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Internmedi ates Field of the Invention This application

di scl oses a novel process to (3-al kyl-5-piperidin-1

-yl -3, 3adi hydro- pyrazolo[1l ,5-a]pyrimdin-7-yl)-am no

derivatives, which have utility, for exanple, as
(30064§%arwaceutically active conpounds, and internediates

useful in the synthesis thereof. Background of the

I nvention ldentification of any publication in this
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Pat ent Appl i cat on N . filed on
February 11, 2GE2MYE , which is

incorporated herein inits entirety,
3-al kyl - 5- pi peridi n-1-yl - 3, 3a-di hydro-pyrazol o[ 1

,5-a]l pyrimdin-7-yl)- am no derivatives (as
illustrated in Formula I, where RL is a |inear,
branched, or cyclic al kyl oxy functional group of the
structure (-Ra-OH), R2a is a linear, branched or
cyclic alkyl group, R2 is a linear, branched or cyclic

al kyl' group, and .R3gjgly BEHRS frRrkioA™
al kyl het erocycl es, Xa

e, o
Ftas !app&mtimydisam_@sm OQY@IGF_,"’ oRaee t%@ﬂhﬂ'?ﬂ_ﬁe"dm-1 -yl-3,3a-
dihydr@%bﬁ)é%%%ggﬁgghﬁﬁ)z{irgﬁiﬂ?ﬁﬁ)-'d?ﬁi'na' dSHvivRE, WRIHNBAAWY ditility, for
example, as pharrhaceutically active compounds, and intermediates useful in the

synthesis thereof.

Background of the Invention

Identification of any publicatio'r'\-f‘in this section or any section of this
application is not an admission that such publication is prior art to the present
i‘nvention.

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



As described in the '878 publication, in these
conpounds can be prepared through the general routes
walemsozed bel ow in Schenme |. Scheme | Wher e RACT/BR2007/018305
and R3 are as defined above, R4 and R7 are sel ected
fromH and R2, and R5 and R6 are taken together to
forman al kyl heterocycle, for exanple,
pyrimdin-1-yl, optionally substituted on any carbon
with a linear, br ed, or cyclic alkyl, which is
optionally substftutefd with hydroxede. Accordingly, a
di car boxylic aci ' d 11, a nmalonate
di ester or an app ted nmal onate diester
derivative where R haq/ ydrogen) is
condensed with pyr&zol e dine{(7) by refluxing in
acetic acid, formng a pyrildone conpound (13). The
pyri done conpound i's subseguent!y derﬁvatlzed by
di hal ogepating it, for exanpl& by tre with the
chl orinating reagent POCI 3 to provide the dlchloride
derivative. The dlhalo?en derivative
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RRES 5&%b M &ekemeduct 16, wherein
thmug&ghg%gr‘%gagre taEéﬁgrtl oget ﬁ@?\yto fo?m an al kyl
het erocycl e, for exanpl 8chge ki din-1-yl, and wherein
"R'" (Schene 1) res a |l inear _, branched, or cyclig, al kyl,

opdi opal | §2 tituted with pyt] dige N xi de. One
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ortrul a INThe Satat hesi 8- compound oOfN-N~F~gs
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Where R', R2, and R® are as defined above, R* and R’ are selected from H and
R?, and R.5 and R°® are taken together to form an alkyl heterocycle, for example,
pyrimidin-1-yl, optionally substituted on any carbon with a linear, branched, or
cyclic alkyl, which is optionally substituted with hydroxide. Accordingly, a
dicarboxylic acid diester (compound 11, a malonate diester or an appropriately
substuted malonate diester derivative where R4 is other than hydrogen) is
condensed with pyrazole compound (7) by refluxing in acetic acid, forming a
pyridone compound (13). The pyridone compound is subsequently derivatized by
dihalogenating it, for example, by treatment with the chlorinating reagent POCl; to
provide the dichloride derivative. The dihalogen derivative (14) is then
sequentially treated with amines to provide the amino-functionalized CDK inhibitor
product 16, wherein R5 and R6 are taken together to form an alkyl heterocycle, for
example, pyrimidin-1-yl, and wherein “R” (Scheme 1) is a linear, branched, or
cyclic alkyl, optionally substituted with pyridine N-oxide.
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Step 1 - Amdization to formsubstituted pyrazole Step
2 -Formation and di hal ogenati on of pyrazolo[l

WO B@Bpynem dine Step 3 - Amination (two separ aP€r/US2007/018305
sequential reactions) G Formula Il As described in the
'878 publication, Synthetic Schene Il leading to the
conpound of Formula Il has several disadvantages from
t he standpoint of comrercial scale synthesis. In step
1, the starting material (compound "C') used in the
formati on of conpound "D' is a sticky, viscous oOj
viBnelexagnple of tlese inhibiersde the campgwndigf frarmupa lhng
bl end). Moreover, step as described in the '878

publication, requires [isol ati omat ogr aphi c
purification of conpo ior to carrying
out each subsequent deriyati igh rgaction. In

addi tion, as described i/h th blication, the

reacti on of conpound wi th mallonate diester is
carried out using the di ester a solvent. After
isolation and purification of thg resultant nal onate

adduct, conpound D, ring closur form di ket one
conmpound E is carried out in thamol . I n accordance
W th the procedure described i NS 7 Feyphliiagpt i on,

conpound E is isolated and dried, then converted to
the correspondi ng dichloride in N Ndimethyl aniline
i : . _
The iR R TFS ol LR T OR P RRR O LR HER Al I BTl myieation
accordimgdoe@alwma@lly pri or to the sequential am nation
Scheéﬁgpti ons. Additionally, the conpounds of Forrmula G
‘of Formula Il require chromatography purification
aBtep $ol Amidizatiorato flest substituted pyrazbl/8 publ i cati on.
As further described in the 878 publication, each of
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Step 2 — Formation and dihalogenation of pyrazolo[1,5a]pyrimidine

1. POCly
+
O.__N N, N-dimethyl Ci N
D MeONa % aniline 7 \’45
W N
O
E

N~
MeOH N 2. 1solate/
chromatograph Cl

F
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were run separately with isolation and chromat ographic
purification between am nation reactions. Accordingly,

wo b@s/08728 publ i cati on descri bes the preparati oPCDiS100B018305
conpound of Forrmula Il utilizing a schene consisting
of five separate reaction steps with intervening
isolation and purification of the products, each
sequential step being carried out in a different

éﬁg MSF&itﬁfcﬂneme 5'?3 dh‘b%éilén,yS%tﬂeﬂE ddment® nn@wﬂg% the
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Internedi ates, and utilizes fewer changes of sol vent
diestes {sseaniied qut using thediesigras asavanie Alte iselaijan Ras rurification

of the ?&é\ﬂfﬂ%tfrﬂéloﬁﬁf@gélagétf ﬁ Rl B, hn%’@ld‘srﬂjré o FERR ame%ne

scale-up to a ze sui t commer ci al

compewad E lploapwchpubm mgteanrolaid aschedands) with ithe pregriwe
descriBBY3 RS 7 pERRAIBEROUNIFE RS RRfd diiPfiodthof®

t of t tiron 1s a process
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I
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and purified by chromatography prior to the sequential amination reactions.
Additionally, the compounds of Formula G and of Formula |l require

chromatography purification and isolations, as described in the *878 publication.

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

Objectives and Summary of the Invention

In view of the foregoing, what is needed is a synthetic scheme useful for
preparing the CDK inhibitor compounds of interest utilizing fewer reaction steps.
Moreover, what is needed is a synthetic scheme for the preparation of CDK
inhibiting compounds of Formula | with a higher product yield based on compound
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structure of Forrmula El, wherein RL is a linear,
branched, or cyclic al kyl oxy functional group of the
w@resoeee (-R2a-OH), R2a is a |linear, branchePCDUS2007/018305
cyclic alkyl group, R2 is a linear, branched or cyclic
al kyl group, and R3 is an al kyl ene-heterocycle,
preferably, 3- al kylene-pyridine-Noxide, said process
conprising: (a) formng the intermnedi ate conpound of
0 r [
G starbig e O B e Ao B el 1 2o Is dfipiceps which
minimizesithg n@e@kfor ebromatagsaphicamifiationiof inlesnediateswang utilizes
f
fower §RA g6t S8lvenP s StbRS 1 SRition Winl isthortldd Ra finthess
schen®e ﬁﬁrmhnbmaidsoof Femglelatl velich ¢ athdénaite for scale-up to a batch

. di t | mal onat e onet h .
size sidlis 8" CroRIIFE SO Rt Rk et ade e fibgtives anaor
advanl’é@éﬁesptfcfvid‘ecﬁby tine prewerafidverition.t o abstract a proton
fromthe 1-position nitrogen on the pyrazole ring; (b)
derivatizing the internediate E 1 prepared in Step (a)
t@n@ra%bbéﬁoi R ﬁr@%ﬁﬂﬂﬂ'eﬁfnoﬁ% alﬂrécEséforFtﬁé hihdsls of CDK
wherein "X'" is selected fromchloride, bromde,
inhibitppgemeounfa diaving thenefrectyts poRgrMyldup; and (c)
sequentially amn the conpound of Fornmula F1, in
sub-step (ci) with a primary am ng, substituting the
X-group on the 7icar at em of _Yhe pyrazol o-pyri di ne
noi ety, and in sub Cii )y a secondary am ne
replacing the "X'-q esi ng/ n the 5-carbon atom
of the pyrazol o-pyridi ne ety;N wherein the structure
of the ami ne used in each qub-step is independently
sel ected to provide a suit#ble subFortnuent, to formthe

d,.of F
from acnol eorlrjr{]edlgte pg(/)rrézolo?1 %—a]pynmldlne-s 7 dione compound of the

structure of Formula E1,
R2

O E1
wherein R' is a linear, branched, or cyclic alkyloxy functional group of the
structure (-R%-OH), R® is a linear, branched or cyclic alky! group, R? is a linear,
branched or cyclic alkyl group, and R® is an alkylene-heterocycle, preferably, 3-
alkylene-pyridine-N-oxide, said process comprising: (a) forming the intermediate
compound of the structure of Formula E1 by reacting, in a refluxing reaction
solvent selected from alcohols having 5 or less carbon atoms and mixtures of two
or more thereof, a methanol solution of a salt of a 4-alkyl-3-amino-pyrazole
compound of Formula C1,
R2  NH,
/N
rNi Formula C1

with a diamidization reagent selected from dimethyimalonate,

monomethylmalonylchloride, and malony! dichloride in the presence of a Lewis

5



In some enbodi nents of the invention, in Step (a),
preferably the counter ion of the salt of the conpound
w@booBoeTrel a C 1 is sel ected from oxal ate, tosyPEL/ES20aTI018305
chloride, nore preferably the counter ion is oxal ate.
In sone enbodi nents of the invention, R2 is a linear

al kyl group of 4 carbons or |less, preferably R2 is
ethyl, thus the conpound of Formula E 1 is a conpound

base ﬁvinﬁ&ﬂ#k%q’%p‘r&oﬁ%n?{?’?@ 8tfa frotbhﬁfrdrﬂ\'tﬁat’l ?Bs’hbﬁ

Ion solvent Is pre y se ecte f rom net hanol
nitrogemdn dhépytazolenting; (iv)ed@fﬂ\eajlzwgrﬁtqq@mneq'%tesgﬂ@repared in Step

f he L b b
@ to SR8 [ (<ohbyhd o FRMIFEL Docoss more proferably.

the base is selected fromlithium sodi and

pot assi um al koxi de bases, nore pf the Lew s
base is selected from sodi um et hodidenamd sodi um
nmet hoxi de, and nore preferably the ewi ¥ base is
sodi um net hoxi de. I n sone enbodi nent X of thEopmetseht,

norel S8 s3tS% b Byt by B0 A46 48 aburony
roup?ﬁh@@@:‘sﬁqmmhﬁ aesinpting dh@boﬁqrcwidgofﬂ?drgmdatﬁham isnb-step
e sol ution containi ound ,of _For
(c1) wilh 2 PrE AR GG LA Ba AE TCOHRR Pa 4B Ze54yPln HiRatof the
pyrazcﬂb%/yrﬁin‘i@ rrﬂmé@”ﬁﬁuﬂﬂ svb-4tep (8liy with & seaindani anfinenaplacing
"X'Is halo en selected fromchl ofi

the “X&gmﬂm éeS'd'@& o thea-garhaR Aem Bibe aiet OTWé'C[.%'B? mqighy:
wheréir? tHREFu&ré bP 812 diriEe LBBJGA EBGH Rhbodtepas iﬂfdlé?p&'ldbntl? a

solvent selected fromacetonitrile and tol uene, %
selectgrldpgirayiiy a siitalle aubstituesise fergs the PormBUNGIRI FarAWa 1.

