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manuf act ure. ]
CB-1 receptor antagonists.

BACKGROUND
CB-1 antagonists have been shown to useful for the freatment of a
15 variety of diseases, conditions and/or disorders including obesity, alcoholism,
smoking cessation, Parkinson’s disease, sexual dysfunctions, dementia, and so
forth. Consequently, there exists a desire to develop compounds that
antagonize the CB-1 receptor. US Publication No. 2004/0092520 and PCT
Publication No. WO 04/037823 describe a series of purine compounds that act
20 as CB-1 antagonists. However, there exists a need to produce purine
derivatives, in particular, 1-[9-(4-chloro-phenyl)-8-(2-chloro-phenyl)-9H-purin-6-
yl]-4-ethylamino-piperidine-4-carboxylic acid amide, in a more efficient,
environmentally safe, and cost effective manner at larger scales of
manufacture.
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SUMMARY

The present invention provides an improved process for
preparing compounds of Formula (1):
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SUMMARY The present invention provides an inproved process for preparing
conpounds of Formula (1):(0 wnerein ROa , Rob, Rla, Rlb are each selected
from t he woeu@/ensi sting of chloro, fluoro, (G -C 4)al koxrus200§be3es#4) al kyl ,
fluoro-substituted (G -C 4)al kyl), and cyano (preferably, ROa and Rla are
each chloro, and Rob and Rlb are each hydrogen (i.e., n and mare O); n
and m are each i ndependently 0 or 1 (preferably n and mare 0); and R2 is
(Gt-C4)alkyl (preferably, R2 is ethyl). The process for the preparation of
t he conpound of Fornmula (1) conprises t M steps of: ( 1) cyclizing the

conpound of FRhdEINRE, RY) Rﬂmwhaem&ﬁ%e@temffr@nmwgnoq ohsistiny §F oduce a
conpound of Formul a (I -

d
defined for tHECTEHHM r{Q)Té q%%ﬁ)ﬁ‘uf i-€4) ?'k&' 6%0 S&H%F"‘F-’Rd §1‘§4??:‘]‘8‘ﬂ)imé‘ﬁégl SS

(preferably, &Bgo F?;Sr‘é’?ér&bI?CRda higd hﬂﬁcgreféal:@rch@r@%hd R"S ah& W*v Brefddch, OF
phosphoric aci'd, nore preferably, sulfuric acid); ZMISOI ating the

conmpound of Iibddfﬂﬂeél((ﬁ)na@dﬁﬂaf?r%e@ﬁﬂ@m@@%@l@é',ﬂﬁ%née@ q ot hereof, or a
hydrate or so(byé’pé,%fjg,t eﬁlﬂg %ﬁzlstb?cﬁfélﬁyléda tﬁzyls ot corrpound of

Forrmula (I) is 1so armaceutlcal esalt el ected from
t he group consi st |Trhrg pspcess fort e preparation of the compound of Formula (1)

comprises the steps of:
(1) cyclizing the compound of Formula (1g) in the presence of a
10 protic acid to produce a compound of Formula (I-A)
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where R%, R®, R"™ R, R? nand m are as defined for the compound of
Formula (1) above, and HX is a protic acid (preferably, the protic acid is
15 hydrochloric acid, sulfuric acid, or phosphoric acid, more preferably, sulfuric
acid); and
(2) isolating the compound of Formula (i), a pharmaceutically
acceptable salt thereof, or a hydrate or solvate of the compound or the salt.
Preferably, the compound of Formula (i) is isolated as a
20  pharmaceutically acceptable salt selected from the group consisting of
hydrochloride, sulfate, phosphate, besylate and mesylate, more preferably, as
a hydrochloride or besylate.
The process above may further comprise the step of preparing the
compound of Formula (1g) by a process comprising the step of
25 (@)  reacting a compound of Formula (1e) with a compound of
Formula (1f) to produce the compound of Formula (1g)



hydrochl ori de, sulfate, phosphate, besylate and nmesylate, nore preferably,
as a hydrochl oride or besylate. The process above may further conprise the
step of pwepasdmgi7she conpound of Fornula (1g) by a proeesasmospisss ng t he
step of (a) reacting a conpound of Fosmula (1le) with a conpound of Formul a
(1f) to produce the conmpound of Formula (1g)where RCa , Rob, Rla, Rlb, R2,
n and mare as defined for the conpound of Forrmula (1) above.
Alternatively, the coppound of Fornula (1f) may be provjded as its
correspondi ng.r ot i Racid salt (e.g., hydrochl o;{{gde, B]m%the, phosphat e,

and the |ike). pr @q\red enbodi ment, a proce pnévinded for the
preparation of gi%)qfl Fornul a (|gf§21 ) (A1 isj!
of: (1) reacting t he Fconpoufid of or IT‘ao(l-l e) with

(1-1f) or a protic aci d™are ther 0% praduce.a conpgund

(Hg) (Me) (M) (2) cyclizing tRIaLe conaﬁu of Fornula (1-I7g) in the Presence
of a protic acid to pro a conpound of Fornmula (lA-1 <R gfw(iA-l)
where HX is a protic aci referably, the protic acid sel ected fromthe

group consisting of hydrochirShj c acid, nethanesul fonic actiy Ob)npenzensul fonic

(1e) (1g)

where R%, R®, R, R™, R? n and m are as defined for the compound of
Formula (l) above. Alternatively, the compound of Formula (1f) may be
5 provided as its corresponding protic acid salt (e.g., hydrochloride, sulfate,
phosphate, and the like).
In a preferred embodiment, a process is provided for the preparation of
a compound of Formula (1A-1)
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comprising the steps of:
(1)  reacting the compound of Formula (I-1e) with a compound of
Formula (1-1f) or a protic acid salt thereof to produce a compound of Formula
15 (I-19)



acid, sulfuric acid, and phosphoric acid, nore preferably the protic acid
is sulfuric acid); and (3) isolating the conpound of Forrmula (1), a

phar macewboceaddsescept abl e salt thereof or a hydrate orcsabwaseoseds sai d
conpound or said salt. The isolation step (3) may conprise the steps of (4)
converting the protic acid salt (1A-1) to the free base and then (5)
optionally converting the free base to a different pharmaceutically
acceptabl e salt. Prefer;\l y, the conpound of Forrml a (A1) is isolated as

a pharnmaceutica ac bl e salt selaﬂgmed frof roup‘\q;pnm sting of
hydr ochl ori de, sphat beslyl.at e and t e referably,

as a hydrochl ori de oﬁ b sy te ,J, .0 her aspect o e p es nt i fetiki on,
a conpound having the a (1g #rovided. (i g) vvhere'NH Roax Fob, Rila
, Rlb are each |ndependen IyC sel ect ed N‘Hromthe group cB®¥i sting of~ehl oro,

fluoro, (Ci-C4)alkoxy, 4) al kyI ff uor osubsti t ut ed AG <cC 48l kyl ), and
cyano; n and m are each ependent 9 O or 1, and R2 i -i-C4)al kyl; or a

protic acid salt thereof. Preferably, RCa and Rla are e chloro; n and-m
are 0; and R2 is ethide) The process and internedi ate descripeg above
provides several advantages over the previously described processes. For

exanpl e, the inve ve e r.than the re |ously
di scl osed route (s Z E}%r“%%gstﬁ gﬁmgﬁu'}\%ﬁpﬁ %Sggfgﬁﬁprw ?l cation
No. WO 04/ 03%8aB) adithtrsproduce a compound of Formula (1A-1)
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" HX
5 (-1g) (1A-1)
where HX is a protic acid (preferably, the protic acid is selected from the
group consisting of hydrochloric acid, methanesulfonic acid, benzensutfonic
acid, sulfuric acid, and phosphoric acid, mare preferably the protic acid is
sulfuric acid); and
10 (3) isolating the compound of Formula (1), a pharmaceutically
acceptable salt thereof or a hydrate or solvate of said compound or said salt.
The isolation step (3) may comprise the steps of (4) converting the
protic acid salt (1A-1) to the free base and then (5) optionally converting the
free base to a different pharmaceutically acceptable salt. Preferably, the
15 compound of Formula (IA-1) is isolated as a pharmaceutically acceptable salt
selected from the group consisting of hydrochloride, sulfate, phosphate,
besylate and mesylate, more preferably, as a hydrochloride or besylate.
In another aspect of the present invention, a compound having the
Formula (1g) is provided.



