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yWhat is claimed is:

1. A process for the synthesis of CDK inhibitor eampounds having the structure of

Formula |
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frsm an intermediate compound of the structure of Formula £1,
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methana! solution of a salt of a 4-alkyi-3-amino-pyrazole compound of Fermula
1

H Formula C1
with a diamidization reagent selected from dimethylmalonate,
monomethylmalonylchloride, and malonyl dichloride in the presence of a Lewis
base having sufficient proton affinity to abstract a proton from the 1-position
nitrogen present in the pyrazole ring.




wherein R 1 is a linear, branched, or cyclic al kyloxy functional
group of the structure (-R2a-OH), R2a is a linear, branched or cyclic
al kyl group, R2 is a linear, branched or cyclic al kyl group, and R3
is an al kyl ene-heterocycle, said process conprising: (a) formng

i nt ermedi ate conpound of Formula El by reacting, in a refl uxing
reaction solvent selected fromthe group consisting of alcohols
having 5 or | ess carbon atons and m xtures of two or nore thereof

met hanol E
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sul f onyl p; and (c) sequentially am nating the conpound of
Formul a R th a priwmarygm ne, and then wth a seeongary amne |to
formthe gwound of Formula 1 . 2. The process of claim1 whereifr,
the salt B he conmpound of Formula G ls selected fromthe group
consi stin § oxal atmssst OSyl ate, and chloride salt. 3. The procegq of
claim2 wiein, the salt of the conpound of Formula O is an oxgllate
salt. 4. Bl pr ocess of cI Profia Al -,sdlnear al kyl gredp
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ppm (1H, broad), 3.27-3.46 ppm (2H, m}, 2.76-2.83 ppm (1H, &, J=13.0 Hz), 2.45-
2.50 ppm {2H, q, J=7.5 H2), 1.72-1,79 (1H, m), 1.54-1.68 ppm (6H, m), 1.30-1.34
ppm {1H, m}, 1.16 ppm (3H, t, J=7.5 Hz)

The above description of the inventien is intended to be illusirative and not
limiting. Vasiocus changes or modifications in the embodiments described hersin
may ocour 10 those skifled in the art. These changes can be made without
depariing from the scope or spirit of the invention




5. The process of claim4 wherein, R2 is ethyl. 6. The process of
claim4 wherein, the reaction solvent is selected fromthe group
consi sting of nethanol and ethanol. 7. The process of claim®6 wherein
the reaction solvent is nethanol. The process of claim1 wherein, the
Lew s base is selected fromthe group consisting of nmetal al koxide
bases. 9. The process of claim4 wherein, the Lewis base is sel ected
fromthe group consisting of netal al koxi de bases. 10. The process of
claim9 wherein, the Lewis base is selected fromthe group consisting
of lithrum sodium and potassi um al koxi de bases. 1. The process of
C|ain]IQWﬁ@ﬁﬁQhﬂnaiﬁe Lew s base is selected fromthe group

consi sting of sodium ethoxi de and sodi um net hoxi de. 12. The process
of claim 10 wherein the Lewi s base is sodi um net hoxi de. 13. The
process of claim1 wherein, R3 is 3-al kyl ene-pyridi ne-N-oxi de. 14.

The process @fprededk Mronabgkiaisi df D KpnitEs Sofpodriterhaciagitd sesturesfct | ng
t he conpound of Fo[mjl a El to provide a conpound of the structure of

Formula FI, KPR#R¢fnul a FI
Q ?
N Nﬁ
e -
R’ E/N 4

MN—g2  Formula 1,

from an intermediate compound of the structure of Formula E1,
RZ

O E1
wherein R' is a linear, branched, or cyclic alkyloxy functional group of the
structure (-R%-OH), R® is a linear, branched or cyclic alkyl group, R® is a linear,
branched or cyclic alkyl group, and R® is an alkylene-heterocycle, said process
comprising: (a) forming intermediate compound of Formula £1 by reacting, in a
refluxing reaction solvent selected from the group consisting of alcohols having
5 or less carbon atoms and mixtures of two or more thersof, a methanol
solution of a salt of a 4-alkyl-3-amino-pyrazole compound of Formula C1,
RZ  NH,
H Formuia C1
with a diamidization reagent selected from the group consisting of
dimethylmalonate, monomethylmalonylchloride, and malonyl dichloride in the
presence of a Lewis base having sufficient proton affinity to abstract a profon
from the 1-position nitrogen on the pyrazole ring; (b) derivatizing the
intermediate E1 prepared in Step (a) to provide the compound of Formula F1,
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where "X" is selected fromthe group consisting of chloride, brom de,
i odi de, fluoride and a sul fonyl group having the structure R4-502-,
wherein R4 is selected fromthe group consisting of nethyl and aryl,
said reaction conprising: a) providing the conpound of Fornula El in
an acetonitrile solution; and b) derivatizing the conpound of Fornul a
El by treating the acetonitrile solution containing the conmpound of
Formula El from Step "b" with a reagent selected fromthe group

consi sting of a hal ogenating agent and a sul fonating agent in the
presence of a base selected fromthe group consisting of dinethyl

ani line, pyridine, diisopropylethyanm ne, and triethyl am ne. 115.
The process of clai mi14 whekej he reagent selected in derivatizing
step (b) is a chlorinating a ng, | ected fromthe group consisting
of phosphorous oxychl ori de, ph spHorous pent achl ori de, and thionyl
chloride. The process of clainX15 wheergiua Ft.he chl ori nati ng agent is

phosphorous o %{rﬁ?% ﬁr)k q§seleé'tec?'1grgm tﬂ_e%‘grer:QBﬁsﬁémgfof ENIGHdE, Ebmreidide, t he

reagent sel ect derivatrizin sul fonati ng agent
sel ect ed fromflunedeyeodp seieryl srtoungar@f(c)amugmaﬂbﬁvlr@Hm%Wﬁd@m@ﬁHﬂd of

met hyl sul f onyl €Al 0fi 88y rﬂ}-aBPnr;'l-?r? PRE &P tfn \GitrPd BBchAda aRfie) toRiH

sul fonating agent I's rre onyl chloride. 19. The process of claim
14 wherein, t Hbebeppouns Cleﬁﬁt“H?ﬂ aniline. 20. The process of claiml,

wherein sai d sequential am nation of the conpound of Fornula Fl

conprises formng the conpound of Forrmula FI fromthe conpound of
Formul a El

2. The process of claim 1 wherein, the salt of the compound of Formula C1 is
selected from the group consisting of oxalate, tosylate, and chloride salt.

'3, The process of claim 2 wherein, the salt of the compound of Formula C1 is an
oxalate salt.

4. The process of claim 2 wherein, R?is a linear alkyl group of 4 carbons or less.
5. The process of claim 4 wherein, R? is sthyl.

5. The process of claim 4 wherein, the reaction solvent is selected from the group
consisting of methanol and ethanol.

7. The process of claim 6 wherein the reaction solvent is methanol.

18. The process of ¢laim 1 wherein, the Lewis base is selected from the group
consisting of metal alkoxide bases.

9. The process of claim 4 wherein, the Lewis base is selected from the group
consisting of metal alkoxide bases.

10. The process of claim 9 wherein, the Lewis base s selected from the group
consisting of lithium, sodium and potassium alkoxide bases.
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R2° Formula FI wherein R2 is a |linear, branched or cyclic al kyl group
and "X" is selected fromthe group consisting of chloride, brom de,
| odi de, fluoride and a sul fonyl group having the structure R4-802-,
and formng therefroma conpound of the structure of Fornula &5, X
N-N HN, R3Fornul a Ga5 wherein, X and R2 are as defined above, and R3
I's as defined below, by a process conprising adm xi ng the conpound of
Formula FI with acetonitrile, adding K3PO4 and water to the m xture,
and reacting the m xture containing the conmpound of Formula Fl under
refluxing conditions with a primary am ne of the fornula R3-NH2, or a
sal t theredoaf, Thehebedsa dRdlainh $0 aheirk Hedreavidbdseriosgietted frath. thdbeupr ocess

of claim 14 further conprisi .convertid npound of Fornmul a El
to the conpou??(ﬁ‘s'ﬁgnq:%frs et %H&'&%@qﬁeﬁ\?dwmten%x{ag
12. The process of claim 10 wherein the Lewis base is sodium methoxide.

13. The process of claim 1 wherein, R® is 3-alkylene-pyridine-N-oxide.

-14. The process of claim 9 wherein the process further comprises reacting the
compound of Formula E1 to provide a compound of the structure of Formula
F1,

X Formula F4

where “X" is selected from the group consisting of chioride, bromide, iodide,

fluoride and a sulfonyl group having the structure R*S0,-, wherein R* is

selected from the group consisting of methyl and aryt, said reaction comprising:
a) providing the compound of Formula E1 in an acetonitrile solution; and
b)  derivatizing the compound of Formula E1 by treating the acetonitrile
solution containing the compound of Formula E1 from Step *b” with a
reagent selected from the group consisting of a halogenating agent and a
sulfonating agent in the presence of a base selected from the group
consisting of dimethyl aniline, pyridine, diisopropylethylamine, and triethyl
amine.

15. The process of claim 14 wherein, the reagent selected in derivatizing step (b) is
' a chlorinating agent selected from the group consisting of phosphorous
oxychloride, phosphorous pentachloride, and thionyl chloride.

16. The process of claim 15 wherein, the chlorinating agent is phosphorous

]

oxychlaride.
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Formula FI wherein "X" is selected fromthe group consisting of
chloride, brom de, iodide, fluoride and a sulfonyl group having the
structure R4-S02-, and form ng therefroma conpound of the structure
of Fornmula Ga5, Rz HI4.. R3Fornmula Ga5 wherein, X and R2 are as
defined above, and R3 is as defined below, by carrying out a first
am nation on the conpound of Fornula FI by a process conprising

admi xi ng the conpound of Fornmula FI with acetonitrile, adding 1c3PO4
and water to the mxture, and reacting the m xture containing the
conpound of Forrmula FlI under refiuxing conditions with a prinmary

am ne of Eh{e Tkwwrud:@slaﬁelhlriiﬁ whemirstat redgest sstdciedih @eevatiziRg steipgbain

| kyl
ool ene: het of Q5L e e ol R LRI B opehes
Formul a Fl a, éridwhlélhyl@uifolﬁ@lmun@ FI a,

18. The process of claim 17 wherein said sulfonating agent is
methylsulfonylchloride.

19. The process of claim 14 wherein, the base is dimethyl aniline.

20. The process of claim 1, wherein said sequential amination of the compound of
Formula F1 comprises forming the compound of Formula F1 from the
compound of Formuia E1,

R2
X /N%
s
X Formula F1

wherein R? is a linear, branched or cyclic alkyl group and “X’ is selected from

the group consisting of chloride, bromide, iodide, fluoride and a sulfonyl group

having the structure R*-S0,-, and forming therefrom a compound of the
structure of Formula Gab,

RZ

X /N\FS
R/N-.N/

N Formula Ga5

wherein, X and R? are as defined above, and R’ is as defined below, by a

process comprising admixing the compound of Formula F1 with acetonitrile,

adding K3PO. and water {o the mixture, and reacting the mixture containing the

compound of Formula F1 under refluxing conditions with a primary amine of the
formula R®-NH,, or a salt thereof, wherein R3-is an alkylene-heterocycle.

_21. The process of claim 14 further comprising converting the compound of
Formula E1 to the compound of Formula F1,
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where 'n" =1 or 2, thereby form rg a conpound having the structure
of Formula da, 7-* Nt. o- Formula Gl a. 23. The process of claim
22 wherein, the anmount of water added to said reaction mxture is
sufficient to provide a volunetric ratio of acetonitrile : water in
the reaction mxture of at |east about 1:5. 24. The process of claim
20 wherein, the K3PO4 and water in the reaction mxture is added to
the reaction mxture as a solution. 25. (Original) The process of
claim 20 wherein, the K3PO4 and water in the reaction mxture are
added to the reaction m xture separately. 26. The process of claim20
further conprising am nati n%(the o ound of Fornula 0a5 at the

remai ni ng hal ogenat ed car bo vide a conmpound of Formula |, R2

4
X Formula F1

wherein “X” is selected from the group consisting of chloride, bromide, fodide,
fluoride and a sulfonyl group having the structure R*-SO,-, and forming
therefrom a compound of the structure of Formula Ga5,

RZ

| X /N\‘ag
/

HN.
R® Formula Gas

wherein, X and R? are as defined above, and R® is as defined

below, by carrying out a first amination on the compound of Formula F1 by a
process comprising admixing the compound of Formula F1 with acetonitrile,
adding K3PQ4 and water to the mixture, and reacting the mixiure containing the
compound of Formula F1 under refluxing conditions with a primary amine of the
formuta R%-NHy, or a salt thereof, wherein R%- is an alkylene-heterocycle.

b2, The process of claim 20 wherein said mixture is reacted with a primary amine

salt of the structure of Formula F1a,
HaN

%‘ ,* nHCl
e N‘O‘
Formula F1a,

where “n” = 1 or 2, thereby forming a compound having the structure of
Formula G1a,

~O" Formula Gla.

37



RIN-N R3Fornula | said process conprtsing: (i) refluxing the isolated
conmpound of Forrmula 0a5 in N-nmethyl pyrollidine with a secondary
amne in the presence of sodium carbonate and sufficient water to

mai ntain a refluxing tenperature of from about 140 C to about 160 C
and (ii) optionally isolating the reaction product of Formula I and
recyrstallizing it fromtetrahydrofuran by adding ethyl acetate. 27.
The process of claim 26 wherein, the secondary amne in Step "i" is a
conmpound of the Fornula Ha NH OH Ha 28. The process of cIa|n126
wherein optional step (ii) recrystallization is carried out from

et hanol by adding tert-butyl methyl ether. 29. A process for making

the conpoupd @fe FQELY & claim 29HRYein, Me Smolrofihfr bided B RaR TO4LBS

conpri si ng:
mixture is sufficient fo provide a volumetric ratio of acetonitrile : water in the

reaction mixture of at least about 1:5.

" 24. The process of claim 20 wherein, the K3PO, and water in the reaction mixture is
added to the reaction mixture as a solution.

25. (Original) The process of claim 20 wherein, the KsPO4 and water in the reaction
mixture are added to the reaction mixture separately.

26. The process of ¢laim 20 further comprising aminating the compound of Formula
Gab at the remaining halogenated carbon to provide a compound of Formula |,

R2
ol e

1 Y/
R N N-..N

H
N—pgo Formuia )

said process comprising: (i) refluxing the isolated compound of Formula Ga5 in
N-methy! pyrollidine with a secondary amine in the presence of sodium
carbonate and sufficient water to maintain a refluxing temperature of from
about 140 °C to about 160 °C; and (i) optionally isolating the reaction product
of Formula | and recyrstaliizing it from tetrahydrofuran by adding ethyl acetate.

