHCI  B(OH);
In another aspect, the present invention is directed
to a process for the preparation of a compound of Formula
10 II: ,
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NH,,
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the process comprising the steps of:
methylation of 3-ethylphenol to produce 3~

ethylanisole;




of
ani
the 4-brono-3-ethyl anisole with tri-n-butyl borate

(c)

the correspondi ng ani on of the 4-brono- 3-et hyl
sole; (b) reacting the lithiumsalt of the anion of

guenching wi th aqueous acid; 10 reacting the

resul tant 2-ethyl-4-nethoxy- phenylboronic acid with
the triflic anhydride of a suitably protected
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anisole; (b) reacting the lithium salt of the anion of
the 4-bromo-3-ethyl anisole with tri-n-butyl borate:; (c)
guenching with aqueous acid;

reacting the resultant 2-ethyl-4-methoxy-
phenylboronic acid with the triflic anhydride of a
suitably protected tyrosine amino acid in the presence of
a Palladium catalyst (Suzuki coupling); and

removing the carboxyl protecting group from the
resulting biphenyl amino acid to yield the amino-
protected amino acid useful for incorpeoration into a
peptide receptor modulator.

In another aspect, the present invention is directed
to a process for the preparation of a compound of Formula

IT1:

OH

NH

MeO
Et

II

according to Scheme 2, as follows:



WHC1L -~) Kk O3. .5 NOIN-a Br THE Br BO AC Br
THE B 70% HO 'OH O 20CHS OH / YOSOLCF2 Pd(0). K2002
(CF3S2h0 Tol ueneRHFI BMH20 + B BocHN BocHN C02CH2 HO
SOH 00- IN NaOH MeOH THE BneHN CO02CH2 BocHN eCH O1.
HCl gastCH2Cl 2 2. FnpocOSWNaHCO21THFI H2O FnocHN CO2H
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DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to processes fo;
the preparation of intermediates useful in the
preparation of amino acids useful in preparing peptide
receptor medulators, for example GLP-1 receptor

10 modulators, including agonists or partial agonists.

Such peptide receptor modulators may be useful for
affecting the native activity of such a receptor and thus
for affecting biclogical pathways in which such a
receptor is involved. For example, GLP-1 is an important

15 gut hormone with regulatory function in glucose
metabolism and gastrointestinal secretion and metabolism,
and has been identified as a very potent and efficacious
stimulateor for insulin release.

Processes of the present invention are useful for

20 preparing compounds of Formula I:




met abol i sm and gastrointestinal secretion and

nmet abolism and has been identified as a very potent
and efficacious stinmulator for insulin release.
Processes of the present invention are useful for 20
preparing conpounds of Fornmula I: 5 0 B(OH2 1 5
whi ch are useful in the preparation of am no acids of
Formula Il: O 10/ I H NH2 M 15 Et Il Conpounds
of Formula Il are useful in the preparation of 20
peptide receptor nodul ators. Exanple 1 Synthesis of

(2- Et hyl - 4- met hoxy) phenyl borg
( 2- Et hyl - 4- met hoxy) phenyl bo
was prepared as follows, and

ic acid 25

c acid (Formula 1)

in Schenme 1: (1)
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n
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which are useful in the preparation of amino acids of

Formula II: o

NH

MaC
Et

II

Compounds of Formula II are useful in the preparation of

peptide receptor modulators.

Example 1
Synthesis of (2-Ethyl-4-methoxy)phenyl boronic acid

(2-Ethyl-4-methoxy)phenyl boronic acid (Formula I)
was prepared as follows, and as shown in Scheme 1: (1}

methylation of 3-ethylphenol to produce 3-ethylanisole;

(2) bromination of the 3-ethylanisole at a position para



to a nmethoxy group to produce 4-brono-3-ethyl anisole;
(3) conversion of the 4-bronp-3-ethyl anisole, the
conversion conprising (a) reacting the 4-bronop- 3-ethyl
anisole with n-butyl lithiumto produce the lithium
salt 5 of the correspondi ng ani on of the