providing a nore efficient synthesis of the title conpounds. Additionally,
the inventive process avoids the use of reagents such as phosphorous

oxychl or iwte 2h@wossive preparati on of key internedi ates. ReagaBimseesess as
POCl 3 are air- and noisture-sensitivesand are therefore difficult to handle
on |large scale. Definitions As used herein, the term"protic acid" refers
to a conmpound that donates at |east one hydrogen ion (H+) to another
conmpound. Typical protic acids include acids such as hydrochl oric acid,
hydrobronic acid, sulfuric.acid, pkdskhoric acid, methanesulfonic acid,
benzensul foni ¢ acid, acetit acrthiand y#e~|ike. The term"alkyl" refers to
a hydrocarbon radical of the n@ ormjf a CnH2n+i - The al kane radi cal
may be straight or branched. Fer=exqmhe > m"(CrC 6)al kyr refers to
a nonoval ent, straight, or branchedpal i phati taining 1 to 6 carbon
atons (e.g., nethyl, ethyl, /7-propyl, /Nhropyl ~nbutyl, /-butyl, s-butyl
f-butyl, n-pentyl, 1-nethylbutyl, et hyl but yl gret hyl butyl, neopentyl,
3, 3-di et hyl propyl, hexyl, 2-methyl pe tyl¢$andpgme | i ke). The term "hal o"
refers to a chloro, brono, fluoro or
to a nol ecul ar conpl ex of a conmpound_represented by Fornula (1) and
phar maceutical ly acceptable salts thére &%bmﬁth one or nore sol vent
nol ecul es. Such sol vent nol ecules are th émconnonly used in the
phar maceutical art, which are known %o be i nnocuous

19)

wherein R%, R®, R, R™ are each independently selected from the

group consisting of chloro, fluoro, (C4-C4)alkoxy, (C4-Cs)alkyl, fluoro-
substituted (C4-C4)alkyl), and cyano; n and m are each independently 0 or 1;

5 and R?is (C4-Cy)alkyl; or a protic acid salt thereof. Preferably, R% and R'
are each chloro; n and-m are 0; and R? is ethyl.

The process and intermediate described above provides several
advantages over the previously described processes. For example, the
inventive process is one step shorter than the previously disclosed route (see,

10 US Publication No. 2004/0092520 or PCT Publication No. WO 04/037823) thus
providing a more efficient synthesis of the title compounds. Additionally, the
inventive process avoids the use of reagents such as phosphorous oxychloride
for the preparation of key intermediates. Reagents such as POCI; are air- and
moisture-sensitive and are therefore difficult to handle on large scale.

15
Definitions

As used herein, the term “protic acid” refers to a compound that
donates at least one hydrogen ion (H+) to another compound. Typical protic
acids include acids such as hydrochloric acid, hydrobromic acid, sulfuric acid,

20  phosphoric acid, methanesulfonic acid, benzensulfonic acid, acetic acid, and
the like.

The term “alkyl” refers to a hydrocarbon radical of the general formula
CnHzn:1. The alkane radical may be straight or branched. For example, the
term "(C4-Ce)alkyl" refers to a monovalent, straight, or branched aliphatic



to the recipient, e.g., water, ethanol, and the |ike. The term "hydrate"
refers to the conpl ex where the solvent nolecule is water. The phrase

" phar macewbi2o@ldsy17accept abl e" i ndicates that the subst arce/nBroos/oiBRsssi ti on
must be conpati ble chem cally and/or toxicologically, with the other

i ngredi ents conprising a fornulation, and/or the mammal being treated
therewith. DETAI LED DESCRI PTI ON The starting materials used in the
processes described herein are generally avai {SWEI from comerci al sources

such as Al dr iSFPHRCPRINRIBIROS! 10N PRHBAR BOMSAR)9-one éd? PrPPYh EBTP¥E Musi ng

met hods wel | HJgR@Wibig, éb@t%ﬁt—%lﬁ!yl |:ﬁ§br1t3'ﬂ 1%tm5ut§|ez%ethﬂbé®aeed by met hods
general |y descri ‘bed 1 n F. Fieser '>1/§ | ese Reagents for

Or gani ¢ Synt Heathglbutyl, neQP%@Y‘ Wr@?‘etrNMP%r"l@Xé/ 6"79@9‘99“@8 apd % Beil steins
Handbuch der hg]gpanl schen Chemie , 4, Aufl. ed. Springer-Verlag, Berlin,

I ncl udi ng supplenents (al so avail able via the Beilstein online dat abase))
In the préparatiofheferrhajirelees echpdermdrons: fuewordedagrougnot e

functionality (e.gpe &H%fﬁt@rref%?scﬁréjﬁbbéc B fagdfat hﬂﬁ@hat es may be

necessary. The nee OI‘ SucC rotection WI var on the nature
of the renot eemr@aemtedrbalﬁormuar(b) andephapmaseuticalty aﬁcepta@lqam!ﬁ@dh@ieoﬁ)n met hods.
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t but oxycar bony benzyl oxycar
commonly used in the pharmaceutical art, which are known to be innocuous

10 to the recipient, e.g., water, ethanol, and the like. The term “hydrate” refers to
the complex where the solvent molecule is water.

The phrase "pharmaceutically acceptable” indicates that the substance
or composition must be compatible chemically and/or toxicologicaily, with the
other ingredients comprising a formulation, and/or the mammal being {reated

15  therewith.
DETAILED DESCRIPTION

The starting materials used in the processes described herein are
generally available from commercial sources such as Aldrich Chemicals
(Milwaukee, WI) or are readily prepared using methods well known to those

20 skilled in the art (e.g., prepared by methods generally described in Louis F.
Fieser and Mary Fieser, Reagents for Organic Synthesis, v. 1-19, Wiley, New
York (1967-1999 ed.), or Beilsteins Handbuch der organischen Chemie, 4,
Aufl. ed. Springer-Verlag, Berlin, including supplements (also available via the

Beilstein online database)).

