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TI TLE OF THE | NVENTI ON PROCESS FOR SYNTHESI ZI NG A

SUBSTI TUTED PYRAZOLE BACKGROUND OF THE | NVENTI ON The
w@e@3mni9d nvention relates to a process for PCT/US2006/028545

synt hesi zing a substituted pyrazole. The conpound is

particul arly useful as an anti-di abetic conpound. In

TITLEOPpﬂJiIf,W Rfion he conpound has denpbnstrated activity as
on receptor anta%onlst a ucagon serves as the

PROCESSn%{?%S FHSHDOA AP PRE the effect of

insulin inits inhibition of |iver gluconeogenesis and

i or mal d by a-cells in pancreatic islets
BACKGRPMQEJ#M%@&& ng bl ood gl ucose | evels. The

h or ITD}IiteprEHeﬂKiﬁvehﬁorSrBBtBb fd acpro@sefot eymshebining b vebstitotl fpgrazole. The
compound IF ﬁgrtlct:urlérggl L& a% %%ﬁ%gﬂ t%ik}ép&ﬂg it e ﬂ:ﬁfa? Eﬂ’?éecoh{%ﬁund has

coneogenesi's evénts ese
demonstratﬁéstp@‘fis’@s ag@q@oatr@e@bw@gemete g. hepatic glucose
pr 0 d@ﬁﬁzég%ﬁ)sertl& B ﬁleQnaH@ 'rggtu?a'td}?r ﬁb&%o&i@ Qfgnﬁatfﬂg tHRIBMENT irR@lin in its

bl ood glucose | evels fromf I|n ni fi cant.l

inhibition gAY EBFOReB8 EF e dthorE B ssTgrd BY Pt HPPAYTIHS %/?h“nm response to
falling blob¥ BRicdse 16ieRD&Ehé EEmbi@tends ltestatifid rdcepteds $n liver cells that triggers

glycogenolysis and an increase in gluconeogenesis through cAMP-mediated events. These responses

generate glucose (e.g. hepatic glucose production) to help maintain euglycemia by preventing blood
glucose levels from falling significantly.

In addition to elevated levels of circulating insulin, type II diabetics have elevated levels
of plasma glucagon and increased rates of hepatic glucose production. The compound that is the subject
of the process described herein in an antagonist of glucagon, and thus useful in improving insulin
responsiveness in the liver, decreasing the rate of gluconeogenesis and lowering the rate of hepatic
glucose output resulting in a decrease in the levels of plasma glucose.

One object of the present invention is to provide a process wherein the protecting groups
are easily removed without resort to harsh deprotection conditions.

Another object of the present invention is to provide a process which facilitates selective
deprotection.

These and other objects will be apparent from the teachings contained herein.

SUMMARY OF THE INVENTION
The present invention involves a process of synthesizing a compound of formula I
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or a pharmaceutically acceptable salt or solvate thereof, comprising reacting a compound of formula III:



of plasma gl ucagon and increased rates of hepatic
gl ucose production. The conpound that is the subject
wo@Roovhesopy ocess descri bed herein in an ant agonPGr/usf006/028545
gl ucagon, and thus useful in inproving insulin
responsiveness in the liver, decreasing the rate of
gl uconeogenesi s and | oweri thenrate of hepatic
gl ucose out put resultiﬁ@3' decrease in the |evels
of plasma gl ucose. One @B of the present invention
is to provide a prpcessluhet %Hyrotecting gr oups
are easily renoved out rese¥t to harsh
deprot ection conditiughs. An%ther obj ect of the present
invention is to provile a process which facilitates
with 1,1’ S@basidivedadelrrod £béth lanineldses or adalt optdiente thbjeef tisl hyididlyzing with a

e. arent fr t t eachi ngs contai ned herein.
base top ?ﬂﬁ%ﬂ%@ngﬁuWiﬁfﬁp | ON The present invention
i nvol ves a process of synthesizing a conmpound of