27. The process of claim 26 wherein, the secondary amine in Step {" is a

compound of the Formula Ha

oW Ha

_28. The process of claim 26 wherein optional step (i) recrystallization is carried out
from-ethanol by adding tert-butyl methyl ether.
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a)' formng a conpound having the structure of Fornula E, cH2cH3 O N
hi NN by reacting, in a refluxing reaction solvent selected fromthe
group consisting of alcohols having 5 or |ess carbon atens and

m xtures of two or nore thereof, a nethanol solution of a salt of a

4- al kyl - 3- am no- pyrazol e conmpound of Fornmula C NH2 Fornula Cwith a

di am di zati on reagent selected fromthe group consisting of

di nmet hyl mal onat e, nononet hyl mal onyl chl ori de, and nal onyl dichloride

in the presence of a nmetal al koxi de base conprising an al koxi de

noi ety having 5 carbon atons or less; b) form ng a conpound havi ng

t he structa@r eA pfocEey ionirakiRg the capreoindnef Rormula Il

’ L(”*N’

OH HiN

-

2 NE
' O Formula ll,

the process comprising:

a) forming a compound having the structure of Formula E,
CH-CHs

o! N\(S
——
TWN‘-N,
o] E
by reacting, in a refluxing reaction solvent selected from the group
consisting of alcohols having 5 or less carbon atoms and mixtures of two or

more thereof, a methanol solution of a salt of a 4-alkyl-3-amino-pyrazole
compound of Formula C

H FormulaC

with a diamidization reagent selected from the group consisting of
dimethylmalonate, monomethylmalonylchioride, and malony! dichloride in
the presence of a metal alkoxide base comprising an alkoxide moiety having
5 carbon atoms or less;

b) forming a compound having the structure of Formula F;
CHoCHs

cl N\(g
el —
IY”‘N’
Cl Formula F,

by reacting the compound of Formula £ prepared in Step “a” with
phosphorous oxychloride in the presence of a Lewis Base selected from the
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by - reacting the conpound of Fornula E prepared in Step "a" with
phosphorous oxychloride in the presence of a Lewis Base selected from
the group consisting of N, N-dinethylaniline, pyridine,

di i sopropyl ethylam ne, and triethyl amne; (c) refluxing the reaction
m xture from Step "b" containing the conpound of Formula F in the
presence of a di hydrochloride salt of N-oxide-pyridin-3-ylam ne,
K3PO4, and water to formthe conpound of Fornmula G cH2cH3
-Nto-Formula G d) refluxing the isolated conmpound of Formula G
prepared in Step "c" in Nnmethyl pyrollidine in the presence of

sodi um car bonat group censfigting ioé NtN-diedhyiandingapiidie ndiigoprepylethyiagpine, and

t enper at ure of {rfeﬁglﬁ'ﬁﬂlét 140 C to about 160 C, and the am no al cohol
conmpound having 't structure of Fornula Gla, NH OH Gl aFornul a Gla,
to yield form ng the conpound of Formula Il; and [INo-Fornmula Il

(c) refluxing the reaction mixture from Step “b” containing the compound of
Formula F in the presence of a dihydrochloride salt of N-oxide-pyridin-3-yl-

amine, KzPO,, and water to form the compound of Formula G,
CHoCH3

cl N\‘/g
- —

4

\%/N‘N

HN

“

= NJ:‘O‘ Formula G;
d) refluxing the isolated compound of Formula G prepared in Step “¢” in N-
methy! pyrollidine in the presence of sodium carbonate, a sufficient water
o maintain a refluxing temperature of from about 140 °C to about 160 °C,
and the amino alcohol compound having the structure of Formula G1a,

Ch

oH Gla Formula G1a,

to yield forming the compound of Formula I}; and

O CH,CH;
i N /N\‘ég

= ¥/,
o N-N
oH HN

8?{
>N Formula il

e) optionally, isolating the compound of Formula tl prepared in refluxing Step "d”
from the reaction product and recrystalling it from ethanol by adding tert-
methyl butyl ether.

-30. The process of claim 29 wherein, the amount of water added to the reaction
mixture in refluxing Step “d” is sufficient to provide a volumetric ratio of N-
methylpyrollidine : water in the reaction mixture of about 100:1.
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e) optionally, isolating the conmpound of Formula Il prepared in
refluxing Step "d" fromthe reaction product and recrystalling it
fromethanol by adding tort-nethyl butyl ether. -30. The process of

cl aim29 wherein, the anount of water added to the reaction m xture
inrefluxing Step "d" is sufficient to provide a volunetric ratio of
Nmet hyl pyrol lidine : water in the reaction m xture of about 100: 1.

31. The process of claim?29 wherein, the anount of water added to the
reaction mxture in refluxing Step "c" sufficient to provide a
volunetric ratio of acetonitrile : water in the reaction m xture of
about 1:5. 32. The process of claim?29 wherein, the salt of the

conpou {\d @1, Fﬂ{erwlbé’%sgoif te!aﬁ i@@;ﬁfﬁér"eiri, ?esﬁm @ﬂwétéf)?ﬂdehgo ﬂfe(}ﬁ@cﬁon

consisting of oxalate, tosylate, and chloride s S.. 33. e _process
of ol ai m 91 vHGE? i ElE b of stRECEEmBSRNRF Bioebia et ArePRRI s ng
Step "a" .i s alwfah&resaion miRthre dfbopr neess of clai'm 31 wherein, the
solvent in reacting Step "a' is selected fromthe group consisting of

met hanol and ethanol. 35. The process of claim 34 wherein, the netal
al koxi de |mes eThépreastdf BRINSRe hémin, itiss sl of teecbnipooml thiforgiutzL® in

of "ol ai m 39 vAEPot i PHEEL NP nE SR HB Sy B Ag onde R b O o o

t he group consdiisting of N, N-di met hyl aniline, pyridine,

di i sopropyl ethyl am ne, and triethyl am ne. 37. The process of claim
36, wherein the Lewis base used in Step "b' is N, Ndi nmethylaniline.
38. A pr ociss s Thepronedsi afglaim gy mdeadiohe, sbit af i rcomipdind G-Rormalaitio

conpound havi g ffiessh el 4t Bdtlie 5™l @ E . OF

34. The process of claim 31 wherein, the solvent in reacting Step “a” is selected
from the group consisting of methanol and ethanol.

'35. The process of claim 34 wherein, the metal alkoxide base in reacting Step “a” is
selected from the group consisting of sodium methoxide and sodium ethoxide.

+36. The process of claim 22 wherein the Lewis base used in Step "b” is selected
from the group consisting of N,N-dimethy! aniline, pyridine,
diisopropylethylamine, and triethyl amine.

37. The process of claim 36, wherein the Lewis base used in Step "b" is N,N-
dimethylaniline.

38. A process for making a pyrazolo[1,5-a]pyrimidin-7-yl-amino-compound having
the structure of Formula E1,
R2

o] E1
wherein R? is a linear, branched or cyclic alkyl group, the process comprising
reacting, in a refluxing reaction solvent selected from the group consisting of
alcohols having 5 or less carben atoms and mixtures of two or more thereof, a
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wherein R2 is a-.linear, branched or cyclic al kyl group, the process
conprising reacting, in a refluxing reaction solvent selected from
the group consisting of al cohols having 5 or |ess carbon atons and
m xtures of two or nore thereof, a methanol solution of a salt of a
4- al kyl - 3- am no- pyrazol e conpound of Forrmula C R2NH2 HFormula C
with a diamdization reagent sel ected from di met hyl mal onat e,
nononet hyl mal onyl chl ori de, and mal onyl dichloride in the presence of
a Lewi s base having sufficient proton affinity to abstract a proton
fromthe 1-position nitrogen present in the pyrazole ring. 39. The
process of clméthads solutay ofiansalind adladlkyl-dfarsine-piraape saapedndwfhermuac
is an oxal at es alt. 40. The process of claim38, wherein R2 is a
| i near al kyl of 4 carbons or Iessz. 41. The process of claim 40,
wherein R2 is ethyl (-C-12-CH3)R NH;
¥
/N,N
H Formula C1
with a diamidization reagent selected from dimethylmalonate,
monomethylmalonylchloride, and malonyl dichloride in the presence of a Lewis
base having sufficient proton affinity to abstract a proton from the 1-position

nifrogen present in the pyrazole ring.

39. The process of claim 38, wherein the salt of the compound of Formula C1 is an
oxalate salt.

40. The process of claim 38, wherein R? is a linear alkyl of 4 carbons or less.

41. The process of claim 40, wherein R? is ethy! (-CHz-CHs).
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3-al kyl -5

br anched, yclic ahkyhﬁxy functional group ofp&nﬁmﬁﬁﬂucture

(- RRa- OH) is a linear, branched or cyclic alkyl group, R2 |$ a
linear, Db ed or cyclic alkyl group, and 113 is selected from

al kyl het e | es, f@exanpl e, 3-al kyl ene-pyridi ne-N-oxide, ha}ye¢
activity cl i n-dependent ki nase i nhibitor (CDK inhibitor)
conpounds. D 2008/027220Hﬁﬁiﬁﬁﬁﬁ&ﬁﬁﬁﬂéﬁﬂﬂigl_ﬂi_

Qerwatwes and Intermediates

+ Field of the nvention
This application discloses a novel process to (3-alkyl-5-piperidin-1-yl-3,3a~
dmydro-pyrazolon s-a]py:]mxdm—?’-yl)-ammo derivatives, which have ulilily, for
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ppm (1H, broad), 3.27-3.46 ppm (2H, m), 2.76-2.83 ppm (1H, t, J=13.0 Hz), 2.45-
2,50 ppm (2H, q, J=7.5 Hz}, 1.72-1,79 {1H, m}, 1.54-1.68 ppm (BH, m), 1.30-1.34
ppm (1H, m), 1.18 ppm (3H, 1, J=7.5 Hz)

The above description of the inventicn is intendsd to be lHlustrative and not
limiting. Varicus changes or modiications in the embodiments described herein
may ocour to those skilled in the art. These changes can be made without
departing from the scope or spirit of the invantion
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HN Formul a | As described in the '878 publication, in these
conpounds can be prepared through the general routes described bel ow
in Schene |. Scheme I Where Rl, R2, and Ware as defined above, R4
and R7 ar eVONBREIfrom H and R2, and R5 and R6 are t AERHJOL8365
to forman al kyl heterocycle, for exanple, pyrimdin-1-yl, optionally
substituted on any carbon wth a linear, branched, or cyclic alkyl,
which is optionally substituted with hydroxide. Accordingly, a

di carboxylic acid diester (conpound 11, a nal onate diester or an

appr oprCR08437 subst ut ed nmal onate di ester derivative where R4 is other
t han hydrogen) is condensed wth pyrazote conmpound (7) by refluxing
In acetic acid, formng a pyr| done corrpound (13). The pyr| done
conmpound i s subsequémd 3 - theSynthesig oft . for

examml e, cbbtSa Tlcihtt 04145 SRy 850 B 261 SUBPYr iR ) A
sequentlal |y treat ed vmth 2privativaspamd dnteimediatesn; no- functlonal | zed
CDK i nhi bitor product 16, wherein 115 and 116 are taken together to
forman al kyl heterocycle, for exanple, pyrimdin-1-yl, and wherein
"R' (Scheme 1) is a linear, branched, or cyclic alkyl, optionally
substituted with pyridine N-oxide. 2 WD 2008/ 027220PCT/ US2007/ 018305
One exanple of these inhibitors is the conpound of Fornmula I1I.

Field of the Invention

This application discloses a novel process to (3-alkyl-5-piperidin-1-yl-3,3a-~
dihydro-pyrazolo[1,5-alpyrimidin-7-yl}-amino derivatives, which have utility, for
example, as pharmaceutically active compounds, and intermediates useful in the
synthesis thereof. '

Background of the Invention

ldentification of any publicatio'r'f‘in this section or any section of this
application is not an admission that such publication is prior art to the present
ihvention.

As described in Published U.S. Patent Application No. 2004-0209878 A1,
filed on February 11, 2004 (the 878 publication), which is incorporated herein in
its entirety, 3-alkyl-5-piperidin—1-yi-3,Sa-dihydro-py.razo!o[1 ,S-alpyrimidin-7-yl)-
amino derivatives (as illustrated in Formula |, where R' is a linear, branched, or
cyclic alkyloxy functional group of the structure (-R*-OH), B* is a linear,
branched or cyclic alkyl group, R? is a linear, branched or cyclic alkyl group, and
R® is selected from altkylheterocycles, for example, 3-alkylene-pyridine-N-oxide,
have activity as cyclin-dependent kinase inhibitor (CDK inhibitor) compounds.



0- Formula I'l The synthesis of the conmpound of Formula Ills described
in the '878 publication according to Schenme I1: Scheme I1; Step 1 -
Am di zation to form substituted pyrazole o 11. \(NNH2

CH2( CO2 VD) WARDAS/RTRE2Me , N ti cN MD Step 2- Formati on &i§3/US2007/018305

di hal ogenati on of pyrazol o[ 1, 5a] pyrimdine 1. POCI 3

R2

N /N\‘%

A T N...____Nl/'
) Formula |

As described in the '878 publication, in these compounds can be prepared
through the general routes described below in Scheme |.

Scheme |
R » .
\O/U\HLO/ + jl/j\>_n7 AcOH A7 _2~}‘/N O pocl RV—hN\ Cl
R* Ni-{ reflux N R NN -
o ci
7
11 o, “
3 H2 HS HS Rz !?5
E:L‘-NH2 hN\ ci N’ N N._g
e o 7. H 2 =R R
R™X N R N
iPraNEt; dioxane N R+ iPraNEY; dioxane NN e
RT HN"‘RS 75 OC HN..Ha
15 16

Where R', RZ, and R®are as defined above, R* and R’ are selected from H and
R?, and Ré and R°® are taken together to form an alkyl heterocycle, for example,
pyrimidin-1-yl, optionally substituted on any carbon with a linear, branched, or
cyciic alkyl, which is optionally substituted with hydroxide. Accordingly, a
dicarboxylic acid diester (compound 11, a malonate diester or an appropriately
substuted malonate diester derivative where R4 is other than hydrogen) is
condensed with pyrazole compound (7) by refluxing in acetic acid, forming a
pyridone compound (183). The pyridone compound is subsequently derivatized by
dihalogenating it, for example, by treatment with the chlorinating reagent POCl; to
provide the dichloride derivative. The dihalogen derivative (14) is then
sequentially treated with amines to provide the amino-functionalized CDK inhibitor
product 16, wherein R5 and R6 are taken together to form an alkyl heterocycle, for
example, pyrimidin-1-yl, and wherein “R” {Scheme 1) is a linear, branched, or
cyclic alkyl, optionally substituted with pyridine N-oxide.
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N, N-dinethyl d aniline 2. Isolate/ Ochromatograph Step 3- Am nation
(two separate, sequential reactions) As described in the '878
publication, Synthetic Schenme Il |eading to the conpound of Formula
|| has sev¥PaEPIsIREIHvant ages from the standpoint of corfd/E2N7/08883 e
synthesis. In step 1, the starting material (conpound "C') used in
the formation of conpound "D' is a sticky, viscous oil which is
difficult to process (weigh, transfer, and bl end). Moreover, step 1,
as described in the '878 publication, requires isolation and

chromat ographi ¢ purification of conpounds C and D prior to carrying
out each sub ri L ZAakht [ tdriria 112S
described i n%ﬁ%%@gﬁg%@f’bgﬁ?”% ﬁgﬁr&ggqugﬁd?qjgnpouﬂd Cwth

mal onate diester is carried out | the diester as a solvent. After
isolation and purification of theg regultagpt | onat e adduct, conpound
D, ring closure to form di ket one cgrfpo carried out in

nmet hanol . I n accordance with the pEocedyre gesg€ribed in the ' 878
publ i cation, compound E is isolatéd and "ed™ then converted to the
correspondi ng dichloride in N Ngignethyl ,aniline by treatnent with
phosphor ous oxychl oride (POC13). The dichldride thus fornmed was

i sol ated and purified by chromatography pri to the sequenti al

am nation reactions. Additionally, the cqnpodynds of Fornmula G and of
Forrmula Il require chromatography purifi i @”q%&ﬁﬁhélions1 as
described in the '878 publication. As further described in the
'878 publication, each of the am nation reactions were run separately

withis t . ' L fiji:Cat L QF R ' '

Feact i ond N oERCUERAIEEN Eorhiia 1t & Heb Bty B8 " P blficaRn

pr epar atsicoardsfg tch8chemedlund of Fornula Il utilizing a schene

consi st eﬂ%aﬁjve separate reaction steps wth intervening isolation
ca

and puritl 1 on of the products, each sequential step being carried
out in a diffdepit— Aolidisatorsipsiosm subiséituied purazole el d of the conpound

of Formula Il repgrted for this synthes s, based on starting conpound
C (Scheme 11) is abo 22@@@®@E#eé§%¥§s€égd Summary of the |nvention

In view of the forggdj ng, what is/n&eded F&MY synt heti c schene usefu

for preparing the i nhi bi tor coanynds of interest utilizing fewer

reaction steps. MoreoVer, what is needed is a synthetic schene for

t he prepar at iSiep - BDkhatidn &dnd ditpieganationdd pyfazein] hbladpyrinigine a

hi gher product yield based on conpougd G sigyifing material consuned.