4- brono-3-ethyl anisole; (b) reacting the Iithium

sal t %4@,@%} 091 EhSréal%Q@-ﬁr&ﬁdlw Ahy30LaiwblB;
rate; and

tri- (c) quenching with aqueous
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met Byt o0k dei R 30 e ya. QSthﬂﬁdn) to T[B'kﬂ)d\.ﬁ:ﬁ!:ttll'ﬂn lditkiumesalt
was transferred to an autoclave and refluxed at 70 oC
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a Cﬁhi%ﬁ}%ggf?ﬂ-%ﬁq_ngaﬁhéﬁ yeshedl itch GIceiangnadd of

the co iltrate d washes were concentrated.
Thetpe otitictomms? - edihydonédol a mrp tfi{n-dusylapgrate; and

evaporated t.o. dryness. Yield: g 90 % as a brown
| qEFLI q‘ée’"éfrffgﬂ%y‘ﬁ & 895618 29*%676 nol) and N 20

br ogpsECE] dd e Tol 2 guxeuéemﬁf )3+Et1@dfgil'mﬂioﬂri(lse gl b4
were stirred for 8 hr under dark at RT. The reaction

1G xPate Hhst BHEenFid<aEd BRAOWCH 83l héS aglduén ary
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filtrate was concentrated and the product was pur|f| ed
by @51 f r acTheonaactiion pizthoe. was eixhng®ryedqgoymngs

MR TN RN e S
t 0 miBt@ke wadBUilltered througsh a Celite pad. The pad was

i5 washed with acetone and the combined filtrate and washes
were concentrated. The product was dissolved in DCM,
filtered and evaporated to dryness. Yield: 50 g, 90 %, as
a brown liquid. -

3-Ethylanisole (50 g, 0.3676 mol) and N-

20 bromosuccinimide (72 g, 0.4 mol) in acetonitrile (1 L)
were stirred for 8 hr under dark at RT. The reaction
mixture was concentrated below 40 oC and the residue
obtained was redissolved in €Cl, and filtered. The
filtrate was concentrated and the product was purified by

25 fractional distillation. Yield: 35 g, 43 %, as pale
yellow liquid.

A solution of 4-bromo-3-ethyl anisole (%4 g, 0.437
mol} in THF (900 ml) was cooled to -78 oC. n-Butyl
lithium (249 ml, 0.55 mol) was added dropwise at the same

30 temperature. Stirring was continued for 1 hr at -78 oC.

Tri-n-butyl borate (177 ml, €.655 mcl) was added slowly



[ithium (249 m, 0.55 nol) was added dropw se at the

sane 30 tenperature. Stirring was continued for 1 hr

at -78 oC. Tri-n-butyl borate (177 m, 0.655 nol) was

added slowly 7 at -78 oC. The cooling bath was

renoved, the reaction mxture was allowed to warmto

O oC and was quenched wth 1.5 N hydrochloric acid at
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presaiere@euarperto-eamled 66r Fa@ i |The sgdder gbtgipgd was

SCh?gftereg and dried under wvacuum. Yield: 65 g, 82 %, as a
white solid.
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Example 2
15 Aminc Acid_Synthesis
The resultant (2-Ethyl-4-methoxy)phenyl boronic acid
was used to prepare the amino acid of Formula II,
according to Scheme 2:
20
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OH 25 NH2 M Et 8 Il 5 Schene 2 1. n.BuU H. 'O
Phn- BuLl ~ 10%4°NC . O~ 2 3: 18.5 NOnBuNCl2 or THE Br

Et OAc Br THE 70% HO OH 101. ON 90302CF T Pd(0OH K2CC3
(CWD020 TOkWDeRHF/ El OHH20O BocHN CO, CH2 BocHN CO2CH2

‘HO "OH 0. 0- 1IN NaOH MeOH BocHN C02CH~ 7HF Bocl1llN CO2H

1. HC gas/CH2Cl12 2. FnocOSWNaHCO21THFH20O Fi nacHN CO2H

Exanple 111 Peptide Receptor Mdul ator Synthesis 10
Pepti de receptor nodul ators which maybe thus produced
by a conpound of Fornula Il (Exanple Il1) includes a