DETAILEI?PE%&HJT:IOWOIE‘THEW?I@N cally acceptable salt or
SOl va

te thereof conpr|3|ng,reaptingga compound of .
f or mibbainventignhdescribed incogpusstign With the fellowiing aRhrgviatopng definitions.
al ani ne ester or a salt or solvate thereof, and

B oL VB, 19, Wi @ base [0 [RIrowi e &, coppound of

BOCjBocM= Ebtitgrloxycarbonyl CBZ, Cbz = Benzyloxycarbonyl

CDI = carbonyldiimidazole

COD = ¢yclooctadiene C.H,, = cyclohexyl

DCC = Dicyclohexylcarbodiimide DCM = dichloromethane

DMAC = dimethylacetamide DMEF = N,N-dimethylformamide

DMAP = 4-Dimethylaminopyridine Et = ethyl

EtOAc = ethyl acetate EtOH = ethanol

Fc = ferrocenyl IPA = isopropanol

HOACc = acetic acid TFA = Trifluoroacetic acid

Me = methyl Py, Pyr = pyridyl

Ph = phenyl IPAc = isopropylacetamide

THF = Tetrahydrofuran NMP = N-methyl pyrrolidone
Ph,-Fc-P-(1Bu), Xyl-P-Phos Me-f-Ketalphos
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON The invention is
described in connection with the foll ow ng

w@bireyioee ons and definitions. Ph2-Fc- P- Ct Bu) 2PCT/US2006/028545
Xyl - P- Phos Me-f-Ketal phos - 2 -Ph2-Fc-P-(1Bu)2 is a
Josi phos ligand which is disclosed in U S. Pat.

6, 77 ,
Str eﬁQ %%— (%E;S)F;ﬁ 88051@)08 ﬁég’fiosﬁ% (%Ec?j& %&' 1nP a.; h’gtbi\lg J %782
(Solvias) md3BHMESRIY Byaileble HpmaFitene StiBridiosis Idgscla%eéu m yb?f é’ 2f N 886,182

(Synetix) gdr c%%bFé?dl];y alé'ﬁfa%L fﬂ)[ilrp§trén§ Mk ﬁKleﬁf bhbs %mr}z:’]&hﬁﬂérmally available

rom Chi ral %est A'vari e based
fromChlr@m@ﬁfys"t@nﬁ’ﬁwfgéb@@%at stapy be uppd Vl‘)%glpound descri bed

her eThe dGpoRl RERDAA Bétein &R0 bélpraparéDact irding®d the detipgdylogy outlined
outlined in the follow ng general synthetic schenes.
nrmeﬁm@@ﬂEWEmP SEHENESPEBHEVE 3 Wthin the schemes above, RL
represents a suitable ester form ng group. Exanples
i nclude C1-10 al kyl, such as ethyl, isopropyl,
t-butyl, t- butylcycloh@%ﬁNEénd the like, and benzyl.

Preferred COzR'
C02R1 HsC Cat.
o T I

HoN-NH-Prot Gp N Ha
Prot G HN
O 4 p-
CO.R' H COsR’
HzC —————>=  H3C.
Deprotection
HN. HNL D
NH-Prot Gp NH»
C
SCHEME 2
O O
Cl
base
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OMe Cl G OCH;
(0] O

Cl C02R1 )
+ HsC. Y©/ Solvent, LiCl
Cl G O OCHs HN. D

NH,

1
HaG CO.R HG CO,H
base
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is ethyl. Simlarly, the notation Prot Gp-hydrazine
refers to a protected hydrazine, protected with a

W@ 20vakdoe pr ot ecti ng group, designated Prot GoPCTWOB206/028545
represents the protecting group. Exanples include
t - but oxycar bonyl, met hoxycarbonyl, carboxybenzoyl,
benzyl and the |ike. Many of sgifave it er medi at es contain
an asymmetric center and thus occur as racemates and
m xtures thereof. The present invention therefore
i ncludes gld s iC®ateri G, gy ms of the conpounds, in
pure forma ‘as in mlP}bMéQSmneTéb@r process

descri bed \par ei '