Mor eover, what is needed is a processywhich mninizes the %EE%:for
wer

chromat ogr aphi ¢ puri fias@td on G i-N di at"bﬁ,;dffa?i@’utﬂ j
i4ien, ' d is
n

ee
changes of sol vent” systems™ In i W
synt hesi s schene for M&Ppounds offFortul . tsohtel ch is anmenybl &¥f or

scale-up to a batch size suitabl eOf or comme¥enaesradal e pr&parati on.
These and ot her objectives and/ or gadvant ages are provi ded b§ the
present invention. - e aspect. of the.present i.nvention is a
process for {g{gp ﬁﬁ%@?@@"&ﬁﬁgﬁﬁ'}%ﬁ%&n@g{ﬁ%‘ﬁﬁ%s)havi ng the

structure of Formula I ..."/"........ Fornmul a |

@
N
A Cla E:F AN =\
4 3 ~
e to_ S -Nyg H N |/ N N
Foo— OH  HN

HN r/
"
N xN-

G Formula Il




froman internmedi ate pyrazol o[ 1, 5-a] pyri m dine-5, 7 dione conmpound of
the structure of Fornmula El, , OEl wherein RL is a linear, branched,
or cyclic al kyloxy functional group of the structure (-R2a-OH), R2a
is a |lineaVO2pB&RBALd or cyclic alkyl group, R2 is a | iB&d8IS20060H3¢hed
or cyclic alkyl group, and Rs is an al kyl ene-heterocycl e, preferably,
3- al kyl ene-pyridi ne-N-oxi de, said process conprising: (a) formng
the internedi ate conpound of the structure of Formula El by reacting,

in a refluxing reaction solvent selected fromal cohols having 5 or
| ess carbon As descrivat in thel82s poblicaionoBynibedc Sebemsr | laading

a - orperbotnd Bt Fplhul Cnds Sierdr SaRcaRbEs fof e o ot o0
f rom di cemimglroial scaie eyninesisndnisjenil BeystaningrmateriabteemanusgyCT) used
at t1mi 1 b 0 gt OFEEG o 2k ASEoil ARcHES ity P10t o
pyr azol pracess (wéigh, ttansfeatand bigndheMoreavarestentle aEldesediped Buthen88Bep
(a) to Bﬂ&}@aﬁgn,t E%uﬁgg?&f%r%ng eﬁmﬁllé”toaapl'?fc maicaﬁon of compounds C
and D prior to carrying out each subsequent derivatization reaction. In addition,
as described in the '878 publication, the reaction of compound C with malonate
diester is carried out using the diester as a solvent. After isolation and purification
of the resultant malonate adduct, compound D, ring closure to form diketone
compound E is carried out in methanol. In accordance with the procedure
described in the "878 publication, compound E is isolated and dried, then
converted to the corresponding dichioride in N,N-dimethyl aniline by treatment
with phosphorous oxychlotide (POClz). The dichloride thus formed was isolated
and purified by chromatography prior to the sequential amination reactions.
Additionally, the compounds of Formula G and of Formula Il require

chromatography purification and isolations, as described in the "878 pubilication.

As further described in the 878 publication, each of the amination reactions
were run separately with isolation and chromatographic purification between
amination reactions. Accordingly, the '878 publication describes the preparation
of the compound of Formula [ utilizing a scheme consisting of five separate
reaction steps with intervening isolation and purification of the products, each
sequential step being carried out in a different solvent system. The overall yield
of the compound of Formula 1l reparted for this synthesis, based on starting
compound C (Scheme ll) is about 20%.

Objectives and Summary of the Invention

In view of the foredoing, what is needed is a synthetic scheme useful for
preparing the CDK inhibitor compounds of interest utilizing fewer reaction steps.
Moreover, what is needed is a synthetic scheme for the preparation of CDK
inhibiting compounds of Formula | with a higher product yield based on compound
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ScFormula FI, wherein "X" is selected fromchloride, brom de, iodide,
fluoride, and a sulfonyl group; and (c) sequentially am nating the
conpound of Fornmula FI, in sub-step (ci) with a primry am ne,

substi t ut i W8 204882R2Yr oup on the 7-carbon atom of the PCT/US2007/018305
pyrazol o-pyridine noiety, and in sub-step (cii) with a secondary

am ne replacing the "X"'-group residing on the 5-carbon atom of the
pyrazol o-pyridine noiety, wherein the structure of the amne used in
each sub-step is independently selected to provide a suitable

subst i t Gestarting niateriat ¢onssongrb ulNoredverowhal ig needed is a progessowiich
enbodl Vs A on
of the T e DeeBPLhetofraphPplfioariBh G FBRnYaLS, BB el

t osyl at tgwemhaoge@pf selvenbsystemess én agdijiophwhabigmesdedds ajsynBiesisat e.

l:gr Egg or ess pr eﬁm Qt‘:'bnﬁ #W‘@?Wrﬁ%%%@d gbﬁ?gafé K%E %1[% (r)rLIg

El is asaerspdabie fof ccﬁnmaﬂ:lal gcalel prepqraf on.0Fbese Apd |9ther objectives angiar
enbodi ]ﬁlgg | vent is preferably
sel ect ggg\t(rorﬁg ms?%ano an e ngFSﬁﬁmb{rlg&&?gf erably methanol. In sone

enbodinments it is preferred for the Lewis base to be selected from
net al al koxi t- i r

Tt hi um - soden ahgchal BehEeiihaten'R3 38 for s ShfEe A BNK
Lewi s banddbitos comipsandd fﬁwm@e@tmwe_}m@fmﬁuw_ sodi um net hOXI de, and

nore preferably the Lewis b . WO

2008/ 027220PCT/ US2007/ 01830 I n sonerenbodi ments of the
present invention, Step (b) carried out /by providing a solution of
t he conpound of Fornmul a El PN\t he conpound of Fornmul a
El by treating the solution cgntaim he/ orrpound of Fornula El

HN— g Formula |,

from an intermediate pyrazolof1,5-a]pyrimidine-5, 7 dione compound of the
structure of Formula E1,
RZ

O E1
wherein R' is a linear, branched, or cyclic alkyloxy functional group of the
structure (-R*-OH), R* is a linear, branched or cyclic alky! group, R? is a linear,
branched or cyclic alkyl group, and R® is an alkylene-heterocycle, preferably, 3-
atkylene-pyridine-N-oxide, said process comprising: (a) forming the intermediate
compound of the structure of Formula E1 by reacting, in a refluxing reaction
solvent selected from alcohols having 5 or less carbon atoms and mixtures of two
or mare thereof, a methanol solution of a sait of a 4-alkyl-3-amino-pyrazole
compound of Formula C1,
A2 NH,

H Formuia C1
with a diamidization reagent selected from dimethylmalonate,
monomethylmalonylchioride, and malony! dichloride in the presence of a Lewis

5



where "X" is a hal ogen selected fromchloride, brom de, iodide and
fluoride. Preferably the solution is nade by dissol ving the conpound
of Formula El in a solvent selected fromacetonitrile and tol uene,
mor e pref eWABPB/RRHA0 sol uti on conprises tol uene. REUS2H/ 018305
substituent of the compound of Fornula FI is a hal ogen, preferably it
is chloride. Wien the "X" substituent of the corrpound of Formul a Fl
is chloride, the hal ogenating agent used in Step "b" is a
chlorinating agent preferably selected from phosphorous oxychl oride,
phos phopasshadng sofficEnt gegton madfinityl torghistiaht a preten fram ghe i arasition y t he
hal ogenatin Jo)

agent 1 mggen e eYfRAi TRGTET SRtk Mg FlombRERe F B E P
di met hy(a)aopi'mm@e theyedrdpoend of Fsupularﬁd,et hyl ami ne, and tri et hyl

am ne, nore preferably dinethyl aniline. I k2sonme enbodi nent s
of -t he present invention, Step (b) is carrxe by providing a

sol ution of the conpound of Formula EI and qu n i ng the conpound
of Formula El by treating the solution conta 'Hg\lthe conmpound of
Formula EIl with a sulfonating agent in the pregsence p&rnau;aqrsge

provi di;\v% a corrpound of the structure of Fl (shgown cg%‘bove "X

i s a suwhergin “¥r suslegied frepnphlprige ’é&"@aeﬂ“%meaﬂwr' F‘“i

met hy| ”érelu;%y\b mﬁf@i&&ﬁﬁﬁ;ﬁéﬁ%é&ld@ﬁn@%nﬁﬂdﬂw Fouea Fdein dub- §1@ﬁe

enbodi onprises sul fonaél on, reaction

pr ef er affiywithe wnwmmgsa@%ﬁwm%twmug an s yicarhp g of the

Pref er aplpabREppflitg hmaetySamﬂesm € @sn ¥ith@ ddtenaarpamitt ipldagrul a
El in a 5ol ven'tD WO 2008/ 027220PCM52007/ 0 1?1305 sel ect eg from

acet oni the PE-giREP reyidiBaen ther-camanaignt 9f R PYEHAUTPEH E‘S'rfﬂ?'ie%s

t ol ueneyherein thé BirE&R: 6fiPRCAARR Ssaf mtdra@hmubeaépmnmp@hdemw ude
formng the conpound of the structure of Fornula al o en1at| ng

a
the conBBlegiedio RgViRg asiia I%sgp%tgue%ttofta%#@ a‘PWOFa‘?Oé grAYR T+t hus,
t he conpound of the structure of FI |s a corrpound of the structure of
Formula F C FFornula F resent
i nvention prbteeme W@O%ﬁ‘ﬁﬁﬁjﬂﬁthﬁf'm’%'or‘){*ﬂ gbtﬂf?s{asre iﬁ@B‘yﬁn?ﬁ’g”nP
conpou ngbro?f tE@rsrﬂt:cﬁ th‘-dl; camooha@flmmuW1 seube!sbm ftarh)oxattie atylate, t he
conpound of Fornul a a nar ses
vt o7 aRBENIICE, M e st KEeaner (P ey alkpy e Bodfiehor
\f/imqueﬁus tt@lﬂbhﬁdﬁ\?] R?stdﬂlﬁ\adﬂrwtwgrmpébu: etai;‘]ddmmcdeés;s\{ @!’efE:atgy azeﬂl;)etﬁg}'

ich contajns the e ound o e, St Luc of Formula FI;
and (1 | S sapons e B Recthpbulr 3t EHRE i nthe

m xture under refluxing conditions to formthe conpound of the

structure of Formula Ga,
et
iﬂ,m %

~N
(o] Formula E.

In some embodiments of the invention the reaction solvent is preferably
selected from methanol and ethanol, more preferably methanol. in some
embodiments it is preferred for the Lewis base to be selected from metal alkoxide
bases, more preferably the base is selected from lithium, sodium and potassium
alkoxide bases, more preferably the Lewis base is selected from sodium ethoxide
and sodium methoxide, and more preferably the Lewis base is sodium methoxide.



R2 1-IN-R3 Fornula Ga wherein
R2 and R3 are as defined above. In sone enbodinents it is
preferred for the primary am ne used in reacting Step "c (ii)" to be
the primuWOamBMaE 2l t of the structure of Fornul a Fl aPCT{USZOROISPOSNE
nHCI O-Formula FI a, wherein "n" = 1 or 2, preferably 2, the reaction
t hereby form ng a conpound having the structure of Fornmula. Gl,

In sone enbodinents it is preferred for an anount of water to be
added to the reaction mxture in am nation sub-StepﬁbS(_:i) whi ch is
suf fi ci ent tlon soeiembadimenisneftihe resantdnvemtigeeBian ) is eariedQud Py n

the reagidfiindbdoitfordt tAB {Wpburd of Formula E1 and halogenating the
compound of Formula E1 by treating the soiution containing the compound of
Formuia E1 with a halogenating agent in the presence cof a base, providing a
compound of the structure of F1,
RZ

X Formula F1
where “X” is a halogen selected from chloride, bromide, iodide and fluoride.
Preferably the solution is made by dissolving the compound of Formula E1 ina
solvent selected from acetonitrile and toluene, more preferably the solution
comprises toluene.

When the “X” substituent of the compound of Formula F1 is a halogen,
preferably it is chloride. When the “X” substituent of the compound of Formula Fi
is chloride, the halogenating agent used in Step “b” is a chlorinating agent
preferably selected from phosphorous oxychloride, phosphorous pentachioride,
and thionyl chloride, more preferably the halogenating agent is phosphorous
oxychloride. When a chlorinating agent is used in Step “b", preferably the base
used is selected from dimethyl aniline, pyridine, diisopropylethylamine, and triethyl
amine, more preferably dimethyl aniline.

In some embodiments of the present invention, Step (b) is carried out by
providing a solution of the compound of Formula E1 and sulfonating the
compound of Formula E1 by treating the solution containing the compound of
Formuta E1 with a sulfonating agent in the presence of a base, providing a
compound of the structure of F1 (shown above) where “X” is a sulfonyl group,
preferably selected from aryl sulfonyl and methyl sulfonyl, more preferably methyl
sulfonyl chioride. In some embodiments in which Step (c) comprises a sulfonation
reaction, preferably the suifonating agent is methyl sulfonyl chioride. Preferably
the solution is made by dissolving the compound of Formula E1 in a solvent



I n sone enbodi nents where the "X" substituent is chloride, amnation
sub-Step (cii) conprises refluxing the isolated conpound of Formula
Ga prepared in first amnation sub-Step (ci) in N-nethyl pyrollidine
with a sect®Pard02a 3 ne in the presence of sodi um car borR{ETES3MI/018305
sufficient water to maintain a refluxing tenperature of from about
140 C to about 160 C, thereby yielding the conmpound of Forrmula I.