"X" substituent of the conpound of Fornula F 1 is a
hal ogen,

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 chloride, 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 R2 is ethyl,
thus the compound of Formula E1 is a compound of Formula E

© ”W%
_
V/
tf”‘”
O Formula E.

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



preferably it is chloride. Wien the "X" substituent of
t he conpound of Formula F1 is chloride, the

whadosgenad i ng agent used in Step "b" is a chl opCTES1007018305
agent preferably sel ected from phosphorous
oxychl ori de, phosphorous pentachl oride, and thionyl
chloride, nore preferably the hal ogenating agent is
phosphor ous oxychl ori de. When a chlorinating agent is

Upesbrha ephiSddintents BF ﬂf@bﬂiﬁeﬁht ﬁﬂ\%rﬁ%ﬁe SiSE h) is ceelied bat by

fromdinethyl aniline, pyrid

providing agiwisn et they @mn@un%% Fprmylahﬁﬂ anf halogepating the
comp&irid 8 RBIul E?tﬂqyﬂrea?\fHds{HéG:soIEHOﬁ %ﬁtﬁﬁ?@qm"d&ﬁp&jnd of

e present 1nverition is carri
Formylad¥i withg halogenating agent hetheomas@naeo:ff aFt@ammom@ngwa
sul f ound of Fornula E1 by treating the
comp%%rpcb?)Fg}g g‘g‘r\%"gf%%ﬁgqt he conpound of Fornula E 1 vvigth a
sul fonating agent in theRPresence of a base, providing
a conpound of the&sgN re of F1 (shown above) where
"X'" is a sulfonyl @ro referably selected fromaryl

sul fonyl and met hyl ¥Uu ‘fN)nyI more preferably methyl
sul fonyl chlori de. In sone Farbada @ant s i n whi ch Step

o LB B TREh OB S G ol

Preferaib®y ﬂf@bd)lu}lbigﬁs &Qidet b@dlswlvmgilmé)y?mplmmb\mr@rtmﬂa Etina
of For sol vent se

solverSi QIGHER 1R aeiPriBiiG and toisre. SR et SopH et uion

compfige®tdlgése.t ol uene. I n some enbodi nents of the
i nvention which include form ng the conpound of the
structure of Fornmula E1 and hal ogenati ng the conmpound

C’WH:é?f iﬁé‘ ‘@(”%ubshfhe?ﬁ P tthé’ conﬁfcﬁin@iféﬂtd’rrrﬁﬂa iF Btdhlogen,

onpound he structure of F 1 is a
prefer@blypmm@ﬂ@fudehyvgen dle (Xesuybstityent phthe compound of Formula F1i

is chloride, the halogenating agent used in Step “b” is a chlorinating agent
preferably selected from phosphorous oxychloride, phosphorous pentachloride,
and thionyl chloride, more preferably the halogenating agent is phosphorous
oxychloride. When a chlorinating agent is used in Step “b", preferably the base
used is selected from dimethyl aniline, pyridine, diisopropylethylamine, and triethyl
amine, more preferably dimethyl aniline.

In some embodiments of the present invention, Step (b) is carried out by
providing a solution of the compound of Formula E1 and sulfonating the
compound of Formula E1 by treating the solution containing the compound of
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 methyl
sulfonyl chloride. In some embodiments in which Step (c) comprises a sulfonation
reaction, preferably the sulfonating agent is methyl sulfonyl chloride. Preferably
the solution is made by dissolving the compound of Formula E1 in a solvent



In sonme enbodi nents of the present invention process,

the conpound of the "X' substituents in the conpound
w@booBoez2d a F 1 are chl oride, and sub-step (ciPCT/US2007/018305

am nating the conpound of Fornmula F1 with a primary

am ne, conprises: (a) adding a water and a base,

preferably K3PO , either separately or as an aqueous

solution, to the product m xture fromderivati zi ng

| Beetdhl] L8R bhgter 45y tREBEHNBN dorhPEses
selectegi ﬁgg} %?eet o*tﬁ oéﬁr%?cgblazﬁ%'; 'mgﬁ%b‘(:?ib)ké@)éacti ng a pr? rrgr ye
toluen@ni ne, or -a salt thereof, with the m xture under

refluxing conditions to formthe conpound of the
structure of Fornula Gal Formula Ga wherein R2 and R3
ah eofte deibotieatorkthel invention whicidinciudesfarming the compound

referred for the pripary amne used | j :
ot e B0 ErS 6 Pl Ba i Bllbg B VI8 oo RECL PRl
Step “Bf, préferabig Rl dihyinthas, fhé gonvdurrrel of the'structunr obF1 is a
preferably 2, the react,i thereby form ng a conpound
compaynd efgherftrugturecellFemaladsr nula G, Formula G 1. In

some enbodi ments it is preferred for an anount of
water to be added to the reaction m xture in am nation
sub-Step (ci) whigh ihﬁ\g%g‘aiaci ent to provide a
volunetric rati o ofyac itrile : water in the
reaction m xture o?%puuh/ 1:5. In some enbodi nents
where the "X" substitiyent is chloride, am nation sub-

Step (cii) conprises fTefluxing the isolated conmpound
of Fornula Ga preparedFin fifSmWaiFnati on sub- Step

(ci) in Nnmethyl pyrollidine with a secondary amne in
t he

In some embodiments of the present invention process, the compound of
the “X” substituents in the compound of Formula F1 are chloride, and sub-step
(ci), aminating the compound of Formula F1 with a primary amine, comprises: (a)
adding a water and a base, preferably KaPO,, 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 (ii) reacting a primary
amine, or a salt thereof, with the mixture under refluxing conditions to form the
compound of the structure of Formula Ga,

R2

C A~ =

/

N~
HN‘R3 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 (ii)” to be the primary amine salt of the structure of Formula Fia,



presence of sodium carbonate and sufficient water to
mai ntain a refluxing tenperature of from about 140 0C
wa o00abzzeo 160 OC t hereby yi el di ng the conpoundpP@f/US2007/018305
Formula I. In sone preferred enbodi nents, the conmpound
of Formula Ga prepared in first am nation sub-Step
(ci) is the conmpound of Fornula GlL, and the secondary
am ne used in second am nation sub-Step (cii) is an
am ne of the structure of Formul a Rat hereby providing
t he conmpound of For nul a% In sone preferred

enbodi nents, R2 is et yI us the conpound of the

structure of Formul a d G and the

conpound of Formula I pr ep re@ [ n t EpriduibF1Ae
onpound of Fornmula Il1. Formula G In one enbodi nment ,

wheretrh‘é\“m tos@ Preesably ¢h the reaplia thesehy FormiRe A CePPHRd
i tor conpounds (CDK inhibitor)
hav:n%)ﬁ'%’:%}r nuf"aé%??aFor%m;g I'l, the process conprising: (a)

reacting a refl uxing sol ution conpri sing one or nore
of an al cohol having 5 carbons or |gas and a salt of
the 4-ethyl-1 H pyrazol - 3- yhani ne cpnpound of Fornmul a
Oni th an anidization reagent 3@l from

di met hyl mal onat e, nononet hyl hl ori de, and

mal onyl dichloride in the presg ce of an netal

al koxi de base conprising an al koXy de noi ety having 5
carbon atons or less to formthe oduct having the
structure of Formula E

+
= N‘0‘ Formula G1.

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

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

of Formula l.

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

Formuia Ha

OH Ha



(b) hal ogenating the isolated product of Fornmula E
fromreacting Step "a" by treating an acetonitrile

w@ sz cont ai ni ng the conpound of Fornul a BPCHUSRDBOI8305
fromStep "a" with phosphorous oxychloride in the
presence of N N-dinethylaniline to forma conpound of
the structure of F; Formula F, (c) refluxing the
di chloride of Forrmula F prepared in Step "b" in the

@

pyr| g’gﬁﬁggﬁlﬁrﬂ#@&ggbﬁgul _ng)'ﬁrgjéﬁi% base sel ected
from pot assi um car bonate and pot assi um phosphate
tribasic (K ). and_a reaction medium sel ected from
acetonitrilg asd an etonitrile/water mxture to form
t he conpoundof JForfuha G Formula G (d) reacting the
i sol ated coppoun Formula G prepared in refl uxing
Step "c" wgh the,Nam no al cohol conpound structure of
Gla, OH Gla , by refluxing the conpound of Formula G
in N-met hyI pyroII jne In the presence of sodium
car bonat e aPlf cnxet water to maintain a reaction
tenperature 0?1 rom about 140 OC to about 160 0C,
t hereby yielding the compound of Fornula Il, Formula

and (e) optio aIJ isolatin C ound of
s oo AP Ba e 2 HE s BB SR St e
structdré&ﬁtF&ﬁwdraGﬂfsec&ﬁpsﬂﬁé i@ &rid tHeOcdripouhd ofFormula | prepared
anti-sol vent; 0 tlonally recrystalling the

in Step &Jp at\@@ogmqqggi of Formula

= —
b
Formula G

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

o- Formulall,

the process comprising:

(a) reacting a refluxing solution comprising one or more of an alcohol
having 5 carbons or less and a salt of the 4-ethyl-1H-pyrazol-3-ylamine
compound of Formula C
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In some enbodi nents of the invention, the salt of the
conpound of Fornmula Cin reacting Step "a" is selected

w0 e@szRad at e, tosylate, and chloride salts, pref/Esnbi/§18305
the oxalate salt. In sonme enbodi nents the solvent in
reacting Step "a" is preferably selected from net hano
and ethanol. In sone enbodi nents the netal al koxi de
base in reacting Step "a" is preferably selected from
sodi um et hoxi de and sodi um et hoxi_de.
enbodi nent.s preferably the Lew
is preferably selected from N N-di ani |l i ne,
pyridi ne, diisopropylethylamne, a Lrpethyl am ne,
more preferably N, N-di nethyl aniline. Bn sonBormula C
enbodi nents it is preferred for the refl uxi ng sol vent

enpMithean amidizagion seagenisaipeteddram dimethymalonalgy; e -
acet oM dhbiiim ;bmlgﬁgﬁa@%mén 1diéhiBAas v Rl pidsence of

Step "c" Ispre pot assi um phosphate tri basi c.
| n sompetatiadiride baseippmprisingan alkoxide moiety having 5 carbon