) : S getfret cli!'l L,Elllbl dereda

st ereosped f) y) sis. . QE taﬁz&gndensed wth a
pré? hydraziRe_ dute a @?otécted hydrazone
B. Th ondensation reaction is conducted in a

sui t ablle sol venf, such as toluene, under acidic

condi ti%ns, with for exanple, acetic acid, at about 60
degrees C. The protected hydrazone B is asymetrically
hydrogenated using a hydrogen source, such as hydrogen
gas V\@ﬁ]l i d&:ﬁ A YBbvel R! 1@;31‘3 géﬂfsea Rt és&k forming group. Examples

otec draziné C. Thi hy? az
include 01 10 alkyl such as ethyl, isopropyl, t-butyl, t—butylcyc ohexyl and the like, and benzyl. Preferred

is ethyl.
Similarly, the notation Prot Gp-hydrazine refers to a protected hydrazine, protected with

a suitable protecting group, designated Prot Gp, which represents the protecting group. Examples
include t-butoxycarbonyl, methoxycarbonyl, carboxybenzoyl, benzyl and the like.

Many of the intermediates contain an asymmetric center and thus occur as racemates and
mixtures thereof. The present invention therefore includes all such isomeric forms of the compounds, in
pure form as well as in mixtures.

The process described herein is generally considered a stereospecific synthesis. Ketone
A is condensed with a protected hydrazine to produce a protected hydrazone B. This condensation
reaction is conducted in a suitable solvent, such as toluene, under acidic conditions, with for example,
acetic acid, at about 60 degrees C.

The protected hydrazone B is asymmetrically hydrogenated using a hydrogen source,
such as hydrogen gas, and a catalyst to produce a chiral N-protected-hydrazine C. This hydrazine is
produced in enantiomeric excess (approximately 86%ee). A suitable catalyst for this conversion is a
precatalyst, such as Ri(COD)BF, mixed with a suitable ligand, such as Josiphos.

Deprotection of the protecting group in C and subsequent enantiomeric excess upgrade
using benzene sulfonic acid in ethanol provides a crystalline hydrazine D as the benzenesulfonate salt
(not shown), with greater than 99% enantiomeric excess.

With reference to Scheme 2, the 1,3-dione G is prepared by condensation of ester £ and
ketone F in the presence of a base, such as potassium t-butoxide. Cyclization between D and G can then
be undertaken in a suitable solvent, such as DMAc, NMP and the like, in the presence of an additive.
Suitable examples of additives include LiCl, LiBr, MgBr, and other Lewis acids. Alternatively,
tetrabutyl ammonium chloride can be used. The additive provides high regioselectivity, as high as about

17:1. The ester forming moiety of compound IT is thereafter hydrolyzed with a suitable base, for
example, NaOH, to produce acid /I.
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produced in enantiomeric excess (approxi mately 86%e).

A suitable catalyst for this conversion is a
wee@catswbyst, such as Rh(COD) BF mixed with a sROCT/EBI086/028545

li gand, such as Josiphos. Deprotection of the

protecting group in C and subsequent enantioneric

excess _ upgrade _usin nzene s ' i doqd . .

o oehaP BRSSP R G Lot R o
ester, or a Mn;& eslestiitbrotpe it thé HEl satiaim thabeth 2lgrd gster offH gppt shown).
This ester fgrﬁg/qch%rl] gep %}I{d(goqzzreécsu&f(a%%ﬁr ath"bEal ek L BGRPIONFTNEAR otionally

, 3- a1 on I'S repared’ y condensation of ester, E

crystallized,rsdctkastimmeacptonifrile \p@t@s@n@@u% thg tlg%lgch}po S ésfree acid.

pot ags hitMativdbQXd € the Yiethdsal afipdagdswe Esmbladnig sksvadhelow in

then be undertaken in a suitable solvent, such as
Scheme"f-DWlAp,.NNP and the like, in the presence of an

additive. Suitable ex ) E%g4of additives include Lid,

Li Br, MgBr2 and ot her Wi'S ‘acids. Alternatively,

tetrabutyl ammoni um chl ori de can be used. The additive

provi des hi gh regi oaeﬁmjayé@])éne aso)hi as.ceout 17: 1.