In some preferred enbodi ments, the conpound of Fornula Ga prepared in
first am nation sub-Step (ci) is the conpound of Fornula 01, and the
secondaggieciat T sedtanitricamchtbivanean andreprefebalsy dpe Golutipn iCOMPKISaRi ne
of the structure of Formula Ha ON' OH Ha WO

2008/ 02 CT/ US2007/ 018305 t hereby providing the conmpound of
Formula | a In sonme preferred enbodi nents, R2 is ethyl, thus

e OO ek St SE N he ERNR e R o2 Fordiha
| 1. For stiha s@ucture of FonmokeE¢mpddiategrnatingdhe cosmeundrf diormoia £ i
pr O.Ce.ss§}3p A ERStA Gt RERANARAL 1HE ERGoLMD bPie YRR s DK

i nhi bit process conpri si ng:
compound of the structure of Formula F

ol /NW%C
o N-pf

Ci .
F Formula F

In some embodiments of the present invention process, the compound of
the “X” substituents in the compound of Formula F1 are chioride, and sub-step
(ci), aminating the compound of Formula F1 with a primary amine, comprises: (a)
adding a water and a base, preferably KaPOj, either separately or as an aquecus
solution, o the product mixture from derivatizing Step “b” which contains the
dihalide compound of the structure of Formula F1; and (i} reacting a primary
amine, or a salt thereof, with the mixture under refluxing conditions to form the

compound of the structure of Formula Ga,
RE

o NN

¥,

T N‘N
HN‘RS Formula Ga

wherein R? and R® are as defined above.

in some embodiments it is preferred for the primary amine used in reacting
Step “c (ji)” to be the primary amine sait of the structure of Formula Fia,



(a) reacting a refluxing solution conprising one or nore of an

al cohol having 5 carbons or less and a salt of the

4-et hyl - 1H pyrazol - 3-yl am ne conpound of Fornmula C {NH2 r1/41.7N

11For nul a \‘;‘,B\ﬁf’qsf?z'é?ﬁﬂ am di zati on reagent sel ected from PCT/US2007/018305

di ret hyl mal onat e, nononet hyl mal onyl chl ori de, and mal onyl dichl oride

in the presence of an netal al koxi de base conprising an al koxi de

noi ety having 5 carbon atons or less to formthe product having the

structure of Fornmula E, CH2CH3 OE; (b) hal.ogenating the isol ated

product of Forrmula E fromreactipnlgt$tep "a" treating an

acetonitrile solution containingthe jconmpound of Formula E isol ated

fromStep "a" with phosphorous oxyc oNLdecm the presence of

N, N-di nethyl aniline to forma cofrpo - t he f:tolr'rHﬁltaLEFa,Of F;
wherein "n" = 1 or 2, preferably 2, the reaction thereby forming a compound

having the structure of Formula-G1,

RE

& -~ —
o Nepf
HN

4

-+
= N‘0“ Formula G1.

In some embodiments it is preferred for an amount of water to be added to
the reaction mixture in amination sub-Step (ci} which is sufficient to provide a
volumetric ratio of acetonitrile : water in the reaction mixture of about 1:5.

in some embodiments where the “X" substituent is chloride, amination sub-
Step (cii) comprises refluxing the isolated compound of Formula Ga prepared in
first amination sub-Step (ci) in N-methyl pyrollidine with a secondary amine in the
presence of sodium carbonate and sufficient water to maintain a refluxing
temperature of from about 140 °G to about 160 °C, thereby yielding the compound
of Formula |.

In some preferred embodiments, the compound of Formula Ga prepared in
first amination sub-Step (ci) is the compound of Formula G1, and the secondary
amine used in second amination sub-Step (cii) is an amine of the structure of

k.

Formula Ha

OH Ha



(c) refluxing the dichloride of Formula F prepared in Step "b" in the
presence of a hydrochloride salt of pyridin-3-yl-nethylam ne-1-oxide,
a base sel ected from potassi um carbonate and pot assi um phosphat e
tribasic (WORIW2723hd a reacti on medi um sel ect ed from FESBHANNTHO133¢S
and an acetonitrile/water mxture to formthe conpound of Formula G
CH2CH3 C  Fornula G WD 2008/ 027220PCT/ US2007/ 018305 (d) reacting
the isolated conmpound of Formula G prepared in refluxing Step "c"
with the am no al cohol conmpound structure of Gla, r--

thereby providing the compound of Formula la

O v
N NYS
_ ra —

H #
- Nepy

OH HN
(’5
+
Formual la N‘-o—.

In some preferred embodiments, R? is ethyl, thus the compound of the
structure of Formuta G1 is compound G, and the compound of Formula | prepared

in Step e is the compound of Formula 1.

O~
N NHN/
HN
-
X = NtO‘ Formula G
In one embodiment, the present invention is a process for making Cyclin-

Dependent Kinase inhibitor compounds (CDK inhibitor) of Formula li,

==

I\
;_.fjj
N .

OH HN

Nﬁ
"~ Formulall,

the process comprising:

{a) reacting a refluxing solution comprising one or more of an alcohol
having 5 carbons or less and a salt of the 4-ethyl-1H-pyrazol-3-ylamine
compound of Formula C
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OH GM by refluxing the compound of Formula Gin N-nethyl pyrollidine
in the presence of sodium carbonate and sufficient water to maintain
a reaction tenperature of fromabout 140 C to about 160 C, thereby
yi el di ng tWe 288®pBe&hd of Fornmula |1, cH2cH3 OHRN For nulP&T{US200ZA3¢5%)
optionally isolating the conpound of Formula Il prepared in refl uxing
Step "d" fromthe reaction m xture by precipitating it with an
anti-solvent; (f) optionally recrystalling the isolated solids.
In some enbodi ments of the invention, the salt of N he conmpound of
Formula Cin reacting Step "a" is selected af ate, tosyl ate,

t.

2

i

and chloride salts, preferably the oxalate s In some enbodi ments
the solvent in reacting Step "a" is preferably ected from net hanol

and ethanol. I n sonme enbodi nents the netal al RgXi de base i@ reacting
Step "a" is preferably selected from sodi um met'hoxi d&" odi um
et hoxi de. Wit arantaibatbipsigent selcetabirymtdimetieMnaldyase used in

Step "b" is preferabl el ected from N, N-di nethyl aniline, ridine,
di i sopropyl et hylaR"Aet Vﬁﬂﬁlof‘ﬂcg{oﬁﬁﬁ’ apt H@O’E‘%ﬂ@%ﬁ?r@:&]‘%%‘%ﬁfrggeme&
N,ngk g! met hyl anidyd metal famx&gmgééﬁaﬁﬁgﬁﬁf?m Q&)(iﬂfé&%léty haliy 5 eaEbon
enbodi ments it is preferred for the refluxing solvent enp ogye n
step "c" to coPMSerdestq fBerthg:pioébﬁt@P?’m g@?@r’ﬁuf: P?EWPHXE%%

enbodi ments, the base used in Step "c" is preferably potassium

phosphate tribasic. In sone enbodi TR he salt of

pyri di n-3-yl - net hyl am ne- 1- gxi In the reaction is the

di hydrochl ori de salt. In spne odi nents the base used in Step

"d" is selected fromsodiumc &t e and sodi um bi car bonat e,

preferably the base used is sodhum carbogate. In some enbodinents it

is preferred for an anpunt of water to b%Fadde ‘Eg the reactjon, .,

mxture in ré&) W?Q@‘%ﬁhed@d%ﬂ?ﬂfm@pﬁ?ﬁot@r'ﬁ\“gﬁ/ £ SRRt P2

rlggi g of Nmet hyhypirs g ah BeastomtiRy sdlidroritainiig Bk dnbolirt] of Ferbald
- E isclated from Step “a” with phosphorous oxychloride in the presence

of N,N-dimethylaniline to form a compound of the structure of F;

CHoCHg
Cl<__N
o "

o Nepf
Cl Formula F,

(c) refluxing the dichloride of Formula F prepared in Step “b” in the
presence of a hydrochloride salt of pyridin-3-yl-methylamine-1-oxide, a
base selected from potassium carbonate and potassium phosphate
tribasic (KsPQy), and a reaction medium selected from acetonitrile and

an acetonitrile/water mixture to form the compound of Formula G,
CHoCH3
= N
/4
HN

Ci

o Formula G;
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In sonme enbodi ments using optional isolating step "e", it is
preferred to use ethyl acetate to precipitate the solids. In sone
enbodi nents including optional recyrstallization step "f' it is
preferred WO 208828hy| al cohol as a recrystallization FEMUSA07/018305
Det ai |l ed Description of the Invention As mentioned above, and
described in the '009 publication, conpounds of Formula | (as defined
herein) are believed to have prom sing activity as useful

phar maceuti cal conpounds having CDK inhibitor properties. The

synt hesi s of (dhresetingthsoisaidded tompexnthef Eormula G prgared iorefiuding Step
1, is describegs, Holrlel plication No.
2004- 0209878 Al . ¢ W\Pqﬁé%' e%#uar 'b@?‘%ﬂgﬁtr?gﬂﬁ@& bubl i cati on) .
The process for providing the conpound of Formula Il is described in
the '878 application in Exa s 507 to 508, 509, 1000 and 1001.
These exanpl es, "as well as dheigntirety of the '878 application are
i ncorporated herein by referehce. As described above, and with
reference to Schenmes | and |4, the preparation of these conpounds in
general proceeds through amodi Z&%| on of a pyrazole 3-yl -am ne

internedi ate (g d 7 of Sche Ve nat. r
mal onat e deri va& (fgﬂ%%ﬂ %u J; ﬁ?@f@‘l‘% ﬁﬂﬁéétpyﬁ%ynﬁtﬁmaﬁéﬁe
nmonoest er aci d presentcelef sodium m'bonateearrmm&slbarwatardo mdiniain a seaction
foll owed by cyc)ization t form t he, corLespondi o N

byt asotof 1. 5. a1 (s tHte eF o5t Bhaicl £ ERRAR 88 -, thereby yietaing the
2008/ 027220PCT/ t45apomdDaBBOIn@=adhpl e, conpound 13 in Schene 1).
Subsequent hangenatio&izéithe ket one sites (e.g. conmpound 14)

fol | owed by stepw se arfin Hife halide sites (e.g. conpounds 15
and 16) yields the desirgd i bitor conpounds. The process
of the present |nvent|qn’ i nprovenents in this genera

synt heti c schene by ei idher ting this process to either inprove
the yield of the product in so of these steps, conbining two or
nore of these steps into a o t synthetic schene, or alterations
in the reaction schene and ne 09 ¥=apdmhfr s to the provision
of an internediate or product as an easily |solated precipitate which
obvi ates the need for chromatographic purification required in the

previously de{éf&bﬁﬁ%l!??eﬁﬁ the AGARSEHAS Fornfiftg ;ﬁf@ﬂaﬁa@’lﬁrr@huﬁné he

st eps of the process o e present I nventi on Lconpri se an | I’OVG

synthesi s for tfteRpdefrarmihesieastion ymikise 8y Pr@mar}%lm ihyvith @@ Q!Bh%lﬁ%s

over those syt bgfddan rrggf?gﬁﬁﬁ,gdmgng@@a ddlgkhe ' 878 publication for
preparation of pyrazolo 5-ajpyrimdi ne conpounds. It will be

appreci ated that each and severally the inprovenents of the present

invention (pgoMe ehilRiRenit &idhbk Mhweritio, Maesau%ff&ha cdﬁ%ﬁhb@ﬂ' Fymuleti ¢
process to provide an i nproved synthetic process fo he preparatlon

of conpdﬁﬁﬁ%ctmﬁeeﬁk” iereignted e pyplata. teylateqand FWﬁF'B@é& Step is

descri besteftRAbly the oxalate ¥, ApPsisihe ‘éf’nlidiﬁ'néﬁ%&ﬁétsotvﬁhem 1eRBtinG Sip “a”

i mprove roce rovision

5L O ciif BeTHRksS et e i RRp AT otBRgh JRdome ARed Mgt dhe

i npr ovedn@faoaﬂ@s:dqustehﬂ redcpey Sicpoa” i prefdreblyR@iciied frofpsetids: havi ng

the struct e of 65% . N EIl wherein R2 is a linear, branched

or cycl i'B® %VF%ﬂé%éBhQi ?¥desupsequent hal ogenation, or

alternatively, its subsequent sulfonation, carried out in accordance

with SChenFn éclarlne c—:m\lt\)‘od2 rggg(sopzré eragﬂlll U%e(av(?s? gs%eg ggeSd in Step "b" is preferably
selected from N,N-dimethyl aniline, pyridine, diisopropylethylamine, and triethy!
amine, more preferably N,N-dimethylaniline.
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Schenme Il Step 1 - Formation of a pyrazolo[1l,5-a]pyrimdine-5,7

di one:

R2 NH2 - n+ cH2(CCR0)2 I

WO 2008/027220 PCT/US2007/018305

in some embodiments it is preferred for the refluxing solvent employed in step
“c” to comprise a ratio of 5:1 water: acetonitrile. In some embodiments, the base
used in Step “¢c” is preferably potassium phosphaie tribasic. In some
embodiments the salt of pyridin-3-yl-methylamine-1-oxide used in the reaction is
the dihydrochloride salt.

In some embodiments the base used in Step “d” is selected from sodium
carbonate and sodium bicarbonate, preferably the base used is sodium carbonate.
In some embodiments it is preferred for an amount of water to be added io the
reaction mixture in refluxing Step “d” sufficient to provide a volumetric ratio of N-
methylpyrollidine: water in the reaction mixture of about 100:1.

In some embodiments using optional isolating step “e", it is preferred to use
ethyl acetate to precipitate the solids. In some embodiments including optional
recyrstallization step " it is preferred to use ethyl alcohol as a recrystallization
sclvent.

Detailed Description of the Invention

As mentioned above, and described in the '009 publication, compounds of
Formula i (as defined herein) are believed to have promising activity as useful
pharmaceutical compounds having CDK inhibitor properties. The synthesis of
these compounds, for example, the compound of Formuia 1l, is described in detail
in published U.S. Patent Appiication No. 2004-0209878 A1, filed on February 11,
2004 (the '878 publication). The process for providing the compound of Formula |l
is described in the '878 application in Examples 507 to 508, 509, 1000 and 1001.
These examples, as well as the entirety of the '878 application are incorporated
herein by reference. As described above, and with reference to Schemes | and 1),
the preparation of these compounds in general proceeds through amidization of a
pyrazole-3-yl-amine intermediate (eg, compound 7 of Scheme 1 above) with a
malonate or malonate derivative, for example, a malonate diester, a malonate
monoester acid chloride, or a malonate monocester acid, which is followed by

cyclization to form the corresponding pyrazolo[1,5-alpyrimidine-5,7-dione (for

13
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example, compound 13 in Scheme 1). Subsequent halogenation at the ketone
sites (e.g. compound 14) followed by stepwise amination of the halide sites (e.g.
compounds 15 and 16} yields the desired CDK inhibitor compounds.