25 In the preparation of the purine compounds, protection of remote
functionality (e.g., primary or secondary amine) of intermediates may be
necessary. The need for such protection will vary depending on the nature of
the remote functionality and the conditions of the preparation methods.
Suitable amino-protecting groups (NH-Pg) include acetyl, trifluoroacetyl, -

30  butoxycarbonyl (BOC), benzyloxycarbonyl (CBz) and 9-
fluorenylmethyleneoxycarbonyt (Fmoc). The need for such protection is
readily determined by one skilled in the art. For a general description of



fl uor enyl nmet hyl eneoxycar bonyl (Fnoc). The need for such protection is
readily determned by one skilled in the art. For a general description
of pr ot ectwogo@vmasps and their use, see T.W G eene, ProreciBWos/@30sHpS i n
Organic Synthesis , John Wley & Sons7 New York, 1991 . Schene | bel ow
summari zes the process of the present invention as well as key

internmedi ates. For a nore detail ed description of the individual reaction

steps, see the Exanpl es section bel ow. Alt ough ecific_starting nmaterials
and reagentspé?écﬁg@ré’t‘%af‘?\meﬁé”?cﬁ%s a %7 g%@%ﬁmﬂbt her
starting mat jiyahie S%ﬂwers%ag&*ﬂ{ﬂln@ &%seN%WVorﬁub%ﬂ tuted to provide a
variety of derrvatjves. da) 1b) -A) Schene | The desired

(1qg)
aniline (la) is cSahereg | \*RP‘PW Wﬂ@rﬁ@ ih%PrS’P%?ﬁ ertB‘?JE?rreiSﬁi‘fdf“rﬁF‘t'(’n 85: avail able
from Al dri ch (diepi &yl lﬁer%dléﬁgkﬁ& a Moje §&alf d@s'cﬂﬁtﬁfnr@%@ha(v%l by

suspending the two materials I1n an acidic aqueous nedi a ?

et hanol / wat ereaasian slaRsnseatneriarmplessestionbejow HAthgughosnest @%S,mgneatl ng to
an el evated tgim ddhe A nt er nedi at e
(1c) is then rea@étlg H&?ee{?‘éh%%raggfn 'ggﬁ vcg]t egécggr (g'&[]%é?o%&%nd (1d) to
formthe am @@rarmaarmmmawr@ls(ar@reagms ean b easily substitutedto ptoyides

acconpl i shed dures well -known to those skilled in the art. For
exanpl e, int evlr'éﬁé gpé'%(a%g?gnay be treated with L/, L/-di nmet hyl acet am de
foll onwed by the additi on of the desired benzoyl chloride (1d) at a

tenper at ype from about 0 OC




to about 5 0C. The desired 4-al kyl am nopi peri di ne-4-car boxam de conpound
(1f: see Schene Il below) is then coupled with internediate (1le) to form
i nt er nediwbeodeldy17y reacting the chloride (1le) with theceasmozaoseske (1f)
at an el evated tenperature (about 80 ®C) in the presence of a base (e.g.,
triethylamne). The carboxam de (1f) may alternatively be provided as its
corresponding protic acid salt. Internediate (1g) is then cyclized to form
t he protonated conpound of Fornula (1) (e.g., a corrpopd of Formula (I-A)
by heating i nr&y, gedi atg’ (1g) at~an elevated t grper at ér(e.g., about 80 00

in a protic solv 'y, IS prcﬂ)anol) in the pyésencendtthe desired
protic acid (e.g | furtc i~ sphoric aci d, hy r\od | oric acid).
The pr ot onat e@8™conpound (1-A) be converted to TheNre¥ bdde by
neutralizing the acid wwth a weak base (e.g., Na2CO3) . IRHdesired, the

free base may be reacted with aibgesired i norganic or a@fgganic acid to forma
phar maceutically acceptable salt (e.g., nesylate, besylate and

hydrochl ori de salt). The preparation of o

4- al kyl am nopi peri di ne- 4- car boxam de conpounds of Formula (1f) s depicted

bel ow. (2a) (2b) (1f) Scheme Il The am no group of 4-pipeyi ¢ Cis first
protected to provide internediate (2a). A useful protectio oup is
benzyl . 4-piperidinone and derivatives thereof nay be pufch gbb)
commercially froma variety of sources (e.g., |Interchem rp(%)ati‘on,

Paranmus, NJ and Sigma-Aldrich Co., St. Louis,

(R™)

R™)
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Scheme |
The desired aniline (1a) is coupled with 5-amino-4,6-dichloropyrimidine
5 (1b: available from Aldrich Chemicals, Milwaukee, W1) to form intermediate



MO . Piperidinone (2a) is then reacted with the desired al kyl am ne and

pot assi um cyani de i n an aqueous HCI /et hanol solvent m xture at about 0-30

0C. The oyenoogusup is converted to the correspondi ng awcaasyios/osass d and

water. The protecting group is then renoved using conventional nethods for
the particular protecting group enployed. For exanple, a benzyl protecting
group may be renoved by hydrogenation in the presence of Pd/C. Conventi onal

t hod d/ chni separation and purification knowmn to one of
or di ﬁa?yagki ffo )Fbﬁ SirRens ‘g‘sﬁwﬁgnﬂé%stfbafr SPHISPGUBPIES merisdBrtis of t he

present | nve@thlaaar/w@rér witéma@ éb@tl&ébrldcw%;] H@tl)?rdrlsdrbatb%](eraﬁhé‘rcﬁ% thereto.

Such techni ques w | to one of dinary’s In the art and
may i ncl ude, ellegiateg;%ﬁ@r@tura(@bq%@QS Cof TE%FS?{&‘F&@? aship qriintgimpdietssure 1 qui d
chronat ogr ape) (SHRbfrreactsd W 1 NTRHBHAREY cABbAY OB AiBERRd§ ﬂp% b&hf s such

as silica gel and thin-Iay er chromat ogr aphy), recrystal I on, and

di fferent?al rle,ar@de "I'tPﬁ“LﬁddatPr 4e) dfherimidation seaatien YRR scCoThisbetimounds Ry
be isol ated gagy Bﬁﬁ@dﬁ@%%lﬂfn Bﬁogé)ékrnegfm 'tﬁesarph?‘ cally

accept abl e salt sol vate and rate. I'n some |ns ance the free base

i s pref erred'”tq{gledé?é%lﬂrﬁ?éﬂtﬂquiﬁ%atﬁéwﬁhw Nesibmwl‘y@lcetaailée éo"bwedrbyahe no grogp
i nic an
having a | ongadif oﬂfwe%b?i?éa;f Bzoy moﬁq%r Th) 88 fetnndr S AL RokanaliPh 98

organic salts of a conpoun corpora ecule via
an ioni c bont OU4E °G. d'(mr:de@)(ed#Fﬂils}éammbplpendme-uecqmb@mmdel compseimdi duri ng

the finalyi splraddo0dbrRR PHENW) ok Rr&oﬁﬁlegw‘ftﬁmgrjrﬁ]gdrate 1e)ytosf<(§rpr)r?1 rately

intermediate (1d) by reacting the chloride (1e) with the carboxamide (1f) atan
elevated temperature (about 80 °C) in the presence of a base (e.g.,
triethylamine). The carboxamide (1f) may alternatively be provided as its
corresponding protic acid salt. Intermediate (1g) is then cyclized to form the

15  protonated compound of Formula (1) (e.g., a compound of Formula (I-A) by
heating intermediate (1g) at an elevated temperature (e.g., about 80 °C)ina
protic solvent (e.g., isopropanol) in the presence of the desired protic acid
(e.g.,sulfuric acid, phosphoric acid, or hydrochloric acid). The protonated
compound (I-A) may be converted to the free base by neutralizing the acid

20 with a weak base (e.g., Na2COs). If desired, the free base may be reacted
with a desired inorganic or organic acid to form a pharmaceutically acceptable
salt (e.g., mesylate, besylate and hydrochloride salt).

The preparation of 4-alkylaminopiperidine-4-carboxamide compounds

of Formula (1f) is depicted below.

2 NHR?
o) NHR
CN NH,
- .
/N /N /N o
Pg Pg H

25 (2a) (2b) (1f)

Scheme Il



reacting the conpound or prodrug with a suitable organic or inorganic acid
or base and isolating the salt thus fornmed. Representative salts include

t he hydr ovoemaiaszi7eydr ochl ori de, hydroi odi de, sulfate, IlpcsuBiods/eos2ss trate,
acetate, trifluoroacetate, oxalate, bmesylate, palmtiate, panpate,

mal onate, stearate, |aurate, nalate, borate, benzoate, |actate, phosphate,
hexaf | uor ophosphat e, benzene sul f onat e, tosyl at e, for mate, citrate,

mal eate, fumarate, succinate, tartrate, 4) nmesyl at e,
gl ucohept onat e, | B 8Binoriped Oﬁﬁﬁfp&UPS‘}‘PQ%I’ grg Eﬂqfé’ Pravige t he | i ke.