GLP-1 receptor nodul ator of Fornula I1I1:

5 Scheme 2
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Example III

Peptide Receptor Modulator Synthesis

Peptide receptor modulators which may,l:_)e thus
produced by a compound of Formula II (Example III)

includes a GLP-1 receptor modulator of Formula III:
xaal_xaaz'xaaS—xaai-Xaas'xaas-xaaT'xaaa"xaas"xaam—xaall
ITI

wherein,

X, i8 H;



15 Vaal - Xaa2 - Xaa3- Xaa4

- XaaS- Xaa6- Xaa7- XaaR- Xaa9- Xaal O Xaail 111 wherein, 20

Xaal is H 9 X ., is Altb; Xaa3 is E; Xaa< is G

Xaab5 is a T, 5 Xaa6 is L-a-Me-Phe (2-Fluoro) ; Xaa7

is T, Xaas is S; Xaay is D; Xaa30is a conmpound of

Formula Il; and 10 Xaal lis

4-(2' - mgg hyiphamyl ) - 3- pyri dyl al ani ne-NH2.  Where the
~above amino acid abbreviations refer to those

commonl| Waund&r8tood in the art. Peptide receptor

modul at gf s ¥g uced from 15 internedi ate prepared by

of t

processes*

le present invention nay be prepared by

any sui tiabl s rerfher recogni zed by one of skill in the
art of peptide chenistré.gFor efanple, t he pepti des
f

Scan be Snthedr-Pedie-Fhg

franner on an

pHPER

insoluphgrgggypfr support 20 (also referred to as

"resin

tarting fromthe C termnus of the

peptide.X.f B§rihesis is begun by appending the
C—tern1q?I am no acid of the peptide to the resin
0

t hr ough
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hation of an anide or ester | i nkage.
X,.0 15 @ compound of Formula II; and

X

a.

a1y 18 4-{2'-methylphenyl) -3-pyridylalanine-NH2.

Where the above amino acid abbreviations refer to
those commonly understood in the art.

Peptide receptor modulators produced from
intermediate prepared by processes of the present
invention may be prepared by any suitable manner
recognized by one of skill in the art of peptide
chemistry. For example, the peptides can be synthesized
in a stepwige manner on an insoluble polymer support
(also referred to as ““resin'') starting from the C-
terminus of the peptide. A synthesis is begun by
appending the C-terminal amino acid of the peptide to the
resin through formation of an amide or ester linkage.
This allows the eventual release of the resulting peptide
as a C-terminal amide or carboxylic acid, respectively.
Alternatively, in cases where a C-terminal amino alcchol
is present, the C-terminal residue may be attached to 2-
Methoxy-4-alkoxybenzyl alcohol resin (SASRIN™, Bachem
Bioscience, Inc., King of Prussia, PA) as described
herein and, after completion of the peptide sequence

assembly, the resulting peptide alcchol is released with

10



This allows the eventual release of the resulting
peptide 25 as a C-term nal am de or carboxylic acid,
respectively. Alternatively, in cases where a
C-termnal amno alcohol is present, the Ctermna
resi due may be attached to 2- Methoxy-4-al koxybenzyl
aIcohoI resin (SASRINTM Bachem Bioscience, |nc.
fkga[éﬁ PrLUSHE2( s BNy a4 deseLbbedand Nersl vang, alpes,
conmplet'ion of the peptide sequence assenbly, the
resed t33g gsé-m de nepohdt svnthesdgesd™art he uedi BreF
in THE see ggg u r
92)° éle an Adv n %82€%%%e3|2é?ﬂ9¥$¥% Bg tf&@ §¥ntﬂ581zer
examﬁsaasem Mvanceﬂpmemmmamqolchepepdede
Synthe3|zer (NPSBQG% { an Applied Biosystems Inc.
Soeptyridiesiapt 188287 38hBI 433A). The foll owing
abbrevi aio5178W1RE HBEEeNRItSidHs By Bephesd| hé¥ddr=
di chl oronmet hane Bn = benzyl 30 n-BuLi =
n- butylllthlun110 i -Bu = iso-butyl Pd/C = palladium on
car IS i so-propyl TEA rLe
nmet I réheny mnute(s) Et = etﬁyl Bbéﬁiggdﬁ%hour (s)
Pr Bnrbwa)myl 35 L = liter 38 BuBuLh-pueybutiyllgrthijum

