WO 2008/ 027220PCT/ US2007/ 018305 CD08437 Process and I nternedi ates for
t he Synt hesis of

(3-a)icyl-5-piperidin-1-yl-3,3a-di hydro-3yrazolorl,5-alpyrimdin-7-yl
)-Ami no Derivatives and Internediates Field of the Invention

Thi s appl i caoiema/tiz®cl oses a novel process to PCT/US2007/018305
(3-al kyl -5-pi peridin-I-yl-3, 3adi hydro-pyrazol o[ 1, 5-a] pyri mdin-7-y1l)-
am no derivatives, which have utility, for exanple, as
pharmaceutically active conmpounds, and internedi ates useful in the
synt hesi s thereof. Background of the Invention I dentification
of any pobb&4ztionln this section or any section of this application
i's not an adm ssion that such publication is prior art to the present
i nvention. As described in Publlshed U. S. Patent Application
No. 2004-0209878 AJF*00~('-’ izl the Symhesig
publlcatle hikeVBLSH i
3-al kyl - 5-'prpe T arr
am no derlvatlvee (as |II ere RL is a |linear,
branched, or cyclic al kyl oxy functional gr oup of the structure
(-RQa-C}D, R2a is a linear, ', branched or cyclic alkyl group, R2 is a
| i near, branched or cyclic alkyl group, and 1R3 is selected from

al kyl het erocycl es, for exanple, 3-alkylene-pyridine-N oxide, have
activity as cyclin-dependent kinase inhibitor (CDK inhibitor)
conmpounds. WD 2008/ 027220PCT/ 11 S2007/ 018305

Field of the Invention

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

Background of the [nvention

Identification of any publication’in this section or any section of this
application is not an admission that such publication is prior art to the present
iﬁvenﬁon.

As described in Published U.S. Patent Application No. 2004-0208878 A1,

"filed on February 11, 2004 (the '878 publication}, which is incorporated herein in
its entirety, 3-alkyl-5-piperidin-1 ~yl-3,3a-dihydro~pyfazolo[1 S-alpyrimidin-7-y})-
.amino derivatives (as illustrated in Formula 1, where R’ is a linear, branched, or
cydilic alkyloxy funciional group of the structure (-R%-OH), R** is a linear,
‘branched or cyclic alkyl group, R2 is a linear, branched or cyclic alkyl group, and
'iHB is selected from alkylheterocycles, for example, 3-atkylene-pyridine-N-oxide,
‘have activity as cyclin-dependent kinase inhibitor (CDK inhibitor) compounds.



HN Formul a | As described in the '878 publication, in these.
conpounds can be prepared through the general routes described bel ow
in Schene |. Schene | Where RI, R2, and R3 are as defined above,
R4 and R7 are selected fromH and R2, and R5 and R6 are taken
together to form an al kyl heterocycle for exanple, pyrimdin-1-yl,
optional |y ¥838¥{%%6t%d on any carbon with a linear, brieHay7/0wpos
cyclic alkyl, which is optionally substituted with hydroxide.

Accordi ngly, a dicarboxylic acid diester (conmpound 11, a mal onate

di ester or an appropriately substuted nmal onate di ester derivative
where R4 is other than hydrogen) is condensed with pyrazol e conpound
i i i forning a Q{ridone conpound (13).

i zed by di hal ogenati ng
inating reagent POClI 3 to
: gen derivative (14) is
then sequentially treated wtH am ovi de t he
am no-functionalized CDK inhibitor préduct 16 mherein R5 and R6 are
taken together to forman alkyl heteracycle,
pyrimdin-1-yl, and wherein "R' (Schene 1) is acylnear branched, or
cyclic al kyl, optlonally substituted with pyridine N—OXIde. 2 WO

2008/ 027220PC;[§ HoOREH4h 870% 78 publication, in these cormnpounds can be prepared
through the general routes described below in Scheme 1.
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Where R, R?, and R®are as defined above, R* and R” are selected from H and
R?, and Hé’ and R® are taken together to form an alkyl heterocycle, for example,
pyrimidin-1-yl, optionally substituted on any carbon with a linsar, branched, or
cyclic alkyl, which is optionally substituted with hydroxide. Accordingly, a

~ dicarboxylic acid diester (compound 11, a maionate 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 &
pyridone compound (13). The pyridone compound is subsequently derivatized by
dihalogenating it, for example, by treatment with the chiorinating reagent POCI; 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 RS and R6 are taken together to form an alkyl heterocyele, for
example, pyrimidin-1-yl, and wherein “R” {Scheme 1) is a linear, branched, or
cyclic alkyl, optionally substituted with pyridine N-oxide.

2



- Oné éxanplé of "'these inhibitors i's the conpound of Formula IL OH .;
"Ne---- "Co- Formula Il The synthesis of the conpound of Fornula II
I's described in the '878 publication according to Schene Il: Schene
Step 1 - Amidization to formsubstituted pyrazole NH2 CH2(Q02M))z N'.

\'N H cH St ewo2ecshonrteti on and di hal ogenati on of
pyrazol o[ 1, 5a] pyrim dine 1. POCI3 ONN, N-dimethyl C

PCT/US2007/018303

One example of these inhibitors is the compound of Formula il.
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o Formula |l

- The synthesis of the compound of Formula |l is described in the '878 publication

according to Scheme H:
- Scheme [i:
Step 1 — Amidization to form substituted pyrazole
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aniline 2. Isolate/ OchromatographCl Step 3 Amination (two separate,

sequential reactions) WD 2008/ 027220Pal US2007/018305 As
described in the '878 publication, Synthetic Schene Il |leading to the
conmpound of Forrmula Il has several disadvantages fromthe standpoint

of commer civab 2@eedrosynt hesis. I n step 1, the starti ngcrksso@bsos
(conpound "C') used in the formation of conpound "Cr 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 chronmat ographic purification of conmpounds C
and D prior tas descripedén tst'sehphblcalisedienhetide®dheats i ading todbet | on.

| addi L S0 ISRGREH phgbliial AZ8RNIICI Olbe R AGH 0N of

conpoun el ona I es IS carri out ester as
a sol ventommktaal scalel synttasisard siap 1.fthe stdrng matariab(qogmwndhi:”)rmﬁednat e

adduct, £qap %H‘%ﬂ of E{Mpﬁﬁrﬂf“ﬁ Ss BHERY, MidbkE LA %'&‘qg@ﬁ*ﬁ%ﬁk c}g IS

carri ed out I n net n accordance wth the proc escri bed

inthe ' me%w!@mﬂm@ﬁfar@q}@aﬁ@ Ewp@vgmsmu agritpsgrihecin tha&ye
conver t eghiiRafid}e r& 1Fe%§§&8ﬁéﬁ‘&1cﬁbﬁrﬁh%b§1ﬁ%ce gNnhbaivoerWnpaﬂhéé ae by

treatment w t h phosphorous oxychlorid di chl oride thus
formed waRd pﬁi%i%@fébﬁ?ﬂ Bt P3G EGAdpitienl %‘&aﬁﬁﬂﬁeﬁtﬁ“%r i gdqifien,

sequent i @& dagarmelii®the” sagbu@mmmﬂetre@ﬂ@hldfcotr}a@uﬁ@ Wﬂﬂﬂﬁ[&fate

For mul a as and.of Fornmula.ll require chroratog'[“g%g/ urification and
i sol at i off€STeR ¥ CRIERY PHEPING, erdestgyas B ghivERh M ieolation an NUTTGATIRR
descri bedf tha réhdtanB8mdignabd adduadt,ccompachl Dfrirghdoant naforandikeeand | ons

uer e 1 UNc SRRALA €1y MLl o 2 ALIRG SHLARLOGTARN froBug Ll cat i on

bet ween a I on reactil ons. CCOF I on
descri begesdidegiretherars aniwrahmec@mmmrﬂisdﬁofﬁtﬂdrﬁmdadneﬁ thenl i zing a

schene cofsiapleling tﬁH cdite oﬁ&ﬁ@rd?érﬁoﬁo%aﬁtw RlbiRlefRPaMlitdby Be&INGR! NI

i solation_and purificati of “the products, each sequential step

bei ng caWip @dosRftorpys EXW'@PéHPQ@ vEnm d@b@ﬂ@%““ﬁﬁ@’%‘f’ﬁ? pso%t%qi d of
the Comﬁﬂﬂﬁu@ﬁed:@j SAtbakd ré@ﬂO;Eﬂi@doft@é sé @ttéb’é}ﬁhﬁﬁdﬁ rea@Bor@s] on

starting C eng, || ctives and Sunmmary
of the IW@HBF%H thec(ompqlwd@loé# ‘F%aﬂﬂP%DBifﬁaa \RAYIS s needed is a
synt het i chsatsmrapisepulificaton pne aratiogs] dededdtbied i el 878 pubsieatiakls of
interest utilizing fewer reaction steps. Mreover, what is needed is

a synthetic schene for the preparation of CDK inhibiting conpounds of
Formul a | wi tAs furthiegHescribedda ghe gi78Iptibhicatied, eachcaitpe amination reactions

were run separately with isclaiion and chromatographic purification between
amination reactions. Accordingly, the ‘878 publication describes the preparation
of the compound of Fermula I 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 overali yleld
of the compound of Formula !l reported for this synthesis, based on starting
compound C (Scheme [} is about 20%.

Objectives and Summary of the Invention

In view of the foragoing, 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

4



WO 2008/ 027220PCT/ US2007/ 018305 C starting material consuned.
Moreover, what is needed is a process which I mnimzes the need for
chromat ographic purification of internmediates, and utilizes fewer
changes of solvent systens. in addition, what is needed is a
“synthesis schenme for conpounds of Formula | which is anenable for
scal e-up t OVA208¥¥CH si ze suitable for comrercial scal ECHEEPEFUHEI%N.
These and ot her objectives and/ or advantages are provided by the
present invention. One aspect of the present inventionis a
process.for the synthesis of CDK inhibitor conpounds having the
structure of Fornul

. al HN"--RFornmula |, fro ninterrreq%jte
oyr azol of SRR e A GPREed.VareREn oI S AR B RPIGETOMIE of
For mul a hﬂnimizéb i hdedRoriciiranifogemhic frrdinatitedor interaypdibtes, ahdytiey
functional group of .the structure,(- - | Li [
br anc hed%&gggﬁ%’%e@ cglsﬁ&e" P’éﬁif)’.nst{ ?g&goqgid)r\“e%%aﬁd}ﬁgﬁgﬁggﬁ‘e%'f?cI ic
al kyl gr sehemeafad catpoiisdsinf Bbroylle hehicbtizamenable fopsaieuald § ba®h
al kyl ene-.pyrj di.nesz ' . saj sina . ' e
ot or oo SUHE I el Sl BLAEatert e und it AUER BAEPS
a ref | uxatgntagestare prediee hy theepresertdnyardignal cohol s having 5 or |ess

carbon atons and m xtures of two or nore thereof, a nethanol solution

of a salt of a 4-al kyl -3-am no-pyrazol e conpound of Fornula 01
. One aspect of the present invention is & process for the synthesis of CbK

inhibitor compounds having the structure of Formula |

R

s
P

AN Formula |,
from an intermediate pyrazolof1,5-a]pyrimidine-5, 7 dione compound of the
structure of Formula E1,
R2
O N%
Tn/rqhhf
8] El
wherein R' is a linear, branched, or cyclic alkyloxy functional group of the
structure (-B?*-OH), R*? is a linear, branched or oyclic alky! group, R? is a linear,
branched or cyclic alkyl group, and R® is an alkylene-heterocycle, preferably, 3-
alkylene-pyridine-N-oxide, said process comprising: (a) forming the intermediate
compound of the structure of Formula E1 by reacting, in a refiuxing reaction
solvent selected from alcohols having 5 or less carbon atoms and mixtures of two
or mare thereof, a methanol solution of a salt of a 4-alkyl-3-amino-pyrazole
compound of Formula C1,
B2 NH,
H Formuia C1

with a diamidization reagent selected from dimethyimalonate,
monomethylmalonylchicride, and malonyl dichloride in the presence of a Lewis

5



R2' NH2
di met hyl
in the p

(b) deri
the conp
sel ected
group; a
sub-step

HFormula G with a diam dization reagent selected from

mal onat e, nononet hyl mal onyl chl ori de, and mal onyl dichloride
~presence of a Lewis base having sufficient proton affinity to
abstract a proton fromthe 1l-position nitrogen on the pyrazole ring;

vatw&@ga}.’% internediate El prepared in Step P(Cﬁ.)éqslgﬁocawg)&s%\u de

ound 0 rmula FI, F12 x N. -4 xFormula Fl,
fromchlori de, brom de, iodide, fluoride, and a sul fonyl
nd (c) sequentially am nating the conpound of Formula Fl,

in

(ci) vvith a primary am ne, substituting the X-group on the

7-car bonb@?ég@a éd?‘ﬁci&)(trﬁ lnoafﬁéfw tﬁ'd’&%&ﬁ&'aeﬁ%to%'tﬂeﬁ%sﬁbﬁp (ci

with a seco

aCI roup resi |ng on

)

5- car bonnifregen of ﬂ‘ummrpwlﬁzlﬂgo@ﬂeﬂu@wgﬁﬁiﬁ@ﬁtﬁfm%@?@eﬁh Prapared inRieRr e

of the a
provi de
In sone
count er
from oxa
is oxal a
al kyl gr
conmpound

I-b'iﬁc%t B8 848 EbRRuL 1, ndependent | y selected to
@suf3 t-’stl}bg'ft‘bl%%iuent to formthe corrpou of Fornula 1.

enbodi nents of the invention, a) preferably t he
ion of the salt of the conpound o is selected
| ate, tosylate, and chloride, nore Nably t he counter
te. In some enbodi nents of the inventyon, u!?‘_J1|near

oup of 4 carbons or |less, preferably Fl 2 |s e
wherdiioiXhis selBtteddgraan cbiaﬁdnrmooﬁda¥mdt@ﬂ flugride, and a sulfonyl

group; and {¢) sequentially aminating the compound of Formula F1, in sub-step
(ci) with a primary amine, substituting the X-group on the 7-carbon atom of the
pyrazolo-pyridine moiety, and in sub-step (cii} with a secondary amine replacing
the “X"-group residing on the 5-carbon atom of the pyrazolo-pyridine moiety,
wherein the structure of the amine used in each sub-step is independently
selected to provide a suitable substituent to form the compound of Formula 1.