L el LB P Brgtyc PR g RS A STATE,

base used in Step "d" is selected from sodi um
carbonate and sodi um bi cgipepgte, preferably the base

used is sodium caponate( I'n some enmbodinents it is
preferred for an arffount” g water to be added to the

reaction mxture in thixi ng Step "d" sufficient to
provide a volunetricgratio of girethyl pyrollidine:
water in the reaction m xture of_ about 100:1. In saone

et dwlegenalingsthegselgted Reedyud of Formyla Edpomgeactipg Step “a”

r ef : : oY
0 18 a3 sl SERARF RS ool of o
r e\ isolatedfrom Gtept“epwith phosphopeus exyeiioride iR thepragence

al C%'?%,l\ﬁ‘&in?eth?@rﬁﬁ{eaﬂol flom\té' 88mpound of the structure of F;

Cl Formula F,

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

an acetonitrile/water mixture to form the compound of Formula G,
CH,CH3
= N
o N-pf
HN

Cl

(on Formula G;
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solvent. Detailed Description of the Invention As
menti oned above, and described in the '009

w@EuieBizaee on, conpounds of Fornula | (as defi nedI/Uus2007/018305
herein) are believed to have prom sing activity as
useful pharmaceutical conpounds havi ng CDK i nhi bitor
properties. The synthesis of these conpounds, for
exanpl e, the conmpound of Forrmula Il, is described in
dedyabhcii Soft T refluxing Ste
SBebol i 1 o ol B Foffbld G33spard¥n refiing Step
publ“ctwithdhg anine aeelekeompeund §éue‘uﬁ@ of ! éborrpound
of Formula Il is described in the '878 application in
Exanpl es 507 to 508, 509, 1000 and 1001 . These
exanpl es, as wellfasythe entirety of the '878
application are inco¥porated herein by reference. As
descri bed above, aAd with reference to Schenes | and
[1, the preparatifon % t hese conpounds in general
proceeds through% i %ation of a pyrazol e-3-yl-anine
i nt g5 ;WFe‘i' {,‘%gc
mal orfat eiugfrrfg onat g?%zﬁér@g‘@%mxﬁﬁgﬂgbwommha it the
mal qeresenck ei;sedluna cathaenate antosidticient waterdognpintaigea reaction
or d [ I
cycﬁﬁﬂeﬁgﬁ}r or msdt&)hélt ggpr gs%%%%gﬁgl%zﬁwg?tiy%eldmg the
, 5- ac}qmpomdiohEoEmEﬂaillone (forexanpl e, compound 13 in
Schene 1). S equent hal ogenati on at the ketone sites
(e.g. conpo nd 4) foI‘F'ﬁ?WétJ by stepw se anination of

the halide si¥ conpounds 15 and 16) yields the
desired CDK Nconpounds The process of the

pr esent inv |onH rovi des inprovenments in this
general synthetic sghene by either adapting this
process to either | ove the yield of the product in

sone of these stepS, ROODI nEng two, 0 f6 of these
steps into a onepot & FOmuld;%and™

(e) optionally isolating the compound of Formula Il 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 salt. 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 triethyl
amine, more preferably N,N-dimethylaniline.

12



synthetic schene, or alterations in the reaction
schenme and net hodol ogy which | eads to the provision of
waeoosieeemedi ate or product as an easily i sol ap@rus2007/018305
preci pitate which obviates the need for
chromat ographic purification required in the
previ ously descri bed processes. Accordingly, each and
several |y the steps of the process of the present
In 488 UMIBSHIRRIAE itSE p?é‘fe'n@éf 1@‘:‘@1% FHMIARG isBlvedt eh’itﬂoyed in step
preparation of razolo[ 1 , ri mdine conp
“c” to apreprise esfetlgmﬁ%waée'b @@mggedéme W@W'F}%“S 8‘?‘8 base
usedlﬁgﬁéhfgﬁkgﬂeﬁﬁéb Jﬁﬂééﬁbhappﬁg%R%bQﬁBEQm[lné%mﬂ

e appreci ated that each
embooamérseuw shlt pf p;mdnnrawbmfbmlamme-t-bmdpr gsedin the reaction is

i nventiq be incorporated into the previously
the d'W@é@&'B@aG@ﬁt hetic process to provide an inproved

synthetic process for the preparation of conpounds

wi th CDK i nhibitin ert| b oved ste
In SRDETBRROITBLS 1o DaBe e BrSteRc an SOk e Fiufy
carborétel dFRf &Ycﬁdrr%l@ﬁftﬁfmftér piéﬁ@rdﬁl@’bﬁébé@e @bed is sodium carbonate.

oro l
In somﬁoiermhoglilIrﬁlgmsrvn'gj iéw%ﬁzeg%&ad 6%%@\4 e Hgaetﬁggb :?(qd@ tgrthe
reactndr’f‘ﬁﬁiﬁvl\&ﬁ@ irﬁFé?lu&ﬁf&)StHbj@d”Wlélgni ﬂﬁpﬁiv'idé?h%ﬂjrﬁétri&l’dw' &F N-

rein R27s a linear, branched or 1ycl i c al kyl
methygmqlbdlrm watesinshpsegqien nwattﬁgai@th%ﬁ 108y
alternatively, its subsequent sulfonation, carried out
in accordance with Schenme I11.Scheme |11 Step 1 -
In someearnbadisneras pising optipnal, isoldtipgrster de'n d-is pref@rgekto use
ethyl 4«\%“?5’[% %Heéigﬁta'té ﬂ?e?é%hdg ?@C%ﬂec&mﬁéfﬁﬂé}ﬂé il Biitional
recyrstallization step “f" it is preferred to use ethyl alcohol as a recrystallization

solvent.

Detailed Description of the Invention

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

cyclization to form the corresponding pyrazolo{1,5-a]pyrimidine-5,7-dione (for
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acid selected fromoxal ate, tosylate, and chlori de,

"n" is 1 or 2, "nm is the charge of the anion, and is
w@paoR®e27220 or 2 dependi ng upon the ani on speci eBCT/HSH07/018305
"G' is selected independently for each occurrence from
a methyl group and chloride, Step 2a - Formation of

di halide fromthe pyrazolo[1
, 5-a] pyri mdine-5,7-dione: F1 where R is defined

examﬁ\@%@mp@hnd&@ﬁx é@hem%of eSS qiierflingtbdetiationt éﬁﬁbtl‘f&one

pyrazol o rimdine-5,7-di one: ere R2 is
sites (@ed. mmpqm é4h owed by stapwise @minglipg atdhe Prlige §t§9$ (e.g.

t"
compdiiud’ s Bl 16 il 18, ddtire COKTintHgr Bompdlfyc?

i Tive pracesshaftbesurepentinnghtjor provddes #mpeovesmentsdn this general
synthgrltfe ai(;:(%ﬁomns ya?ﬁ?eercfacgﬂﬁtﬁ%ntg\%( %}%g:%g% gﬁrﬁi‘ﬁ%@“g oa/eathe yield of the
produgl_ailrmurﬁeaﬂ Itlﬁemtbpsabomblmlaggwgtombw bethdseosteps into a one-

I nat ' 1t t
pot syRRIIRAGITE: Gy oS iR e frRrctien Sifticre 2pBPemotolsay

whlchr[@é@é( to ﬂ'@ﬁﬁdws@hhﬂfari inteei atéﬁir, pr@ﬂdct as an easily isolated
loride (both "G' substituents are chloride

mal onyl di c
_precipitatg WZ"‘BT ekwiates B’Ye Reed {prehsamatpgraphic gufmqq}f%gequwe)d n
the prBf/i%h@Rr déddriHdd/piceedbss ! AekoriRGI9t 8AcH R ééﬂ/%rally the steps of

1- position nltrogen on the pyrazole ring el di'n
the pre@eax%gbmﬁjp@emme w@rls%aﬁympé@\r%d svatbesisfor the
prepacy% ze&ﬁn Sl u t 0 dﬂt‘%ecfcﬁgag%'?&rg‘e%%ﬁﬁﬁ%e i tie
procepsesideseibed mm]qowamtmhﬁétl@ﬂ ken prepa(aion otaaymzplo-BeS al-

pynm@ig'&!e xllngab‘ﬁ dsng{ ggftgé’%gﬁo iett tYqu 8L AL Shvithiiytrean

and
improvements of the present invention can be incorporated into the previously

described synthetic process to provide an improved synthetic process for the
preparation of compounds with CDK inhibiting properties. Each improved step is
described next.

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

RZ
D G
_
EN\N/
(o) E1

wherein R? is a linear, branched or cyclic alkyl group, and its subsequent
halogenation, or alternatively, its subsequent suifonation, carried out in
accordance with Scheme lIl.
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diacid salts can be enployed. Thus, for exanple, the
acid salt can be prepared fromoxalic acid,
w@2a08loy=ed f oni ¢ acid, or hydrochloric acid suchCT/bs1007/618305
the corresponding salt "A" is oxalate, tosylate, and
chloride, respectively. Mreover, both nonoacid and
diacid salts can be prepared (thus "n" is 1 or 2
respectively). Both the nonoacid and the diacid
speci es can be prepareddisne fijt her nonoani oni c
species (for exanple, p-tolysulfonate, thus "nf is 1)
or dianionic species (for exanple, oxalate, thus "nf
step 17 EQlRiPa YL AteableEF S ARVIGRE.E2 ORI TG Y
correspondlng acid, for exanple, oxalic acid,
tolysylfonic acjgdl, and hydrochloric acid, togz
preC|prfateNH5e>pect|ver, t he corrgﬁpqmdln oxal at e,
tosyléte nd chl ori de seHjcob®).gener oxal ate
sal t rﬂﬁerr=d in th of (I
Nbreoqer Nt heH! n¥ditor s haeenaound thatll conver si on of
t he pyraz? -3y am ne free base conpouﬁa to a salt
sel ect rom oxal ate, toMpChYRefluynd chEdride prior to

ere B S0 838 S5 1 BT MM Moy

acid s@hébté?d)frﬁn‘n?d*alafé REsYIARE apRiSchIEHHE 0N n $)r22 Vire ¢otie oiharge of
with a hig affinity for. netal élﬁrfaces Thi s aqi
the anian, (A STBT drOT S EEPROGING WrPn B8 AI0R SRS A 5 P
selectbd d&EridePRy if6r éaéﬁ Vcufrehta Plopn hGheRABRIE ahd chioride,
production uSing ordinary production equl pnent and
techni ques. Step 1 of react| on Schene |1l utilizes a
Step 2"é9f IFSHag ﬁ%f‘éﬁt‘iﬁhc{eoff'@ rafod| £,800by %l(ﬁnéfﬁ JPbene
ons or ess erably the react’i on sol vent
seI ected from et hanol, and neffianol, nore prefer abI Y,

met hanol .pgdiwi | | b&agpMeerst ed,
E1 p)
Acetonitrile \ N\N
Base Cl
F1

where R? is defined above,

or,

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

. R2
4
R*-S0Cl R70:S /Njég
El - N
Acetonitrile

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

group.
Amidation/Cyclization “One-Pot’ Reaction

With regard to Scheme lll, Step 1, the inventors have surprisingly found
that a “one-pot” reaction can be carried out between salts of 4-alkyl-pyrazol-3-yl-
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dependi ng upon the refluxing tenperature desired the

reaction m xture can conprise any al cohol of 5 carbon
w@ar@a®21eo | ess and m xtures of two or noret herrOf/pS$001/018305

exanpl e, isopropanyl. O her non-al cohol solvents can

be enpl oyed so long as the reactants are soluble in

themand they reflux at a suitable tenperature, for

exanpl e acetonitrile and tetrahydrofuran (THF). In

ammeg(@i‘ﬁ) FonpurRAahd Amaloridiaéid émfcﬁiétiéfﬁﬁéd@élﬁt selected from

hr ofmat ogr aphi ¢c_nmeasur enents i ndi cate that

dumetmémlpaﬂte @aibrigl’ éubstna@niswar%meéaylby“pegmqﬂmdmaé%dt:hlorlde
(one é éhﬁgllﬁ%‘ﬁt % ag{etth){l %W@%@h%g gsf:’ﬁ’l HQQ réﬂm'rﬁ?’onyldlchlonde

reac he above- eac i on
(both ‘é@hmbstmuemtb@reeﬁmrldﬂ) in e paesgneacqla Lewisibaae haying

surt e 8 Al 48 AueBL & T HoPEPR T sRlE, A58 Bhne
pyrazglerrimy y(ﬁldhgmebespoddlngouammmlalamd nidhyiester addwacts.
di zat [ on/ I izat]j. onh%&act