The process of the present invention provides improvements in this general
synthetic scheme by either adapting this process to either improve the yield of the
product in some of these steps, combining two or more of these steps into a one-
pot synthetic scheme, or alterations in the reaction scheme and methodology
which leads to the provision of an intermediate or product as an easily isolated
precipitate which obviates the need for chromatographic purification required in

the previously described processes. Accordingly, each and severally the steps of

the process of the present invention comprise an improved synthesis for the
preparation of pyrazolo[1,5-ajpyrimidine compounds over those synthetic
processes described in the ‘878 publication for preparation of pyrazolo-{1,5-a]-
pyrimidine compounds. It will be appreciated that each and severally the
improvements of the present invention can be incorporated into the previously
described synthetic process to provide an improved synthetic process for the
preparation of compounds with CDK inhibiting properties. Each improved step is
described next.

One aspect of the present invention is an improved process for the
provision of 5,7-dichloro-pyrazolo[1,5-a]pyrimidine compounds comprising an
improved process for the preparation of intermediate compounds having the
structure of Formula E1,

;:*2
o) N%S
in,nw’
(o] E1
wherein R? is a linear, branched or cyclic alkyl group, and its subsequent
halogenation, or alternatively, its subsequent sulfonation, carried out in
accordance with Scheme lIl.

14



nH -12 Am In MeONa C b MeOH Ref | ux where R2 is a linear,
branched or cyclic al kyl group, "As" is an anion of a carboxylic acid
sel ected from oxal ate, tosylate, and chloride, "n" is 1 or 2, "m is
t he char geW@2048{d723%i on, and is either 1 or 2 dependi ngWPHACK7IGEB305
ani on species, and "0" is selected independently for each occurrence
froma nmethyl group and chloride, Step 2a - Formation of dihalide
fromthe pyrazol o[ 1, 5-a] pyri m di ne-5, 7-di one:

Scheme Il

Step 1 — Formation of a pyrazolo[1,5-a]pyrimidine-5,7 dione:

~ -1+ . R2
R? NHo> O.. _N
Z/ { CHo(COG)2 =
N"N + n A ~ N~
h nHT e DA MeONa 5
Cib MeOH/Reflux E1

where R?is a linear, branched or cyclic alkyl group, “A™ is an anion of a carboxylic
acid selected from oxalate, tosylate, and chloride, “n” is 1 or 2, “m” is the charge of
‘the anion, and is either 1 or 2 depending upon the anion species, and “G” is
selected independently for each occurrence from a methyl group and chloride,

Step 2a — Formation of dihalide from the pyrazolo[1,5-a]pyrimidine-5,7-dione:

H2
,_POCk c /N\fs
- Y/,
Acetonitrile NN
Base Ct

Fi1
where R? is defined above,

or,

Step 2b — Formation of disulfonyt from the pyrazolo[1,5-a]pyrimidine~5,7-dione:

. R2
4,
R%-80,C1 RYO:5 /N\lﬁg
- s L N- ]\f
Acstonitrile

where R? is as defined above and R* is selected from a methyl group and an aryl

group.
Amidation/Cyclization "One-Pot’ Reaction

With regard to Scheme Ili, Step 1, the inventors have surprisingly found
that a “one-pot” reaction can be carried out between salts of 4-aikyl-pyrazol-3-yl-
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R2 where R2 is defined above, or, Step 2b - Formation of

di sul fonyl fromthe pyrazol o[ 1, 5-a]pyrimdine-5,7-dione: R2 wher e
R2 is as defined above and R4 is selected froma nethyl group and an
aryl groupWORNEPATA2Hn/ Cvcl i zati on "One-Pot' Reaction  PCT/US2007/018305

amine (C1b) compounds and a malonic acid amidization reagent selected from
dimethyl malonate (both “G” substituents are methyl), monomethylmalonylichloride
(one “G” substituent is methyl and the other is chloride), and malonyidichloride
(both “G" substituents are chloride) in the presence of a Lewis base having
sufficient proton affinity to abstract a proton from the 1-position nitrogen on the
pyrazole ring, yielding a corresponding malonamic acid methy! ester adducts.
Under the conditions of the reaction, these adducts cyclize in situ to produce the
corresponding pyrazolof1,5-ajpyrimidine diketone (E1). As will be appreciated, for
compound C1b, various acid salts can be employed and both mono-acid and
diacid salts can be employed. Thus, for example, the acid salt can be prepared
from oxalic acid, p-tolysulfonic acid, or hydrochioric acid such that in the
corresponding salt “A” is oxalate, tosylate, and chloride, respectively. Moreover,
both monoacid and diacid salts can be prepared (thus “n” is 1 or 2 respectively).
Both the monoacid and the diacid species can be prepared from either
monoanionic species (for example, p-tolysulfonate, thus “m” is 1) or dianionic
species (for example, oxalate, thus "m” is 2). In general these salts can be
prepared by treating a solution of the free base with the corresponding acid, for
example, oxalic acid, tolysulfonic acid and hydrochloric acid, to precipitate,
respectively, the corresponding oxalate, tosylate, and chloride salt. In general, the
oxalate salt is preferred in the reaction of Schems lIi.

Moreover, the inventors have found that conversion of the pyrazole-3yl-
amine free base compound to a salt selected from oxalate, tosylate, and chloride
prior to running the reaction also provides a reagent having advantageous
handling properties. The corresponding pyrazole-3yl-amine free base compound
is a viscous oil with a high affinity for metal surfaces. This aspect of this step of
the invention facilitates scale-up of the reaction to a scale suitable for commercial
production using ordinary production equipment and techniques.

Step 1 of reaction Scheme |l utilizes a refluxing solvent comprising an
alcohol of 5 carbon atoms or less. Preferably the reaction solvent is selected from
ethanol and methanol, more preferably, methanol. As will be appreciated,
depending upon the refluxing temperature desired the reaction mixture can
comprise any alcohol of 5 carbon atoms or less and mixtures of two or more
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Wth regard to Schene 111, Step 1, the inventors have surprisingly
found that a "one-pot" reaction can be carried out between salts of
4- al kyl - pyrazol -3-yl - am ne (Clb) conpounds and a mal onic acid

am di zat | oWOr28%YeH20 sel ect ed from di et hyl mal onat e ( bdtH/US@p07/018305
substituents are nethyl), nononethyl mal onyl chl oride (one "G’
substituent is nethyl and the other is chloride), and

mal onyl di chl oride (both "G' substituents are chloride) in the
presence of a Lewis base having sufficient proton affinity to
abstrac tth%repf c&proexafm@m iseprapasyki Oihat nenraisgad seivariecpy baw@w%g,
i el di NGofofio BE &R0 R itsHe SBRIC iRk 474 iy RRLe Lt addsbie. Under

t he con tIO e reaction, ese adductscyclize in situ to

produce temeetatmneeﬁpmm@e @Femllﬂ andieirabydrofutame Rk etngrneral e As
wll be JBQ&T ﬁ)%ﬁ&]lﬁg’is ré’frlwé ro%atgg ds Hié%sé%rﬁeﬁéllﬁ&c&éﬁhﬁ’ﬁhe

enpl oye no- aC| and ﬂ can be e

for exanpaciontinesonpletes asunwaﬁea@yﬁe%mb%rﬁ °é>@f|th% SE?J?/ iRg pvrazole
20: (r)|e>s/; Onhﬁ:{#uﬁdqﬁhﬁmé)ﬁn@é@f&f ;?g&értclggﬁb@vé%& Béﬁ r%&rtftﬂ)h%ondltlon the

f espect irattipn typicaty Eaquitestabas 1 8iuss afeflaing, (PrefreblydaAgBRls and
prepar eqefLiitScorlditidns éfeogexgcté& e&h %i'ae r3%iBn i 8 JERiRAaH ! mn@asoahe

di aci d species can repare nonoani oni'c species (for
exanple'ﬂbbquy%abﬁﬁﬁﬂgéouﬁhus "nf |s 1) or dianionic species (for
exanpl e, .oxal ate, thus "m' is 2). In general these salts can be
prepared by treating a solution of the free base wt

cor r espondi nd hgcamidizadionisyslization eaglion Othﬁem?dliy%ﬁT“f%hpié adevis hage
hydr ochlpniry @ficlent ﬁro@érﬁ'ﬁﬁﬂhﬂé sbsﬁ&&reﬁsrbwre#rzzsm thBe1 -665ities ARRIGeRDF
oxal ate, tosylate, and chloride salt, In general, the oxalate salt is
preferréBePMfatZﬁ!? fR@ct i on of Scherre L1, I\/breover t he

i nventors have foundgehat conversion of the pyrazole- 3y1- am ne free
base conpoungypp a spalt selected fromoxalate, tosylate, and chloride
prior to runni ng reaction also provides a reagent having

advant ageous hang li A Bﬁertl es. The corresponding

pyrazol e-3yl-am H\é“-Nee base conpound is a viscous oil with a high
affinity for netal is faces This aspect of this step of the

i nvention faci Iltat'e -stale-up of the reaction to a scale suitable
for comrercial production using ordinary production equi pnment and

t echni ques. Step 1 of reaction Schene IIl utilizes a ref
| uxi ng SHIABIR L%ﬁﬂﬁ@ﬁn@daﬁe anetehgikogfle bagaseh exaBRie: §pdpEy dithium,

Pref er ablng pdead@ntdiReniasd, \oﬂmrelrﬁhé@lmc@réﬁi@m cﬂtuh@aednpmds selected

nmet hanol, nopre preferably, nethanol preci at ed

dependi ﬁ@orﬁﬂﬂﬁa’i P@Mﬁ%ﬁf‘ﬂé’yf’%&”&gﬁﬁ bayibgi& ’é%‘bpﬁé“?@é(ﬁr 185%- fxt ur e
can corrryér@ealam 1@%@!toqjse%&ﬁnrhqmﬁméxéctba%m@ddmwxﬁmmua&
two or nore @208/ 272 OPCT/ US2007/ 018305 t her for exa

i sopr opdHiA SOMEhoHe v BIGR Sodi B Psthexige heing B fs%&egauas% S

t he reacioamtherciiavabhbililye in them and they reflux at a suitable
tenperature, for exanple acetonitrile and tetrahydrofuran (THF). In
general the reaction mxture is refluxed until chromatographic

nmeasur enent s It willikeappricthited freat otieatlicans bases iph elsd, baemipigieciafed by

| ess t han abqut .5 % of start] r.azol e co d remains

unr eact €d@ %’eCF"SPHEODé’IS?}GE %@gr@gﬁ%@%@ ‘ Wﬂ'@mi BRESHE™ cact i on

t ypi cal Iphosphaiertebagibpts difzdtsioydo[6{4-0rinkeriMgne BUeraid 4-dimathght s

and reactlon condi &IIPP’%D re selected to conplete the reaction in a

peri od AMPBRIUBS ours to about 20 hours. The

am di zation/cyclization reaction of Schene IIl is driven by a Lew s

base havi ng fficjen t f.f. t tr.ac [ f. he

1- posi tion ni Or&éhﬂog; ofﬂhg P ?ﬁegnzt (l)rllwe%ntrngﬂ d:?e%\sied in Ecﬁer%eqh %'Pow&ge[.naﬁ
additional advantage in that at the end of the reaction, quenching the reaction
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Suitabl e Lewi s bases include netal al koxide bases, for exanple,
sodium lithium and postassium al koxi des, wherein the al koxide
portion of the con‘gl ex is selected fromlinear, branched, and cyclic
al koxi des WAHHH2Earbon atoms or less. In general it BCIUspWFEI83Y
to use sodi um al koxi des sel ected from sodi um net hoxi de and sodi um

et hoxi de, whi ch sodi um net hoxi de being preferred because of its

commercial availability. It w Il be appreciated that other
Lewi s bases can al so be e I for ample, diis | et hyl am ne
(DI EA) , MI¥RER Wih waierang # %6‘?%@@ Qfﬁé%l‘i‘aéﬁbﬁ%f%aﬁﬁ) ng‘gf@ abpug pH 2

di azabi wab@uﬁtEpwsobwﬁ@tprwme pewbl}ategmb ﬂrdﬂiuﬁ?bhﬁlzoﬁﬁﬂlﬁﬁﬁiﬁméjl ne

( DVAP) é resent |nvent|on‘:%[ gpt ed in Scheme
|1 pro9l'<&é%“eaW°§HEﬁ 1?@)&%{‘1“0%1(&’\"7@ @éarrtﬁafe\f%x Tefove tgfiopfhus
react i oBliméHBINgG hh@@hfdmatbgﬁiﬁﬁ{@ Punmaﬂohfaﬂ thé ilteiRédiaterasd ﬁﬁalts'iégéw
the pH of the mx%lureto from about pH 2 to abou

br of o1 BDPGETHATEIN BPGT ML FECCT e IHIERmGEE g Phy @b 05 el R Sddition

di ket ongf arRne of(HS) or NEOFas ABeBGd BRIk it %Meif Yhé eseiehedixtlirte
filtratio elinmnating the chromatographic purification at the

|nterrre?ﬂﬁ'gtfbt(h&rﬁ?sfr?ﬁéﬁ"%?ages necessary in the previous process. In
general the pH can be adjusted by addition of ambunts of HC or NaOH
as needed to H.of the reaction m xtuy thin the desired
Fange. 1t Has oeie uBHo S0 IPHof FR PV i M TREn Gl A PSRt ianol
as a sokyéiuim mettrlibmanmm@bh@sated@alaadthbmawaﬂ)wezo&a&w-anﬁ:néMc*ic)

4- al kyl - pyrazol e-3yl-amine (Cl c), R2ZNR2 ,NO N 2WO0 ci. £ the
correspondi ng di ketone is produced in|aR] elNz0f from abolit 80%to
about 90 % based on starting pyrazolg c und. When_conpared with a
typical yield obtained fromthe diketbne H'efp@r,_at 0N %&sC'i bed in the
' 878 publication, an increase in dikegone 'yield of at™d eabt about 40
% based on starting pyrazole conmpound|is observed. C1c

the corresponding diketone is produced in a yield of from about 80% to about

90 %, based on starting pyrazole compound. When compared with a typical yield
obtained from the diketone preparation described in the '878 publication, an
increase in diketone yield of at least about 40 % based on starting pyrazole
compound is observed. '

Diketone Derivitization -~ Halogenation_of Diketone
The inventors have been the first to recognize that by employing the

procedure illustrated in Step 1 of Scheme lll the diketone intermediate can be
provided as a precipitate which can be isolated by vacuum fiitration for use in
conversion to the corresponding dihalide, thus eliminating isolation of the amide
intermediate and purification by chromatography to provide the ketone. In
accordance with Scheme Ill, once obtained, preferably the precipitated diketone is
isolated by vacuum filtration and dissoived in a suitable solvent for conversion into
the dihalide. Suitable solvents include toluene, tetrahydrofuran (THF), and
acetonitrile, with acetonitrile being the preferred solvent. Preferably, after
redissolving the diketone, as shown in Scheme lil, the diketone is converted into
the dichloride by refluxing a solution containing the diketone with phosphorous
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D ketone Derivitization - Hal ogenation of D ketone The

i nventors have been the first to recognize that by enploying the
procedure illustrated in Step 1 of Scheme Il the diketone

i nt er medi Q@ 26%A21€° provi ded as a precipitate which caP@ERYEBE
by vacuumfiltration for use in conversion to the correspondi ng

di halide, thus elimnating isolation of the am de internedi ate and
purification by chromatography to provide the ketone. |In accordance
wi th Schenme 11, once obtained, preferably the precipitated diketone
is isol axmtwwaﬁadbamressenqeamﬁaﬁuiw ghse.dpvevamples Nshrdimsthylagilinent
for con |

tot r any SESPHARIA PR, ARl By didtiyininer bt KRGS apRiecifl Wi anes
t he prebe&sesedarsbewhzed Preferably, after redissolving the diketone,
as shown in Schenme 111, the diketone is converted into the dichloride
by refluxing a soluti on cont ai ni ng the di ketone wi th phosphorous
oxychl ori de itrwill be appeeciaied tbat hegliketape @rodded by stepex sffieScheme Hi