In some embodiments of the invention, in Step (a), preferably the counter
ion of the salt of the compound of Formula C1 is selected from oxalate, tosylate,
and chioride, more preferably the counter ion is oxalate. In some embodiments of
the invention, R? is a linear alkyl group of 4 carbons or less, preferably B2 is ethyl,
thus the compound of Formula E1 is a compound of Formula E

ot
4
O Formnuia E.

in some embodiments of the invention the reaction solvent is preferably
selected frormn 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.

i on

t hus the



~=TM-N OFormula E.vonoln..some .enbodi nent s -of .the .i nvention.the ... .

reaction solvent is preferably selected from nethanol and et hanol,
nore preferably nmethanol. In sonme enbodinents it is preferred for the
Lewi s base to be selected fromnetal al koxi de bases, nore preferably
t he base i Sw L %572% fromlithium sodium and potassi um al koxi de
bases, nore % ly the Lewis base is selected frorhtIOH?AHp18305

et hOXI de and sodi um net hoxi de, and nore preferably the Lew s base is
sodi um et hoxi de. WD 2008/ 027220PCT/ US2007/ 018305 In sone
enbodi ments of the present invention, Step (b) is carried out by

roviding a s in
ltohe corrpgund R*&f?l'r nm%gdé%bge%gﬁgsgt "Ee sol’ (r:’%ﬁ%&g’!eﬁ%ﬁgﬁﬁ' °
conpound PEIVIEBE moHitien qf\ﬁherpcanmr@g@‘ B 'ébéﬁﬁ hﬁﬁgeh@fﬁﬂrtégence of a
base, pr eamabﬂgd B P%myﬁd I:ertréeﬁiﬁgstﬁé gs;hﬁéﬁcaitaﬁing e cHanEeﬁau# anF'

where "X' IS a en selected ffomchlorid i odi de
f1uoride Fomélﬁe?hmtg ahalogepRting aeidn hreressNGs %fs%%ﬁ% B 8rpound

of For nukampbuhd ofthedtienire 8eFect ed from acetonitrile and tol uene,
nore preferably the solution conprises tol uene. When the " X'

substituent of the corrpound)ﬁf gornula Fl is a halogen, preferably it
is chloride. Wen the "X t of the conpound of Formula Fl
is chloride, the hal ogenating N used in Step "b" is a

chl orinati ng agent preferably | ect eg, f,‘_[]l_{pﬂ: phosphor ous oxychl ori de,
phosphorous pentachl oride, and thionyl rid nore preferably the

hal ogenatiNe§ agdhe h@%ﬁ‘d‘@dﬁ%%ﬁ@“‘tﬁ%ﬂ% PfQ!@des\Aﬁé'ﬁeéﬂé Kluerid®at i ng

ggenz hl Is wgf@ebmwtrﬁtmz is ridcRiY rﬂbéd{wh@ aaé)@cﬁﬁpmd;fu%rrﬁmaeéi s from
i met hy

dilso yle ne, and triethyl
ani ne, P&eaﬁ%eﬁ%qtg%fr?nmﬁqmw 'E‘% Fcﬁ n¥0re prefeiablyjhe S@'HBBEH ment s
of - t he preswrtes tohemtzi. on, Step (b) is carrl ed out by providing a
sol ution of the conmpound of Formula El and sul fonating the conpound
of Fornula El by treating the solution containing the conmpound of
Formul a El w Whem tbal“X’bﬁdlSi’fEh@nagbﬂﬁB danndmedmfﬁemde Fdfis a Hadromn,

provi di n?}ré& ENGudaet g%:lﬂ Heet %beJu&tc{f ﬁﬁﬁu‘ﬁ% rﬂMe?‘ﬁ\g

is a sulfony roup, prefer y selecte roma onyl
sul f onyl & pipddeytee balagenatingtagpnt ysed inStep Cil is sialioringting sgent

enbodi WPP@’@H&M&E@&E&@& ﬁmspﬁemyslo%@éman@éﬂﬂhegaxdreu ?&ﬂ?& eaeﬁde,

preferab t he 'sul f onati ng agen fonyl

t IS
Pr ef er abPPatNanY ShiRridgnme aply tH?@@W@PWﬁ‘&?@“&@rﬁW@ orers For nul a
El in a seiatdide. When a chlorinating agent is used in Step “b”, preferably the base

used is selected from dimethy! aniline, pyridine, diisopropylethylamine, and triethyt
amine, more preferably dimethyi 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 sclution containing the compound of
Formula 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 methy!
sulfonyl chloride. In some embodiments in which Step (c) comprises a sulfonation
reaction, preferably the sulfonating agent is methyl sulfonyl chioride. Preferably
the solution is made by dissolving the compound of Formula E1 in a solvent



WD 2008/ 027220PCT/ US2007/ 018305 , selected from acetonitrile and

tol uene, nore preferably the solution conprises tol uene. In
sone enbodi nents of the invention which include form ng the conpound
of the structure of Fornula El and hal ogenating the conpound of

Fornmul a El WA 28188g722b" | preferably R2 is ethyl, thus, mdwUseorpwsasd of
the structure of FI is a compound of the structure of Formula F
Formula F In sone enbodi nents of the present invention process,
t he conpound of the "X' substituents in the conpound of Fornmula Fl
are chl éride, and sub-step (0i), am nating the conmpound of Formula Fl
with a psélaetes from a@etorcttm@ran@écauer@amremr@ha*hﬁaﬁomcaﬁ@wnsa%e
pref er ably,, £3P04, either separately or as an aqueous solution, to the
pr oduct nlxture fromderivatizing Step "b" which contains the

di hal i de conmpound of the structure of Fornula FI; and (ii) reacting a

primary anm neyy RmdesBblintdies @pthe uWetnhoh bm;crri iNGluGE ftAey trﬁaej‘dnpdung
Ct ure o

conditiéens to formt the
o Sorme. ShBEAHERTS of Fori Edra ket qrtg e i epnd et Riedt i
react i ng Step, wreteradly H2as byl treisptheneorypauridns isabtudbret dfd1sismuct ur e

of For ”“'V%m'é'of‘md of the structure of Formula F

cl N\r/(
- —
(“r“"*f

Cl .
F Formula F

in some emboediments 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 cormpound of Formula F1 with a primary amine, comprises: (a)
t adding a water and a base, preferably KzPQ,, either separately or as an aqueous
solution, to 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

NGNS

F/

S N*-N
HN“F@ 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 (i)” to be the primary amine salt of the structure of Formula Fia,



WD 20081027220PCT/ US20071018305 H2ZN I M di N+ ' CrFornmul a Fl a,
wherein "n" = 1 or 2, preferably 2, the reaction thereby formng a
conpound having the structure of Fornmula.Gl, MNo- Formula Gl.

In some enbodiments it is preferred for an anmount of water to be

added to theor@deixfn mxture in amnation sub-Step (GorRdoshishss
sufficient to provide a volunetric ratio of acetonitrile : water in

the reaction m xture of about 1:5. In some enbodi nents where
the "X' substituent is chloride, am nation sub-Step (CU) conprises
ref luxing the isolated conmpound of Forrmula Ga prepared in first

am nation sub-Step (ci) in N-nethynpyrollidine with a secondary
amne in the presence of sodiumfgarbdgnate and sufficient water to
mai ntain a refluxing tenperaturel of M aheut 14000 to about 160 C,
t hereby yi el ding the conmpound of| Fo . I n, some preferred
embodi nents, the conpound of Forhula Ga prepar@d™Mus Fidst ani nation

sub- St epufsiain i@ 4 Der 9%@@#@%@ tHeOfcblich BbretiTdrrhing aSeeqiiagy am ne

used i n second amn nati on sub- (cii) is an am ne of the structure
of For rrur'é‘“Pﬁ I@_ﬁtp&ture Formula

HE

al N
Y/,
oy N-N
HN

o

4
= N‘O' 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" subsiituent is chloride, amination sub-
" Step (cii) comprises refluxing the isolated compound of Formufa Ga prepared in
first amination sub-Siep (ci}) in N-methyi pyrdllidine with a secondary amine in the
presence of sodium carbonate and sufficient water 1o maintain a refluxing
temperature of from about 140 °C 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 (¢i} is the compound of Formula G1, and the secondary
amine used in second amination sub-Step {cii} is an amine of the structure of

ot

Formufa Ha

oH Ha



--WD..2008/.027220RPCT/ . US2007/.018305..t.-hereby .provi di ng the conpound of
Formula la Formual "k\--- "to-, In sonme preferred
enbodi nents, R2 is ethyl, thus the conpound of the structure of

Formula C is conmpound G and the conpound of Formula | prepared in
Step e is the compound of Fornula II. INt O-Formula G | n one
embodi ment ,\ WP AUSBEent invention is a process for nalEGHS2007/018305

Cycl i nDependent Kinase inhibitor conpounds (CDK inhibitor) of Formula
Formula 11,

thereby providing the compound of Formula la

O ¢
N NW/S
v - —

N NN W
OH HN

&‘*
Formual la Nto—

In some preferred embodiments, R? is ethyl, thus the compound of the
structure of Formufa G1 is compound G, and the compound of Formula | prepared
in Step e is the compound of Formula .

L]

Ct o e
o Nepf
H

Nt
o Formula G

In one embodiment, the present invention is a process for making Cyclin-
Dependent Kinase inhibitor compounds (CDK inhibitor) of Formula 1,

o Formula i,
the process comprising:

(2) 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 G
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the process conprising: (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 pyr azol - 3-yl am ne conpound of Fornmula C WD
20081027220PCT/ 1 TS2007/ 018305 N Formula C with an am di zati on reagent
sel ected fromtBiMEt Ayl mal onat e, nononet hyl mal onyl chl oPFHES20418305
mal onyl dichloride in the presence of an netal akoxi de base
conprising an al koxi de noiety having 5 carbon atons or less to form
t he product having the structure of Fornula E, E, (b) hal ogenating
the isolated product of Formula E fromreacting Sgep "a" by treating
an acetonitrile solution containing the c of Formula E
I solated from Step "a" w th phosphorous oxy Io\'de I n the presence
of N,N-dinmethylaniline to forma conmpound oftheVstructure of F;

B Formula C
with an amidization reagent selected from dimethylmalonate,
monomethyimalonylchloride, and malanyl dichloride in the presence of
an metal alkoxide base comprising an alkoxide moiety having 5 carbon
atoms or less to form the product having the structure of Formula E,

CHaCHg
O Nj/g
—
KFN":‘,
O E;
(b) halogenating the isclated product of Formula E from reacting Step “a”
by treating an acetonitrile solution containing the compound of Formula

E isolated from Step "&” with phosphorous oxychloride in the presence
of N,N-dimethylaniline to form a compound of the structure of F;

OHoCHs
ct /N\FS
¥/
SN,

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 (KsPOy), and a reaction medium selected from acetonitrile and

an acelonitrile/water mixture to form the compound of Formula G,
CHaCHs
=l
Ny
HN.

Ci

o Formula G;

i



(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 (K3PO40% and a reaction nmedium selected fromacetonitrile
and an acetORAPPY & vat er mixture to formthe conpoundCIHUSENIMIFYE G
CH2a--13 to-Formula G WD 2008/ 027220PCT/ I 1 S2007/ 018305 (d)
reacting the isolated conpound of Forrmula G prepared in refl uxing
Step "e" with the am no al cohol conpound structure of Gla, .H

(d) reacting the isclated compound of Formula G prepared in refluxing Step
“g" with the amino alcohol compound struciure of Gla,

OH G'Ia,
by refluxing the compound of Formula G in N-methy! pyrollidine in the
presence of sodium carbonate and sufficient water to maintain a reaction
temperature of from about 140 °C to about 160 °C, thereby yielding the
compound of Formula li,

O CH3CHs
< N /N\f-'g

P
T N'-N
OR HN
“

~-Ma  Formula Ii; and

{e) optionally isclating the compound of Formula !l prepared in refluxing
Step “d” from the reaction mixture by precipitating it with an anti-solvent:
(f) optionally recrystalling the isolated solids.

in some embodiments of the invention, the salt of the compound of Formula C
in reacting Step "a” is selected from oxalate, tosylate, and chloride salts,
preferably the oxalate sali. In some embodiments the solvent in reacting Step "a”
is preferably selected from methanol and ethanol. In some embodiments the
metal alkoxide base in reacting Step “a” is preferably selected from sodium
methoxide and sodium ethoxide.