Undergfip,igh SeB5UST oA iRy eviine B s Produce the

corres%ﬁ:f\timd JaQoRﬂ$@laﬁ)Slrlﬁw|@ifn@tdmefdr@”foE1be As WilSthé i lapﬁrecuated for
mtrg:gen of the razole ring. Suitable Lew s

compeyd Gdb. NBriays aricbsalioa betpisyegandpeih R TegapraRd and

dmmd'éélt@'d&ﬁ bé‘@?h;ﬂ@?éd’s Thu8) fJrlesnsisie, tH@S&l@'s‘&ltt&ﬁw be prepared
koxi de portion of the complex is selected from

from qnah@@lcgd -telysiipniaaaide gk hydroghieria aei sl thgt m e bon
eLs n t f

conesfi ik oo SRIBRICp! sha G iR Moreowe

both rseppagid @ndodingie, sallsi ean be dirapaiast (lons G Bl ‘h@z respectlvely)

Both b ThERSd SFRAHE RIS S Ean PereBifed BB bivlor
monoaniphityspEciés (foe exapiple, pHtolysyifenate ethugl “minis g qrDliaipnic
speciég {fSF QXAm%iE %Qaggﬁhusp%%sé)ymn 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 hydrochioric acid, to precipitate,
respectively, the corresponding oxalate, tosylate, and chloride salt. In general, the
oxalate salt is preferred in the reaction of Scheme III.

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

production using ordinary production equipment and techniques.

Step 1 of reaction Scheme 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 alcohol of 5 carbon atoms or less and mixtures of two or more
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phosphate tribasic, 1,8 diazabicyclo[5, 4-0]undec-7-ene
(DBU), and 4-di net hyl am nopyridi ne (DMAP). The net hod
w@booslz72pr esent i nvention presented in Schenme PAT/US2007/018305
provi des an additional advantage in that at the end of
the reaction, quenching the reactionm xture with water
and adjusting the pH of the m xture to a pH of from
about pH 2 to about pH 5, preferably pH 3,
reei S; u 1 r t [ ed
ot et ok A i
so longi as the leactantsaresidlublaan themiand theyvoieHus @t apttiitable
£ i pati L otar . . 3
tempdtifire, i ilindp dcsfonHiE Rt Ry aRftular (V1) 2Hr Gengral the
reactioamikitirads vsfiweedyntidhiroinatographicomeasutgmeidis indichiattinat the

.as.needed to brin h aof . the.r 4,0 ]
roacti 0 BBl bRt Rl b BHERE 408 b i pyrazote
compbandh dernBitis Obirestted Unideatind abeve-destribed reattiorscohdition the
hoxi de and t he oxal ate salt

et I f the
reactigh yRIGRI AU SCARYHL L AW REuGe Risferablyiragapts and
reactifh k8haiRnisSare’ slb6ed tbitomple) thedledctiominapridiDés from about
about 90 % based on starting pyrazol e conpound. \Wen

10 hogphiearleRut#Q ROHIS-ypi cal yiel d obtained fromthe
di ket one preparation described in the '878
publication, an increase in diketone yield of at |east

abbetaraidizativaieuslisatien actien gyPehame U inpover bya Lewis base
' o Chvitizat ) . _
enin S5 R 8t Y e fonincogan o
the pyrazolgrrings t hat by enpl oying the procedure illustrated
in Step 1f Scheme |11 the di ketone internedi ate can

bE' @rovip d as a precipitate which can be isol ated by
vae tration for use in
A NE g7
NN
bl
1 1

- ————

Suitable Lewis bases include metal alkoxide bases, for example, sodium, lithium,
and postassium alkoxides, wherein the alkoxide portion of the complex is selected
from linear, branched, and cyclic alkoxides having 6 carbon atoms or less. In
general it is preferred to use sodium alkoxides selected from sodium methoxide
and sodium ethoxide, which sodium methoxide being preferred because of its
commercial availability.

It will be éppreciated that other Lewis bases can also be employed, for
example, diisopropylethyl amine (DIEA), triethyl amine (TEA), potassium
phosphate tribasic, 1,8 diazabicyclo{5,4-0lundec-7-ene (DBU), and 4-dimethyl
aminopyridine (DMAP). '

The method of the present invention presented in Scheme Ill provides an
additional advantage in that at the end of the reaction, quenching the reaction
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conversion to the correspondi ng di halide, thus

elimnating isolation of the am de internedi ate and
w@eosfead i on by chromat ography to provi de theP&EUS2I967/018305

In accordance with Schenme 111, once obtained,

preferably the precipitated di ketone is isolated by

vacuum filtration and dissolved in a suitable sol vent

for conversion into the dihalide. Suitable solvents

mixture\@ith %téroéh'@ %@juéﬂﬂgﬂﬁ@’rﬂ-ﬂ of i mikthir& Yo agsH of from about pH 2
acetonitril e, th acetonitrile being the referred

to abay pFbfi¢ prerﬁ?rabéw ab'r $, preptpéﬁat%mesemﬂca gytarelerpyamidiae
drketo‘?r% éalg (13) SvARMECAN be dmt.détkeiyor&dver@@wenﬁ%d rrﬁes

orlde by refluxing a sol’ution containin
ehmmatmetttam ehgratograpicpwiiiceloo et dhe idermediate gnelsfmé étages
r i
neces TRl U BeanE, W LR P b P BBk Pagaition
of amaihis dfeH@b:m EaDH ad ndmteddbl"tmngaﬁmepHmirtheeeacmdm mixture

ithi Ib $ reci ated that the di ketone provided by
wi 'n§ 8\rls\jef"8 r?ﬂ Schene II1 process can be isolated for
use in other reacti ons for exanpl e, ot her
nati on r.ea ulfonlat onreactr
o b8 e SrRrSG Biethepekis & solvent with

sodiuf megioxidednd nhewerai@rsaﬂ or/lthb 4-8% ppme&mswdeﬁﬂrre [©t),
in the abovenenti oned ' 878 publ i catl on, and thereby

provi de desirable COK inhiGit& c ounds. Once |t he
di chl oride conmpound F1 is gbtaiji@d in accordancg with
Schenme |11, conbining the rleact Pi gt ure Wgh wat er
will precipitate the dichldride "borrpound Bsor di ngly,
the dichloride may be obtaijned in a form suitablie for

am nation either as described bel ow or i n accor d&@ie

the covrylretsrr]aotnG?nga&ﬂ\é{ednrée%tr.')r% A6dea i 8 N 48! 588rh Ubout 80% to about

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

Diketone Derivitization - Halogenation of Diketone

The inventors have been the first to recognize that by employing the
procedure illustrated in Step 1 of Scheme lli the diketone intermediate can be
provided as a precipitate which can be isolated by vacuum filtration 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 lll, 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
acetonitrile, with acetonitrile being the preferred solvent. Preferably, after
redissolving the diketone, as shown in Scheme lil, the diketone is converted into
the dichloride by refluxing a solution containing the diketone with phosphorous
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D ketone Derivitization - D ketone Sul fonylation It

w || be appreciated that the di ketone provi ded by step
wda2eB/or2e0 Schene |11 process can be converted POI/ES2007/018305

di sul fonyl conpound of Formula F1 (above) wherein the

"X' substituent has the fornula "RSO20-", wherein R =

Aryl or Methyl. A sulfonyl internmediate of this

formul a can be used to provide a conpound of Fornmul a

oxychllondléslh '}ﬂe ?&Q&Réeﬂ& a ‘%ﬁﬁébl‘érﬁaéi.ﬁ $6F bR&Sphe 'l\‘PN Hi‘?néth?lamhne

are carri e out usl ng
tnethym:mm Wsdmebadldhad)l@f@@m&i'@@wafmmendd wilt be appmmated that other

di chl oride of Forrmula F. Sul fonylation
basesé%ﬁﬁ%%%gg%%ﬁplished by treating the di ketone with a
sui tabl e sulfonyl chloride in the presence of a base,
f t he hal L,.on r ction rib
A7 wibe aRprodEL ok U ikERphs PlfifSa by FEe o8t fig soneme

proceé@bﬁﬁ Ibelikbrite/d edv @5e iihebt&éd rédctions, for example, other halogenatlon
ryl sul fonyl chloride. First Am gatl on . React.i on 15 r‘?B
ich carr be

reactiond ang syfonyliafion: reacligns R previde Ahierrediate W
furthef ﬁéﬁﬂ&nﬁ&n%&%&%@%.th hRe| 'ﬂi&@é‘ééééedﬁ(ﬁib%‘éﬁn 38 dRve-

gy repare conpounds of Fornmula | _utiljzing
mentncpme@. @spybIMm ped theraby:previdecdesiraiie CRIRdnhibitor

compbﬁW@é‘t ors have surprising found that utilizing a
primary amne salt in the first amination reaction
provides process inprovenents. Accordingly, the

iﬁ\ﬁ?@ﬁﬂ{eﬁ i ug:mg gﬁm id sufa%écfm a&é&aa 89 with £8Reme

aceton € SO € pyrazol o-pyri m |ne _
I, codiblimih'gdbecea@mmmnxturﬂawdbrvpmndvnkbpr%pmmath&ﬂlclvmedei n

comphi, AgsHTblL I lichirfel bR bR LA o suable for
aminatiphegither aémemMMOWforan EdosedgnaeTwith tealaboveleestioned

878 plu%"ggtegrl‘pl tated fromthe

Diketone Derivitization - Diketone Sulfonylation

it will be appreciated that the diketone provided by step 1 of the Scheme lll
process can be converted to a disulfonyl compound of Formula F1 (above)
wherein the “X” substituent has the formula “RS020-", wherein R = Aryl or
lViethyl. A sulfonyl intermediate of this formula can be used to provide a
compound of Formula Il using amination reactions described below in the same
manner as they are carried out using the above-described halogenated
intermediates, for example, the dichloride of Formula F. Sulfonylation can be
accomplished by treating the diketone with a suitable sulfonyl chloride in the
presence of a base, as for the halogenation reaction described above. Preferably,
the sulfonyl chioride is selected from methyisulfonylchloride and an
arylsulfonyichloride.
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reaction mxture a first am ne adduct in a form
suitable for use directly in a second am nati on
w0 e@sn2naeo (descri bed herein bel ow). Accordi ngl BCT/U/82007/018305

exanpl e, a dichloride or sulfonyl obtained as a
precipitate from Schene 111, Step 2a or 2b, described
above, can be dried and enployed in a first am nation
reaction in accordance with Scherme IV (il I ustrated

with the dichloride) FigeheRatidoh Weiction =1 or 2,

ChGinagh it o Aapiaalon 3l TR REBRON Pl el

prepa?él* Hg el i \%rmvé o%éi‘cé‘n%sﬁn Ryeabahe Pa?b BasPounds of

ted rom pot assi um car bonate and potassi um
Formgadsitiizing previnusly deserinedhaminratian (eastipassihgninventors have

surpris g%ﬁﬂﬁé?gé{e ir‘@%?'lﬁi( ﬁﬁy V%@%eeai H{He%n??%rrﬁ%l’i é%ctlon
provides pmoess tmpheveanéntst i Aocardinglyi, dne mmnorsema\te(smmnsmgly
o5 A P e o B o
compé@thd é eﬂc;ﬁm bgn@fw Fb@m@l@FWﬂMler@hgﬁer“Xbbyb*sfteent is a

rochl ori de esired.am ne i
nalog@ i paPRRIRCLRS BEsSabea Aboue MR PSR Pinshals fiasi and

water‘iﬁfﬁ@b?&erfc@ oﬁd@ﬁﬁié?%/ anhinen dam, tieerehie PracipRateer f@émQhe
Gsaka, Japan. The sa can al so be Elﬁ r epar ed

reactipn gaikfurg a st amine agdust ip 8 dewmstiable far Haea"@&t'%.'fe ggpcond
amme{tﬁ% r%%bﬁon"bhé@é’hﬁgh hérdis bBlf)er red to use tripotassi um

phosphate (‘potassium phosphate, tribasic) in the
am nation reaction, it will be appreciated that other

d r
AR s gty SR e g precionar
from Sehemell pStemarny 2 described ahove, ean berdrigd-and emmloyed ina

first amination reaction in accordance with Scheme 1V (illustrated with the
dichloride).