Preferred salrmidgdui e liaehlpsibann g’fﬁﬁﬁﬂsaﬁ&z@nch -pSilifble BAd . The

salts may include cations based on the al kali aline earth netal s,
such as sodi dafvativesinergof pervaas purghases quuﬁ?rq?&w@m anNpriei@f BAECeS ke, as

wel | as non- 10l f@RHBRIGtTboHah A5 aintis ATBAG SiEmanbrRAice, SELbAYS

i ncluding, but®hot limt ,_amoni um tetranet hyl ammoni'um
t et r aet hy$ anivéhi (Riperidinang (2a) isdheniianstadywitinthadlesired alsylapingane,

Pharm oL, - EgeSHOKLARES Jn AackiBBue LEReinaRh soRoRt miBea 20 120 ) rmy
contai n asynh@t The cyganahioualis canveeted o theesastespendinghemidenpiuadd aadd
e i L T e
f or ns _of t hethemaarmrém poestirndrocip repioydsi. dorwshinpkes arhexu_t;drpa;etepﬂmg eof ,
| udt 0" 2GEThinL S8 WS o N eB el Ha R piont on- The
Conventional methods and/or techniques of separation and purification
known to one of ordinary skill in the art can be used to isolate the compounds
of the present invention, as well as the various intermediates related thereto.
Such techniques will be well-known to one of ordinary skill in the art and may
15 include, for example, all types of chromatography (high pressure liquid
chromatography (HPLC), column chromatography using common adsorbents
such as silica gel, and thin-layer chromatography), recrystallization, and
differential (i.e., liquid-liquid) extraction fechniques.
The compounds may be isolated and used per se or in the form of its
20 pharmaceutically acceptable salt, solvate and/or hydrate. In some instances,
the free base is preferred. As used herein the term “free base” refers to an
amino group having a lone pair of electrons. The term “salts” refers to
inorganic and organic salts of a compound which may be incorporated into the
molecule via an ionic bond or as a complex. These salts can be prepared in
25  situ during the final isolation and purification of a compound, or by separately
reacting the compound or prodrug with a suitable organic or inorganic acid or
base and isolating the salt thus formed. Representative salts include the
hydrobromide, hydrochloride, hydroiodide, sulfate, bisulfate, nitrate, acetate,
trifluoroacetate, oxalate, besylate, palmitiate, pamoate, malonate, stearate,
30 laurate, malate, borate, benzoate, lactate, phosphate, hexafluorophosphate,
benzene sulfonate, tosylate, formate, citrate, maleate, fumarate, succinate,

tartrate, naphthylate, mesylate, glucoheptonate, lactobionate, and



unsol vated as well as solvated forns with pharmaceutically acceptable

sol vents such as water, ethanol, and the like, and it is intended that the
i nvent i onwertbscaasi7vot h sol vat ed and unsol vated fornms of pchhaBmospeessds. |t
Is al so possible that the internedi ates and conpounds may exist in
different tautoneric forns, and all such forns are enbraced within the
scope of the invention. The term"tautoner"” or "tautoneric form' refers to

structural isoners of different epergje i C ar interco rt|bIe via a
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prototropi ¢ i RAREA] beSRAIARIS NTRE EARVAES IrNRleVdaliond BASd @rﬂth@f a proton,
such as keto-enol and imne-enam ne isonerizations. A specific exanple of a

proton t aut orkelijaad@t@linerearh Mrekairotushyps,aed e ifaumy B‘t’téﬁs‘H@yC?JrP‘ﬁF‘at e

bet ween the %n‘ééﬁ% %hart@@%s asw”%%nt@wwmmumchu&emaw erconver si ons
by reorgani zation of some of the bonding el ectrons. The present invention

al so enbr dce@mmeniydeand amins @ﬁiioééFﬂcwa%épbwtd'ﬁ?ﬁ%dﬁml(ﬂpﬁwﬁud| ng
Nt ermed! at esgdthiihlaffforl R HehGak ra&na(gﬁ@ﬁ R AR ge&,ﬁqu yidhthef O the

fact that one or e atoms are re l"ace avi ng an atom ¢ nmass
or nmass nunbéﬂmdﬁhvlﬁéﬁmlttrlﬁhwmﬂﬁaeﬂw@mlﬁerﬁ%théﬂlhﬁsg‘?emmﬁeﬁem@lI y found

I n nature. Eégnyl%r;;)f Sjcp%mef%@? can be incorporated into the

i nt er nedi at es ‘br’ conpounds of n ention include isotopes of hydrogen,
car bon, nitrogen, Theggeppupdo@piietingintermetiates) mayedntan asprimedrjc emd

chlori ne’lOSu%nirglsce%{_érs;%were}&r& th%%gmp%ﬂlg;ds &r‘?’é\lintélrmdiajfésomay%zgt in 1801 3 1P,
different stereoisomeric forms (e.g., enantiomers and diasteroisomers). It is
intended that all stereoisomeric forms of the intermediates and compounds as
well as mixtures thereof, including racemic mixtures, form a part of the
present invention.

15 The compounds prepared by the inventive process may exist in
unsolvated as well as solvated forms with pharmaceutically acceptable
solvents such as water, ethanol, and the like, and it is intended that the
invention embrace both solvated and unsolvated forms of the compounds.

It is also possible that the intermediates and compounds may exist in

20 different tautomeric forms, and all such forms are embraced within the scope
of the invention. The term “tautomer” or “tautomeric form” refers to structural
isomers of different energies which are interconvertible via a low energy
barrier. For example, proton tautomers (also known as prototropic tautomers)
include interconversions via migration of a proton, such as keto-enol and

25 imine-enamine isomerizations. A specific example of a proton tautomer is the
imidazole moiety where the proton may migrate between the two ring
nitrogens. Valence tautomers include interconversions by reorganization of
some of the bonding electrons.

The present invention also embraces the use of isotopically-labeled

30 compounds (including intermediates) which are identical to those recited

herein, but for the fact that one or more atoms are replaced by an atom

having an atomic mass or mass number different from the atomic mass or



32P, 35S, 18F, 1231, 1251 and 36ClI, respectively. Certain

| sot opi cal | y-1 abel ed conpounds (e.g., those |l abeled with 3H and 14C) are
usef ul i nwoaummuBdsand/ or substrate tissue distributi onpasaByss/ooBessti at ed
(i.e., 3H and carbon-14 (i.e., 14C) i2sotopes are particularly preferred
for their ease of preparation and detectabi lity. Further, substitution with
heavi er isotopes such as deuterium (i.e., 2H) may afford certain

t herapeutic advantages resulting. fr greate oI|c stability (e.qg.,
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t hose di scl og;d 35 1g qzﬁqge s,and/or in the Exanples herein below, by

subst i t ut Png otfopi &al T §ndl alsd) reapecti¥@lént for a non-isotopical ly |abel ed
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fol | owi ng. di 9588 . E0MH o R AR, HbpREMBES oY o MBALhRpRA

cannabi noi d recept of ant’agoni sts nge eating
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in calori 18 OhehA8Gsbidhak Suct?BS48literium (i.e., 2H) may afford certain therapeutic

advantages resulting from greater metabolic stability (e.g., increased in vivo
half-life or reduced dosage requirements) and hence may be preferred in
some circumstances. Positron emitting isotopes such as °0, N, ''C, and
'®F are useful for positron emission tomography (PET) studies to examine

15  substrate receptor occupancy. Isotopically labeled compounds can generally
be prepared by following procedures analogous to those disclosed in the
Schemes and/or in the Examples herein below, by substituting an isotopically
labeled reagent for a non-isotopically labeled reagent.