In some embodiments preferably the Lewis base used 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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~by-r-ef | uxi-ng the conpound of --Fornul-a- G-tn N-methyl--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 ding the conpound of Fornula Il, CH2CH3 Nto-Forrmula Il; and (e)
optionally t he conpound of Formula Il prepar

| uxi ng St ep‘k’ag&ﬁéﬁr‘%&r‘ﬁ the reaction m xture by preci p|t %q‘ﬂjﬁzqggjgjﬁ({”h an
anti-solvent; (f) optionally recrystalling the isolated solids. I n
some enbodi nents of the inventi on, the salt of the conmpound of
Formula Cin reacting Step "a" is selected fromoxal ate, tosyl ate,

and chlori deg &abte%nba%ﬁégm%;sréf@ﬁe@wtﬁé ?efE.?intg s&l&n%@%lo?@'&%%ﬂ@?”t S

the solvent I'n reactin referably sel ected from nethanol
and et haigote comPdshe r@trﬁo@fcﬁ & @%Oﬂlﬁﬂwln@m@rﬂ@%geﬁsf Herkaget i ng

Step "a"jdey lﬁrﬁéﬁr‘@’%}ire‘f@ajﬁﬁft&ﬁaéé’ fpg.ras%wfbwmlzﬁ%omd sodi um

et hoxi de Lew s_base used in
Step "b" 9""?0‘6'?@%? ﬁlﬂ viﬁ@p&e@a@wirr&%ﬁwa@la ﬁe‘f’?‘@ﬁf uged in e eI ne,
di i sopr opyl Ehfbaibies sand triethyl amne, nore preferably

N, N- di met hyl ani | i ne. In sone enbodinents it is preferred for the
refluxi ng solvent enployed in step "c" to conprise a ratio of 5:1

wat er : acetl®BbineidrebodificartRe eaﬁ@démm&ept"lﬂ'&sm&mm isndighep 'V i s
pr ef er abl t.assi ho t al t
b “pyr 1 riPB R R AR R R B R I RSBl P e

di hydr ochi sarheempetiiments ztlmpea@emtbiﬁuadlamurﬁ of vatdy &s be agdel] ionthst ep
"d" is s ) cﬁﬂ‘g

pr ef erably ﬁﬁ%%tg%zgﬂ&ﬁﬁ gﬁer Emgé@?%gﬂ%t e. {an‘aWo‘ﬁ.ﬁ'ﬁQgg?%}Fyn%ans it
is pref em@éféi’@ﬁ?"'ﬁiﬁea%@ﬁ!“ e reastion mxtye chgled 19 t-he reaction

m xture in refI uxing Step "d" sufficient to provide a volunetric
rati o of N IproI |d| wat er |a8 rag eactj on. .m xture of abo

100: 1. HSQ Sé”%%ﬁ’tr?& [FeladRg SR 614t P REETRTRP IO goe | t
is pref eeﬂqdact@tame peédiytatam sdlidst dn p@meiqmbcaﬁreembawcslm:mgls;atadnmt sone
enbodi nent s di n ional .recyrstallization L

oref er r elb Ve Brges B L BB ERENUR ShfRPOLE Sfeartralirgich

Det ai | edsGigsglr i ptl on of the | nventi on As nentioned above, and
described in the '009 publication, conmpounds of Fornula I (as defined

herein) are believed to have prom sing activity as useful
Detailed Deseription of the Invention

As mentioned above, and described in the 008 publication, compounds of
Formula | (as defined herein) are believed 1o have promising activity as useful
. pharmaceutical compounds having CDK inhibitor properties. The synthesis of
these compounds, for example, the compound of Formula i, is described in detail
in published U.S. Patent Application No. 2004-0209878 A1, filed on February 11,
2004 (the '878 publication). The process for providing the compound of Formuia Il
-is described in the '878 application in Examples 507 o 508, 508, 1000 and 1001.
These examples, as well as the entirety of the '878 application are incorporaied
herein by reference. As described above, and with reference to Schames | and 1),
" the preparation of these compounds in general proceeds through amidization of g
_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
I‘.monoester acid chloride, or a malonate monocester acid, which is followed by
icyclization to form the corresponding pyrazolo]1,5-alpyrimidine-5,7-dione (for
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pharmaceuti cal conmpounds havi ng CDK inhi bitor properties. The
synt hesi s of these conpounds, for exanple, the conpound of Formula
|1, is described in detail in published U S. Patent Application No.
2004- 0209878 Al, filed on February 11, 2004 (the '878 publication).
The pr ocessW‘Pé?OS/ﬁ?"é?&l ding the conpound of Formula || }GEUFEFPIBHED i n
the '878 application in Exanples 507 to 508, 509, 1000 and 1001.
These exanples, as well as the entirety of the '878 application are
i ncorporated herein by reference. As described above, and with
reference to Schenes | ,and LI, the preparati of these unds in
general FrYRBESOTRPYIYMHS inPahyae bnsﬁgsei'”ﬁ??g? geenaiiop)at ghﬁ one
i nt er nedispde e(@@:onwmﬁewml falonfedIshmamvide ahdnatiorvditthe aa!td&aént@aéte g. or

onoest R b dB) Ve gl ORI EvER oo on i <

fol | owed by i Thebrarabs oftheopreeemnh stulmatlonrprm&qmﬂnmmgvements in this general

bo0a1 027 35uBedy TRiatth P Biagedsspha s bldkss Wikinps improe e vie of e

Subsequemtodvat igemae dbinese stdps, k@nblne‘tgstwpe% niwrepf thesepdeprdntvg one-

fol | oned 9 Ec%ﬂ&?é!“”ds 15
and 16) f?gfﬁhﬁ%{We& eFHE Bﬁ%‘(&%{%h H’){ﬁ? g%{ délgﬁpéhé@é ahfrfetn he ’process
of the p%&@h‘ﬁa@%tﬁeﬁﬁfﬁﬂiﬁwﬁipﬁ\ﬂf é’ésﬂf?fm‘?@@@r%rﬁf@dli% apigneagibnispigted

synt heti r@&ﬁ%mmh%ﬁd‘h%s %@@éémr Efopadb e BRI phﬂf,@ttoh%quaanﬁve
t he yleld of in sonme of these ste two or

uct 1 nin
more of SRRl A be PEESERT ASTTAIRe VS ATELS VI o Fap S B
in the rQﬁ@bt&@s§ﬁfﬂﬁﬁﬁ)r§.§t€lﬁmﬁﬂd@b0@ww@aﬁ I’mbmds symhéétefcmtmfl si on

bt at 5 HHARELOH T RIPOEe Bar T CC PP 1oy Ro A B TBEE  n the
pr evi ouslpycckeses desxiibgdon dys @38 pétbhctﬂhdnrﬁ@ pyrepwa&hn ahyrseslei hbtaj- t he
steps of é}ypﬁlgﬁlﬁtﬁggﬁﬁoglfidé @ Wl %@S re!:ﬁt’el%‘\ﬁ{)ga&‘oémfr %%1% cfﬂﬁe thd'Pr oved

synt hesi aration razo tp ounds
over thos@pwﬁm@@ﬁ@ft P pEesEnE §rvga %ﬁpmae eofRfsa egmotsty%pte@miﬁ n for

pr epar at ldé@cmedwna«?@icq:raées% te]prewaa@hﬂrrﬂﬁroqe&@gahmeﬁe pidcedd ok 1Re
appr eci at ed that each and several nprovenents of the present

i nvent i orPrERA{alRN Pfrﬁ%?Wé’H‘h ?tPE ‘E"PfB“‘BQ @WW% %%%mpes% SRR et i c
process tdesprind skexian i nproved synthetic process for the preparation

o CorPounSs W52 o B R RRRL P BRI 0

i npr oved podsies ©f Frdithlergpparsiopins-alpyrimidine compounds comprlsmg an

5, 7- di Ch 0 BUS 01l o BYL L8 b AN ORI i,

i mproved proces prieparation o i ntermedi ate conmpo ngs havi ng
t he strudtiypregpf E@W@EEI ON El wherein R2 is a linear, branched
or cyclic al kyl group, and |ts subsequent halgegenation, or
alternatively, its subsequent sul fonap.gq rried out in accordance
Wi th Schenme I11. N-N

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 111,
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WO 2008/ 027220PCT/ US2007/ 018305 Schenme 11 Step 1 - Formation of a
pyrazol o[ 1, 5-a] pyri m di ne-5, 7 di one:
n Kll

branched or cyclic al kyl group,

where R2 is a linear,
I's an anion of a carboxylic acid

sel ected fr@?‘z&ﬁﬁﬂﬁﬁee’ tosylate, and chloride, "n" is IJC%S%&?[P%%}L S
t ' n >

e anion,
and "G
group and chl ori de,

the charge o
ani on speci es,
froma nethyl

t he pyrazol o[ 1, 5-a] pyri m di ne-5, 7-di one:

and is either
I's sel ected i ndependently for each occurrence

1 or 2 dependingup

Step 2a- Formation of dihalide from
POCI 3 EI Acetonitrile Base a

Scheme Ui

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

r -+
R2 NH,
D
}Ngd A
H nH . -n-_!A
Ci1b

. A2
Os N
CHo{COG) = p
A N«
MeON N
eONa o)
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 chioride,

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

PCCl, Cl

Acetonitrile
Basa

HZ

NYS
- o~
\l;“r”“*“"

cl
F

where R? is defined above,

ofr,

Step 2b — Formation of disulfonyt from the pyrazolo[1,5-alpyrimidine-5,7-dione:

R4-S0,CI

Acstonitrile
Base

=Y

RY0.S N\‘/S
e =

Y/

\Q\r N N

RY0,S

Fi

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

group.

Amidation/Cyclization "Cne-Pot”’ Reaction

With regard to Scheme lil, Step 1, the inventors have surprisingly found

that a “one-pot’ reaction can be carried out between salts of 4-aikyl-pyrazol-3-yi-
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G Fl  where R2 is defined above, O, Step 2b - Formation of
di sul fonyl fromthe pyrazol o[ 1, 5-a]pyrimdine-5,7-dione: R2

WO 2008/027220 PCT/US2007/018305

amine (C1b) compounds and a malonic acid amidization reagent selected from
dimethyl malonate (both “G” substituents are methyl), monomethylmalenylichloride
(one “G” substituent is methyl and the other is chloride), and malonylidichloride
{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 malonarnic acid methyl 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 €1b, 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 sait "A” is oxalate, tosylate, and chloride, respectively. Moreover,
both monoacid and diacid saits 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 chioride salt. in general, the
oxalate salt is preferred in the reaction of Schems IIL.

Moreover, the inventors have found that conversion of the pyrazole-3yl-

- amine free base compound fo a sait selected from oxalate, tosylate, and chloride
prior to running the reaction also provides a reagent having advantageous
handling properties. The corresponding pyrazole-3yt-amine free base compound

. is a viscous oil with a high affinity for metat surfaces. This aspect of this step of
the invention facilitates scale-up of the reaction o a scale suitable for commercial
production using ordinary production equipment and techniques.

Step 1 of reaction Scheme Il 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 alcohot of 5 carbon atoms or less and mixtures of two or more
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where R2 is as defined above and R4 is selected froma nethyl group
and an aryl group. Am dation/Cyclization "One-Pot" Reaction

Wth regard to Schene |11, Step 1, the inventors have surprisingly
found that a "one-pot' reaction can be carried out between salts of
4- al kyl - pyr WD 20081027220PCT/ US2007/ 01830 '

conpounds aﬁé%owﬁﬂhni o aC| d am di zation reagent sel eggcgﬁ}s]qug{ﬁ{sses

di et hyl mal onate (both "G' substituents are nethyl),

nononet hyl mal onyl chl ori de (one "G' substituent is nmet hyl and t he
other is chloride), and mal onyl dichloride (both "G substituents are

chl ori dey, ér@a%ﬂﬁ' SR ggoooﬁl%%ap}r nﬁr]%ﬁea;ézm BGveHL bLGbE UndE O

affinity to stract 1-position nitrogen

pyr azol e seilerg agihel rgpatgnis aesobhiiidhed ansl Haumitxad a@wﬁbiﬁw ester
adducts. t&ﬂﬁ@(atdr@%? Qﬂ%bleoéb%t&fntn%d ﬁe%%y&@fur&h ?ﬁ#}ad%@rﬂﬁé' ze

in situ to produce the correspondi ng pyrazol o[ 1, 5-a}pyrim di ne
di ket one "#GHpN Migtue |9 reﬂw%w@&h%oga&aﬂ%we@s indlicajg thad ke

acid sal tsa®imn a@@o@mk@mn@iaﬁltea%heman @@bdt@%oﬂhé%tadtrrg;ﬁlwrézﬁén be
fr.om

enpl oyed. Thus, for exanp %é: g H |t can are
ool o et G e M e o P SRy R G R SRR OB GCAOERANS ¢
t he corresgdpditngcsiy roqlitds alsolaxalimiues of regiyking. ePra@:@bmbagmde and

respectiy oaci i_acl

br epar ed Tredine SBRARSEE arfigtR S Ba0PR P TeBbldh PR FSRILLRE 2t ne
di acid sﬁ@dlcmss trezbdyst 20rtepies.ed from ei t her nonoani oni ¢ species (for
exanpl e,” p-tolysul fonate, thus "nl is 1) or dianionic species (for
exanpl e, oxalate, thus "mf is 2). In general these salts can be
prepared by t rBa@Mgizaticyriraiororaston oiSehemaisl indriven biea Lewis base