Scheme |V
R2
1. K3PO
F1 Kol > O ~=
2. Acetonitrile/ = N‘N/
Water
+ HN
HoN
7
/
il * nHCI o NE
x Nto_ (@)
G1
Fla

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

Thus, the dichloride F1 is dissolved in Acetonitrile, which solution is mixed
with a base, preferably a base selected from potassium carbonate and potassium
phosphate tribasic, more preferably potassium phosphate tribasic (KsPO4) and a
sufficient amount of water (preferably 1:5 by volume, Acetonitrile: water) to

promote the amination reaction under refluxing conditions. As shown in Scheme
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i nventors have surprisingly found that a ratio of 1:5
by volune of acetonitrile : water permts the

wa@pios@arizen reaction to run to conpl etion (det epei/nszboTg18305
chr omat ogr aphy when | ess than about 5% of the starting
materi al remains unreacted) in a period of about 6
hours, as conpared to the reaction run under the
condi tions described in the '878 publication (no water

IV, elt%reﬁtg%?)n%)yﬁtbcfrﬁ&%é %éltg%f—' # s JrzlthHﬁfdrb@hﬁﬁfBél @élﬁ(“n" =2),

ectin priate ratio of
can bé bmmwﬂd |pmeferrahlykiberdjhydr@cbmmieesalbﬁf the desiead @mmﬁ is used.
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Daito ﬁ?@hﬂx @gorbataraabnammaagldpa? lir)he?etmucana%o be preprepaded by
e product_in a ta orm f.or
treat'%@nmwg%é&w‘%‘ﬁ A% Wreé’ﬂtﬁt%ﬁ" aélncrl bed bel ow)

directly without the need for chromat ography to

i solate and purify the product ti ona t he t
of ARG i DrSTeHbate UsRirpaEssiuy AasptrlY (Refashiim ¥

phos;ﬂ&fmi’éJI L{ﬁbaéle RthRCARTHtioN reRiciBhSH will Kb Wﬁbre&ﬁt‘éﬁ‘ﬂwat other

eact| on In sone enbodi nents of the pr esent
bases mhe |employ¢fé. foy exagpig.1sodjuny prapweanqﬁpd&m\ iicarbonate.

Altho@ﬂfﬁ%t arﬂbuﬁ%ﬁ& rteedPinHd ldg‘lh%%‘ébﬁéﬁ‘i§n&1 &hlc%arll the

her derl vatl z am nati on at
inven®ors hhve supuisingly riound dbatoa aticcof Wit tw wlvene of/aceieaitdle/

wator B R P Ra o oo (PP el b isatsn
chromtogidphly wiyemlassi than(athdRit 5% of lilee ptagtieg cratefiab mams

unreagferég gr? %ﬁer{qu %f %I%?@eé Qﬁnpsu Ys @Jmﬁ‘@lte?fro HBS%68clibn rén under the
conditions described in the ‘878 publication (no water present) which requires
nearly 72 hours to complete. Typically by selecting an appropriate ratio of water
the reaction can be run to completion in a period of from about 4 hours to about
10 hours. The reaction conditions of the present invention also boost the yield of
first amine adduct by about 10%, and provide the product in a suitable form for
use in the subsequent second amination reaction (described below) directly
without the need for chromatography to isolate and purify the product. Optionally,
the purity of the product can be increased by reslurrying the product in an
acetonitrile/water mixture.

Second Amination Reaction
In some embodiments of the present invention, the pyrazolo[1 ,5-a]pyridine-
7yl-amine adduct of Formula G1, prepared in accordance with Scheme IV, is
further derivatized by amination at the 5-chloro position in accordance with
Scheme V. '
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anmount of water in the systemsufficient to maintain a
refl uxing tenperature of from about 140 OC to about
wasesoer22-or exanpl e, when the solvent in whi cPCT/082007/018305

refluxing step is carried out is NW, it is sufficient

to maintain water at a |level of about 0.1 Min the

sol vent to provide the desired refluxing tenperature.
Dependi ng upon the refluxing equi pment, however, it
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The inventors have surprisingly discovered that too little water leads to the
formation of a high level of impurities in the reaction product which impedes
separation of the product from the reaction mixture. The inventors have also
found that when too much water is present in the reaction mixture it can slow the
reaction rate, requiring undesirably long reaction times. Accordingly, it is
desirable to maintain an amount of water in the reaction mixture that permits reflux
in the temperature range of from about 120 °C to about 180 °C, more preferably
about 140 °C to about 160 °C, and most preferably a refluxing temperature of
about 150 °C.

The solvent in which the second amination reaction is carried out is
preferably NMP, however, this step may be carried out in other high boiling
solvents, for example, N,N-dimethylaniline, dimethyisuifoxide (DMSO), phenyl
ether, dimethylformamide (DMF), di(ethyleneglycolmethyl) ether, and anisole. If a
sufficient amount of the secondary amine amination reagent is employed (with
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serve also as the solvent for the second am nation

step. In general, the solvent enployed in the second
w@pdosaeizen step i s used in an amount up to 10XP€T1ES2007/018305

vol ume of the am nating reagent, but preferably an

amount of from about 1X the volune of the am nating

reagent to about 2X the volune of the am nating

reagent is enployed, preferably about 1.5X the volune
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serve alslocas the sculbsnt‘@tféhwseﬁﬂnd amigatien giamatregeneiahibeselvent
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vtam RS aSeRbaie SR BRHE 2Rl 88 A eacen
is employsdprefdrabihatoutor. 5Xytheivolank)df thelasinatiegreagent s

preferred for R2 to be a |inear alkyl sustituent of
four carbons or fewer, and nore preferably, R2 is an

eﬁlﬂé’ bnﬂmﬁtdf‘ljé%@us(enqs'%r@f&hmy g wsapbhi zmt(nwm) the amount of

Typically, the second am nation react| néfl more

chlonctempb%tf@t@ whieh is @ REASBINE (5 TEERRR OF
prefer?&@rﬁérﬂ%ﬁ(}mt‘ﬁ b9enid & BBbEt 'i‘ﬂ%n@l%eé}nég Ag lﬂﬁ?ﬂmo@ peeferably

second amnation reaction is run to corrpletlo
the baseds gBesentivarpamennt aheut AXdnelerrelativadotheRmaupphchloride

subst?‘a?%‘ﬂgebhat the product (compound of Formula H1) can
optionally be isolated directly fromthe reaction

m xture by quenching the reaction of Scheme V with

YRESu G B2 thE GbbU8-dediBriBbY syhthetld frocedures can comprise any

linear, branched, or cyclic alky! substituent, it is preferred for R? to be a linear alkyl
sustituent of four carbons or fewer, and more preferably, R? is an ethyl substituent
(-CH2-CH3).

Crystallization
Typically, the second amination reaction is considered completed when

from about 90% to about 95% of the starting chloride substrate has been
consumed. Once the second amination reaction is run to completion (90-95%
consumption) the inventors have surprisingly found that the product (compound of
Formula H1) can optionally be isolated directly from the reaction mixture by
quenching the reaction of Scheme V with water and extracting the mixture with
ethyl acetate. Typically, the reaction is quenched with an amount of water based
on the reaction mixture volume. After extracting the product from the reaction
mixture, the ethyl acetate extract is concentrated under vacuum, following which
the product is precipitated from the concentrate by adding a mixture of ethyl
acetate and THF to the concentrate as an anti-solvent to promote crystallization
and subsequent precipitation of the desired product. The precipitated product is
sufficiently pure that column chromatography is not needed to isolate or purify the
product. Optionally, however, additional purity can be achieved by recrystallizing
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ethyl acetate. Typically, the reaction is quenched
wi th an anmount of water based on the reaction m xture
WO odoane7220Af t er extracting the product from t heP€EESI00D08305
m xture, the ethyl acetate extract is concentrated
under vacuum follow ng which the product is
precipitated fromthe concentrate by adding a m xture
of ethyl acetate and THF to the concentrate as an
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I npr ovenent present invention synthesis wll
proceSgrera@heragpcalblaﬂugtramm@@@em@g/dt her in the provision
of the conmpound of Formula Il in accordance with the
synthetic procedure schematically illustrated in
Scheendne VI. Schene VI Step 1 - Diketone synthesis

Step 1 — Diketone synthesis

NHp CI N
J _ICHa(Cone)z w/\@ POC ~ T{
N - N x-N~N

N OxalateJ MeONa N Acetonitrile
H

Cl

c MeOH E F

Step 2 — First amination using primary amine

F 1. K3PO4 Cl i
2. Acetonitrile/ S N‘N/
Water
" HN
- 6
= Nt __
| o * nHCI 0
N? G
Fla

wherein “n” = 1 or 2, preferably 2
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Step 2 - First amnation using primary am ne Fla
wherein "n" = 1 or 2, preferably 2Step 3 - Second
wa@pdodarizen with secondary am ne Accordi ngly, iPCBUS®0L018305
di ketone E is provided by reacting a nmethanol solution
of the oxalate salt of starting pyrazole "C'" wth
di met hyl malonate in the presence of sodi um net hoxi de
under refluxing conditions as described above.
h ; Wl A d "Pis formed from
Step %@é?@%ﬁ%&g&%ﬁrﬁ%ﬁeﬁggﬁggﬁggﬁﬁg preparedq in Step 1
by treatnment of the diketone wth pMosphorotys

oxychloride in acetonitrile in aégQ D th the
procedur s scri bed above. In Step 2, the iBol ated
di chl ori ound "P is converted t o MrNst anine

gduet by am nati ' i ngopcetopntrile/water in
t he preserice of Wa@PO4 and the conpound of JFornmula F |
a, Fornupbg F laN-wmetbyl@yrofidine 1or 2, undegswef | uxi ng
condi tion 1i n ategf@ance with the procedurés, descri bed
above. Préelérabl y, the dihydrochloride s W~ Fornul a
Fla is enployed, thus "n" = 2. In Stegmlaof Schene VI,
the isolated first am ne adduct conmpound "G' is
converted to the second am ne adduct by treatnent with
Accordingly eihcs ,Mfgl;@tbhérm lki;s bﬁtwm@dlggi ré&dwig air?eﬂ"laetol solution of
presence of sodi um carbgpate an race of water in
the oxBlate SRRl KFRDGAYBIPBI L, MR Sy EtioRated’ ine prefence of
sodiurEfrﬁéﬁﬁiakil cﬁuﬂg}ﬁﬁféﬂﬁfﬁﬁ} '@tibﬁshsaiels%cﬁb@dwm@_ u U%éffbafter, the
Q :
dichloggé\r;quogq?ggpqq “I'-{’,’gé ?Q,rlgrgeg ?r\gsrr@ %péiesno?artgd dql?gtglt\éa %c;rr?gm?nd 1;IJ:"]”e
prepared in Step 1 by treatment of the diketone with phosphorous oxychloride in

4

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 acetonitrile/water in the presence of K3PO,4 and the compound of
Formula Fla,

HoN
1, - nHe
\ - —
o ! Formula F1a, where "n”" = 1or 2,

under refluxing conditions in accordance with the procedures described above.
Preferably, the dihydrochloride salt of Formula F1a is employed, thus “n” = 2. In
Step 3 of Scheme VI, the isolated first amine adduct compound “G” is converted
to the second amine adduct by treatment with 2-piperdin-2-yl-ethanol (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 Formuia il.