Compounds made by the process of the present invention are useful

20 for treating diseases, conditions and disorders modulated by cannabinoid
receptor antagonists.

Preliminary investigations have indicated that the following diseases,
conditions, and/or disorders are modulated by cannabinoid receptor
antagonists: eating disorders (e.g., binge eating disorder, anorexia, and

25  bulimia), weight loss or control (e.g., reduction in calorie or food intake, and/or
appetite suppression), obesity, depression, atypical depression, bipolar
disorders, psychoses, schizophrenia, behavioral addictions, suppression of
reward-related behaviors (e.g., conditioned place avoidance, such as
suppression of cocaine- and morphine-induced conditioned place preference),

30 substance abuse, addictive disorders, impulsivity, alcoholism (e.g., alcohol
abuse, addiction and/or dependence including treatment for abstinence,
craving reduction and relapse prevention of alcohol intake), tobacco abuse



appetite suppression), obesity, depression, atypical depression, bipolar
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Examples. It is to be understood, however, that the embodiments of the
invention are not limited to the specific details of these Examples, as other
variations thereof will be known, or apparent in light of the instant disclosure, to
one of ordinary skill in the art.

15
EXAMPLES

Unless specified otherwise, starting materials are generally available
from commercial sources such as Aldrich Chemicals Co. (Milwaukee, W1),
Lancaster Synthesis, Inc. (Windham, NH), Acros Organics (Fairlawn, NJ),

20  Maybridge Chemical Company, Ltd. (Cornwall, England), Tyger Scientific
(Princeton, NJ), and AstraZeneca Pharmaceuticals (London, England).
General Experimental Procedures
NMR spectra were recorded on a Varian Unity™ 400 or 500 (available
from Varian Inc., Palo Alto, CA) at room temperature at 400 and 500 MHz H,
25  respectively. Chemical shifts are expressed in parts per million (3) relative to
residual solvent as an internal reference. The peak shapes are denoted as
follows: s, singlet; d, doublet; t, triplet; q, quartet; m, muitiplet; br s, broad
singlet; v br s, very broad singlet; br m, broad multiplet; 2s, two singlets. In
some cases only representative 'H NMR peaks are given.
30 Mass specira were recorded by direct flow analysis using positive and

negative atmospheric pressure chemical ionization (APcl) scan modes. A

\



Unl ess specified otherw se, starting materials are generally available from
commerci al sources such as Aldrich Chemcals Co. (MI|waukee, W), Lancaster
Synt hesi swolwa/046MEndham NH), Acros Organi cs (Fairl awnpciiBzood/bgsass dge
Chem cal Conpany, Ltd. (Cornwall, Engi4and), Tyger Scientific (Princeton,
NJ), and AstraZeneca Pharnmaceuticals (London, England). GCeneral

Experinental Procedures NVR spectra were recorded on a Varian Unity(tn) 400
or 500 (available fromVarian Inc., Palo Alto, CA room t epperat ure at
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usi ng posfBt i vesosdrsl Meppsitive andinegsiireeleeiraspeaydonizatioRdrBbaican s1adgat A on ( APcl )
scan nodes. I i d with

G son 215 1 8 B A O e B B ot .
Mass spect r omiihiGilsam 2l § §dq@d Waedlmigsystenht andidd 13900 RADHRaEUgedid eanty aviét hod f or
chr onmat ograpmece%%ﬂﬁl%ﬁ{si on. Mol ecul ar weight identification was recorded by
positive and negative €l ectrospray ionization (ESI) scan nodes. A
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10 the expected intensity ratio was observed (approximately 3:1 for 3CI/*’Cl-
containing ions and 1:1 for "°Br/®'Br-containing ions) and only the lower mass
ion is given. MS peaks are reported for all examples.

Optical rotations were determined on a PerkinElmer™ 241 polarimeter
(available from PerkinElmer Inc., Wellesiey, MA) using the sodium D line (A =

15 589 nm) at the indicated temperature and are reported as follows oo™,
concentration (c = g/100 ml), and solvent.

Column chromatography was performed with either Baker™ silica gel
(40 um; J.T. Baker, Phillipsburg, NJ) or Silica Gel 50 (EM Sciences™,
Gibbstown, NJ) in glass columns or in Biotage™ columns (ISC, Inc., Shelton,
20  CT)under low nitrogen pressure. Radial chromatography was performed
using a Chromatotron™ (Harrison Research).
Starting Materials
Each of the following starting materials may be purchased from Sigma-
Aldrich Company (Milwaukee, Wl USA)
25 4-Chloroaniline (I-1a)
5-Amino-4,6-dichloropyrimidine (I-1b)
2-Chlorobenzoyl chloride (I-1d)

The preparation of starting material |-1f is described in US Publication
30  No. 2004/0092520 or PCT Publication No. WO 04/037823) and reproduced

below.



with Glson 215 liquid handling systemand HP 1100 DAD was used to carry
out the experinents. Wiere the intensity of chlorine or brom ne-containing
i ons ar e weesddagds t he expected intensity rati o was obgeruzhos0032ss
(approximately 3:1 for 35CI/37Clcontaisning ions and 1:1 for 79Br/8
1Br-containing ions) and only the |lower mass ion is given. MS peaks are
reported for all exanples. Optical rotations were determ ned on a

Dl ooy Rnsatior @b RanTate s oL Rl isaRcler sarbowalis ABH . ot e
tenperature gﬂgd@[,e,ﬂr;eported as follows [a] D tenp, concentration (¢ = g/1
00 m ), and solvent. Col um chronmat ography was perforned with either
Baker(tm) silica gel (40 mm JT. Baker, Phillipsburg, NJ) or Silica Gel 50
(EM Sci ences(tnm), G bbstown, NJ) in gl ﬂl ums or in Biotage(tn) col umms
(I'SC, Inc., Shelton, CT) under |ow 't pressure. Radi al chromat ography
was performed using a Chromat ot rongim rrison Research). Starting

Mat erials Each of the followi ng starti’ng materials may be purchased from
Sigma- Aldrich Conpany (M| waukee, W U$A) 4-Chloroaniline (1-1 a)
> Am no- 4’5 6-dichl 1Q<S g%%lruiﬁcr)nﬁ %If Q?N-g%ﬁzlylp%eridone (5.69 g, 29.5 mmol) in ethanol
(4.2 ml) cooled in an ice bath was added ethylamine hydrochloride (2.69 g,
32.3 mmol) in water (3 m!) while keeping the internal temperature of the
reaction below 10 °C. A solution of KCN (2.04 g, 31.3 mmol) in water (7 mi)
was added to the reaction solution over 10 minutes while keeping the internal
10  temperature below 10 °C. The reaction was then warmed to room
temperature and stirred 18 hours. Isopropanol (10 ml) was added to the
reaction mixture to give two distinct layers: a lower colorless aqueous layer
and an orange organic upper layer. The organic layer was separated and
stirred with water (30 ml) for 30 minutes. The organic layer was separated
15  (the orange organic layer became the bottom layer) and the orange oil was
diluted in CH.Cl, (30 ml). The organic layer was washed with brine, dried
(NazS0y), filtered and concentrated, in vacuo, to give 1-benzyl-4-
ethylaminopiperidine-4-carbonitrile as an orange oil (6.05 g, 84%): +APCI MS
(M+1) 244.2; "H NMR (400 MHz, CD,Clp) 8 7.32 (d, J = 4.1 Hz, 4H), 7.29-7.23
20  (m, 1H), 3.54 (s, 2H), 2.81-2.76 (m, 2H), 2.75 (g, J = 7.1 Hz, 2H), 2.35-2.29
(m, 2H), 2.01-1.98 (m, 2H), 1.74-1.68 (m, 2H), 1.14 (t, J = 7.1 Hz, 3H).
A solution of 1-benzyi-4-ethylaminopiperidine-4-carbonitrile (0.58 g,
2.38 mmol) in methylene chloride (2 mi) cooled in an ice bath was treated with
H.SO4 (1.8 ml, 33 mmoal), dropwise, while keeping the internal temperature
25  below 20 'C. The reaction was then warmed to room temperature and stirred
for 19 hr. After stirring was discontinued, the thick pale orange H,SO4 bottom
layer was separated, cooled in an ice bath and then carefully quenched with
concentrated NH4OH while keeping the internal temperature below 55 °C.
The aqueous layer was extracted with methylene chloride (2 X 10 ml), the