it LSt t hyl = microliter Et2
eyt EREREIL gran(s) O/ Br - ROH AT fn, Segoen
n1|iiéﬁfﬂﬂfﬁb- ¢140 nmol = noheas) 20iMagN smine

acetonitrile nnD = mllinole(s)

Me = methyl min = minute (s}
Et = ethyl h or hr = hour(s)
Pr = n-propyl 35 L = liter

15 Bu = n-butyl ml, or ml = miililiter
TMS = trimethylsilyl pL = microliter
Et,0 = diethyl ether g = gram(s)

HOAc or AcOH = acetic mg = milligram(s)
acid 40 mol = mole(s)

20 MeCN = acetonitrile mmol = millimole (s)
DMF = N,N- meqg = milliequivalent
dimethylformgm%ge, - rt = room temperature
EtOAc = ethyl acetate sat or sat'd = saturated
THF = tetrahydrofuran 45 ag. = agueous

25 TFA = trifluorcacetic mp = melting point
acid Bip = biphenylalanine
NMP = N-
methylpyrrolidone

50

LiBH, = lithium borohydride
DIEA

Diisopropylethylamine
FMOC

fluorenylmethoxycarbonyl

11



DMF = NN nmeq = mlliequivalent dinethylformamde rt
= roomtenperature EtOAc = ethyl acetate sat or sat'd
= saturated THE = tetrahydrofuran 45 agq. = aqueous 25
TFA = trifluoroacetic np = nelting point acid Bip =
bi phenyl al anine NWP = N nethyl pyrrolidone LiBH4 =
['ithium borohydride DIEA = Diisopropylethylamne 50
FMXo& & s ny teeithbyycaydmitydny1ll Boc or BOC =
tert-butoxycarbonyl NBS = N Bronosuccininmde TLC
th|1ﬁB$ &yéi W@gﬂéﬁh?ﬁ HPLC = hi gh performance
t i gh performnce
I |qU| d chrogtlo raphy rértl%g%&%oec}{]ronetry M5 or Mass
SpekPEC nassigipecnfomaange NvRiid mivjosatogiighbyi ¢

resonance of. skill i the ant . of
heht O - B e Rt Tt e BERab i s
bot;b&@qglnét oners, and that the present invention

i ncl udes the use of elther or a mxture of isoners
forM%rﬁ"ﬁd"‘%ﬁﬁ PRESsi~dRBES| FRBFPIMEY in the synthesis

T folhe PeRidAES q\%@ﬁ%kﬁgdrgﬁﬁéﬁbe 15 The present
|nvent|on I's not to be limted in scope by the

speC|f|_c enbodi ment s descrl bed that are i ntended as
IOSI n_gl € Iérllé'l ScE %tkliqq.s igf Qd:laé'ltlz dol'?lpe%%pt%%t %hginlgpgy is aware

that amino acid residues occur as both D and L iscmers, and

that the present invention includes the use of eithexr or a
mixture of isomers for aminc acid residues incorporated in the
synthesis of the peptides described herein.