There follows a general description of the provision of various starting
materials which may be useful in the above-described synthetic schemes.
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materials which may be useful in the above-described
synthetic schenes. As described in the '878

w@emBkiozaed on, the am nopyrazol e conpounds usedPCTIUS1987/018305
synthesis of the present invention can be made in
accordance with the follow ng Schene VII. Schene VII
R2a KOOBu 1 HCOCO2B 2 3 Thus, treatnent of a starting
nitrile with potassiumt-butoxi de and ethyl formate

9A¥ %%s&hﬁ@d ﬁﬁhﬁé“’%ﬂsrﬂﬁ’dlﬁ‘éﬁbﬁt BieSiiRinopyti 8 céPiibunds used in

reat ment drazine gives the desired substltuted
the symlmam obmeamsent muentignsem ke mada by acepydance withdhe

e comercially available, for exanple,

kmowﬂ%ﬂ%&ﬁ%ng@Fonate fromAl drich, or can be prepared
fromthe reaction of alcohol and the appropriate

ic acid derivative, for exanple, malonic acid

Schergfa”\g ide available from Al drich, in accordance with
known esterification reactions, for exanpl e, thase

di scl osed in Organic Chem str N3rd editi Nbﬁ/g
l\/brrl;ﬁn 3@‘ B | yn acon _Nete, The N

am nopyfazi ne Nilc%b used ilh the reactions o'? N he
present 1 nvention caﬁ be prep@Hed in accordancehwith

the '878 publication, as desczibed in Exan'pl es 398

ST RN N TR T T——
gives Ns@xtbdge wbtmeaede iemol Qtwtﬁlch sipoantremtiman witahyd@zine gives

shown hel ow i n Schene VI
the deswed substituted 3-amr}nopyrazo e.

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

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

Scheme Vil

H
NH, 'ﬁ'\n/o\|< N\n,o\|< NHz
(o) N, O HCI 2" * nHCI
= | t-BOC, &= | Oxone, 6 “ lN .
N N A N‘O (0]

Accordingly, to a solution of 3-aminomethylpyridine (1.41 mL, 13.87 mmol)
in CH.Clz (50 mL) was added BOC,O (3.3 g, 1.1 eq.) and TEA with stirring at
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Schenme VII1 Accordingly, to a solution of

3-am nonet hyl pyridine ( 1 .41 nL, 13.87 mol) in
w@RkDen272660 n) was added BOC 20 (3.3 g, 1.1 epCl/uszed7/018305

TEA with stirring atroomtenperature, the am no group

Is protected in step 1. Followng this the reaction

m xture was diluted with H20 (50 nL) and extracted

with CH2Cl 2- The conbi ned organics were dried over Na
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(250 LS e acbe droporise 1o AT Bb-BHHSPe i Theradgo s
sturred? laV Qo@n‘i’!‘é'rﬁ&r&ﬁ]rbcb\ie%n@ﬁ ditted wWihdCH2\8R (%Um%d fitered.
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reduceplmresm| torgive awhnte |S§ll<a|(%d Javars mlca %3 aMFthZQﬁ e

of commerce, as described above. The stereoi soner of
t he 2-Pi peridin-2-yl-ethanol (Conpound Gla) used in
t lrethedaststepntheapiatactesbaminmNrexide coprpqundwassstirred at room

tempéjrgﬁﬁfei iR ‘i‘i/l il-fbltin%icl))gr?e (0.97 mL) 2 hours to provide 3-amino-methyi-
pyridine-N-oxide-hydrochlorides. LCMS: MH*= 125. The dihydrochloride salit is
also available as an article of commerce, as described above.

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

o

OH Compound G1a

Accordingly, the S-isomer can be prepared from a mixture of R and S
enantiomers of piperidine-2-ethanol (127 g, 980 mmol) in 95% EtOH (260 mL)
was added to (S)-(+)-camphorsulfonic acid (228.7 g, 1.0 eq.) in 95% EtOH (150
mL) and the resulting solution was warmed to reflux. To the warm solution was
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publication in accordance with preparative Exanple

500, which is incorporated herein by reference in its
wepiosozge Accordingly, the S-isomer can be prREHUSH07/018305
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FS3 @Geﬁi-lrgcﬁnét%f ?‘M% |€ih02’§rhéﬂ{arfcﬂ?cgrﬁp°dmﬂ G#H} can be prepared

stitutin orsul fonic acid

by espentiallyi the! s,am@ PrpC Lg@rsai ifoh abevedaothegdsomepfutd.

substifipd Al gt ranifarie ot Apgbngl, (FRREREre #manol

was preparde {1 27eg)afclbct ¢$.35(CHOKBRECe@2Mi ch, unl ess
ot herwi se noted, were used as received. Conpletion of
a reaction

NH

OH Compound G1b

EXAMPLES

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

Example 1: Preparation of Diketone Compound E (Scheme VI) 3-
Ethylpyrazolo[1,5-a]pyrimidine-5.7(4H,6H)-dione

H

NHa O N
/ \ CH2(002M6)2 //
.N « Oxalate N-pn

o

E

MeONa

Iz

| C N MeOH
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step is generally taken to be when 90%to 95% of the
substrate used has been consuned, generally as
waledogoeizeed by chromat ography net hods. Exanpl epdT/us2007/018305
Preparation of Di ketone Conpound E (Scherme V) 3-
Et hyl pyrazol of 1, 5-aTpyri m di ne-5, 7(4H, 6H) - di oneTo a
250 m, three-necked flask equi pped with a
thermonmeter, a reflux condenser and nechanical stirrer
VPS a03EY Eﬁdtrﬁe@meaaeéfﬁtsméqgmmwﬁnwmeamrﬁé@@ +a Péflux
mol e), di net hyl mal onat e nmol e), met hyl
condessebAB nechaniFalstiresovas) ﬁhﬁ@maa@np%emwpmgo'e oxalate
S% t
(10g, QU?’{wﬁloI%b r?%lrﬁﬁﬁgbblnaﬁé W%I)BBMOP% ﬁ{%tﬂ‘ﬂ;‘a@&%l%o%l) and

ool ed to room t elper at ur
sodiur@ghetrexida [5Giml, 245 exmoEko 25% inerethyicriedholy. The betahcwas

vt 2 e 85y e S e

water {60 ma/enétdmmueahe badth ahdrdgitated ﬁcﬁrfm:minutes. The batch was

t at rec CcO " " wa .
fitereql k¢ FarRBY 2he SUS fSsiBE: THEALEN SR SrisTof 10 BH.3 with
aquedM%SHGl (ﬂﬁnf) Qb eit‘échpkécﬁpnwat.ofﬂmm:@mta@(mmpaadd I“E“ was

e of oven at 45 0OC to 55 0C, ive a sol

filttereq) @a&u@@gz%h“@%watesw"@s HoRawe! cale was ingkfop 45 hues in

vacuu'n'i‘ o%%&ﬁtanﬁe@ M the %ﬂge &t evdilat 45PC ti% é@é@sto ék‘b 8 solid

bs
produck G sl Cita o Mie: 2951808 16 PR DRISH6s 105
3H), 25, @F?I 328(by! Py @Qéﬁf s14Ppapis M), ne 5@(‘5% EiH

3-neck ask fitted I'nert gas 1'nlet, 1 ux
condenser and a nechani cal stlrrlng apparatus and

Dichlore-8aE thylpyragniof1 i e1(110kg 6 1.5m0l €),
N; N-di net hyl ani line (8.0L, 63np!e) and POCI 3 (7kg,

H
° .“w% oo
N7 o N= 7

N Acetonitrile °N
o) Cl
E F

Into a 3-neck flask fitted with an inert gas inlet, a reflux condenser and a
mechanical stirring apparatus and containing 83 liters of acetonitrile was placed 3-
Ethylpyrazolo[1,5-a]pyrimidine-5,7(4H,6H)-dione (E) prepared as described in
Step 1 (11.0kg, 61.5mole), N,N-dimethylaniline (8.0L; 63mole) and POCI; (7kg,
430mole). With stirring the mixture was brought to reflux and maintained under
refluxing conditions for 15 hours. The reaction mixture was sampled periodically
to monitor the amount of compound “E” present. After the conversion was
complete, the solution was cooled to 15 °C. Into the cooled reaction mixture was
added water which had been cooled to a temperature of less than 20 °C. The
product is filtered and washed with 4aliquots of acetonitrile-water (1:3) which had
been cooled to a temperature of 20 °C followed by a wash with 10X water. The
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430nole). Wth stirring the m xture was brought to

reflux and mai ntai ned under refluxing conditions for
w@a200802M280 The reaction m xture was sanpled  PCT/US2007/018305

periodically to nonitor the anount of conpound "E"

present. After the conversion was conplete, the

solution was cooled to 15 0OC. Into the cool ed reaction

m xture was added water which had been cooled to a

wet.ceilﬁ'@%r%gﬁh% Qhed 30\{/\”4}?@ ot 9@3 dihgo %qgﬂﬁf Ida®t 15 hours to

tered and vva
yield the compaurid F"UBEA%); hHﬂMﬂwG(‘ghClﬁéM@é’éh e R (@ 24), 6.92
rat ur,e of 20 OC foll owed by a wash with 10X
(s, 1%@5.(gfrﬂé'get cake is dried in ){:/l vacuum oven
mp: 90®W5%Cai ned at 40 OC for at |east 15 hours to yield the
conpound "P (86.7%; 1H NMR (CDCI3): 1.32(t, 3H), 2.81
(q, 2H) 6.92 (s, 1H), 8.10 (s 1H) np: 90- 950C.
D1 3P Peepardticip of Topipotinda & \IB5kChiora-3-Ethyl-N-

three necked fl ask eqw pped W|th a_therm)mater a

refl ux condenser and nechani cal er was charged an
akj qupt of the di ¢hieo,de corfg prepared in

St e 2 1%&; 0. 691rete)> pot assi sphate tribasic
mon (338 @x_ﬁfetrmﬁ"PhDI e), e di hydrochl ori de
sal t L N- oxi de- pyrl?ﬁan 3-yl net )h' m ne, conpound Fla
(142. 34, 0.72nmol e) ' yRkerq( 1%00m nd acetonitrile

(SOOrﬁ). The batchjwas heated at eflyx for 6 hours.