The estC Bng | e compound S thereafter

hydr ol yze th a-ggﬁﬁééh%%%qﬁsi for le, NaCH, to

produce a /11 . AsPdRbU bt eferenge toySchene 3,
ca

acid |11 ) t hen b2) CHsOHARCQ§th a beya al ani ne
ester, B &'salt or solvate thereof, preferably the
HC salt, to formthe beta al anyl aster of ///(not

shown) . =
) PdPPh),C, C—C
) L OMe
Cl

I

Y
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Briefly, 3,5-dichlorophenylacetylene J is produced by displacing bromine from bromo-
3,5-dichlorobenzene H. Such reactions are typically conducted under an inert atmosphere, in base, e.g.,
triethylamine in a suitable solvent. This intermediate is reacted with 6-methoxy-2-naphthoic acid
chloride K to produce an acetylenic ketone L. The acetylenic ketone L is thereafter reacted with the
chiral hydrazine D to produce the chiral intermediate JI. Compound I7 is thereafter incorporated into the
synthesis described above with respect to Scheme 3, reacting with a beta alanyl ester and then

hydrolyzing to produce the target compound 7.

Dose Ranges
The daily dosage range for the compound of formula I is within the general range of

from about 0.001 mg to about 1000 mg, in single or divided doses. It may be necessary to use dosages

outside of these limits in some cases.
Representative dosages for adults thus range from about 0.1 mg to about 1.0 g per day,

preferably about 1 mg to about 200 mg, in single or divided doses.

Pharmaceutical Compositions
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This ester may then be hydrol yzed, such as with
addi tional base, for exanple, NaOH, and optionally
w@eapgheobd zed, such as fromacetonitrile and WetBUS2006028545

produce the title conpound /as a free acid. An

alternative process for the synthesis of conpounds of

for a |l shown .bel ow i.n Schene 4 Il D..

B o gmndsubal eRmOR B o e ST o PP Lol g call
acceptablel sadtpir aolvaigthbreafind e pharomcditicatiy-ac@phbldicarien ridiremzengséds a product

comprlsm?%(:ﬁﬁeéﬁﬂp agﬁ Gnd é[r%cﬁ@ Ile% 1&%%3#}1%@&1‘“@&3 a@@e@fable

ne Inas
excipienty @1&{,@1@,}@6 upthg @n’pqzq,taé W\ﬁaﬂ@p a@eprp@ucfc @h@@ eepliy; disctly or indirectly, from the

combinatn,BhBR¥ MR Ef‘f’é%?@gﬁ&ﬁncofj?ﬁy Qv&&'nﬁiliré &iﬂhéﬂﬁb@dl@ﬁt@ o} %m@ﬁ‘ssomatlon of
eni eto . e eni ¢ Ke
one or m‘i‘?]%ttr%ea ients 9 ?‘8’6‘ et RPe %cr ?“éi’lor Va v i’ t"rff’ef‘ gneredients.
pr od thasle theenehiidretias bednateseibedire illusirat€d wib uifetbhceitS specific
embodlmé ! egx mer&?s ché.nng Er%alrf%gtmns an E%ubsp%nons can be made therein without departing
from the spirit and scope of the invention. It is intended therefore that the invention be limited only by

the scope of the claims which follow and that such claims be interpreted as broadly as is reasonable.



synt hesi s descri bed above with respect to Schenme 3,
reacting wwth a beta al anyl ester and then hydrol yzi ng
wo eoopoooidere the target conpound / . Dose RangeBCTH82006/028545
dai | y dosage range for the conpound of formula I is
within the general range of from about 0.001 ng to
(o) 000 ng, in single or divided doses. It may be
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in the presence of 1,1’-carbonyldiimidazole with an ester of beta-alanine or a salt or solvate thereof to

produce an ester of formula IJ, and hydrolyzing with a base to provide a compound of formula /.