15 The present invention is not to be limited in scope
by the specific embodiments described that are intended
as single illustrations of individual aspects of the
invention. Functionally eguivalent methods and
components in addition to those shown and described

20 herein will become apparent to those skilled in the art
from the foregoing description and accompanying drawings.
Such modifications are intended to fall within the scope

of the appended claims.
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i nvention. Functionally. equival ent nmethods and
conponents in addition to those shown and descri bed 20
herein will becone apparent to those skilled in the

art

fromthe foregoing description and acconmpanyi ng

draw ngs. Such nodifications are intended to fal
within the scope of the appended clains. 12 WHAT IS
CLAIMED IS: 1. A process for the preparation of a

co
co

ound of 5 Fornula‘'l; O B(OH)2 | said process
A L Sof: 10 nethyl ation of

3-et hyl phenol to produce 3- ethylanisole; brom nation
of said 3-ethylanisole at a position para to a

met BoxyAgP50pess feodikte Rrapesatignerfiyé cempauide ofl5
gonyersion of said 4-bronp-3-ethyl anisole, said
conversion conprising (a) reacting said
4-brono-3-ethyl anisole with n-butyl lithiumto
produce the lithiumsalt of the corresponding anion

of said 4-brono-3-ethyl aniso
l[ithiumsalt of the anion of 2
anisole with tri-n-butyl bora
wi th aqueous acid. 2. A proce

Ve; (b) reacting said
sai d 4- br ono- 3- et hyl
and (c) quenching
f the preparation of

a conmpound of Fornula I: B(OH),

10

15

20

25

said process comprising the steps of:

methylation of 3-ethylphenol to produce 3-
ethylanisole;

bromination of said 3-ethylanisole at a position
para to a methoxy group to produce 4-bromo-3-ethyl
anisole;

conversion of said 4-bromo-3-ethyl anisole,;said
conversion comprising (a) reacting said 4-bromoc-3-ethyl
anigole with n-butyl lithium to produce the lithium salt
of the corresponding anion cof said 4-bromo-3-ethyl
anisole; (b) reacting said lithium salt of the anion of
said 4-bromo-3-ethyl anisole with tri-n-butyl beorate; and

{(c) guenching with aqueous acid.

2. A process for the preparation of a compound of

Formula I:

13



25 13 B(OH)2 | according to Schene 1, as follows: 5

Schenre 1 OHO0 G O NZI CH31 NBS n-Bu-li / K2C03 lo
B(OnBu)3 Br B(OH)2 3. A process for the preparation
of a conmpound of Fornmula Il: 10 0 OCH NHZ 15 Me Et |1

said process conprising the steps of: 20 nethylation
of 3-ethyl phenol to produce 3- ethyl anisole;

brom nation of said 3-ethylanigole at a position para
to a methoxy group to produce #-brono- 3-ethyl

ani sol e; 14 conversion of sajd}-brono-3-ethyl

ani sole, said conversion co (a) reacting said
4- br ono- 3- et hyl

I
according to Scheme 1, as follows:
5
Scheme 1
o~
CHzl NBS -BU-L!
Q/ K2C03 (i/ B(O-nBu);
B(OH).
3. A process for the preparation of a compound of
Formula II:
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said process comprising the steps of:
20 methylation of 3-ethylphenol to produce 3-
ethylanisole;
bromination of said 3-ethylanisole at a position
para to a methoxy group to produce 4-bromo-3-ethyl
anisole;
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anisole with n-butyl lithiumto produce the lithium

salt of the correspondi ng ani on of said

4- bronp- 3-ethyl 5 anisole; (b) reacting said lithium
salt of the anion of said 4-bronp-3-ethyl anisole

with tri-n-butyl borate; (c) quenching w th aqueous
acid; reacting the resultant 2-ethyl-4-nmethoxy- )
phenyl bor sinvegsigrwpfhse k@ 4 thrama- 3nsipddi eaisplyg, 18aid

sui t- t ec in ] id_inthe €Rnc
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16 pepliisda d;eqept eeafPond dOid iThium salt of the anion of
said 4-bromo-3-ethyl anisole with tri-n-butyl borate: (c)
quenching with aqueous acid;
reacting the resultant 2-ethyl~-4-methoxy-
phenylberonic acid with the triflic anhydride of a
10 suitably protected tyrosine aminc acid in the presence of
a Palladium catalyst (Suzuki coupling); and
removing the carboxyl protecting group from the
resulting biphenyl amino acid to yield the amino-
protected .amino acid useful for incorporation into a

15 peptide receptor modulator.
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