At the end of the fefl '| g eri od>tMebat ch was
cooled to roomte er er 2 lwurs and then held
at room t enperat ur 4 f?o rs. The resulting

precipitate was fllterea and washed with water
(600m ). The wet cake was returned to the flask with

\Aﬁ\ttg a é-}lt%oro t'rqr%e-necked flask equipped with a thermometer, a reflux
condenser and mechanical stirrer was charged an aliquot of the dichloride
compound “F” prepared in Step 2 (150g, 0.69mole), potassium phosphate tribasic
monohydrate (338.0g, 1.47mole), the dihydrochloride salt of N-oxide-pyridin-3-yl-
methylamine, compound F1ia (142.5g, 0.72mole), water (1500ml) and acetonitrile
(300ml). The batch was heated at reflux for 6 hours. At the end of the refluxing
period the batch was cooled to room temperature over 2 hours and then held at
room temperature for 4 hours. The resulting precipitate was filtered and washed
with water (600ml). The wet cake was returned to the flask with water (1500mt)
and acetonitrile (300ml), and heated to reflux. Reflux was maintained for 6 hours
additional. At the end of the second reflux period the reaction mixture was cooled
to room temperature over a 2 hour period and left to stand at room temperature
for 4 hours. The resuliting precipitate was filtered and washed with water (600ml).
The wet cake was dried in an air draft oven at 50 °C for 18 hours to give the first
amine adduct “G” material (1799, 84.9%). mp: 187-189C; NMR in CDCI3, 1.26(t,
3H), 2.73(q, 2H), 4.60(d, 2H), 5.87(s, 1H), 6.83(bs, 1H), 7.33(t,1H), 7.70(d, 1H),
7.84(s, 1H), 8.58(d, 1H), 8.64(d, 1H).
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and acetonitrile (300m), and heated to reflux. Refl ux
was mai ntained for 6 hours additional. At the end of

wao b@sserend refl ux period the reaction m xt ur ePQEES2007/018305
cooled to roomtenperature over a 2 hour period and
left to stand at roomtenperature for 4 hours. The
resulting precipitate was filtered and washed with
water (600m ). The wet cake was dried in an air draft
oven at 50 OC for 18 hours to give the first am ne
adduct "G rraterlfal (1799, 84 9%. n’pl 187 189C \I}IlI\/R;

(s)-@gegdmeemm. t he Con'pound. of Forrrul a H( Scherre VI)
1-r3- Ethyl-7-r(1-oxido-3-Pyridinv
pret hv>1am nol pyrazol ori . 5-ai Pyrim di n-5-vn-

2(s -pi peridi peethanol Into a three k flas
cl a nmechani cal stirrer and a refl
pa’c d the fj am ne adduct prepare I NTSt €
und "G’ 23nol e), am no- aleohol und
a (5.6kg, 4 3n04—e9———eeel+—u—m—earborg§e (SH kg,

3 . Onol e) 1 m oWawat er and
t hyl - ;" ol i diimaeztiey! oydivRling 1 1L) . The r g ction
eat ed NaxCI®0 OC for 4 days. Af erl

ti e vvas
chrorét ograph ?ndl cated that the reaction o—

| ete (90-95% substrate consuned), thFrha@aaii on
m'xture was cooled to roomtenperature and quenched by
addi ng water. The mi xture was then extracted with

eirftyla Mres Motk fiHER fh@do\th@SmébheﬁlcavSméﬂ and atrennxof

the water azetrope under atnospheric pressure and o~
condenses varedtlaeed e fiestiamige adsdugterepaiediaStande gogmpeund “G”,

(7kg, BBRIGIE), HrhiflB- dl@éh&q%rﬁsoaﬁd cPfd (5kg1dd. aridief, Begaghi ds

acetate and tri mne are€e a
carbonate (3. 5kg, 33 Omole) 110 ml of water and 1-methyl-2- pyrrohdmone (NMP)

(11L). The reaction mixture was heated to 150 °C for 4 days. After
chromatography indicated that the reaction was complete (90-95% substrate
consumed), the reaction mixture was cooled to room temperature and quenched
by adding water. The mixture was then extracted with ethyl acetate. The batch
was dried by distillation of the water azetrope under atmospheric pressure and
concentrated to about 28L volume. THF was added and the solution was heated
to reflux until all the solids 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 to 25 °C for 12 hours. The
solids were collected by filtration, washed first with ethyl acetate then water, and
dried in the filter under vacuum for 24 hours with the temperature maintained at
from 40 °C to 50 °C, yielding 4.9kg, 51.3% of the compound of Formula ll. 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, t, J=6.7 Hz), 7.68 ppm (1H, s), 7.41 ppm (1H, s), 7.37-7.43 ppm (1H, dd),
5.55 ppm (1H, s), 4.85 ppm (1H, t, J=5.4 Hz), 4.49-4.59 ppm (3H, m), 4.24-4.28
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the hot solution. The batch was cool ed to anbi ent and
then agitated with the tenperature naintained in the

wo 200g0271280 f rom 20 OC to 25 OC for 12 hours. TheCEHUF100%018305
were collected by filtration, washed first with ethyl
acetate then water, and dried in the filter under
vacuum for 24 hours with the tenperature naintained at
from40 0OCto 50 0C, yielding 4.9kg, 5 1.3% of the

f -
ppm (%@?gﬁégﬁ 2f9f431b§m' 4\/EH Dﬁﬁh ‘1@-)& @@gf?;*PgQ' i;_| H%/%s .0 Blz) 2.45
2.50 mxzmﬁ;&—?g 4z), rip?ﬁ-o 7194(1@)m>8* $411.881pprpdBH; m 143p-1.34

= - ppm( 1H, t , J=6.7 Hz),
ppm dﬁggﬁppm‘? BR&E ( s)'!i’zy.——ﬁ% ﬁZ)m (1H, s), 7.37-7.43 ppm (
1H, dd), 5.55 ppm (1H, S) 4.85 ppm( 1H t , J=5.4
Hz) 14. 49-4. 59 ppm (3H m, 4.24-4.28ppm ( 1H, broad),
3.27-3.46 ppm (2H, nm), 2.76-2.83 ppm (1H, t, J=13.0
HZI)ne abwéde%cﬁbtmpmf(tli’é-linv@ntidnis Entelnbjed 1o B2-illustrftie and not

1.54-1 .68 H 3 .34 H .
imitingy Vaflols iAo, " mOCTcAtianeg the e RSt Bprigesh herein
may detuf REtHOYEESKilSM ir the ark & THedelohabgek|dansthe aadeewahdut

not Iimting. Various changes or nodifications in the

depa"éﬁﬁé@’ﬂé’ﬂﬁ@@@%&'lsﬂgﬂ pdheinvePNoccur to those
skilled in the art. These changes can be nade w t hout
departing fromthe scope or spirit of the
i nventionwWhat is clainmed is: 1. A process for the
synthesi s of CDK inhibitor conpounds having the
structure of Formula ! by sequentially am nating,
first with a primary amine and then with a secondary
am ne, an internedi ate conpound of the structure of
Formula E 1, wherein Rl is a |linear, branched, or
cyclic al kyloxy functional group of the structure
(-RRa-OH), Rka is a linear, branched or cyclic alkyl
group, R2is a
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i near, branched or cyclic al kyl group, and R3 is an
al kyl ene- heterocycl e, said process conprising formng
WO o802l at e conmpound of Fornula E 1 by reactP@ypSion7/e18305
refl uxing reaction solvent selected from al 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- ar ni no- pyrazol e conpound of Fornmula CL with
a diam di zati on reagent selected from
di et hyl mal onat e, nonomnet hyl mal onyl chl ori de, and
What igg¢laii@d iiichl oride in the presence of a Lewis base
havi ng sufficient proton affinity to abstract a proton
1. A poonassdot thepsynthiesis of €Pigihibiter cespsungdsohavipgie structure
ss of claim1 wherein, the counter ion of the
(ggﬁvﬁgﬁgfhe conpound of Formula C 1l is selected from
oxal ate, tosyl at a chl oride.3. The process of
claim 2 wherein, |[the dounter ion 5 oxalate. 4. The
process of any of\gl erein, RR is a linear
al kyl group of 4 cafbonsjor 5. The process of
claim4 wherein, R2ris e NG, #/The process of any of
claims 1 to 4 wherein, theYeact!on solvent is
sel ected from nethanol and ethanol. 7. The process of
claim6 wherein the reacti on~5ol veftorryllads hanol . 8.

. AV} l.ai | ! i S
B Sttty irdfifof Hrst viUT briffers AARFICCA ey
seECondasy amine camirgennediste compound widhesieugtdresel ketneya E1,
fromlithium sodium and potassigam al koxi de bases.

s

(o] E1
wherein R is a linear, branched, or cyclic alkyloxy functional group of the
structure (-R?*-OH), R? is a linear, branched or c¢yclic alkyl group, R? is a
linear, branched or cyclic alkyl group, and R® is an alkylene-heterocycle, said
process comprising forming intermediate compound of Formula E1 by
reacting, in a refluxing reaction solvent selected from 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
R2 NH,
&t
H Formula C1
with a diamidization reagent selected from dimethylmalonate,
monomethyimalonyichloride, and malony! dichloride in the presence of a
Lewis base having sufficient proton affinity to abstract a proton from the 1-
position nitrogen on the pyrazole ring.

2. The process of claim 1 wherein, the counter ion of the salt of the compound
of Formula C1 is selected from oxalate, tosylate, and chloride.
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10.

11.

12.

13.

10. The process of claim9 wherein, the Lewis base is
sel ected from sodi um et hoxi de and sodi um net hoxi de.
wa 2008/¢m2pr ocess of claim 10 wherein the Lew SPOEES200%018305
sodi um et hoxi de. 12. The process of any of clains 1
to 11 wherein, R3 is 3-al kyl ene-pyri di ne- Noxi de. 13.
The process of any of clains 1 to 12 wherein the
process further conprises reacting the conmpound of

TR PricesE of ddinPL WHetBir? 1RO ERAHRS i id BRalata.uct ure of
Fornmul a F1, Formul a Fiwhere R2 is is a i near,

branched or cyclic alkyl group and "X" is sel ect ed

ﬂ@sgrdfg‘a?rg ﬁm&m‘q ol PFhefein ha@s" h‘ﬁ%e@? Al Wf%;roup of 4

onyl “gr aving the structure - erein
MDDBSQEI@& ed fromnethyl and aryl, sal d react| on
conprising: a) providing the corrpound of Formula E1 in
an acetonitrile solution; and b) derivatizing the
T processaf dl-’i!lﬂﬂﬂlM\EEﬁalmyR‘?t isethylng t he acetonitrile
sol ution containing the conpound of Fornmula E 1 from
Step "b" wth a reagent selected froma hal ogenati ng

mbt’oc@ﬁ df dhy dfarlain$g tagewherdin] the reaetioncehvintds selected
base s ed from sel ected fromdi nmethyl aniline,
fb?ﬁ‘i"ﬁ?ﬁlé‘“o ande&s %‘B?I-et hyl ami ne, and triethyl am ne.

14. The process of claim 13 wherein, the reagent

sel ected in derivatizing step (b) is a c¢hlorjnatjng

Hir Rrocassiciaim Byvheelt Bioreasiion,spyRmis methanol.
phosphorous pentachloride, and thionyl chloride. 15.

The process of claim 14 wherein, the chlorinatin
Hir progesspfamnel daisn 1 to 7 wherein, the Lewis base is sélected from

metal alkoxide bases.

The process of claim 8 wherein, the Lewis base is selected from lithium,
sodium and potassium alkoxide bases.

The process of claim 9 wherein, the Lewis base is selected from sodium
ethoxide and sodium methoxide.

The process of claim 10 wherein the Lewis base is sodium methoxide.

The process of any of claims 1 to 11 wherein, R® is 3-alkylene-pyridine-N-
oxide.

The process of any of claims 1 to 12 wherein the process further comprises
reacting the compound of Formula E1 to provide a compound of the structure
of Formula F1,

R2

X Formula F1
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14.

15.

16.

17.

18.