2- Chl orobenzoyl chloride (1-1 d) The preparation of starting material Mf
I's described in US Publication No. 2004/0092520 or PCT Publication No. WO
04/ 037823yoanes/msgpsoduced bel ow. Preparation of Starti np Wetrasimbo32ss

4- Et hyl am noDi peri di ne-4-carboxylic Asid Amde (M) : Mf To a solution of
4-L/-benzyl pi peridone (5.69 g, 29.5 nmmol) in ethanol (4.2 m) cooled in an

i ce bath was added et hyl am ne hydrochloride (2.69 g, 32.3 mmol) in water (3

m) while keepipng the internal tenperatu reactlon bel ow 10 0C. A
sol ution of %Qd@gganc lgygrsyversdyashed "‘()\'/gtbé'lne((gﬁ m') diigd (N 1% he

reaction sol wdndne¥@fatddini4rdbas aﬂbﬂd' ﬁb&%ﬂﬂ%)ﬂé\ﬁlnbmp%ﬁaﬁb 4.enmperature
bel ow 10 OC. The reaction was then r med ro enperature and stirred
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upper layer. g'l'[heu%rn%bm Cm?(d erbvvas ngar at edggnd sti rreJQMﬁn(% water (30 m)

for 30 m hut &8z, DRLCh) §Ari4c” BRYEx 4hias 3Ep&1 {ied H)t hidd Grrandél)ot-gdte.c | ayer
B e ST 2R 20 7 07299 % s R WL 4, B (20 ™)
concentr at ed(m; ZH)/acrljo(br 8,01 ), 1091, henZ W HZ-3H). . q
R ) S S SR e
7.29-7.23 amide (7.39 g, 28.3 mmol) in methanol (100 ml) was added 20% Pd(OH), on
10  carbon (50% water; 1.48 g). The mixture was placed on a Parr® shaker and
was reduced (50 psi H,) at room temperature overnight. The mixture was
filtered through a pad of Celite®, and then concentrated to a colorless solid |-
1f (4.84 g, quantitative): +APCI MS (M+1) 172.2; 'H NMR (400 MHz, CD,Cl,)
$2.89 (ddd, J=12.9, 8.7, 3.3 Hz, 2H), 2.75 (ddd, J = 12.9, 6.6, 3.7 Hz, 2H),
15 2.45(q, J=7.2 Hz, 2H), 1.95 (ddd, J = 13.7, 8.3, 3.7 Hz, 2H), 1.55 (ddd, J =
13.7, 6.6, 3.3 Hz, 2h), 1.08 (t, J = 7.1 Hz, 3H).

Preparation of Key Intermediate
Preparation of Intermediate 6-Chloro-N4-(4-chlorophenyi)-pyrimidine-
20 4, 5-diamine (I-1¢):

I-ic
5-amino-4,6-dichloropyrimidine (5.00 g, 29 mmol) and 4-chloroaniline
(4.71 g, 36 mmol) were suspended in 80 mi H,O and 12 ml ethanol.

25  Concentrated HCI (1.2 ml, 14.5 mmol) was added at room temperature
followed by warming the reaction to 82 °C. After stirring for 19 hours the
reaction was cooled to room temperature and stirred for 60 hours. The
precipitate was collected on a sintered glass funnel and rinsed with water
followed by hexanes. After drying under vacuum, l-1c was obtained as an off-



(m 1H), 3.54 (s, 2H), 2.81-2.76 (m 2H), 2.75 (q, J = 7.1 Hz, 2H),
2.35-2.29 (m 2H), 2.01-1 .98 (m 2H), 1.74-1 .68 (m 2H), 1.14 (t, J =7.1
Hz, 3H). wo0besdre of 1-benzyl - 4- et hyl ami nopi peri di ne- #ceasmosiisesd e (0. 58
g, 2.38 mmol) in nmethylene chloride (2 m) cooled in an ice bath was
treated with H2SO ( 1 .8 m, 33 mmol ), dropwi se, while keeping the internal
tenperature below 20 C. The reaction was then warnmed to roomtenperature

and stirred for 19 h Aft er i_SCQ nued, the thick pale
orange H2SO4™hHie £8iid {7 » Re) §'§ Mﬁq@@i”%c?é I%d"W%r{Afp@émdéth and t hen
careful ly quepgbes a/vrh*? Ofm)emtsea(aesﬂ MHAQH 2 | B3k GERiNg Ae 4 10 réer nal

t enper at ure bel ow 55 OC The aqueous | ayer was extracted wi th t hyl ene
chloride (2 X 10 m), theconbi ned oganlc | ayers were washed with brine (20
m), dried (Na2SO4), and t hen conce Xammle 1| n vacuo to afford 1-benzyl -

- et hyl am popigp ) |
solidified tO ' ’ %~ +APCI M5
( M+1) ZGZZMNE(AIEM—IZ CD2CI2) d734730(m 4H) 729721(m
1H), 7.16 (br s, 1H), 3.48 (s,2H), 68 (m 2H), 2.47 (q, J = 7.0 Hz,

2H), 2.17-2.02 (m 4H), 1621.\3@2N1)/\r\141(br s, 1H), 1.09 (t, J =
th

7.0 Hz, 3H. To a solution of 1- | - 4dlet By1 ani nopi peri di ne-4-car boxylic
aci d anide (7.39 g, 28.3 nmol) in Enol (1689 nl) was added 20% Pd( OH) 2
on carbon (50% water; 1.48 g). The m xturieN pl aced on a Parr(r) shaker
and was reduced (50 psi H2) at roomtenperatfire overnight. The m xture was
filtered through a pad of Celite(r), and t centrated to a colorless
solid

I-1e
6-Chloro-N4-(4-chlorophenyl)-pyrimidine-4,5-diamine )-1¢ (1.00 g, 3.92
10 mmol) was dissolved in 6 ml of N,N-dimethylacetamide giving a clear brown
solution. After cooling to 5 °C, neat 2-chlorobenzoyl chioride (0.80 g, 4.34
mmol) was added over 1 minute. The solution was warmed to room
temperature and stirred for 4 hours. Addition of water (15 ml) caused a white
precipitate to come out of solution. The mixture was stirred for an additional
15 30 minutes at room temperature, then the precipitate was collected by
vacuum filtration and rinsed with H,O followed by hexanes. The solid was
further dried under vacuum to give |-1e as a colorless solid (1.27 g, 82%):
+APCI MS (M+1) 393.1; "H NMR (400 MHz, DMSO-dg) 5 10.02 (s, 1H), 9.11
(s, 1H), 8.40 (s, 1H), 7.93 (dd, J = 7.4, 1.6 Hz, 1H), 7.66-7.40 (m, 7H).
20
Preparation of 1-[5-(2-Chloro-benzoylamino)-6-(4-chloro-phenylamino)-

pyrimidin-4-yl]-4-ethylamino-piperidine-4-carboxylic acid amide (I-1q):
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29 mol ) and 4-chloroaniline (4.71
Concentrated HCl

reaction to 82 0C. After swj\hn rsNtHe r tion was cooled to
60 hogrs. Necipitate was coll ected on

roomtenperature and stirred T%

a sintered glass funnel and rinsed Qg
dryi ng under vacuum M was obtained |as an off
+ESI M5 (M+1) 255.3; 1H NVR (409
8.7 Hz, 2 H, 7.30 (d, J 8.7 Hz, 2
of 2- Chl or o- N-[ 4- chl or 0- 6- (4- chl or ophe
1- le): 1-1 e 6-Chl oro- N4-(4-chl orophen