COr I esponving s@aﬂidﬂam &;%zoﬁéﬁmy% aBXPddt & REIOR, frdn‘i’ testbbadEnigehen and

hydrochloglc aci d precipitate, respectively, the corresponding
oxal at e %EV%’P‘@ r'“&nd chloride salt. In general, the oxalate salt is
preferred in the reagg? on of Scheme I11. I\/breover, t he

i nventors havei,Nound/t hat conversion of the pyrazol e-3yl- amne free
base conpound to S g sgl ected fromoxal ate, tosylate, and chloride
prior to running eaction also provides a reagent having

advant ageous handl 1pr‘opertles The correspondi ng

pyrazol e- 3yl- am ne fr@e:base conpound is a viscous oil with a high
affinity for netal surfaces_ This aspect of this step of the
invention facilitates scale-up of the reaction to a scale suitable

for commesgigle L@mgesgé&mcm%@m %bggé&df&téx%prqub&%n ﬁ{?ﬁ’ i ng

t echni ques. I|o reaction utrlizes a r’e¥
sol vent %qusiﬁsﬁ&”hﬁ kaw&’swh%’ﬁ'ﬂéhe atosiilenasin oihe eamplepieselpelsty

t hef r eagltﬂdm liserVisrahchéd %mb&gbmdalkmm@h 2angb cambrﬂmérh%@tessrr@rﬁ e
prefera

t d
P et o1 Al el BBk i o AR SRR S dERENdL N, UpoR Lhe
al cohol ahdSodiaunb ethoatdens/himh dosiisn acrmlhcmsd@ bisiag pedfetra® beramy 6 itsWO

2008/ 02720RCTL L5200 T4 305

It will be éppreciated that other Lewis bases can also be employed, for
example, dilsopropylethyl amine (DIEA), triethyl amine (TEA), potassium
phosphate tribasic, 1,8 diazabicyclo{8,4-0Jundec-7-ene (DBU), and 4-dimethyl
aminopyridine (DMAP). '

The method of the present invention presented in Scheme il provides an
. additional advantage in that at the end of the reaction, quenching the reaction
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, thereof, for exanple, isopropanyl. O her non-al cohol solvents can
be enpl oyed so long as the reactants are soluble in them and they
reflux at a suitable tenperature, for exanple acetonitrile and
tetrahydrofuran (THF). In general the reaction mxture is refluxed
until chrondPatpsaphloc nmeasurenents indicate that the rreanaishonoisss
conplete, as indicated by less than about 5 to of the starting
pyrazol e conpound remai ns unreacted. Under the above-descri bed
reaction condition the reaction typically requires about 10 hours of

refluxing. Preferably reagents and reaction conditions are selected
to conpl Stiturwith wadariase qdivsdingdhe i Wthe morwede @ pH of iouraboubplibut

20 hour s o about pﬁsqaraf@r@w Hls)rﬁré&b!i@étégﬂié ;S%Bdﬁ&%@?éz%ﬁb B;Trnn%ﬂ%”e L
S dr|venb a Lew s base havin ficient proton affinity to

oot r act AR TBRIE S MO G5crs FUTHRIVPJBHOBTOR R TISBaRES r i ng
F(2 I Selitnirkitieg Mmobama%mmpu?ﬁcmh% ttﬂékhiﬁfmdﬂialtbﬁﬁ%ﬂnél%;ﬁages
exanpl e, and post.assium oxi de ein

o ko G BEREBhnh PR PEET o genet e o o PP e o PuAuien
and cycl Dtaaiohamslcdélﬁilmawam—l s cieebed talbdmgthenpH eidthe rédctiganax@le it 1S
preferre %@%équ Lém al koxi des sel ected from sodi um net hoxi de and

sodi um et hox| $6di um et hoxi de bei ng preferred because of
its commercial availability. It will be appreciated that other

Lewi s bases Cgmaalhsen ?ng\i%'g fothna ki bg&@%ﬁeth%bﬁ%soé Qﬁ\v’ér%t W amne

(DI EA), Met hi;Bmam ne o assi um tri

di azabi cyeHY ﬁtr@}‘@ﬁ@é’@t © gralater of t 6’641&}61%21%&"33&1%%@@@1@1 ne
( DVAP) . The nethod of the pre ent |Ment| on presgented in
Schene |11 provides an , additional a va%ﬁge in that at{the end of
the reaction, quenching the reaction { mXture with wgter| and

adjustlngthe pH of the m xture to a Hoﬂfr%’ﬁ’ia*bogl?cb 2 to about
pH 5: preferably pH 3, precipitates the product pyraZdlofpyrim dine
di ket one product (13) whi ch can be quantitati ver recovprfd by

filtrati t hu t he,chr.omat oqgr |f|cat|on at the
|t er e @Bt fhd s g BBUIT WA BRRoB piabess. 1 n
gener aIOI B g6 phasedonisdandidy pyt=edlcogorapitlind. oher cemipumﬁsmﬂfawﬁicag 1el&510;
as neede in.the desire
range. gb{aﬂj&{ﬁd}ﬂtﬁé@égﬂéngur T g{mﬁ?ﬁééc? ﬁh‘ {l-‘r?a%%buﬂW‘ﬁ '8t hanol
as a sol Ferasgi ip Hiketuieuneltef nb;aaaéamm 40h% pesdainestaring pefazblee

4-al kyl - pympsohEsIpbeppizne (Ce), R2 NH2

Diketone Derivittzation - Halogenation of Diketone
The inventors have been the first fo recognize that by employing the
procedure illustrated in Step 1 of Scheme ill 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 I, once obtained, preferably the precipitated diketone is
isolated by vacuum filtration and dissolved in a suitable solvent for conversion into
the dihalide, Suitable solvents include toluene, tetrahydrofuran {THF)}, and
acetoniirile, with acetonitrile being the preferred solvent. Preferably, after
redissolving the diketone, as shown in Scheme 1ll, the diketone is converted into
the dichloride by refluxing a solution containing the diketone with phosphorous
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-dc the-corresponding di ketone is produced in a yield of from about
80% to about 90 % based on starting pyrazol e conpound. Wen conpared
wth a typical yield obtained fromthe di ketone preparation described
in the '878 publication an increase in diketone yield of at |east
about 40 %.H starting pyrazole conmpound is obs tone
Der|V|t|zat|on - @gPogenatlon of Di ket one The%{ﬁﬁgﬁp5$§§ ave
been the first to recognize that by enploying the procedure
illustrated in Step 1 of Schene |1l the di ketone internediate can be
provi ded as a precipitate which can be isolated by vacuumfiltration

for use b!?ycgqﬂme%nﬁwpﬁegeﬁé@oﬁeémmﬂgé %@%g@% Nta?metb@kaamreat' ng

i sol ation eamdelntermedlate an

chr omat ofjiediphgming. pyfeﬂrneeartdhecmemdwethwaﬁmaec dir\m&heepchmt@émetharl
once obt ghsadearhelifit-all y the precipitated diketone is isolated by
vacuum filtration and dissolved in a suitable solvent for conversion
into the dihalide. Suitable solvents include toluene, tetrahydrofuran

(THF), and acri@nhé ép[bl%ma‘féd hattet aritbhe beriRidgy 88 11 elestiethe 1)

Sohonn. | PIOSbR 6 ph indreer i St eiehs Rt S BT g senaidn
ref | uxi ngzaxtisnd mbd csuifonyitomicagtitdetodirsetio ae imictrheditesytiich oas be VO

20081027 o

cui 1 abi o BeL Parphidy Fettrgrek e ipidhobs BeB BRR DT Rt shete,

pyri di nemtmttdnmtﬂa'aqp};ollcm@trmh@manew provigel deshebla§jipte aihiltited t hat

ot her Safyde utilized. It will be appreciated that the

di ketone pr8V| ded by step 1 of the Schene ill process can be isol ated
for use in other reactions, for exanple, other hal ogenation reactions

and sul f onyl abhea ifeediehionas cb@rp@ﬁ@d’ F‘i’@s aﬂaméaeﬁ ae&raé&evmwecﬁ@ﬂe be
further i'F ansforned in acgcordance lﬁylhwafgﬁaﬂl ﬁ_r ocess cri

t he abovdb/fRRMAYRR e reagton, BxtueW F@B?’feﬁP%alCBE’ffﬂég rabl e
CDK i nhi botnpoushinpocturdingly, the dnct@ﬁﬂ@e trizgy bl athtbieed thea eonpauabieRor i S
obt ai ned | n onbi ni n he, react i

mixcur e ATHGREHELEF psBedTRT of inacofRiEneS ahe S Eiianttned
Accor di n¢ﬁ7}8 puﬂileatmrchl oride may be obtained in a formsuitable for

am nation either as described below or in accordance with the
above-nentioned ' 878 publication. D| ket one Der| VI t| zation D ketone
Sul fonvl ati on Iitikeipne Desiviy 51 Sl yiatighk et one provi ded
by step 1 of the Schene 111 process can be converted to a di sulfonyl
corrpound of Formul a Fl oy wher the "X substituent has the
formul a Rsozgzmj %BP'@(CI?@?QAW d'g‘?mN/EPFRM'dedAP%%}PP&rWFh% nERPHeH at e
of this' besoessaacan d@avm@ﬂid@di@ntﬁcvmdeompemeumﬁmﬁa Forandva) | t using

h
o eu” Bk rAE e S BSRLER e Rl S oBOT BT R SR 0 21T
exanpl e, Mmeﬂd;ﬁcsulfonvideteaheﬁietemﬂtEaISFforr@glafcanplea,_tsedmo pervidea
acconpl i shgd, e{d b te&%LﬁQlltJ%gd%rjﬁf?{aﬂ&g élgétzeneﬁééliﬁogg‘bsfo%ftﬂé%éme

chloride in't ?resence ase enation reaction
descr i bedaHEY S TBYETeCAFIAR OWtRisng ihe ghgve-daseineddiajagesaledct ed from

et hyl sulrftemyddidib o foelex@ngiedthe dichloride of Formula F. Sulfonylation can be
accomplished by freating the diketone with a suitable suifonyl chloride in the

presence of a base, as for the halogenation reaction described above. Preferably,
the sulfony! chioride is selected from methyisulionylchloride and an
' arylsulfonylchioride.
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aryl sul fonyl chloride. WD 2008/ 027220PCTI ES2007/ 018305 Fir st
Am nation Reaction Al though it will be appreciated that the
conpound of the formula FI prepared by the inventive process can be
enpl oyed to prepare conmpounds of Fornmula | utilizing previously
descri bed agbRafjoPRy €actions, the inventors have sur pfdiisagzf@uad
that utilizing a primary amne salt in the first am nation reaction
provi des process inprovenents. Accordingly, the inventors have
surprisingly found that treating an the acetonitrile solution of the
pyrazol o- pyrim di ne di halide conpound (the conmpound of Fornmula Fl,
wherein the "X' substituent is girfigdap@tion Reactay ed as descri bed
above, with p Ssi. uj osphate. trjbasjc and water in th esence of
a primry am %ﬁ%‘éﬁ’t ’?1“@'::%? gpprgcleiegctgsﬂhgtcg@qwgﬂﬁﬂ\gfpgg@ﬁﬁ{}n m xt ure
a first amepmedddticd invenivel mooesidraid embliyed $e poipaextdmppounda gecond
am nationr £, (descr.i b her.ei . . C L ngl for
exanpl . TR S8 B Qo gfT o6 Al reagions RSP,
Schene | IsuyprBirgdolad thrat 2iiilizioe 8 @rinteey astivy eqlt indhe st dmisdicaneadsdiopl oyed
inafir ] ' | N | -
(1 ust r T2l BRoBth PR AT REGRRERR TR MERORHE S gy ,
Acet oni t el thaptreatingoan the acetonitrile solution of the pyrazolo-pyrimidine dihalide
rcompound (the compound of Formula F1, wherein the “X" substituent is a

halogen}, prepared as described above, with potassium phesphate tribasic and
water in the presence of a primary amine salt, there is precipitated from the
reaciion mixture a first amine adduct in a2 form suitable for use direcily in a second

" amination reaction (described herein below).

Accordingly, for example, a dichloride or sulfonyl obiained as a precipitate
from Scheme ill, Step 2a or 2b, described above, can be dried and employed in a
first amination reaction in accordance with Scheme IV (illustrated with the

dichloride).
Scheme |V
RZ
1. K3POq Gl
Fi = =
2. Acetonitrile/ S N-.h’;
Water
- HN
HoN
“
o
i+ aHC o NE
M- o
G1
Fia

wherein “n" = 1 or 2, preferably 2, and R? is as defined hersin.

Thus, the dichloride F1 is dissolved in Acetonitrile, which sojution is mixed
with & base, preferably a base selected from potassium carbonate and potassium
phosphate tribasic, more preferably potassiurm phosphate tribasic (KsPOy) and a
suffictent 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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144-WO nHCl Fla 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 with a base, preferably a base
sel ected from potassi um carbonate and pot assi um phosphate tri basi c,
nmore pref er‘ﬁﬁpéjj‘g’%%lsa um phosphat e tribasic (K3PO4) XRATUS208U§BI8| ent
anount of water (preferably 1:5 by volune, Acetonitrile: water) to
pronote the am nation reaction under refl uxing conditions. As shown
in Schene 1V, either the nono hydrochloride salt ("n"=, 1) or t he

di hydrochl ori de salt n be enpl oyed referably

" ca
di hydr ocM: @tha@hgamqnvgwctf%l%éq sau(‘am N e dibwdrochiade sdt ("n" =2),

di hydr ochh@bb dephdich, C%;%fe%&@i ﬁ@ﬁﬁlyéﬁacﬁfbrﬁétsbﬁbﬁtr@fdééﬁmhﬁ@e il ed.
exanple, _fromDaito enj X %g ation, a a, Japan._The S@It can

al so be pPESHYEECBIPNEg sEltimrYal %EPrF‘W@evﬁ' MG iQpPEraRIPGTeD
preci pi t @ago mﬁnﬁﬁﬁbrporaﬂon Osakkf M@h 'Hr?fe gaft @ﬂ@ﬂwm@)ﬂfm%w by
tripotassiu at e. (pot X at e sic) in the

ani nat i oﬁe?@j&g me f“{f?\ll ua%gi ‘?g Pff@gaiehth her bases can be
enpl oyed, - for exarrpl e, sodium car bonat e and sodi um bi car bonat e.