N, N- di

sopr opbIALeE ko aehie IR BiherdhbfrS fofiiEmele, othet halogenation |
util i zeteactions andl suifariyfation reppiiens i providean intermadiadtesviiciheanibged by
step 1 gfy ﬁe??raﬁ%%maeldl ih'acBpREARS i RSB Ol Al dRbel S tHe bR

reactions, Tor exa al ogenat’i on reactions

sul f ony metritioned 78 pn!uis:attonpam/ﬂ'@eeianprqwdﬁ de%lraiﬂ%c\mﬁ mimf@ﬁ be
further 5 Bﬁﬁg&”Ed in accordance with the processes described in the
above- mBRt Fone 878 publication, and thereby provide desirable CDK

i nhi bi tor conpounds. Once the dichloride conpound FlI is
obtained in %@ﬁﬂéféﬁﬁm&&c&?ﬁpsaﬁd Fhlis ob @RI Eodoifari @A Sheme

m xture wwth water w recipitate the dichloride conpound

Accor di Hhlopmhinisgdhe maﬁtioﬂéﬂﬁ‘gyeb@“bb’ﬁtﬁfn’éﬂ Precigitate ﬁlﬁﬁ gighionisiee f or

am nati @BnfploLRg! A@:%oﬂﬂﬁ%f/' PLHIBRbAYL Rlay He BERATSHINGLTONH SLitabfs for

above- nent 1 oned Ication. D ketone Derivitization - D ketaone
Sul f ony PENIRGEN either as tﬂesmbpd lheloy Br Brregasdangaith fee abryg-pireptioned
provi deggApypdiRBtidnOf the Scheme 111 process can be converted to a

di sul f onyl conpound of Formula FI (above) wherein the "X' substituent
has the forrmula "RS020-", wherein R = Aryl or Methyl. A squonyI

i nternedi ate of thispicne Befdifizort's TolkétnBrANiodglaiogonpound of
Formula Il using amnation reactions described below in the sane

manner as they are carried out using the above-descri bed hal ogenat ed
i nternedi at e, wifl Ole £prREvkted thAetHY &Ré@hb%oﬁﬁe&%rﬁ#é@1 Fof the Scheme i
Sul fonyl ati on can be acconpl i shed treat Iu&% t}_,te% Fe%gne%q 5

Sl | b BrassRt AN b FPOETEE ora Hedia corRougR of Hesauls B Ghavadne

hﬂ: oge gameeéinrﬂa@ew gun%ﬁms@mi:ﬁ@.dhab@{msamﬁpz@gj wheicire Rst A oy |

chl ori e rom on orjde and an .

ST Ul Raibyi rh Sre S ETiel ol B MBI B Gs80 %0 Byjda Bugh | ¢
vm'hl | be canmomuaif%rﬁimﬁ Il usecampation reéctidm dmﬁbé@bélomgmp?rmé)yl
t he inventive cess can. oun For mul a
ot S ABVRET & SaReR B IRy P AR R Be RARARE R r
have sulmermedigtds) mmwmel dichlodde opFomaunlg Famsmfoagltatlom cat e
first am.nati reacti g ol r t r.di.ngly,
the | nuahParBiEhdrERE lieaPn@ i i ERoR AT & 3B R AT o e

acet oni préesemceaifa base, @s fohthepyalogeratigmreaaciich desmhtieall albwec dingbaratly,

hal ogenie pnieh shnd i exteristl}Far etV uranySUBLE BT Hnos oo o

tri basi ardsdfomdanionde.t he presence of a prinmary amne salt, there is
precipitated fromthe reaction m xture a first am ne adduct inaform
suitable for use directly in a second am nation reaction (described
herei n bel ow). Accordingly, for exanple, a dichloride or
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wherein "n" =1 or 2, preferably 2, and R2 is as defined herein.

Thus, the dichloride FI is dissolved in Acetonitrile, which solution
is mxed wwth a base, preferably a base selected from potassi um
carbonat e WRFSERRS| um phosphate tribasic, nore pref ePSAYNF23108845 um
phosphate tribasic (K3PO4) and a sufficient amount of water
(preferably 1:5 by volune, Acetonitrile: water) to pronote the

am nation reaction under refluxing conditions. As shown in Scheme WO

2008/ 027220PCT/ US2007/ 018305 1V, either, the mono hydrochl oride salt
("n". 1) or the dihydrochl ori de-@lﬁ-ﬂﬁ&—%-—@ﬁm onH8actieln be enpl oyed,
preferably t AandliN vl BeospBciaRid the tHeheoreiBsirnee! MaiBanila Fsed.  The

di hydrochloride salt is available as an article of conmerce, for

exanpl e Prepasas byithe iRV PERFSSSIGRN oM emploNed o pisRAre aEPQuqs oan

al so be ﬁé"rﬁl}rﬁﬁﬁnﬁﬁmﬁrewo%@w d@kc‘i’tﬂéd%lﬂﬁndﬁu Féhc.ﬁoﬁb“thébﬁ@rﬂ&ﬂsd*név@
precipitate the sa hough it is preferred t

tripot a%fﬂﬁ%@ﬁﬁéh@f izingsa pamwagm%ﬁe't inp thefifst %m'naﬁlgfsiﬂsachon
am nat | gi?oﬁ%bid&'és lﬁ'le&\}elmé}ﬁs a%b@fd;ﬁél@C&héhﬁ\?er%ﬂ%q{av*éaﬁﬁénﬁﬁ@lybe

npl oyed, for exa sodi um car bonat € and sodi um bi car bonat e.
AI t hougﬁownfbtr@itrb'aﬁtm@ﬁnwa@ acetpsdle %lemft hePwaeolepapmidine dihalige

criti caleopigdRinMUREShpobRY 81 BHFRIIBF 1) WherbPURE “Knalbaitiaiti®a0f 1:5
by volune of acetonitrile : water permts the am nation reactjon to

run to CHRISE RRPARS 3% W%@W%W&@tawywmph@?sﬂ Asik ansbut

5% of t Rpats iAthe PResBHR b phudER} aﬁuwgaa%e@lslme@pmeu edrotheabout 6
hours, as conpared to_the reaction run under. the condifions, descri Fd

in the 'TeagiopBtERA Brst erENaaRdrCtip esTofmSUiaPifor Uae direcsthia g FoC
hour s t asinaRbeicactibRbesdrinedererl 8slowng an appropriate ratio of
water the reaction can be run to conpletion in a period of from about
4 hours to about 10 hours. The reaction conditions of the present

invention al aecbanagly! fte exaaiple, Céd'bhrofsfdeaﬂ‘lslilﬁoﬁsddimimba aatwplﬁecik:@l%le
wtable rm for sel ‘ﬁ uent

and provide t dyc

Second AT SCNERE DabianRA cl2Bs featreatisg. Grn B PRRE Rded
for chr gatnananty résctionth alceorizthcl WitH Schidrae PV qiiustatetpiitromeal |y, the
purity %the éroduct can be increased by reslurrying the product in
an acet SHEUPT9%/ wat er mi xture. Second Amination Reaction I n
some enbodi ments of the present irgeme the

pyrazol o[ 1, 5-a] pyri di ne7yl-am ne adduct of Forrml a @21 prepared in

accordance with Schene | Vi kpd,urther derivgti “am nation at the
5-chl oro position in arierdance—with—Sehene V[© 2
2008/ 027220PCT/ US2007/ 018%%’%@'% \ N~N

HN
HgN
7
/ - +
< i\lto_ nHC! x-N -
G1
Fia
wherein “n" = 1 or 2, preferably 2, and R? is as defined herein.

Thus, the dichloride F1 is dissolved in Acetonitrile, which solution is mixed
with a base, preferably a base selected from potassium carbonate and potassium
phosphate tribasic, more preferably potassium phosphate tribasic (KsPO4) and a
sufficient amount of water (preferably 1:5 by volume, Acetonitrile: water) to
promote the amination reaction under refluxing conditions. As shown in Scheme
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oH Gl4- Ei 1-st-NNNID OHHN, fr-it. HL r--Nmethyl pyrolidine
OHNa2CO3

WO 2008/027220 PCT/US2007/018305

IV, either the mono hydrochloride salt ("n"= 1) or the dihydrochloride salt ("n” =2),
can be employed, preferably the dihydrochloride salt of the desired amine is used.
The dihydrochloride salt is available as an article of commerce, for example, from
Daito Chemix Corporation, Osaka, Japan. The salt can also be preprepared by
treating the amine with a suitable acid to precipitate the salt.

Although it is preferred to use tripotassium phosphate (potassium
phosphate, tribasic) in the amination reaction, it will be appreciated that other
bases can be employed, for example, sodium carbonate and sodium bicarbonate.
Although the amount of water used in promoting the reaction is not critical, the
inventors have surprisingly found that a ratio of 1:5 by volume of acetonitrile :
water permits the amination reaction to run to completion (determined by
chromatography when less than about 5% of the starting material remains
unreacted) in a period of about 6 hours, as compared to the reaction run under the
conditions described in the '878 publication (no water present) which requires
nearly 72 hours to complete. Typically by selecting an appropriate ratio of water
the reaction can be run to completion in a period of from about 4 hours to about
10 hours. The reaction conditions of the present invention also boost the yield of
first amine adduct by about 10%, and provide the product in a suitable form for
use in the subsequent second amination reaction (described below) directly
without the need for chromatography to isolate and purify the product. Optionally,
the purity of the product can be increased by reslurrying the product in an
acetonitrile/water mixture.

Second Amination Reaction
In some embodiments of the present invention, the pyrazolo[1,5-a]pyridine-
7yl-amine adduct of Formula G1, prepared in accordance with Scheme IV, is
further derivatized by amination at the 5-chloro position in accordance with
Scheme V. '
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Gla The inventors have surprisingly found that the second
am nation reaction can be carried out in refluxing N nethyl

pyrolidin Wét in the presence of sodium carbonate and a smal |
armount  of 880233kre it is preferred to provide an arfSHIS?YF/ 0P
in the system suff|C| ent to maintain a refluxing tenperature of from
about 140 C to about 160 C. For exanple, when the solvent in which
the refluxing step is carried out is NW, it is sufficient to
maintain water at a |level of about_ 0.1 Min the solvent to provide
the desired refluxing tenperatureS®EYi ng upon the refl uxing

equi pnent, however, it_nmay be necessary to an amoynt of water
that is up to about @ 5X the volune of sol vientyenl oyed to carry out
the refluxing step. NH  The |nventors have sUf prirspngl y di scovered
that too litt|&d vva‘te;/#eadstothelfo of lgvel of
inpurities in the regction . @ﬂg’(m\/\ﬁech i ppedesygepasati on of the
product fromthe reafti on mXture. The inventors hived o found that

when too nmuch water i8lgpresent in the reaction™ixture it can slow
the reaction rate, requiring undesirably |long reaction tines.
Accordingly, it is desirable to maintain an anount of water in the
reacti on m xiThednyértorgleave swprisingly,dound thad Tb%ﬁﬁ@@%ﬂ aminatigngeastion r om

about 1%9!?69%&?8&'551?%0@%}« N itih ijr%alidfné‘ Oéj?rre%eﬁ@@_ﬁ? 160

C, and nost prefera uxi ng ratu 150
The sol sedium paskionate am: amaih@manﬂhgftwawr.r\ea%&a 'b'ﬁ nrgfafﬁﬁdr%ioédowdﬁ ans

pref er aly %Mf vJa SHhe syé&bﬁm ﬁfﬁaen% Haswﬁ@ewa RAURIA g tbﬁlp@?&ﬁﬁi‘e bi gh

boi l'i ng vent s, exanp N-di et hyl ani | i ne | sui f oxi de

( DVBO) frpﬁbﬁyputelt{—q;rc tqamqﬂﬁq d:; mﬁpang@gﬁ when the solvent zn which the

di (et hyl.enggh § RpTEAHdd Githe NmaNE iPaIRAEAE tol thamtdiH WAte! SN 18PNt
of the secon Iﬁamne am nation reagent is enp ed th WO

2008/ 02 AP2EPe: 1/ Mdp tre solveniols previdedhe @eﬁwe@,eﬁmaﬁeméﬁra@@nm e, the
am no-a birgPiRatHe SluRhg dduiiBénis BbVRval, #anay bbh@cégémﬂb addran

the second am nation step. In general, the sol vent enpl o in the
second amaHtiohwaierdpatis %@@hwt&ﬂﬁ%mﬁﬁ?lum ?fﬁqwtﬁH@IQW%%c%W

the am pat iHOrgnaR@BGHtepbUt preferably an amount of from about 1X the
vol une of the am nating reagent to about 2X the vol une of the
am nating reagent is enployed, preferably about 1.5X the vol une of

the am nati ngheaagsktbrs have surp?rblﬂg H8dverbd BRRQob HRIG WateP lc2iderta thy
up to about 2X (m)la_' t he anount chl oride substrate which.,is to be

am nat ed® h '%'%I"ﬁp“@'ﬁs ing P EeRFIAnRRANG WhighiaRgdes 0. 2 x
nole to s@b@t&tnoﬂ:)@frmé S rédit from thiedredation piiatlias. alhy lrt»lwtcham\remsﬂ esent

Isﬂbg'? r :g&#&gﬁ gv'f;[enztéon,n%& vrvg{ear% B?este%t Enht%earggu cgn r%xtﬁpe :?can slow the
reaction rate, requiring undesirably long reaction times. Accordingly, it is
desirable to maintain an amount of water in the reaction mixture that permits reflux
in the temperature range of from about 120 °C to about 180 °C, more preferably
about 140 °C to about 160 °C, and most preferably a refluxing temperature of

about 150 °C.

The soivent in which the second amination reaction is carried out is
preferably NMP, however, this step may be carried out in other high boiling
solvents, for example, N,N-dimethylaniline, dimethylsuifoxide (DMSQ), pheny!
ether, dimethylformamide (DMF), di(ethyleneglycoimethyl) ether, and anisole. If a
sufficient amount of the secondary amine amination reagent is employed (with
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Al though R2 in the above-described synthetic procedures can conprise
any linear, branched, or cyclic alkyl substituent, it is preferred

for R to be a I|near al kyl sustituent of four carbons or fewer, and
more pref eVABPPIOZRE i s an ethyl substituent (-CH CH3). PCT/US2007/018305
Crystallization Typically, the second ami nation reaction is

consi dered conpl eted when from about 90%to about 95% of the starting
chl ori de substrate has been consunmed. Once the second am nati on

reaction is run to conpletion (90-95% consunption) the i &_1‘ tors have
sur pri sisfeflence tufgheme: Vi e spreaif the aBtvaleehst cHBPAUIS fS TGP

opt1 ONakdne Afsd SR ﬂvg?trfgf;ﬂ{é’sédo?@ driiPafiSR St Nnderlevaletizysolvent

quenching the reaction wat er and extracti gg“t he

m xt ur eemptdyedtinihe aeeantd @m"ﬁiﬁﬂcﬁi‘?ﬂ’jﬁ U%Q%‘“r‘%’a@ﬁ:’éﬂﬁt PRIQIGHAIRBA with
an anmoupdy,Qle #h&s cht% g{efﬁe BLRPFEfePAbIYTHN hGUM AF EiEPn aBbuerX the
u

extractlng the g reacti on m xture, the ethzl acetate
dba

ext r act volemeodf mae@mm&n&&ﬁwt PptheovaHeeafithe aHRAlIGWRESR

pr eci pi NGRYIL ¥ Heend tAe Binih&tiy Afagehhy!

acet at efsgz—%rﬁ&?&é@to tf%aﬁ once"%tjraéa)?te'@/a‘éaan anti - sol venrfgtoggr onot e
crystallization and subsequent precipitation of the desired product.