10 2. A process for the synthesis of a compound of formula C:

CO,R!
H.C

HNL
NH-Pr
c

comprising reacting a compound of formula B:

CO,R!
HSCYO/
l

N
/
Prot Gp-HN B

wherein R’ represents an ester forming group with a catalyst and a hydrogen source to produce a

15  compound of formula C.
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one or nore of the ingredients, or fromother types of
reactions or interactions between ingredients. Wile
wao b@7iomeent i on has been described and il ustrap@duUsioné 028545

reference to specific enbodi nents, nunerous changes,
nodi fications, and substitutions can be made therein
W t hout departing fromthe spirit and scope of the
invention. It is intended therefore that the invention

3. be | iArprécesh forthy sydhetib of seapeuaf oftitremtl /& ms whi ch
foll ow and that such clains be interpreted as broadly
as is reasonable. WHAT | S CLANVEEDJRS: 1. A process for
the synthesis of a co formula / : conprising
reacting a conpound of f a ///: in the presence of
[, r- carbonyld||n1dazolh -ster of bet a-al ani ne
or a salt or sofkg J »'d@@ﬁ an ester of
formula I'l, and h a base to provide a
compound of formul ay/ 2. process for the synthesis
of a conpound of foeinula C conprising reacting a
compound of formula B : wherein Rl represents an ester

wherein K! %}:m:s@ﬁs S QP foMnt g@ot@a&)‘i‘{ﬁp)‘ﬁ&g Bdackind A AHOGRIDS SRR E:t O
produce a comnpoun formula C.3. A process for the

5 synthesis of a conpound of formula I

o O

RORA®
Cl G O OCH

CO.R!
Hscxj/l::j/

HNL D
NH,

and a compound of formula D:

to produce a compound of formula 7.

10
4. A process for the synthesis of a compound of formula I:
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comprising:

(@ reacting compounds of formulas E and F:



wherein Rl represents an ester form ng group,
conprising reacting a conpound of fornula G and a
wa@orpowge of forrmula D to produce a conmpound PET/US2006/028545
formula Il. 4. A process for the synthesis of a
conpound of fornmula / : conprising (a) reacting
conpounds of fornulas E and F :E and in the presence
of potaSS|un% but oxi de to pro*uce a compound of
formula G (Db) ctPHg coppeing SRy h a conpound of
formula D. whe erepresentser form ng
group, to produ a conpound of fornul &®N4¢ (c)
hydrol yzing the ester of, gonpoundrll with a base to
produce a conpound of f&fmula I H (d) reacting

npound ///with a beta al ani ne est It or
in thesl%?sﬁ%fﬁégﬁ%gﬁlé@f” Ruipxiie sRyprogucy aggwgougﬁgﬂ&m‘gg er of IH,
and (e) hydrolyzing thg beta al anyl ester of Il to

(b) reacting compound G with a compound of formula D:
5
CO,R!
HN D
“NH,
wherein R' represents an ester forming group, to produce a compound of formula I7:
1
H3C >/'©/COQR
N/N
/
e (oo
cl I
(c) hydrolyzing the ester of compound I with a base to produce a compound of formula III:
H3Q>/’[:::r’C02H
N/N
W,
oy e
10 cl i
(d reacting compound JI7 with a beta alanine ester or a salt or solvate thereof to produce a
beta alanyl ester of IIl, and
(e) hydrolyzing the beta alanyl ester of ZII to produce a compound of formula 1.
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