.00 g, 3.92

10

15

20

ol | owed by hexanes.
Fpe solid (7.38 g,

Exanpl e 1 Preparation

I-1g

1-[5-(2-Chloro-benzoylamino)-6-(4-chloro-phenylamino)-pyrimidin-4-yij-
chloride (I-1e) (1.10 g, 2.79 mmol), piperidine (I-1f) (0.72 g, 4.2 mmol, 1.5
equiv), triethylamine (0.58 ml, 4.2 mmol, 1.5 equiv), and isopropanol (11 ml)
were combined and placed in an 80 °C oil bath. The reaction was monitored by
TLC, HPLC and/or mass specpectrometry. After 20 hours, the reaction mixture
was cooled and transferred dropwise into 50 ml of ice water. The resulting
solids were stirred and granulated at 0 °C to room temperature for 72 hours,
then collected by filtration and rinsed with cold water. The product I-1g was
isolated as a white to off-white solid (1.51 g, 2. 8 mmol, quantitative yield).

'H NMR (CDCls): § 8.34 (1H, s), 8.02 (1H, s), 7.73 (1H, s), 7.70-7.67
(1H, m), 7.50-7.38 (5H, m), 7.32-7.23 (3H, m), 5.41 (1H, d, J = 5), 3.56-3.51
(2H, m), 3.18-3.11 (2H, m), 2.47 (2H, g, J = 7), 2.13-2.06 (2H, m), 1.71 (2H, br
s), 1.08 (3H, t, J = 7). Mass Spec (chemical ionization): 528

Preparation of 1-[9~(4-Chloro-phenyl)-8-(2-chloro-phenyl)-9H-purin-6-yij-4-
ethylamino-piperidine-4-carboxylic acid amide (1A-1):

)
cl
\\<i::>“‘Niﬁ;fﬁl\T:::%;T\w/Ckg
Cl HN O
1A-1

After
989 :

CD3ORN d 7.87 (s, 1H), 7.66 (d, J

| am no) - pyri m di n-5-yl | benzam de (
¥I)-pyrim’di ne-4,5-diamne k[c ( 1



mmol ) was dissolved in 6 m of L/,L/-dinmethylacetam de giving a clear brown
solution. After cooling to 5 0C, neat 2-chlorobenzoyl chloride (0.80 g,

4. 34 mmolwowass/msded over 1 minute. The sol ution was waPCEdB1005/063258
tenperature and stirred for 4 hours. ddition of water (15 m ) caused a
white precipitate to come out of solution. The m xture was stirred for an
additional 30 m nutes at roomterrperature then the precipitate was

|l ected b trat d f ol d Th
Col i d vms Tart ner T H-ELaN RS BT o Phen e oy BB AYE. S0l d (|
1.27 g, 82% 3-¢ ﬂ?%mb@féﬁbﬂ% £8§rbé>5)/l|&Hc1NMﬁndé1@__dYW48 ?\@@Omolﬂ)aﬂ@ 02 (s,

1H, 9.1 1 (s, 3 7.66-7.40
( lr;? 7H). Pr gESP@PPB?l ¢} ml) were clc_JDmblned and(st|rred at room temperature.

L-15- (2- Ol otanasieesd SO it 80/thak) veRemmbakRohe reastion was

pyri mdi n®-yl|”-ethyl am no- pi peridi ne®-carboxylic acid amde (1-1Q: M|

1-[5- (2- Ol OP@C%WZ%W%Q %lyat B@a@tmngﬂf@grpﬁ%mwaﬁmﬂsytomdrbwamr 4-yl]-
chloride (Mei'lﬁé of mHe sgge@trome nmﬁeé 2@'hBF|rs' %Q@aét%)we(soall% efto §od gm0l 1.5

equiv), triethylamne .5 equiv) I'sopropanol ( 11
m) were conisioneigmpetgiediered andrinsl \Gith @ﬂld iSl@QtQ‘Pamlﬂhér heeact i on was

moni t or ed byhgdrsgedéﬁk&e%gﬁ Pl ALTRRSS SPBEREE dé\gﬁ?é{oyoff\%lrt‘fgo@& %%gfs the

reaction nmixtlure®was coo ransterred dropw se In ice
wat er. The r2&ddimmeolg98%lyield). were stirred and gr anul ated at 0 OC to room

{omerat e for 72 A Guu OSh SELIFCACH: a1l BRIRE L3RR0 1D oo ¢
2. 8 mml qnad)tsh, t7e0 (e, idel d)? 2) 7.52-7.44 (5H, m), 7.33-7.30 (2H, m), 4.4 (2H,
br s), 3.9 (2H, br s), 2.90-2.89 (2H, m), 2.37 (2H, m), 1.95 (2H, m), 1.21 (3H, {, J
=7). Mass Spec (chemical ionization): 510.
Conversion of 1-[9-(4-Chloro-phenyl)-8-(2-chloro-phenyl)-9H-purin-6-
15 ylj-4-ethylamino-piperidine-4-carboxylic acid amide hydrogensulfate salt to
free base (1A-1): 1-[9-(4-Chioro-phenyl)-8-(2-chloro-phenyt)-9H-purin-6-yil-4-
ethylamino-piperidine-4-carboxylic acid amide hydrogensulfate salt (1.655 g,
2.72 mmol) was slurried in 17 ml H,O and 8.5 ml acetone, and treated with
NaxCOj3 (0.317 g, 2.99 mmol). The resulting slurry was placed in a 50 °C oil
20  bath for 90 min, then allowed to cool to room temperature for a period of 2
hours. The resulting solids were collected by filtration, rinsed with cold water
and then dried in a vacuum oven to provide free base 1-[9-(4-chloro-phenyl)-
8-(2-chloro-phenyl)-9H-purin-6-yi]-4-ethylamino-piperidine-4-carboxylic acid
amide (1A-1) as a white solid (1.148 g, 2.25 mmol, 83% yield).
25 tH NMR in CDCl; (ppm) 8 7.53-7.50 (m, 1H), 7.38-7.33 (m, 3H), 7.24-
7.21 (m, 2H), 7.16-7.13 (m, 2H), 4.45 (br s, 2H), 4.02 (t, 2H), 3.90 (br s, 2H),
1.69 (t, 3H); ms (LCMS) m/z = 452.2 (M+1). Combustion analysis was
calculated for CasHasN7OCl,: 55.77%; H: 3.79%; N: 9.29%. Found: C:
55.69%; H: 3.52%; N: 9.13%.
30 Conversion to HCl salt: 1-[9-(4-Chloro-phenyl)-8-(2-chloro-phenyl)-9H-
purin-6-yl]-4-ethylamino-piperidine-4-carboxylic acid amide 1A-1 (1.13 g, 2.21
mmol) was slurried in 17 ml tetrahydrofuran and warmed to 50 °C.