19.

oxychl oride. 16. The process of claim 13 wherein the
reagent selected in derivatizing step (b) is a

w@ioBoeaeé ng agent sel ected from aryl sul f onyl cPEDUSIHE7/018305

and met hyl sul fonyl chloride. 17. The process of claim
16 wherein said sulfonating agent is

nmet hyl sul f onyl chl ori de. 18. The process of any of
claims 13 to 17, wherein the base is dinmethyl aniline.

whire H®ishs %Clﬁ'%%rof)ra@i&‘}‘negforcéy@hmalkyll réGp andteis sfelected from

rising an am nating process on the conpound o

Ch&qp e, dremide, tigdider Huede @R §H@0@yl graup fiaving thesstgycture
Ve I{’S};‘i-é Pg%% r{:ﬁ“@k 1eed #BRT Ridin ar@a@i;dssf@ r8a&icd

sal am nat1 ng process nprising: a)
caduiﬁsjpg(GPoél and water to the reaction product m xture

st phaThvEng e odmprintit ERfya B PR 8 sChoniiile sgutign: and
t op)L Fderamizbw)g tlheafdmpqurad pf Fowmylza B ey troatikg ﬁ'aé aicetonitrile
t her eof ﬁ(turefro

For | RV BRTBALe SBmPR asadiaE LG Step " with

wher geRgént Seleefe frogh & hagdhatPigRAdt ahdPa lstrﬁbuamg agent in
salt of the structure of Fornula Fla, Formul a F

1a,
wher ¢hepresenes oba basersalgeies FRmelecarfm dimgihyl gnitine,
the siyridibe!r GisBbropylethylamine, and triethyl amine.

The process of claim 13 wherein, the reagent selected in derivatizing step (b)
is a chlorinating agent selected from phosphorous oxychloride, phosphorous
pentachloride, and thionyl chloride.

The process of claim 14 wherein, the chlorinating agent is phosphorous
oxychloride.

The process of claim 13 wherein the reagent selected in derivatizing step (b)
is a sulfonating agent selected from arylsulfonylchloride and

methylsulfonylichloride.

The process of claim 16 wherein said sulfonating agent is
methylsuifonylchloride.

The process of any of claims 13 to 17, wherein the base is dimethyl aniline.
The process of any of claim 1 to 18 further comprising an aminating process

on the compound of Formula F1, to form the compound of the structure of
Formula Gas,
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Formul a Gla, Forrmula G la. wherein R2 is as defined
above. 2 1. The process of either of clainms 19 and 20
wohk@seen2d¢ he anount of water added to the reacP@DOS2007/018305
m xture in step "a" is sufficient to provide a
volunetric ratio of acetonitrile : water in the
reaction m xture of about 1:5.22. The process of any
of claim19 to 2 1 wherein the K3PO and water of Step
"a" is added as a segution. 23. The process of any of
claims 19 tx 2 wherein the KBPO4 and water of Step
"a" are added|Sephrggely. 24. The process of any of
claims 19 to Nri'her conprising a process for
am nating the ggnpound of Formula Ga5 at the remaining
hal ogenat ed car boR® t o lperwilad3as conpound of Fornul a |

Ld. 1.S] ' t he isol at ed
@@%&ﬁ%qﬁgﬁﬁﬁ% Aéna(geffrﬁgw@e‘fr%w pyroH dine with a
said amiiaatingproeessicomeripingsence of sodi um car bonat e
and sufficiept ter, to intain g.refl uxi . .
et 20010 RePE: ancwater 14 446 iractiprpgiuct dixtyee ins
The pr agetsniile ebatdimidg tidebaipburidéf ecstniAnie 6NFoenula F1

is a conpound of the Fornul . 26. The process of
ei t her P&pPRTes 'Hsafy4°fa*ﬂa'%1§ﬁ$'3ﬁ:mﬂt her conprises the

st em)oteadtiphiptindfyearhPRC br rsal hivesf, Withrdebdure from
and recrystalling it from et hanol by adding tert-butyl

net hyl Sihet’ undet rgfluxiBg onNgitiaRsii ng t he conpound of
Formula 1i,

20. The process of claim 19 wherein said reacting step “b” employs a primary
amine salit of the structure of Formula F1a,

HN
Z 4, nHol
X Non

Formula F1a,
where “n” = 1or 2, thereby forming a compound having the structure of
Formula G1a,

R2

X//
o N<p 7

N
HN

=

|

+
X N‘o- Formula G1a.

wherein R?is as defined above.
21. The process of either of claims 19 and 20 wherein the amount of water

added to the reaction mixture in step “a” is sufficient to provide a volumetric
ratio of acetonitrile : water in the reaction mixture of about 1:5.
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22.

23.

24.

25.

26.

Formula Il, the process conprising: a) formng an
conpound having the structure of Formula E, by

w0 e@s212¢0 I n a refluxing reaction solvent selPCT/882007/018305

from al cohols 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
Formula C with a diam dization reagent selected from
ThaprbydSROLAR Bf cRRMOIEIdY1 W8 1lel RIPOE and@Water of Step
mal onyl dichloride in the presence of a netal al koxide
ade addpgrassa $§luiPral koxi de noi ety having 5 carbon
atons or less; b) form ng a conpound having the
structure of Formula F; Fornmula F, by reacting the
Thepoocrsdf oy ofickaims piSp twheneistthp KdPOnand water of Step
b o) ride in the presence of a Lews
%a%iggg{%gf%%a%%g%WN N-di net hyl ani | i ne, pyri dine,
di i sopropyl et hyl am ne, and triethyl am ne; (c)
fluxing the reaction m xt rom Step " b"
T eipershot s ERRIER S50 24 furet Bomifeing appeacasedor
amiattid e @sribeluhd &f Forinufd Gasoad the-reyraiding Ralogenated

| -am ne, K3PO4, and water_to formthe conpound of
bR tQ REOVIES: RGeARgUNG) o MR dg t he i sol at ed
conpound of Formula G red in Step "c" in Nmrethyl
pyrollidine in the presence| of sodi um carbonate, a
sufficient water to maktaiwm_a | uxifg tenperature
of from about 140 OC to =

HN

~r Formula |

said process comprising refluxing the isolated compound of Formula Ga5 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.

The process of claim 24 wherein, the secondary amine is a compound of the
Formula Ha.

C

oH Ha

The process of either of claims 24 and 25 which further comprises the step of
isolating the reaction product of Formula | and recrystalling it from ethanol by
adding tert-butyl methyl ether.
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160 0C, and the am no al cohol conpound having the
structure of Formula Gla, Fornula Ga, to yield

w0 eoosiozg2a¢ he conmpound of Forrmula I1; and For muP@r/Uk2007/018305

27.

optionally, isolating the conmpound of Forrnula Il
prepared in refluxing Step "d" fromthe reaction
product and recrystalling it from ethanol by adding
tertnet hyl butyl ether.28. The process of claim?27
wWhprozie8s fohmakify tie ebmpaliftl cidsehudif It he reaction

m xture in refluxing Step "c" sufficient to provide a
volunetric ratio of acgfonitrile : in the
reaction mxture of abaut 1y5. Q9. The process of
either of clainms 27 or 2% whey@i n; salt of the
conpound of Fornula C insreac J\ngNSi "a" is selected
from oxal ate, tosylate,f and chlgfideMsalts. 30. The
process of claim29 whggein thgpsalt of the conpound
of Formula Cin reacting Step "a"}is an oxal ate salt.
3 1. The process of any of clai 7 to 30, wherein,
the solvent in reacting Step "a sel ected from

nmet hanol and et hanol. 32. The pkgQcess of any of clains
27 to 30, wherein, the metal al koXi de Dade@Miiadhct ing
Heprogessicorfglisinged from sodi um net hoxi de and sodi um
et hoxi de. 33. The process of any of claim27 to 32,
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by reacting, in a refluxing reaction solvent selected from 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
NH,

/A

N/ "

H Formula C

with a diamidization reagent selected from dimethyimalonate,
monomethylmalonyichloride, and malonyi dichloride in the presence of a

metal alkoxide base comprising an alkoxide moiety having 5 carbon
atoms or less;

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

N
- —

4

\Q!/N\N

Cl Formula F,
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triethyl amne. 34. The process of claim 33, wherein

the Lewis base used in Step "b" is N, Ndinethylaniline.
w@208Mepeocess for making a pyrazol o[l PCT/US2007/018305

, 5-a] pyri mdin-7-yl-am no conpound having the

structure of Formula El,wherein R2 is a linear,

branched or cyclic al kyl group, the process conprising

reacting, in a refluxing reaction solvent sel ected
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di met hyl mal onate, nonomnet hyl mal onyl
mal onyl dichloride in the presence of a Lew s base

i ' r Q t rot o
REPHTHpING e bl Moo sieb 1F ERRIORE 59 B gind of
ri ngormela ﬁhl& tive peesencef ofd dihydBachiatide @alt dfi-oxile-pyrfidin-3-
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is a linear alkyl group of 4 carbons GCHgss. 38. The
process of claim 37, whereirf! linear al kyl of 4
carbons or less. 39. The procesg aim 38, wherein
R2 is ethyl (-CH2-CH3). 40. The rocdss of claim 27
wherein, the anbunt of water adddd to the reaction
m xture in reffuxing Step "d" is sufficient to provide
a volunetric ratio of Nnethyl pyr nhdine : water in
the reaction m xture of about 108 1N* 4 1. The praocess

of either of clains 24 and 25 whic fEﬁ'ther AR Ges
the step of

d) refluxing the isolated compound of Formula G prepared in Step “c” in N-
methyl pyrollidine 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 alcoho! compound having the structure of

Formula G1a,

oH Gla Formula G1a,
to yield forming the compound of Formula Il; and

O CHZCHS

_ N‘N

O}'{
6
X \O_

e) optionally, isolating the compound of Formuia Il prepared in refluxing Step

“d” from the reaction product and recrystalling it from ethanol by adding tert-
methy! butyl ether.

Formula Il
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i solating the reaction product of Formual | and
recyrstallizing it fromtetrahydrofuran by adding

we@edvglo2aeet at e. PCT/US2007/018305

28.

29.

30.

31.

32.

33.

34.

35.

The process of claim 27 wherein, the amount of water added to the reaction
mixture in refluxing Step “c” sufficient to provide a volumetric ratio of
acetonitrile : water in the reaction mixture of about 1:5.

The process of either of claims 27 or 28 wherein, the salt of the compound of
Formula C in reacting Step “a” is selected from oxalate, tosylate, and chloride
salts.

The process of claim 29 wherein the salt of the compound of Formula C in
reacting Step “a” is an oxalate salt.

The process of any of claims 27 to 30, wherein, the solvent in reacting Step
“a” is selected from methanol and ethanol. .

The process of any of claims 27 to 30, wherein, the metal alkoxide base in
reacting Step “a” is selected from sodium methoxide and sodium ethoxide.

The process of any of claim 27 to 32, wherein the Lewis base used in Step
“p” is selected from N,N-dimethyl aniline, pyridine, diisopropyiethylamine, and
triethyl amine.

The process of claim 33, wherein the Lewis base used in Step “b” is N,N-
dimethylaniline.

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

R2

o N\'/g
—

/

T"/N‘N

o E1
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36.

37.

38.

39.

40.

41.

wherein R? is a linear, branched or cyclic alkyl group, the process comprising
reacting, in a refluxing reaction solvent selected from 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

R NH,

" H Formula C1

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

The process of claim 35, wherein the salt of the compound of Formula C1 is
an oxalate salt.

The process of either of claims 35 and 36, wherein R? is a linear alkyl group
of 4 carbons or less.

The process of claim 37, wherein R? is a linear alkyl of 4 carbons or less.
The process of claim 38, wherein R? is ethyl (-CHx-CH).

The process of claim 27 wherein, the amount of water added to the reaction
mixture in refluxing Step “d” is sufficient to provide a volumetric ratio of N-
methylpyrollidine : water in the reaction mixture of about 100:1.

The process of either of claims 24 and 25 which further comprises the step of

isolating the reaction product of Formual | and recyrstallizing it from
tetrahydrofuran by adding ethyl acetate.
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