The preci pi tﬂﬂ@%ﬂ&f@ﬁ“&‘?babé aéel& fid 5*&&%&3}9 Wf@aﬁ&ﬂtm(i @hii@ the amount of

chromat ography i's not needed to isol ate or urlfK t he “q
Opt i onathlpride suesisate widights knbe apinateg (eamPerné e F@UBH ), more

r ]f”‘ C{ y;t e%f ﬂgﬁrohhe?od?ﬁ% i it dHdR YKt mblesmetigaal rﬁd&req)refetabllye
0 u

ether and ethanaol. Using this, nethod %
i sol at eﬂ'leyb%ﬁed@ ripsentie @naraoynt #W&‘b’@&fe WM—'&O&B%@W%t 9? B 'éﬂﬁeon
the amoyppsipdte 38eQNd am ne adduct prepared in the reaction of Scheme
V. As mentioned above, while the above-described synthetic
nmet hods can each and severally be used alone or in conbination and

integrated i Ntﬁoﬁ%ﬁ'ﬁq% e ab@@@duéaﬁamﬂmémcbmeﬂms d@nGomprise any
publication for the

repara f an £l f Fornu
Phal 1 holleeRr. Pengbed: Rbs e Ak Subir Rty Sris RieTBTona: B fo AdDRE i
pr oceduk@stitubni & {08} E@VRHs 0N weR@hdahoidsrefarpblyy Bumas ettyl shistituent

S

present invention synthesis will be nost applicable when used
t oget hel-GHe-€He)- provi si on of the conpound of Fornula Il in accordance
with the synthetic procedure schematically illustrated in Schene VI.

E/ggame VI Step 1 - Diketone synt t}es taHICI—%COZI\/E)Z N, N Oxal at e MeONa -

Typically, the second amination reaction is considered completed when
from about 90% to about 95% of the starting chloride subsirate has been
consumed. Once the second amination reaction is run to completion (90-95%
consurmption) the inventors have surprisingly found that the product (compound of
Formula H1) can optionally be isolated directly from the reaction mixture by
quenching the reaction of Scheme V with water and extracting the mixture with
ethyl acetate. Typically, the reaction is quenched with an amount of water based
on the reaction mixture volume. After extracting the product from the reaction
mixture, the ethyl acetate extract is concentrated under vacuum, following which
the product is precipitated from the concentrate by adding a mixture of ethyl
acetate and THF to the concentrate as an antl-solvent to promote crystallization
and subsequent precipitation of the desired product. The precipitated product is
sufficiently pure that column chromatography is not needed to isolate or purify the
product. Optionally, however, additional purity can be achieved by recrystallizing
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Step 2- First amination using primary am ne wherein "n" =1 or 2,
preferably 2 WD 2008/ 027220PCT/ US2007/ 018305 Step 3- Second
am dation with secondary am ne Formul a 11

WO 2008/027220 PCT/GS2007/018305

the precipitated product from ethanol or a mixture of t-butylmethyi ether and
ethanol. Using this method, typically isolated yields obtained are of from about
50% to about 70 % based on the amount of second amine adduct prepared in the
reaction of Scheme V.

As mentioned above, while the above-described synthetic methods can
each and severally be used alone or in combination and integrated into synthetic
procedures described in the ‘878 publication for the preparation of any of the
compounds of Formula [, and thereby render improvements and advantages in
the synthetic procedure, it is believed that each of the improvements of the
present invention synthesis will be most applicable when used together in the
provision of the compound of Formula il in accordance with the synthetic
procedure schematically illustrated in Scheme V1.

Scheme VI
Step 1 — Diketone synthesis

<‘ ' H

NHp Os__N Gl _N
R .'CHQ(COQMB)Q == POCi; = //
. - N R oM

P
N Oxalate N s
Acetonitrile
ﬁ J MeONa O Gi
< MeOH E F

Step 2 — First amination using primary amine

1. KaPOy, Ch =
2. Acetonitrite/ =y N“N/
Water
" HN
- C;l)
e NY L
Z .+ nHCI o
a N*
O~ G
Fla

wherein “n” = 1 or 2, preferably 2
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Accordingly, in Step 1, diketone E is provided by reacting a nethanol
solution of the oxalate salt of starting pyrazole "C' wth dinethyl
mal onate in the presence of sodi um net hoxi de under refl uxing

condi t i onsWa3M§EIBL) bed above. Thereafter, the dichl or iP§E\EPHE1HLP
"F' is fornmed fromthe isolated di ketone conpound "E" prepared in
Step 1 by treatnment of the di ketone with phosphorous oxychloride in
acetonitrile in accordance with the procedures described above. In
Step 2, the isolated dichloride conpound "F" is converted to a first
am ne adlent -bPeaond amidationmvite SEeondRyy 28eineni tr| I e/water in the

presence of K3PO4 and the conmpound of For a, H2N I nHCl

- Formula FI a, where "n" = 1 or 2, under nefl Pyxmg cpnditions in
accordance with the cedures described ab abI y, the

di hydr ochl ori de sal 11 Nl*,For mula FI a is enp y . In
Step 3 of Schgeng VI, The isolated-first amin add ct corrpound "G is

converted to the secend ampagradduct by trQ

2- pi perdi n-2-yl -et hﬁl ( crmEmnpyrolicid’ ) in the pr &2 ence of sodi um
carbonate and a trace of waa@Oz n refluxing N net yI lipyrol i di none in
accordance with the [8cedures described above to ~@I,—t he conpound
of Fornmul a There foll ows a general descgdrpudaqin of the

provi sion of various starting materials which may be useful in the
above-descri bed synthetic schenes. As described in the '878

publ i capbesrdiddhe RNSIRPPY, (bR Exmmuﬂdad tb?&dacﬁhgam@mﬁdn@mmoﬂ he
present invention can be nmade in he follown

cd
O T Sl Sa R ing YRR (Pl GRSV RIGTARS 1 e pieRancs of |-
pot ?SSI Whn’hﬁlbﬂiﬁxtihb aﬁ@bﬁ?ﬂ&i:?é%ﬁmt%nglasafe_ scribed E\bogaejrhatﬁﬂm,dhat e
eno upon treafpent. w ne gi,ves .the desired ...,
subst i taj't‘]:b ) Wﬁag&fomed Ao ﬁ ﬁ?%ﬂéﬁée*a‘i‘%g?wguﬂgeﬁ in the

synt hes pﬁe;mreci trost@r Tbolileatragai dfabkalikétone edihnghosphdioust dwyichimaideriat e

fromAl drich an b repar.ed from,t he eactl n,. of hol t he
appr opr Pt ENHBIR AECarPRR PR B8 RrRCSy RS defaf Andte, iniSiep 2 e

chl ori dsotatad ldidb®ider compbulid Y, is iconaeded tiaadlestwnmhe lexidwot by amination
esterifijca

Chem st I ensR ot by aldine FE HPastrenay AP R R dotherinide

Formula Fia,

HoN
“ 0~ nHCl
S N:“O__
| Formula Fia, where "n” = 1or 2,

under refluxing conditions in accordance with the procedures described above.
Preferably, the dihydrochloride salt of Formula F1a is employed, thus “n” = 2. In
Step 3 of Scheme VI, the isolated first amine adduct compound “G” is converted
to the second amine adduct by treatment with 2-piperdin-2-yl-ethanoi (compound
“Gi1a") in the presence of sodium carbonate and a trace of water in refluxing N-
methyl pyrelidinone in accordance with the procedures described above to yield
the compound of Formula 1.

There follows a general description of the provision of various starting
rmaterials which may be useiful in the above-described synthetic schemes.
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The am nopyrazi ne N-oxide used in the reactions of the present

I nvention can be prepared in accordance with the '878 publication, as
descri bed in Exanples 198 through 203, which are incorporated herein
by referen¥@208487286 used to prepare the am nopyri di ne AQTPWE039%
used in the first am nation reaction, shown below in Scheme VIII. NH2
t-BOC N Schenme VIII Nya,i< OHCI NH2 nHC O

As described in the *878 publication, the aminopyrazole compounds used in
the synthesis of the present invention can be made in accordance with the
following Scheme Vil.

Scheme VII
HZa
» _N HaN {
=N KOtBu e NoH |
Rm\//‘p \( —t. N-pf
y HCOCOEY OH i—|
2 3

Thus, treatment of a starting nitrile with potassium t-butoxide and ethyl formate
gives rise to the intermediate enol 2 which upon treatment with hydrazine gives
the desired substituted 3-aminopyrazole.

The malonate diesters used in the synthesis are commercially available, for
example, dimethyl malonate from Aldrich, or can be prepared from the reaction of
alcohol and the appropriate malonic acid derivative, for example, malonic acid
chloride available from Aldrich, in accordance with known esterification reactions,
for example, those disclosed in Organic Chemistry, 3 edition by Morrison and
Boyd, Allyn and Bacon 1976.

The aminopyrazine N-oxide used in the reactions of the present invention
can be prepared in accordance with the ’878 publication, as described in
Examples 198 through 203, which are incorporated herein by reference, can be
used to prepare the aminopyridine N-oxide sait used in the first amination
reaction, shown below in Scheme Vill.

Scheme VIl
NH

H
e HW1”°\|< NTO\K -
(o) O = ™ . nHCH
= . = HCI
| _tBOC, Oxone, (5 - IN

Accordingly, to a solution of 3-aminomethyipyridine (1.41 mL, 13.87 mmol)
in CH=Cl» (50 mL) was added BOC-0 (3.3 g, 1.1 eq.) and TEA with stirring at
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Accordingly, to a solution of 3-am nonethylpyridine (1.41 m, 13.87
mmol) in CH2A 2 (50 nL) was added BOC20 (3.3 g, 1.1 eq.) and TEA with
stirring at WD 2008/ 027220PCT/ US2007/ 018305 room tenperature, the
am no gr ouYO 808fR&2Rcted in step 1. Followi ng this the HHRIGRI8305

m xture was diluted with H20 (50 nL) and extracted with CH2O 2. The
conbi ned organics were dried over Na2SO4, filtered and concentrated
under reduced pressure. The crude product was purified by flash
chromat ogr aphy using a 5% (10% NH4OH in MeOH) solution in CH2C 2 as
el uent U@Ol@l tempgratyrd, dhe aMing gra® § proewad sl dep 11 dadlowing thistie

compoundSasrmpas s Aflic ARHE0 R il RichbBIcRSH D R T8 e
m.) was ognﬂpraecégrgamwerﬁ Ietheves: Q5 §lteregh anchcopaentiated Hpdefas
added dropeen/clsGdl “&eﬁé’rﬁﬂ% fi8aSEl wad P U“Gﬁ&ﬂhéﬂ Hﬁrﬁr:Ln‘*‘%%:’féth@%@t

room tenperature overni ed wt 500

filtered S%r(é Ovavw@wﬁghée@ébmtm larﬁj-lzqieaaqu&m&o QW(# yellaw gt ed
with CHz6l r L d,
ent rgat 2 c{ g%@ ﬂ@ﬂd MARL %Sv‘qfﬁogﬁdgeﬁlné)%olﬁﬁ&g Solpflgl'n gﬁ%g

and con rre ced ressure to 83
72% yi elmt,vtect@ 3-Rmingragidine compound end NahEOs (2D 8 a. %0 paotindd

am no- ?00 @)%@qquy@&ngag @r%gﬁ?ecf OR Bol RISAGST IBhE (58. sﬂé‘{'uh'ﬂad n

di oxane urs to pro
3- ani no-(#8@ Mpyas addrd dropyigr it amipetivedingesplutianysT N mixupswashe

di hydr O%Esk@a'éiero%?a fen‘uﬁer@ﬁfr@ o%\éﬁm%ﬁp fiutes ith eﬁzcsé E5E nfl9 AR HRredS
descri be

above he stere®dl soner of
2- Pi per iTdienlages| W@P?ﬁﬁﬁ’@ﬁ‘?%‘fﬁ’o@ﬁcﬁ%ﬁ%? l%@é@xrrﬁcteﬁ'en'%&ﬂx@haﬂ Reati on

react i OoRRn&® oRjARAY WEreAGridle 5064 Nﬁ%‘:@ﬁ f‘itE%d RA8 demebhfaledQihdel
accordance wth preparative Exa chis mcorgor%‘taed her ei n

by ref efeflgeed prespuredpigiyegywhig ngﬂdr@ 1@3%%}5&) My MH

Accordi ngly, the S-isoner can be prepared froma mxture of Rand S
enanti oners of &erl di ne- 2- et hanol (127 g,. 980 nmol) in 95% Et OH
(260 n.) was 5(%% st pteps) he(H‘)O‘%féﬁﬁl?G?"éﬁ'lN'Bﬁ’F'E CQE?RPLPE’Z‘H&‘?SB“GQ%T%“)
i n 95% kbRipetdibfe iﬁWMthﬂ i AIfONRRUOAMEILS 2/ HHUre o PRGBS EREINb MR- ux.

To the warm sol ution .
pyridine-N- oxu:ie hydrochlondes LCMS: MH"= 125. The dihydrochloride salt is

also available as an article of commerce, as described above.

The stereoisomer of the 2-Piperidin-2-yl-ethano! (Compound G1a) used in
the second amination reaction may be prepared as described in the '878
publication in accordance with preparative Example 500, which is incorporated
herein by reference in its entirety.

o

OH Compound G1a

Accordingly, the S-isomer can be prepared from a mixture of Rand S
enantiomers of piperidine-2-ethanol (127 g, 980 mmol) in 95% EtOH (260 mL)
was added to (S)-{+-)-camphorsulfonic acid (228.7 g, 1.0 eq.) in 85% EtOH (150
mL) and the resulting solution was warmed to reflux. To the warm solution was
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WD 2008/ 027220PCT/ US2007/ 018305 added Et20 (600 nmL) and the sol ution
cooled to roomtenperature and |l et stand 3 days. The resulting
crystals were filtered and dried hi vacua (25 g): np 173-173 C (lit.
168 C). Th¥O0Q818t02%R3%& t hen di ssol ved in NaCOH (3M 100 mPCTHR300SHISed
2 hours and the resulting solution was extracted with CH2A 2 (5 x 100
mL). The conbi ned organics were dried over Na2SO4, filtered, filtered
and concentrated under reduced pressure to give

(S) - pi peridine-2-ethanol (7.8 zma portion of which was

recr yst aded & (606 ML) @mdn‘b& sebitipg qoaled to ropg tmpyratyrggnddet stapg 3

CHCI 3, t
g Conpou ﬁ% yg 1 b? result:?)%-ggfs tzﬁ% ?ﬁg@eids%%‘?riﬂ:g’; g%l?aségr?-ega I:rgj;g% r1 g 3s et

forth aBebt 168 “Che Bhe gﬂhWﬁSBb@ﬂ sligsotveduni M 190@&%{&# stimedgi c
d.