A though the i die oY 35 d BoBARH Bibdofiend GRRLEAM = "o

critical, the inve ors ve surprisirngly of 1:5
by vol ureho$phate tirasia) iin the: aeatien praaipn st whideanmegiaied thaiadheron to

run to CBEBéseéérPtSb éﬁgfogémﬂﬁexmp%hgemﬁ\%me &H@eo&ia.%ﬁb,wﬁenaaout 6

5% of the start remal NS unreacted) 1n a_period about
hour s, é-“B@Whihé(ﬁ“@Wrﬁ REWRISILERE AN PIRQlinGdRe fef?é‘t@%i?d"qtlcﬁﬁ%a'd@§cr i bed

in the mnﬁ#@hh@@&mﬂsuﬁgg AR ThaP b eaRbi) 1: %yahtuha_??ﬂafﬁgt?% ] gf 72

hours to co Iete selectin
wat er t h&aiRIRe ﬁ“%ﬁ%“lﬁ‘@"?x FP%‘%‘%&W%’P I‘%PGE? (ggﬁ'@ﬂ‘egfbyf rom about
4 hours Tcﬁrcﬁﬂmugraﬂaﬁy tvien $esskhan abact $%f tendatingrsatefialtrtamapisesent

vent | on Bl 3308 behlFoVhELd o KL Moy RIAUSLA A8 Uhal Dl

and pr OVIu([jl rha sult use I'n e su uent
second amn@tmr@qdes@abeui mnthed@bﬁ:putbi@aﬂm(rm/water p@@ew wh!ctlw@qwrﬁne need

for chr OTG‘BEﬁQ'%Eﬁ%B <18 coRpIALE. ARf rbgfs%letcﬁﬁgﬁ r.afa%he%a ¥r the
purity o e uct ca re product in
an acet ofi¢ faacEemedePe mwwplgﬁ%m mﬁtcwa@fufmm %ﬁ 'awrs 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 productin 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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In sone enbodi nents of the present invention, the
pyrazol o[ 1, 5-a] pyri di ne7yl- am ne adduct of Formula Gl, prepared in
accordance with Schene |V, is further derivatized by am nation at the

5-chloro p8 iti %n in accordance with Scheme V. WO _
2008/ 02722 %%9" 3687/ 018305 The inventors have PSSP ERYP y
found that the second am nation reaction can be carried out in
refluxing NPnethyl pyrolidine (NMP) in the presence of sodium
carbonate and a small anount of water, where it is preferred to
provi de an amount of water in thegy )%ﬁ%g}suffi cient to maintain a
refluxing tenperature of from about to about 160 C. For exanpl e,
when the solvent in h the refl uxing st p s carrmﬁed out is NWP,
it is sufficient to \r@

in water atale tOlMlnthe
sol vent to progjde,the i g temper t ependi ng -upon
t he refluxing equi pment, howewswn pyrditingray b€é nece Z:%é add an
0

amount of water that s up Mec@bout 0.5X tRd voFline /T ysol vent

enpl oyed to carry out Jthe refluxing step. H1 The entors have
surprisingly discovered that too little water leads to the formation’
of a high level of inpurities in the reaction product which inpedes

separation of Tk i?wBﬁ%' Rhve élﬂﬂhéfﬁﬂ;@ﬂﬁ thaftHel Seobh@® amirifioh RYRItbAT S

have al so found t hat en in the reactl on
vt ur e Pe PaeElas Ut X Ra S et BY gl EPSIIAE, O ong

react i onspdito®scarAcene dhd gl mall &mosnidd syatad lvbeteoit ramreteanen tapravidpiag  of

Fange of 2Ent SRENETRuBESYHtEm. S e RGE Maificha el Bl IR 2] U1
to about fregCauUt 44T *Fderbpuketalt Ubl yFer exeninivi witern bapelvantineviueh disout
150 C reﬂuxmyﬂﬁ AR d btﬁ‘t Mmh it #gesu%ffa?ém% ﬁv{&rﬂé‘h'm%?% FRaoki i s

carried out | era MP, OV\BVGI’ his ste e carried out

i n ot her akpeP !)(M ff'i thg Sé’b’leﬂé’ﬁﬁ’tf%!’w’fjélm%ﬁﬁﬁfﬂdé?ﬂq*&“m ?ﬂ“ﬂﬂﬁ"ﬁ%@am l'i ne,

i et hy ! Db eipbPMROleTuRGRLIAAAIRY holbER! Pl oSk S RN an

di (et hyl eg@g‘ gcol m&*tﬂél et her, and_ani sol e. FP%) suffi |ent anount
of the sBEBNELEPLWAIRT HE Shiia FHRHE PET BT VAL R AP e(“\ﬂ Wed tpgarry
2008/ 0272:2019@!3111821@@&1{9618305 reference to Scherme V, for exanple, the
am no- al cohol conpound Gla), it can serve also as the solvent for the
second am nation step. In general, the solvent enployed in the second
am nati on st ephe investds havasumprisingly digcaverstioiat e littiel water lefds tethe

ami natin ggﬁ%%af@me%@f% Bl AURIRLOR brd BT ABRYhoddbs! e

vol une o am natT1 ng reae to ab evo

ani nat i nQeF@'&Q@%P“ ihe Féﬁﬁtl“iﬁré’ﬂ’ m&r@ﬁ@tﬁﬁbﬂ“ﬁ“ﬁﬁoJﬁ‘eln‘@ﬂtqfﬁé‘a%ﬁﬁﬁe of
the ami n%dd&i&héﬁ.@ﬂ@rﬁ‘ioo much wai@?@s ﬁ@é\éﬂim%a Péb?cﬂo#ﬁﬂﬂu#e’it &irﬁéi@iv&ﬁéy up
to about 2X (nole) th ‘fﬂi‘{] oride su g is to be
ani nat ed "3 6%‘}%“%51“"% ea'fafaﬁv fon%ﬁﬁﬁ’“%}%ﬂ‘ﬁa F@P’?"PB% Bfout 0.2 X
nol e to absikbld X% malreaiammuarhourand wasrdn piieefeactidit shixtive thatqerings psfesent
in an a t t (o

subst  at B egeatetdrs P ol fuaptiy'n2p LT 2BMDIoole, BREBIABRLN

pr ocedur @souia T Unisr flzaut R0 °13; ﬁ@%\fﬂosbpéﬂf@fﬁbﬂ' a wilugpg Iterap%rakye of

subst it UgRbyt 4d0 4 preferred for R2 to be a linear alkyl sustituent

of four carbons or fewer, and nore preferably, R2 is an ethyl
substituent (-CHa-CH3). Crystallization Typi cal ly, the second

am nation r eatrhé @BiveAt iﬁ%ﬂﬁb@éc@ﬁﬂﬁhﬁtﬁﬁﬁ)ﬂ%@ﬂid‘ﬂﬁ@E&@l’@@lﬁ.lt 0% to

bout 95% g trat d
he scooRHFTENANIsh ALY’ DY PEPTIRY b6 CEBRGI MU EOHa0Boh e

consunpt boh}zntshmrlenampteo I‘xSNhﬂmetkglarqﬂmesdmgdtlyylézﬁmhﬂet(ﬁmsa)h phpmoduct

Feaot on e TP BytiRbiR RAS LRORl Ko R BRI TS, AT ikolsl 38 G

extract i ayfficlest aimptior of the Bﬁcm agbw am@atiay pragent iz emeyade@dthbi on i s
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the precipitated product fromethanol or a m xture of t-butyl nethyl
ether and ethanol. Using this nethod, typically isolated yields
obt ai ned are of from about 50%to about 70 % based on the anpunt of
second am ne adduct prepared in the reaction of Schene V. As
ment i oned abmwesoxtn| e t he above-descri bed synt hetic wetrfyerismasens each
and severally be used alone or in conbination and integrated into
synthetic procedures described in the '878 publication for the
preparation of any of the conmpounds of Fornula |, and thereby render

I nprovenents and advantages in the synthetic procedure, it is

bel i evedetdratcectacdtheing Wefor epamplegtie aminb-al¢mioh cevpound Gvantticen

synthesi g Wolallﬁa %Ivgﬁﬂ‘lo ﬁ'@béne%o}q@%ﬂ'\ ARl ét&g nelrél l‘n %D%HV I sion

of the cOHb or mi accor ance Wt h
proc edurmabmmme@ebgncd BitipstiontstaP isvsed A amountsww EGX P‘-’}er st

Elman %;?&Iéﬁ{a r&@tﬁérélrﬂﬁ{alfn?%éb%ni bu'ﬁﬁ%%ragly DEEHODMIIT ot aBME G thd

voiume of the aminating reagent to about 2¥X the volume of the aminating reagent
is employed, preferably about 1.5X the volume of the aminating reagent.

The amount of base used is preferably up to about 2X {mole) the amount of
chloride substrate which is to be aminaied (compound of Formuia “G"), more
preferably from about 0.2 X mole to about 1X mole amount, and more preferably
the base is present in an amount about 2X mole relative to the amount of chloride
substrate used.

Although B2 in the above-described synthetic procedures can comprise any

" finear, branched, or cyclic alkyl substituent, it is preferred for R? 1o be a linear alky!

sustituent of four carbons or fewer, and more preferably, R? is an ethyl substituent
(-CHz-CHa).

Crystallization

Typically, the second amination reaction is considered completed when
from about 80% to about 95% of the starting chioride substrate has been
consumed. Once the second amination reaction is run fo completion (90-85%
consurmption) the inventors have surprisingly found that the product (compound of
Formula H1) can optionally be isclated directly from the reaction mixture by
guenching the reaction of Scheme V with water and extracting the mixiure with
gthyl 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 acetais 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 anti-solvent to promote crystallization
and subsequent precipitation of the desired product. The precipitated product is
sufficiently pure that coluran chromatography is not needed to isolate or purify the
product. Optionally, however, additional purity can be achieved by recrystallizing
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WO 2008/ 027220PCT/ US2007/ 018305 Step 3- Second am dation with
secondary am ne Formula Il Accordingly, in Step 1, diketone Eis
provi ded by reacting a nethanol solution of the oxal ate salt of

starting pY§iZes e W th dinethyl malonate in the pg@@%g@%{g&%

sodi um et hoxi de under refluxing conditions as descri

Thereafter, the dichloride conpound "P'" is formed fromthe isol ated
di ket one corrpound "E" prepared in Step 1 by treatnent of the diketone
wi t h phosphorous oxychloride in acetonitrile in accordance with the

proc edutr]I e F&e&.g&m@e%;&du&mord éth?h&ﬁ:{r%: mixife bg@b@wsbtﬁyz@%&[alr@e

conpoun conver a first am ation in

Fef | uxi ngthaeet dARiRg It o Sad i SHRepkes GHEoPIREo

conmpound 50% ibabout 20 # based@NHEt arfodmfongbeortd arfine wdiguet praparedlinthe?,
Xi ng cond| ons in accordance with the procedures

under ref agg
descri belf 8(}8 Weé?% ably, thé dihydrochloride salt of Fornula Fl a
is enployed, thus "n" = 2. In Step 3 of Schenme VI, the isolated first

am ne adduct S t dduct by
o e adduct SRR Ghol HBIRL KEthe oA RIS TR
pr esence&a¢h godisevaraiy mfonaadaalana oa int cerobinaforvanceintdgratedfimtaxsynthetic

N- net hyl i ﬁ%g]ﬁﬁ bed
above %/o yi eIQB‘lersl dé%ﬁoéd;ﬂ%g&% or w%\ﬁérﬁop%ﬁéggﬁg?é%f ’%féﬁhb
general GEEPHMS fa‘rFqsm% ap giersby Fersier Fapresrrsesis and afdyantagesinl s
whi ch maheeynasiciroddbivkdlt id RRYIBvalLHEt LARLIINS IRSLIEMB RS

present invention synthesis will be most applicable when used together in the
provision of the compound of Formula ll in accordance with the synthetic
procedure schematically illustrated in Scheme V1.