?Z Lo 1116@@%5?@33’9 relsl n%sﬂfl’ut i n\ggﬁ exFhERACkINGH,OLIBA 860 nll): Fhed) -

r eagent §Om%0mﬁlc§ wiereddriat oyr MazBR4, éngeeacbﬂaeﬁd@r&cmcewm ce

whi ch, a
0 Ch SPRBRALARHSR % Bl I9iapSTE st g gy SpoeialsPinel
substr aw&mwm&@bﬁnmdﬁn@unw 6YIRSCallit. 68189 §6): deti ndd.08y (CHCIs,

chr onmat %Pa‘.ﬁhy nmet hods. Exanple 1: Preparation of D ketone Conpound E
(Schene 3- Ethyl pyrazol o(1, 5-al pvrimdine-5, 7(4H, 6H) - di one CNH2
(IN Oxal ate

The R-isomer of 2-Piperidin-2-yl-ethano! (Compound G1b) can be prepared
by essentially the same procedure set forth above for the S-isomer but
substituting (A)-(-)-camphorsuifonic acid. Accordingly, (R)-piperidine-2-ethanol
was prepared. {1.27 g): [a]o = 11.3° (CHCI3, c=0.2).

OH Compound Gib

EXAMPLES

The reagents and solvents used in the examples are articles of commerce
which, unless otherwise noted, were used as received. Completion of a reaction
step is generally taken to be when 90% to 95% of the substrate used has been
consumed, generally as dstermined by chromatography methods.

Example 1: Preparation of Diketone Compound E (Scheme V1) 3-
Ethylpyrazolo{1,5-alpyrimidine-5,7(4H.6H)-dione

NHp O H
/ R\ CHz(COQMB)g //
N * Oxalate - N-nj

(o]

E

MeQNa

=

. C . MeOH
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To a 250 ml, three-necked fiask equipped with a thermometer, a reflux
condenser and mechanical stirrer was charged 3-amino-4-ethylpyrazole oxalate
(10g, 50 mmole), dimethylmalonate (10 ml, 88 mmole), methyl aicohol (80 ml) and
sodium methoxide (50 ml, 245 mmole, 25% in methyt alcohol). The batch was
heated at reflux for 18 hours then cooled to room temperature. Celite (5g) and
water (60 ml) were added io the baich and agitated for 10 minutes. The batch was
filtered to remove the solid residue. The filtrate was pH adjusted to pH~3 with
aqueous HCI (10mil) to effect precipitation. The precipitate (compound "E”) was
filtered and washed with water (40ml). The wet cake was dried for 18 hours in
vacuum oven maintained in the range of oven at 45 °C to 55 °C, to give a solid
product (84.3%, 7.5g). CgHoN3Oa, Mp: 200-205 °C; NMR in DMSO-d6: 1.05(t,
3H), 2.23(q, 2H), 3.26(bs, 1H), 3.89(bs, 1H), 7.61(s, 1H), 11.50({bs, 1H).

Example 2: Preparation of Dichloride Compound F (Scheme VI) §. 7-

Dichloro-3-Ethvipyrazolof1.5-alpyrimidine

H
0 NT’% POCIg cl /N\'%C
. P - y
N--N R NHN

Aceatonitrile
O Ct
E F

Into a 3-neck flask fitted with an inert gas inlet, a reflux condenser and a
mechanical stirring apparatus and containing 83 liters of acetonitrile was placed 3-
Ethylpyrazolo[1,5-alpyrimidine-5,7(4H,6H)-dione (E) prepared as described in
Step 1 (11.0kg, 61.5mole), N,N-dimethylaniline (8.0L, 63mole) and POCl, {7kg,
430mole). With stirring the mixture was brought to reflux and maintained under
refluxing conditions for 15 hours. The reaction mixture was sampled periodically
to monitor the amount of compound “E” present. After the conversion was
complete, the solution was cooled to 15 °C. Into the cooled reaction mixiure was
added water which had been cooled to a temperature of less than 20 °C. The
product is filtered and washed with 4aliquots of acetonitrile-water (1:3) which had
been cooled to a temperature of 20 °C followed by a wash with 10X water. The
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To a 250 m, three-necked flask equipped with a thernoneter, a reflux
condenser and nechani cal stirrer was charged 3-am no-4-ethyl pyrazole
oxal ate (10g, 50 mmol e), dinethylmalonate (10 m, 88 mmol e), nethyl

al cohol ( 8§0APOB/0ARA sodi um net hoxi de (50 ml, 245 mmol e PCIBERQOF OBy |
al cohol). The batch was heated at reflux for 16 hours then cooled to
roomtenperature. Celite (5g) and water (60 ml) were added to the
batch and agitated for 10 m nutes. The batch was filtered to renove
the solid residue. The filtrate was pH adjusted to pH 3 with agueous
HCl  ( 10wk}.cale isfdrecting ampam avevmailtaingst atcd @ PE deralleasiptiundursgo)

\ivgshghlrg%ueﬁ\?acum%%l nt E&Nmﬁ%m gnge 35@2%8\3?54%[‘ %?%é grS

C, to gisyedHy, 8dDi{d, pHpduct (84. 3% 7.5g). C8HIN303, Mp: 200-205 C
NVR in %)909%’025['05“’ 3H), 2.23(q, 2H), 3.26(bs, 1H), 3.89(bs, 1H),
7.61(s, IH), .90(bs, 11-1). Exanple 2: Preparation of Dichloride
Compound F (Schene VI) 5, 7-

Di chl or X

3- neck
mechani oZidwmt dmethwt lowra
acetonitrile was pl aced 3-

Et hyl pyrazol o[ 1, 5- a] pyri m di ne-5, 7(4H, 6H) - di one (E) prepar ed as
described in Step 1 (11.0kg, 61.5nole), N, N-diNethylaniline63nole)
and POCI 3 (7kg, #30nple). Wﬁ_k;sé_irringc Xt ure was brought to
refl ux and nmal hfai under ng condy for 15 hours. The
reaction m xtur S “sanpl ed® peatirsié/cal |y t nitor the anount of
conpound "E" pre Ent After tR&Lonversiothhgs conpl ete, the sol ution
was cooled to 15 Into the gghedcre CtIO/ I Xture was added wat er

whi ch had been c'f)ol ed to a terrpergture of ssll f han 20 C. The product

is filtered and washed with 4ali s df acé\onlct“rlle wat er (1:3)
whi ch had been cooled to a tempe Mte [of 20&C fol | owed by a wash
with 10X water. The Fla

Into a 3-liter, three-necked flask equipped with a thermometer, a reflux
condenser and mechanical stirrer was charged an aliquot of the dichloride
compound “F’ prepared in Step 2 (150g, 0.69mole), potassium phosphate tribasic
monohydrate (338.0g, 1.47mole), the dihydrochloride salt of N-oxide-pyridin-3-yi-
methylamine, compound F1a (142.5g, 0.72mole}, water (1500ml) and acetonitrile
(800ml). The baich was heated at reflux for 6 hours. At the end of the refluxing
period the batch was cooled to room temperature over 2 hours and then heid at
room temperature for 4 hours. The resulting precipitate was filtered and washed
with water (600ml). The wet cake was returmned to the flask with water (1500mf)
and acetonitrile (300ml), and heated to reflux. Reflux was maintained for 6 hours
additional. At the end of the second reflux period the reaction mixture was ccoled
to room temperature over a 2 hour period and left to stand at room temperature
for 4 hours. The resulting precipitate was filtered and washed with water (600ml).
The wet cake was dried In an air draft oven at 50 °C for 18 hours to give the first
amine adduct “G” material (179g, 84.9%). mp: 187-183C; NMR in CDCI3, 1.26(t,
3H), 2.73(q, 2H), 4.60(d, 2H), 5.87(s, 1H), 6.83(bs, 1H), 7.33(t,1H), 7.70(d, 1H),
7.84(s, 1H), 8.58(d, 1H), 8.64(d, 1H).
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wet.cake is dried in a vacuum oven maintained at 40 C for at |east 15
hours to yield the compound "F" (86.7%; 1H NWR (CDClI3): 1.32(t, 3H),
2.81 (q, 2 6.92 (s, 1H, 8.10 (s, 1H np: 90-95C. Exanple 3:
Preparatio 03088 HAbUNd G ( Scheme V1) 5- Chl or o- 3- Et hyl| RGIfUS2007/018305
oxi do- pvri di nyhnet hvi | evrazol of 1. 5-al pvri m di ne-5, 7(4H, 6H) - di on- 7- am
ne Nt O- O- FI a Into a 3-liter, three-necked fl ask

equi pped with a thernoneter, a reflux condenser and nechani cal
stirrer was charged an aliquot of the dichloride conmpound "F
prepared in St ep 2 (1509, 0. 69nol e), potassium phosphate tribasic

refl ux Qiéflﬁeetﬁtan he end of the refl uxi ng perlod the batch was

cool ed over 2 hours and then held at room
tenperature for 4 hours. The resulting precipitate was filtered and
washed with water (600nl). The wet cake was re ed to the fl ask
W th vaier 150pnt) and acetonitrile (300m), nd ed Ao reflux.
Ref | ux wa a| ned f hours additional . f the
second ref ériod th rqaction mxture was ¢ O|Z§/ ~foom

t enperat ur gyover a 2 hourt period-and-leftt0 s ati room

tenperature fpr 4 hours,”The neawl ting preci p| filtered and

washed with er (600 . Then-wethyigpdogidwas dr i ed in air draft
oven at 50 &Joer_18 hours to MNey@Og he first am ne addactll"G' materi al
(179g, 84. 9% n% 187-18% NWVR in CDCI 3, 1. 26(t, 3HX §‘ 3(q, 2H),

4.60(d, 211), G5, 87(s, 1H), 6.83(bs, 111), 7.33(1, t&;&x)ulai 70( d, 11-1),
7. 84(5, 1H), 8.58(d, 1H), 8.64(d, lH). 30
Into a three-neck flask fitted with a mechanical stirrer and a reflux

condenser were placed the first amine adduct prepared in Step 3, compound “G”,
(7kg, 23mole), amino-alcohol compound G1la (5.6kg, 43.3mole), sodium
carbonate (3.5kg, 33.0mole), 110 ml of watar and 1-methyl-2-pyrrolidinone (NMP)
(11L). The reaction mixiure was heated to 150 °C for 4 days. After
chromatography indicated that the reaction was complete (90-95% substrate
consumed), the reaction mixture was cooled to room temperature and quenched
by adding water. The mixture was then extracted with ethyl acetate. The batch
was dried by distillation of the water azetrope under atmospheric pressure and
concentrated to about 28L volume. THF was added and the solution was heated
to reflux until all the solids dissoive. Ethyl acetate and triethlamine are added to
the hot solution. The baich was cooled to ambient and then agitated with the
temperature maintained in the range of from 20 °C to 25 °C for 12 hours. The
solids were collected by filtration, washed first with ethyl acetate then water, and
dried in the filter under vacuum for 24 hours with the temperature maintained at
from 40 °C to 50 °C, yielding 4.9kg, 51.3% of the compound of Formula il. DSC,
168.6°C; Specific Rotation (10mg/ml in MeOH, 20°C), -117.8% HNMR (400 MHz,
DMSO): 8.31 ppm (1H, s), 8.11-8.13 ppm {1H, td, J=5.7 Hz, J=1.4 Hz), 7.97 ppm
(1H, 1, J=B.7 Hz), 7.68 ppm (1H, s}, 7.41 ppm (1H, s}, 7.37-7.43 ppm (1H, dd),
5.55 ppm (1H, s), 4.85 ppm (1H, t, J=5.4 Hz), 4.49-4.59 ppm (3H, m}, 4.24-4.28
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WD 2008/ 027220PCT/ 1JS2007/ 018305 Exanpl e 4: Preparation of the
Conpound of Forrmula Il (Scheme VI) 1-13- Ethyl-7-1(1

-oxi do-3-Pvridinvl)nethvllaminol pvrazololl ,5-al pvrimdin-5-vl1-
2(s) - pi perVaizfB&ERahol Into a three-neck fl XEH/USRAOTAERSH ¢ h
a nmechanical stirrer and a reflux condenser were placed the first

am ne adduct prepared in Step 3, conpound "G', (7kg, 23nvle),

am no- al cohol conpound Gla (5, 6kg, 43.3nol e), sodium carbonate
(3.5kg, 33.0nmole), 110 mM of water and 1-nethyl-2 rrolidi none_ (NVP)
(110) " pher Ahbroash, PIBAEAE Nt (lamoc-78 580 pom G4, dalB0 He): 2115-
chr omat 9RRY Jzndhcalﬁ {}aﬁ AN 7693AL hN1 WAsT @Qfﬂﬂnﬂ@—!(&g’ 08606134

substrate cons action nmixture was cooled to room

t eni per &por @ Hama), du@@ﬁ@d% tatifi-Bdtadat er. The nixture was then
extracted with ethyl acetate. The batch was dried by distillation of
the water azetrope under atnospheric pressure and concentrated to
about 28L vol une. THE was added and the solution was heated to refl ux

until all the é‘%ﬁ)‘o@? dhiserpli it of Elbhxkeﬁ%t;@ﬁ&eﬁ Ea td bstnraJs%h{?@aﬁa%t

added to the ot sol ution: was cool e to anbi ent_and then
agi t at edimiingh Yarouscohpangesaranadifipationsdn the emodimags dscripemheteit t o
25 C fory &tﬁﬁ&émogéesm& ANERIE ﬂ%ée%ﬂ{a%egxeaw i FridldeWAthotshed
first mnt yl acetate en wat er, d drifed in the filter under
vacuum fdepadingteum sheseope ﬁésplélhﬂfemi[]\’%mm ntained at from40 Cto
50C, yielding 4.9kg, 51.3% of the conpound of Fornula Il. DSC,

168. 6C, Specific Rotation (10nmg/nmL in MeOH, 20C), -117.8; HNVA (400
MHz, DMSO): 8.31 ppm (1H, s),-8.11-8.13 ppm (1H, td, J=5.7 Hz, J=1.4
Hz), 7.97 ppm (1H, t, J=6.7 Hz), 7.68 ppm (1H, s), 7.41 ppm (1H, s),
7.37-7.43 ppm (1H, dd), 5.55 ppm (1H, s), 4.85 ppm (1H, t, J=5.4 Hz),
4.49-4.59 ppm (3H, m, 4.24-4.28 ppm(1H broad), 3.27-3.46 ppm (2H,
m, 2.76-2.83 ppm (1H t, J=13.0 Hz), 2.45- 2.50 ppm (2H, q, J=7.5
Hz), 1.72-1,79 (1H, m, 1.54-1.68 ppm (6H, m, 1.30-1.34 ppm (1H, n),
1.16 ppm (3H, t, J=7.5 Hz) The above description of the
invention is intended to be illustrative and not |imting. Various
changes or nodifications in the enbodi nents descri bed herein may
occur to those skilled in the art. These changes can be nade wi t hout
departing fromthe scope or spirit of the invention
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