Scheme V!
- Step 1 - Diketone synthesis

- H
NHp Os N Ci N
= CHa(COsMe), =y s )
pt Oxalate MeONa N- Acetonitrile SN
H 0 Gl
c MeOH E F

Step 2 —~ First amination using primary amine

1. KaPOy Ch .~ ..a—/
2, Acetonitrile/ -N-py
Water
HN
- C\%’
2 NE
I - nHCH o
T N‘O" G
Flia

wherein “n” = 1 or 2, preferahly 2
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~Asdescribed-in-the 878 publication, the am nopyrazol e conpounds
used in the synthesis of the present invention can be made in
accordance with the followi ng Schene VII. Schene VII Fiza Thus,
treatment of a staffing nitrile with potassiumt-butoxide and et hyl
formate gi o the internmediate end | 2 which nt
W th hydra?ﬁ?ékdﬁﬁgé the desired substituted 3- an1nop$?2§%%ﬁﬁﬁ%ﬂ§
The mal onate diesters used in the synthesis are commercially
avai l abl e, for exanple, dinmethyl malonate fromAl drich, or can be
prepared fromthe reaction of alcohol and the appropriate malonic
aci d_der a4 bvesedk a@ﬁﬁa%rﬁw‘tm@ﬁﬁdér@ghﬂqéim oride available from
Aldrich, 1 n accordance with known esterification reactions, for
exanpl e, those disclosed in Organic Chen1s[?§] 3rd eylition by
Morrison and Boyd, AlLlkyn and Bacon 1976 M m nopyr azi ne
N-oxi de used in the fre ﬁlons of the preseg; |;E%/ 1 can be
prepared in qgcordan > th the '878 pyblifation,] as described in
Exanpl es 198 T hrbugh Wakgh are i ncor gt at ed™aerei n by reference,
can be used to prepare theNaﬁmﬂpgy&mﬂbne N-oxi de shlt used in the
first amnation reaction slag, bel ow in Scheme I T}

Accordingly, to a sol &t on of 3- an1nonethy|pyr|d| N5-41 nL, 13.87
mmoi ) in CH2C12 (50 nL) was added BOC20 (3.3 @ormkualn €9.) and TEA with
stirring at

Accordingly, in Step 1, diketone E is provided by reacting a methano! solution of
the oxalate salt of starling pyrazole “C” with dimethyl malonate in the presence of
! sodium methoxide under refluxing conditions as described above. Thereatfter, the
dichloride compound “F” is formed from the isolated diketone compound “E”
prepared in Step 1 by treatment of the diketone with phosphorous oxychloride in
acetonitrile in accordance with the procedures described above. In Step 2, the
isolated dichloride compound “F” is converted to a first amine adduct by amination

in refluxing acetonitrite/water in the presence of KsPO4 and the compound of

Formula Fla,
HoN
N+ nHO!
e NTL
O | Formula Fla, where “n” = tor 2,

under refluxing conditions in accordance with the procedures deseribed above,
Preferably, the dihydrochloride salt of Formula Fla 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
“G1a") in the presence of sodium carbonate and a trace of water in refluxing N-
methyl pyrolidinone 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
materials which may be useful in the above-desciibed synthetic schemes.
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WO 2008/ 027220PCT/ US2007/ 018305 room tenperature, the amno group is
protected in step 1. Following this the reaction m xture was dil uted
wth -H0 (50 nL) and extracted with CH2C 2. The conbi ned organics
were dried filtered and concentrated undey,

pressure. T‘ﬁg%@?ﬁﬁe product was purified by flash chrorra &gjd#% 3
using a 5% (10% NH4CH in MeOH) solution in CH2A 2 as eluent to gl ve a
yellow oil (2.66 g, 92%yield). LCMS: MH+H=209. Followng this, a

sol ution corrpri sing the protected 3-am nopyridi ne conpound and NaHCCB

(21.8 g, 2.0 gg dLsériEeNﬁQ'fhé %9@ ;:!lr‘b)ica%’@‘ﬁ H@%n(ﬁé&rﬁi&le\ﬁ@ﬁmp@ﬁﬁcpﬁué’éé in

solution of oxone (58.6 Q) W se to

ani no- py thepyiehasi Qﬁthﬁrﬂresﬁﬁ‘é 'ﬂ’r’ﬁm“iﬂ @W/\E\%”@F{Pr"? éﬁc%ff’a‘ﬁ%‘fﬁ'i B¥perature
over ni ghtplotlidg @b M, CH2CA 2 (500 nl) and filtered. The layers were
separated and t he aqueous |ayer extracted with CH2Cl 2. The conbi ned
organics were dried over Na2SO4, filtered, and concentrated under
reduced mcBssgnarto give a white solid (2. lg, 72%yield). Ms:

M -1+=-- 255, In the last step, the protected am'%g-N-oxi de
conpound was stirred at roomtenperature n 4M HCl wipq _dizoxane (0. 97
m.) 2 hours to er&mgeNB armom®s met hyk mequ- oxi de\lh’;gir ochl ori des.
LCVS: MF1*-= 125 di hg_—h‘l_F(% ofide {palt iS arso avéanbI e as an
article of conmercejg as de P& aboveou The st erieoi soner of

t he 2-Pi perl di n- 2-yl - et hanol (Conpound 43 a) used in the ssecond

t t d.
o e S B Rel B Bl Ui o ekl 538 vt et
i ncor por gived riserte the ibjermeldate Buel 2 whichsipentrieattignt v IQdraimpoivesl d a

Accordin ared froma mxture of Rand S
enant i ongﬂﬁ%de#ggilsp%)}e)tsl ?%{es% ﬁ%ng%O?%lZ? g, 980 mmol) in 95% Et OH

(260 nl) was added to (S)-()-canphorsulfonic acid (228.7g, 1.0 eq.)

in 95% Et OH (¥RQ nﬁ’gloﬁatér&‘ijestté}@ UsB88 ’Fh'e@%n%gfétdrg@o%%r%ﬂm:léﬁle for
reflux. To the warm sol uti on was Et 20 (600

sol ution et’SBB‘P?@I direethylTRRICBAFSF T M icanar 3kt Pe P’@h’é’%’ dhe mgstion of

rl % ullt7 l3 n%ldﬁh}bﬁérﬂi the\Wifopridté Giashie BSiddetiestiveN for asHidp(e2 tmaldric ABId

was .t hen sol ve
Ty ang Shlrib vt omAG R ra@%%rfﬂﬁnﬁ?g“v@bﬁm‘%ﬁsxﬁaﬁcaé%fﬁ%‘%@asw th
CH2C12 ( SOD@xh(&ibimﬁbloseThleclosadbtm@c@a@l‘cg{a}mmstryﬂi”éeﬁitmredy oleerisdNeat A,
flltered I 0 trated under reduced pressure to give
(S) - pi perl é{l h’éwf‘ éhcﬁg%%[?n % g) a portion of whi CE was )
recrystallized fromEt20: np= 69-70C (lit. 68-69 C) [a]b 14. 09
(CHA 3, c=0. 2)}pe ammopyr;ﬂﬁeﬁr%ﬂgé'ﬁée@ntﬁe n%eRﬁ‘Bhg bt fRBRlion

(Conmpound G b) can be "prepare essenti a he sa groc ure set
forth absf8 Pegrepgaddn Pg?ﬁféﬁn%‘fm%m?s??% etﬂpih?@tl@mz)a%deasce @bior sul f oni ¢

aci d. Acexagipng 3/98 ii'lR)u O3, ivihigteard- Bt diporated\asre bl PREREncd, tar bel)
[alp = 11&133 é preparé the am[n)opyrxdca:ggRl-ox:ge safP used in the first amination
reaction, shown below in Scheme VIl
Scheme VII!

NH
NHg N \n/ 2
= -BOC, & Oxone Z j| - nHCI
I ——- | 2 N
S N S, N O

Accordingly, to a solution of 3-aminomethyipyridine (1.41 mL, 13.87 mmoi)
in CHzClz {50 mL} was added BOC:0 (3.3 g, 1.1 eq.) and TEA with stirring at
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OH  EXAMPLES The reagents and sol vents used in the exanpl es
are articles of commerce , which, unless otherw se noted, were used
as received. Conpletion of a reaction step is generally taken to be
when 90% to 95% of the substrate used has been consumed, generally as
det er mi ned vy 2@bovn®wt ogr aphy net hods. Exanpl e it Prepacetusa@Qsos

D ket one Conpound E (Schene VI) 3-
Et hyl pyrazol of 1, 5-al pyri m di ne-5, 7(41, 6H) - di one NH2 CH2 (C
02Me) 2
room temperature, the amino group is protected in step 1. Following this the
reaction mixture was diluted with HzO (50 mL) and extracted with CH.Cl.. The
combined organics were dried over NaxSQs, filtered and concentrated under
reduced pressure. The crude product was purified by flash chromatography using
- a 5% (10% NH;OH in MeQH) solution in CHxClz as eluent to give a yellow oil
(2.66 g, 92% vield). LCMS: MH*= 208. Following this, a solution comprising the
protected 3-aminopyridine compound and NaHCQO3 (21.8 g, 2.0 eq.) in MeOH
| {200 mL) and HxO (250 mL) was prepared. A solution of oxone (58.6 g) in H0
(250 mL) was added dropwise to amino-pyridine solution. The mixture was
stirred at room temperature overnight, diluted with CH2CI2 (500 mL) and f{iltered.
The layers were separated and the aqueous layer extracted with CHzCl.. The
combined organics were dried over Na,S0y, filtered, and concentrated undsr
reduced pressure to give a white sofid (2.1g, 72% yield}. MS; MH*= 255,

In the last step, the protected amino-N-oxide compound was stirred at room
temperature in 4M HCI in dioxane (0.97 mL) 2 hours to provide 3-amino-methyi-
pyridine-N-oxide-hydrochlorides. LCMS: MH*= 125. The dihydrochloride salt is
also available as an article of commerce, as described above.

The sierecisomer 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 entirely.

OH Compound Gla

Accordingly, the S-isomer can be prepared from a mixture of Rand 8
enantiomers of piperidine-2-ethanol (127 g, 980 mmol) in 95% EtOH (260 mL)
was added to (8)-(+)-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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added EtzO (600 mL) and the solution cooled to room temperature and let stand 3
days. The resulting crystals were filtered and dried in vacuo {25 g): mp 173-173
°C {lit. 188 °C). The salt was then dissolved in NaOH (3M, 100 mL) and stirred 2
hours and the resulting solution was extracted with CH2Clz (5 x 100 mL). The
combined organics were dried over NaxSQy, filtered, filtered and concentrated
under reduced pressure to give (S)-piperidine-2-ethanol (7.8 g) a portion of which
was recrystallized from EtzO: mp=69-70 °C (lit. 68-69 °C); [alp = 14.08° (CHCIs,
=0.2).

The R-isomer of 2-Piperidin-2-yl-ethanol (Compound G1b) can be prepared
by essentially the same procedure set forth above for the S-isomer but
substituting (R)-(-)-camphorsulfonic acid. Accordingly, (R)-piperidine-2-ethanol
was prepared. (1.27 g): [ols = 11.3°% (CHCl3, c=0.2).

OH Compound G1b

EXAMPLES

The reagents and solvents used in the examples are articles of commerce
, which, unless otherwise noted, were used as received. Cornpletion of a reaction
step is ganerally taken to be when 90% o 85% of the substrate used has been
consumed, generally as determined by chromatography methods.

Example 1: Preparation of Diketone Compound E {Scheme VI 3-
Ethylpyrazolof1.5-alpyrimidine-5,7(4H.6H)-dicne

NHp o _H
/ i\ CHo(COxMejs //
N Oxatate - N~y

o

=

MeONg
L c -t Me(QH

Iz
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To a 250 ail, three-necked flask equi pped with a thernoneter, a

refl ux condenser and nechanical stirrer was charged

3-am no- 4- et hyl pyrazol e oxal ate (10g, 50 mmol e), dinethyl mal onate (10
m, 88 mmote), nethyl alcohol (80 nil) and sodi um net hoxi de (50 m ,
245 mol e, 5 %osm7eet hyl al cohol ). The batch was heat edrabooedfibiax for
16 hours then cooled to roomtenperature. Celite (5g) and water (60
m) 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 pH3 with aqueous HCI (10nml) to effect precipitation. The
preci pitate (toa@s0ml, tHeed-nacled lidskegippeddvities ti'@drrmerherv\at@‘m:‘c( 40m) .

Th j h
ange of “aErvEtaliinElny ke irBPHaS chirataT Al Wi P Loy
CB1ONB03{100p 50 PUDoieh STmE piReIpRABNED TGS mrTe) meghm(c@ ol 1) 2n
3. 26(bs, sécH):m rﬁel%%ﬁ@é (Séﬁ)l 2475 :@Ho?e 215"’)')»"1 r%étl’@@éf@éhol)}"ﬁ]e HXGHWEE 2

Preparati on of | orid npound Schene
Di chl or ohea‘fEfi@erP(éaro%hwssb%n ggﬁrle QFORE temperature | Gelde £59-andc k

flask fi wa@;il {96 hih RErel N8I 1838 b&bﬁbnd%gﬁﬁfe‘d%r O RAHANSS ITHRNhiéh was

han rrin r nin | rs of
gggt gn: f ﬁq %&&%gé%&%%pa ct:ll#gsx ue, 'F % Itr'ateI wgs gz-?% adljl}s(taed to pH~3 with

gt hyl _p%r aq&ﬂé@gﬂ%@k(ﬁpﬁwlﬂom;ﬁbﬂ%e&gﬂé%ﬁ. m‘i}%-ﬂﬁfﬁ@@fé @?rm@mr"egb;e@:sl )
escri pe 1N tp .e , \ 1 et h) ni e nol e
o Pors Hidrde 2h8 hesnba i Gotep Loy ik v leRih WER PETRL M PSER T
ref | ux am@mommﬁnﬁﬂabadhtheahhwbhgvmm& TDhs5F oT, tm@l\mcms@ld The

reactiony ,E{J{a‘i 3RS gggvd:q@ nﬁé@,‘ rﬂg S34.bYs b€, mmw%&ed { of

corrpound = Version was co (’JI ution
was cool 8H) %gfi(g @ﬂ BRgibe ) 889k, 1ERCT B (5, ﬁﬁktﬁr@(msﬁ'ﬁdded wat er
whi ch had been cooled to a tenperature of less than 20 C. The product
is filte ed and vvashed vvlth 4al|uots of aceé trlle- te_p (1:3)

Wi th 10Xmﬁilefo-al'mavlmézm&kﬁs-lrﬁmdim&ﬁnen a vacuum oven mai ntai ned at
40C for at least 15 hours to yield the conpound "F' (86.7%; 1H NMR
(cbCl 3): 1.32(t, 3H), 2.81 (q, 2H), 6.92 (s, 1H), 8.10 (s, 1H) np:
90-95C. Exanple 3: Prgpargtion of Corrpound G (Scheme VI)

5- Chl oro- 3- Et hy14
oxi do- pyri di nvl) met%r(r of_ﬂgcﬂa.LaLt_l m d ne § (4H, 6H) - di on- 7- am ne
1.

Aceatonitrile

Cl
E

Into a 3-neck flask fitted with an inert gas inlet, a reflux condenser and a
mechanical stirriing 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 POCla {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 menitor 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 jess than 20 °C. The
product is filtered and washed with daliquots 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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K3PO4 2. Acetonitrile/ Water H3Nt -Cl1 FI'N Into a 3-liter,
t hree- necked fl ask equi pped with a thernoneter, a reflux condenser
and nechanical stirrer was charged an aliquot of the dichloride
conpound "E din Step 2 (150g, 0.69nvl e), pota55|un1 hospha
tribasic ndﬁ%ﬁﬁggﬁ%§ (338.0g, 1.47mole), the di hydrochFOUEHATEE of
N—oxide-pyr|d|n-3-y|nethy|anine, conpound Fl a (142.5g, 0.72nole),
wat er (1500mL) and acetonitrile (300nl). The batch was heated at
reflux for 6 hours. At the end of the refluxing period the batch was

cool ed to_rogm. rat ur [S R t, .r,00m
terrperatﬂ?*ec%régg%gm%ya&nu u|“%?"ﬁ‘8*"8?eag é E}P'hg{ Iggé |5I qourse}f and
washed wyiehd that:emp@ﬁﬁkﬂ)?ﬁ’)(ﬁsl?_%) vtk NBIEKETHRI8): rictall, BEY, 2.81 de2H) 6SR
with wa and acetonitrile (300mL), and heated to refl ux.
Ref |l u &1%%?%1 d“for 6 hours additional. At the end of the
second r Bk BR-99€Fi od the reaction nmixture was cooled to room
tenperature over a 2 hour period and left to stand at room
tenperature for 4 hour s, The result| ngo reC| p|tate was f||tered and
washed A B piEE a5 ‘:-L..j.-. ik e M & hIk ~A oty i K adata
oven at aQfdck@vridi ' { iRl ﬂio’hﬁ"-aﬁﬁﬁ@rim
(179g, 84. np: 89 , L. , , 2. q,
4.60(d, 21- 1) 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). 30

Ch N 1. KaPO,4 O
“ ————— s Nor?
= N 4 2. Acetonitrile/ N
. N Water HN
Ci .
F HaNE, -C1 2
4
= | e N..O_
T N:“O_ G
Fia

Into a 3-liter, three-necked flask equipped with a thermometer, a reflux
condenser and mechanical stirrer was charged an aliquot of the dichioride
compound “F’ prepared in Step 2 (150g, 0.68mole), potassium phosphate tribasic
manohydrate (338.0¢g, 1.47mole}, the dihydrochioride salt of N-oxide-pyridin-3-yl-
methylamine, compound F1a (142.5g, 0.72mole), water (1500ml} and acetonitrile
(300ml). The baich was heated at reflux for 6 hours. At the end of the refluxing
peried the batch was cooled to room temperature over 2 hours and then held at
room temperature for 4 hours. The resulting precipitate was filtered and washed
with water (800ml). The wet cake was returned to the flask with water (1 500mi)

1 and acetonitrile (300ml), and heated to reflux. Reflux was maintained for 6 hours
additional. At the end of the second reflux petiod the reaction mixiure was cooled
to room temperature over a 2 hour periad 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 1o give the first
amine adduct “G” material (179q, 84.9%). mp: 187-189C; NMR in CDCI3, 1.26(,
3H), 2.73(q, 2H), 4.60(d, 2H), 5.87(s, 1H), 6.83(bs, 1H), 7.83(},1H), 7.70(d, 1H),
7.84(s, 1H), 8.58(d, 1H), 8.64(d, 1H).

30



WO 2008/ 027220PCTM52007/ 018305 Exanpl e 4: Preparation of the Conpound

of Formula Il (Schenme VI) 1-13-

Et hyl - 7- 1( 1- oxi do- 3- pvri di nvl ) net hyl | am i ndl ovr azol oi

, 5-al pvrim di % v11- 2(s)-piperidineethanol Formul a |

into a threROlBPPacik fitted with a mechani cal stir RGTOSATSSHES | ux

condenser were placed the first am ne adduct prepared in Step 3,

conpound "G', (7kg, 23nple), am no-al cohol conpound Gla (5, 6kg,

43. 3nol e), sodium carbonate (3.5kg, 33.0nmole), 110 m of water and

1-nethy|-2-pyrro|idinone (NMP) (11L). The reaction m xture was heated

to 150C for days After chronatography indicated that the reaction
anle ]:' h B 5 " 0

Il idi‘n-[‘g'

distill a@(ﬂrﬂ@_ﬂmgmm azet rope under at rmspherr C pressure and
concentrated to about 281 volune. THF was added and the sol ution was
heated to reflux until all the solids dissolve. Ethyl acetate and

fed by

triethlam ne are added to the hot solution. The hatch cooled to
anbi ent agitated.w th the tenperatur iLpad in the
range of fr Nzgc to Z@for 12 hours. The soiid ezcol | ected by
filtration, edfrrst ethyl acetate tién wai¥r, Nand dried in

the filter UNder vaduum for hour s wi t h 't heOHenpetht ur e mai nt ai ned
at from40 C 50C, vyi ¢ di nglk,g( %lﬁg Rikdimyo of the conpound of Fornul a
1. psC, 168[6c: Speci fPE Rot ad00, (10Mg/ ML in MeOH, F208), - 117. 8;
HNVR (400 MHz, DIS‘BO) 8. ﬁappm(lH s), 8.11-8.13 pprutlH_td, J=5.7
Hz, J=1.4 Hz),®7.97 ppm (1H, t, J=6.7 Hz), 7.68 ppmddi 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 ppmirtaH, thrde-nekBsR fi83d pam A rhchdnical Std@etartdzd refxd5- 2. 50

ED?O( iHS g%%ﬁsflgfel_gn%ﬂac%d I% %%@T%Haqdpc‘t] prfngreé‘ 51 %%;g) 8 ém%orgg%‘pe
descri pt (Gg, &8madied, amireralcon! comipouad Gild (Sdkae4s.Bhtd)y sadivve and not
I i o N ik R
can be mite-) V\nTt*’ﬁd%waeﬁﬁrxiqfﬁgVﬂSrhﬁﬂtQm@ Bbiiefasr dayer iAfteof t he
| nventi OBnrotBbrabhy (MM el thelreafiifti AR SBERe [dFoSAUMERLE Of ODK
i nhi bi tor conpoyn having the structure

consumed), t e reaction mixture was cooled to room temperature and quenched

by adding water. The mixture was then extracted with ethyi 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

o reflux until all the solids dissolve. Ethyl acetate and triethlamine are added to

the hot solution. The batch was cooled to ambient and then agitated with the

temperature maintained in the range of from 20 °C 1o 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 iI. DSC,

168.6°C; Specific Rotation {10mg/ml in MeOH, 20°C), -117.8°% HNMR (400 MHz,

DMSQ): 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=6.7 Hz), 7.68 ppm (1H, s), 7.41 ppm (1H, s}, 7.37-7.43 ppm (1H, dd),

5.58 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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El wherein R1 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 - h rocycle, said process conpri sing: r‘:)ef form n
i nt er medi at‘ggg%oﬁfg%gﬁd of Formula El by reacting, in a(P quEB??’Wé
reaction solvent selected fromthe group consisting of alcohols
having 5 or | ess carbon atons and m xtures of two or nore thereof, a
nmet hanol solution of a salt of a 4-al kyl -3-am no- pyrazol e conpound of

Formut a Ghen (?fi'\'ﬁ?oa%ﬁ' S EPLINE B (%1‘4" ki, 278l bﬁ? SRARLL N ILFRI, 2.45-

sel ect ed gf'oup’ cons di e
mononet h@latepmny2idid, GHT@HZHHWWSMH mb,chﬁﬁtmnm (ﬁﬂi,emhr‘le@bm@é of

a Lew s n t affinity to abstract a proton
fromt heta?ﬁg(oﬁs]?ﬁ)’oﬂ-!%llgtaﬂl‘ gieiﬁqon tﬁt‘_&gyr azole ring; (b) derivatizing
the internediate El prepared in Step (a) to provide the conmpound of
Formula F1, R2 X N XFormula Fl, wherein "X s selectedfromthe
group consi st ng of chloride, br oni de, iodjde, fluoride, an

sul fonyl grouphe aheve egssiwgor At ihe inyeriien r!ﬁaﬁtweﬂﬁe b@d‘HﬁH@H‘éﬁ @ad not
Formul a Fnitimigt Na@:oﬂébﬁi&hge@m r&@daﬂ@éﬁbn&h@mé’émbotﬁn@ﬂﬁ@cﬂﬁé@hﬁe@ﬁbﬁéﬁﬁ to
formthe co oungO E’ﬂu TF% Cglrocess of cl wher ei n,
the salt &Y t:ﬁgr tﬁﬁﬁ%ﬁ %qi Prﬁfﬁ lase anges can be ma ew1t out

departing from the scope or spirit of the invention
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selected fromthe group consisting of oxalate, tosylate, and chloride
salt. C3. The process of claim2 wherein, the salt of the conpound of
Formula d is an oxalate salt. 4. The process of claim2 wherein, R2
is a linear alkyl group of 4 carbons or |less. 5. The process of claim
4 wherein, R2 is ethyl. 6. The process of claim4 wherein, the
reaction solvent is selected fromthe group consisting of nethanol

and ethanol. 7. The process of claim6 wherein the reaction sol vent
is nethanol. B. The process of claim1l wherein, the Lewis base-is

sel ected:-fromthe group consisting of netal al koxide bases. 9. The
process éfh 4al m 4dwher ein, the .Lews base is selected fromthe group
consi st i AYPEHS FB¥9 8 koxi de bases. 10. The process of claim 9
wherein, the Lewis base is selected fromthe group consisting of
l'ithium sodium and potassi um al koxi de bases. 11. The process of
claim 10 erei i se A .
consi sti n\é\@of ﬁ‘ P %s%%]ééﬁg\gkﬁﬁ%%aﬁg gﬁhﬁﬁ?%@? Dummm%é%%&uﬁ%cess
of claim 10 V\/Iﬁemmad the Lewis base is sodi um net hoxi de. 13. The

process of claim1 wherein, @s 3-al kyI ene pyri di ne- N- oxi de.

e

from an infermediate compound of the structure of Formula &1,
RZ

R®  Formulal,

0 £1
wherein R’ is a linear, branched, or cyclic alkyloxy functional group of the
structure (-R?*-OH), R* is a finear, branched or cyclic atkyl group, R? s a linear,
branched or cydlic alkyl group, and R®is an alkylene-heterocycle, said process
comprising: (a) forming intermediate compound of Formula E1 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 C1,
RZ  NH,
H Formuia C1
with a diamidization reagent selected from the group consisting of
dimethylmalonate, monomethylmalonylehloride, and malonyl dichioride in the
presence of a Lewis base having sufficient profon affinity fo abstract a proton
from the 1-position nifrogen on the pyrazole ring; {b) derivaiizing the
intermediate E1 prepared in Step (a) to provide the compotnd of Formula F1,
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14. The process of claim9 wherein the process further conprises
reacting the conmpound of Formula El to provide a conpound of the
structure of Formula FlI, Fornmula FI where "X' is selected fromthe
group consisting of chloride, brom de, iodide, fluoride and a
sul fonyl group having the structure R4-S02-, wherein R4 is selected
fromthe group consisting of nmethyl and aryl, said reaction
conprising: a) providing the conpound of Forrmula El in an
acetonitrile solution; and b) derivatizing the conpound of Formula
El by treating the acetonitrile solution containing the conmpound of
Formula EIl from Step Iib" with a reagent selected fromthe group
consi sting of a hal ogenating agentrzand a sul fonating agent in the
presence of a base sel ect edX ,En%%ge group consi sting of dinethyl
ani line, pyridine, diisoprop§£%5n¥ amne, and triethyl amne. /15.
The process of claim 14 whereilf, tthe reagent selected in derivatizing
step (b) is a chlorinating ageit sel eomel from t he group consi sting
of Phosphor ous ,axG MO AR cioPRERRHOLRUS CHRIMASHAbIAS broAh, tdajdany|

e claim 15 wh

chloride. .J6. e process o erein, the chlorinatin
agent is phospHbpisigsansiaeipay gwep: antAc) sl caURatipg e camaPy ©
wherein the reagpnlia $eWRSEHmbR Mehd, val ienhgih atsefoniby aimsneato form

sul fonati ng agent sel ec e&é{[rom t he group consi sting of

aryi sul f onyl chitef FURPOLRHOHRARYRUl f onyl chl ori de. 18. The process of
claim 17 wherein said sulfonating agent is nethylsul fonyl chloride.
19. The process of claim 14 wherein, the base is dinethyl aniline.

20. The process of claim1, wherein said sequential amnation of the
conpound of2. Fokhewrecers ofetiip livdeseit. diensaiipf eCorp s ph BodTiaret ¥ul a FI
from the conmpound:i@fiofah&Ylotp Bbnsising of oxalate, tosylate, and chloride salt.

I3, 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 atkyl group of 4 carbons of fess.
5. The process of claim 4 wherein, R? is ethyl.

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

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

8. The process of claim 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 is selected from the group
consisting of fithium, sodiumn and potassium alkoxide bases.

34



!

T Formul'atFl viherei n"R27i's d' '1i'near, branched or c¢yclic al'kyl "group ‘and
"X'.is selected fromthe group consisting of chloride, brom de,
i odide,” fluoride and a sul fonyl group having the structure R4-802-,
and formng therefroma conpound of the structure of Fornmula G5, N
HN R3Formul a Ga5 wherein, X and R2 are as defined above, and R3 is as
defined bel ow, by a process conprising adm xi ng the conpound of
Formula F1 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 .amne of the fornmula R3-NH2, or a
salt thereof, wherein R3- is an al kyl ene-heterocycle. 21. The process
of cl ai m 141f Unt beesOiRIHIN 1D gheeiny BelLeny bhbeiscorpet fithaie drorpul a El

to the conpound of. Fo la El. .. For Fl ein "X" is selected
fromthe gr ouﬁo%%ﬂ"s:'? g{%@u%?th%ﬂqeo%d%?ﬁ@r%%z,e‘i odi de, fluoride and
a sul fonyl group having the structure R4-502-, and form ng therefrom

a compound 18f e RLLUGIMR 18TnERLTTH Pei@BasdR s HMHBREST MUl @ Gas

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

4. The process of clairn @ wherein the process further comprises reacting the
compound of Formutla E1 fo provide a compound of the structure of Formula
Fi

) B

X /N\‘ﬁg

e
X Formula F1

where "X is selected from the group consisting of chiloride, bromide, iodide,
fluoride and a sulfonyl group having the structure R%S0,-, wherein R* is
selected from the group consisting of mathyl and aryl, said reaction comprising:
a) providing the compound of Formula E1 in an acetonitrile solution; and
b} derivaiizing the compound of Fermula £1 by treating the acetonitrile
solution containing the compeund of Formula E1 from Step *b” with a
reagent selected from the group consisting of a halegenating agentand a
sulfonating agent in the presence of a base selected from the group

consisting of dimethyl aniline, pyridine, diisopropylethylamine, and triethyl
amine.

5. The process of claim 14 wherein, the reagent selected in derivatizing step (b) is
‘ a chlorinaling agent selected from the group consisting of phosphorous
oxychloride, phosphorous pentachloride, and thionyl chioride.

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



“wherein, X and R2 are as defined above, and R3 is as defined below, =~~~ "

by carrying out a first am nati.on on the conpound of Forrmula Fl by a
process conprising adm xi ng the conpound of Forrmula FI with
acetonitrile, adding K3PO4 and water to the m xture, and reacting the
m xture containing the conpound of Fornula H under refl uxing
conditions wwth a primary amne of the formula R3-NH2, or a salt

t hereof, wherein R3- is an aficyl ene-heterocycle. Cl22. The process
of claim 20 wherein said mxture is reacted with a primary am ne salt
of the structure of Fornula Fla, H2ZN, nHC - Fornula Fla, where "n"

=1 or 2, thereby form'%nﬁg.a conpound having the structure of Fornul a
A a, 23. hellsrrsewessolgfiaip|14iwhersin (i é3agr selehied AndniMatizist steat(Bris added

to said reacti@8uhatihghgedtScisetbd frémand grb@h Q@M anakdmRRbiG rati o
of acetonitrile ; vygtler ilil qu]g reaction m xture of at |east about

1:5. 24. The pPGCBELIRYoRelioniss wherein, the K3PO4 and water in the
reaction mxture is added to the reaction m xture as a sol ution. 25.

(Original) e -Cl.ai A PO4 and water in
the reacti O@J%éj?%%%gﬁ&g@&?&uﬂe%@q %%%@%E?tinégsﬁﬁ% ure separately.
26. The proceswethilsdioaylehla@ef urt her conprising ami nating the conpound

of Fornula Ga5 at the remai ning hal ogenated carbon to provide a

conmpound of Formula I, Rl . . o o
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
Formuta F1 comprises forming the compound of Formula F1 from the
compound of Formula E1,

RZ
X ”NW%
o
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 sulfony! group
having the structure R*-80,, and forming therefrom a compound of the
structure of Formula Gas,
RZ
X ’NY”S
\E\rm,\’{
HN.
R®  Formufa 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 KsPO. and water fo the mixture, and reacting the mixture containing the
compound of Formula F1 under refluxing conditions with a primary amine of the
formula R*NHg, or a salt thereof, wherein R-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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R3Formula | said process conprising; (i) refiuxing the isolated
conpound of Forrmula Ga5 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
conpound of the Fornmula Ha 28. The process of claim 26 wherein
optional step (H) recrystallization is carried out fronethanol by
adding tert-butyl nethyl ether. 2% A process for making the

conpound of Formula I'l, Forxyla L¥, the process conprising: a)
form ng a conpound havi ng the \s\:trNuc‘, ure of Formula E,
N
X Formuia F1
wherein "X is selected from the group consisting of chloride, bromide, iodide,
fluoride and a sulfonyl group having the structure R*-80,-, and forming
therefrom a compound of the structure of Formula Ga5,
RZ
X N\r4$
- =
/

HM.
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 KsPOy4 and water to the mixiure, and reacting the mixture 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.

£2. The process of claim 20 wherein said mixture is reacted with a primary amine
salt of the structure of Formuila F1a,
HaN

=
E%j+-nHm
% N‘O"

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

Formuia F1a,

R?.
X Nﬁ
o’ =
Y/
&
HN

Z

o NE
0" Formula Gia.
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"pH2c-H3 O-N <o by~ reacting; in arefluxing reaction-solvent
selected fromthe group consisting of alcohols having 5 or |ess
carbon atons and mi xtures of two or nore thereof, a nethanol solution
of a salt of a 4-al kyl -3-am no-pyrazol e conpound of Fornula C NH2
Formula C with a diam dization reagent selected fromthe group

consi sting of dinethyl mal onate, nononet hyl mal onyl chl ori de, and

mal onyl dichloride in the presence of a netal al koxide base
conprising an al koxi de noiety having 5 carbon atons or |ess; by
reacting the conmpound of Formula E prepared in Step "a" with

phosphoro‘:s oxychloride in the presence of a Lew s Base selected from
t he ‘

23. The process of claim 22 wherein, the amount of water added to said reaction
mixture is sufficient to 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 K3PO4 and water in the reaction mixture is
added to the reaction mixiure as a solution.

25. (Original) The process of claim 20 wherein, the K3PO4 and water in the reaction
mixture are added o the reaction mixture separately,

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

RZ
e ——

1 b/
R N N""N

H
N Formula |

said process comprising: (i) refiuxing the isolated compound of Formula Gas 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 °C to about 160 °C; and (i) optionally isolating the reaction product
of Formula | and recyrstallizing it from tetrahydrofuran by adding ethyl acefate.

27. The process of claim 26 wherein, the secondary amine in Step " is a
compound of the Formula Ha
g

on Ha

_28. The process of claim 26 wherein optional step (ii) recrystallization is carried out
from-ethariol by adding tert-butyl methyl ether.
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'group‘consﬁsting'df“NyN:drnéthyranrlihé;“pyrrdihe,“' o o

di i sopropyl ethylam ne, and triethyl am ne; (c) refluxing the reaction
mi xture from Step "b" containing the conpound of Fornmula F in the
presence of a di hydrochbride salt of N oxide-pyridin-3-ylam ne,

K3PO4, and water to formthe conpound of Fornmula G cH2cH3 CI N
Formula O; d) refluxing the isolated conpound of Fornula O prepared
in Step "c" in Nnethyl pyrollidine in the presence of sodium
carbonate, a sufficient water to maintain a refluxing tenperature of
from about 140C to about 160 C, and the am no al cohol conpound havi ng
the structure of Formula GL a, NH OH Gl aFormula Gla, to yield

form ng th’éQCO‘I‘rpf@m&S fgfmaggrihe eorppoung atiFormula I,

y)
o @
OH HN
&
2 NL
' O Formula {l,
the process comprising:

a) forming a compound having the structure of Formula g,
CH2CH3

o) Nﬁ
—
EN‘Nf
) =
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 Formuta C
with a diamidization reagent selected from the group consisting of
dimethylmalonate, monomethylmalonylchloride, and malonyl dichloride in
the presence of a metal alkoxide base comprising an alkoxide maoiety having
5 carbon atoms or less;

b) forming a compound having the structure of Formula F;
CHxCH3
Sl N
AN
cl Formula F,
by reacting the compound of Formuta £ prepared in Step “a” with
phosphorous oxychioride in the presence of a Lewis Base selected from the
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IS COHCHR2 LA LIN - S SINTTE T i )V NN OHFI N, Nto-Formul a1
e) optionally, isolating the conpound of Formula Il prepared in
reftuxing Step "d" fromthe reaction product and recrystalling it
from et hanol by adding tort-nethyl butyl ether. 30. The process of

cl ai m 29 -wherein, the anount of water added to the reaction m xture
inrefluxing Step "d's is sufficient to provide a volunetric ratio of
Nmet hyl pyrollidine : water in the reaction m xture of about 100: 1.

31. The process of claim?29 wherein, the amobunt of water added to the
reaction mxture in refluxing Step "c" sufficient to provide a
volunetric ratio of acetonitrile : water in the reaction nbdure of
about 1:5. 32. THACHEEFY BN.NFimehyEolinheveding. disveropyptylamingnand
conpound of For métaylG@niife; Step "a' is selected fromthe group
consisting of oxalate, tosylate, and chloride salts. 33. The process
of claim31 wherein the salt of the conpound of Fornmula Cin reacting
Step "a" is ancoedbdtgehs adattion mixure from Step *b” containing the compound of

Formula F in the presence of a dihydrochloride salt of N-oxide-pyridin-3-yl-

amine, K3PO4, and water to form the compound of Formula G,
CH,CHy

cl /N\fg
\%/I\L.N/
HN
3
\ NJ:O‘ Formula G;

d} refluxing the isolated compound of Formula G prepared in Step “¢” in N-
methyl pyroliidine in the presence of sodium carbonate, a sufficient water
to maintain a refluxing temperature of from about 140 °C to about 160 °C,
and the amino alcohol compound having the structure of Formula G1a,

O

|
} on Gla Formula G1a,

to yield forming the compound of Formula 11; and

O CHCH,
~N /N\lfg

= 4
NNy
OH  HN

6
Mo Formuta 1l

e) opfionally, isolating the compound of Formula }l prepared in refluxing Step “d"
from the reaction product and recrystalling it from ethanot by adding teri-
methyl butyl ether.

'30. The process of claim 28 wherein, the amount of water added to the reaction
mixiure 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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34. The process of claim31 wherein, the solvent in reacting Step "a"
is setected fromthe group consisting of methanol and ethanol. ' 35.
The process of claim 34 wherein, the netal atkoxide base in reacting
Step "a" is selected fromthe group consisting of sodi um nmethoxi de
and sodi um et hoxi de. 536" The process of claim?29 wherein the Lew s
base used in Step "b" is selected fromthe group consisting of
N, N-di net hyl aniline, pyridine, diisopropylethylamne, and triethyl
am ne. 37. The process of claim 36, wherein the Lewis base used in
Step "b" is N Ndinethylaniline. 38. A process for naking a
pyrazol o[ 1, 5- a]pyrinidin 7- yI am no. conpound having the structure of
Fornul a El, wher ei n is a linear, branched or cyclic alKkyl
group, the Pr o@?é’éo‘i?é?rﬁfrqlaémr?@ vherRsT, iifepmquRt of vadsradsiedtg tedgastionn
sol vent sel ectmsttufe inrafiking Stepup’ @m&hsblpﬂmd@fa lugehRlrsticw ek tenifieor
| ess carbon atong nore thereof, a methanol

sol ution of a <4 ?r"b%eée%th%? Wt”r%oéﬁﬂo%{%yrazol e corrpound of Formul a
C 82NH2 N

32. The process of claim 29 wherein, the salt of the compound of Formula C in
Step "a” is selected from the group consisting of oxalate, tosylate, and chloride
salts.

33. The process of claim 31 wherein the salt of the compound of Formula Cin
reacting Step "a” is an oxalate sali.

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

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

#36. The process of claim 28 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 cydlic alkyl group, the process compiising
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
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“HFormul'a C wi'th a“diram'dizati-on reagent selected from- - -
di met hyl mal onat e, nononet hyl mal onyl chl ori de, and mal onyl dichl oride
in the presence of a Lewis base having sufficient proton affinity to
abstract a proton fromthe 1-position nitrogen present in the
pyrazole ring. 39. The process of claim38, wherein the salt of the
compound of Fornmula C is an oxalate salt. 40. The process of claim
38, wherein R2 is a linear alkyl of 4 carbons or |less. 41. The
process of claim40, wherein R2 is ethyl (-CH2-CH3).

methanol solution of a salt of a 4-alkyl-3-amine-pyrazole compound of Formula
C1
RZ  NHp
z;;g,
H Formula C1
with a diamidization reagent selected from dimethylmalonaie,
monomethyimalonylchloride, and malony! 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.

4D, The process of claim 38, wherain R is a linear alkyl of 4 carbons or less.

41. The process of claim 40, wherein R? is ethyl (-CHa-CHa).

42