1H NV\R (CDCI 3): d 8.34 (1H, s), 8.02 (1H, s), 7.73 (1H, s), 7.70-7.67 (1H,
m, 7.50-7.38 (5H m, 7.32-7.23 (3H, m, 541 (1H, d, J =5), 3.56-3.51
(2H, m, Wol8ech4d178 (2H, rT), 2.47 (2H, q, J = 7), 2.13-2co6Btodkio3ds 1.71
(2H, br s), 1.08 (3H t = 7). Mas® Spec (chem cal ionization): 528
Preparation of i-f -~-Chl oro phenvfl - -ft-chloro-phenyQ Q+ puri n-

- vl Met hyl am no- pi peri di ne-4-car boxyl i c acid amde (1A-1):

1A-11-[5-(2-Chl or | ani.no) - | or o- n nQ) - yrlmd|n4yl]
4- et hyl am no- nﬁ%'? % é&iégbﬁa 3?? @8 Waarﬁdﬁsg %@F (""Pa g g, 2.80 mml)
and i sopr opanehpérafire mc)rea!mdetoqor?tu meftéran%u% it SdrratvdsQIBdaeBRssAt ur e.
Concentr at ed HZSO4 0 47 was added, .and the reaction was

pl aced in an 'YBPE rf%@f”'@*ﬁ ﬁs&%&t%swt%ﬁmfﬁ@a%y HPLC, TLC

or nass Spectnh@étewrtu lsoﬁfdp%fnoﬁ%nh@lﬂcﬁnedttb%rd\%ﬁb%l"@ﬁ e%'e{\?mﬁ‘éisél@ cool to
roomtenpera and rinsed with cold isopropanol. The

t
hydr ogens |féf38§a|1{’7°éf°f%)$°1y%§ tq esiduebsplvanth Spactial propertieswiere e sol i d (
1.67 g, 2.74idemakal tga%syélr@b@&ed %:'évHNBy( DMSO-d 6) : d 8.79 (2H, br s), 8.33
(1H, s), 8.04 ( 1H s), 7.8 7.70 (1H, dd, J =7, 2), 7.52-7.44
(5H, m, 7.33-7.30 (2H, m, 4 4 (2H br s), 3.9 (2H1 br s), 2.90-2.89 (2H,
m, 2.37 (2H m, 1.95 (2H, m, 1.21 (3H t , J = 7). Mass Spec (chem cal
ioni zation): 510. Conversion of
1-[ 9- (4- Chl or o- phenyl ) - 8- (2-chl or o- phenyl ) - 9H puri n- 6-
yl]-4-ethyl am no- pi peri di ne-4-carboxylic acid am de hydrogensulfate salt to



free base (1A-1): 1-[9-(4-Chloro-phenyl)-8-(2-chl

sro- phenyl ) -9H purin-6-yl]-4- ethyl am no-pi peridi ne-4-carboxylic acid am de
hydr ogenswbfademasast ( 1.655 g, 2.72 mmol) was sl urri edpcmigiosboskO and
8.5 nm acetone, and treated with Na2Q@3 (0.317 g, 2.99 nmol). The resulting
slurry was placed in a 50 OC oil bath for 90 mn, then allowed to cool to
roomtenperature for a period of 2 hours. The resulting solids were
collected by filtration, rinsed Wthcg.?%lgl wat er and then dried in a vacuum
oven to provide free base 1-[9-(4-chl ﬁhenyl)

8- (2-chl oro- mh@mgc)lalmédpgrri n- 6-yl ] -4-et hyl am no- pi peri di ne-4-carboxylic
acid am de (1A— as a white solid ( 1 .148 g, 2.25 mol, 83%yield). 1H

NMR in CDCl 3 d 7,53-7.50 7. 38- 7.24- 7.21 (m
2H), 7.16-7.13 (:3 FDAPQPCEBSE%&%%”;@? cofn E’P§Fémula§?)90 (br s, 2H),
1.69 (t, 3H); ns (LCWS) rﬂz 452. 2 (Mrj(\). Conbustlon anal ysi s was

cal cul ated for C25H25N7CC 7% 3 9% N 9.29% Found: C 55.69%
HCl al *l*
g=pienyl) - 9Hpur] ng

H 3.52% N 9.13% ConveRS
~Carboyi ¢ atid &mog 1A-1 (1 .13 g, 2.21

1-[9- (4-Chl oro-phenyl )-8-(2-c
6-yl]-4-ethyl am no- pi peridi ne-
mol) was slurried in 17 n(Rt¢
O0C. Concentrated HCl (0.20 m, 2.
tenperature increased to 70 OC.
roomtenperature, and stirred overnight. The product was isol ated by
filtration, rinsed with isopropanol(R nd air-dried to provide the HC salt
as a white solid (1.30 g, 107% of theory due to residual solvent).
Spectral properties were )

wherein R, R®, R, R are each independently selected from the group
consisting of chloro, fluoro, (C4-Cs)alkoxy, (C4-Cys)alkyl, fluoro-substituted (C4-
10  Cy)alkyl), and cyano; n and m are each independently 0 or 1; and R? is (C4-
Cylalkyl;
comprising the steps of:
(1)  cyclizing a compound of Formula (1g) in the presence of a protic
acid to produce a compound of Formula (I-A)

(Rw)n " N
“
N N )
Q;NHR - HX

NHR? =N

15 (19)

where R%, R®, R™?, R™, R? n and m are as defined for the compound of
Formula (1) above, and HX is a protic acid; and
(2) isolating the compound of Formula (1), a pharmaceutically
20 acceptable salt thereof or a hydrate or solvate of said compound or said salt.



identical to those reported previously. CLAIMS What is clained is: 1. A
process for preparing a conpound of Formula (1): O wherein RCa , RO ,
Rla, Rlb woeo@aabizsndependently sel ected from the grouppconB2o®sisgsof
chloro, fluoro, (G C4)al koxy, (C C&eal kyl, fluoro-substituted (Cl-

C4) al kyl ), and cyano; n and m are each independently 0 or 1; and R2 is (Cl-
C4) al kyl ; conmprising the steps of: ( 1) cyclizing a conmpound of Fornula
(1g) in the presence of a protic acid to produce a conpound of Formul a
(I-A) Og) where ROa , Rob, Rla, Rlb, R2, n and mare as defined for the

compound of Formia (IJheafrovess GHTlailX bereimirelib6laiér StepdBfedmrisesol at i ng
t he corrpoundt of Forn];ul a (1), a pharnmaceutically accept aBI e salt thereof or
a hydrate or ReGteRt & of said conmpound or said salt.2. The process of Claim

1 wherein the isoqztabbmrerﬁﬁ@@aiﬁ%mﬁ@urﬁvéﬁ%'ﬁmwae(l- § 80 wrreééénd%rﬁa(w@é“ ng said
conmpound of Eorr_ru a (I-A) to its corresponding free base; and (5)
opt i onal |§ cBPRFePMng said free base to its pharmaceutical |y acceptabl e

salt. (5) optionally converting said free base to its pharmaceutically
acceptable salt.

3. The process of Claim 1 further comprising the step of preparing
10 said compound of Formula (1g) by a method comprising the step of
(@)  reacting a compound of Formula (1e) with a compound of
Formuia (1f) or a protic acid salt thereof to produce said compound of
Formula (1g)
(R"™) )

1 n (R™
Ra P R‘la n
js8e e8e
X
HN_ o + N o Ho NHR
o )

0a NH
R (1 f) 2 ROa H2N

ob
R ) (ROb)

m

(1e) (1g)
15

where R%, R®, R™, R™ are each independently selected from the group
consisting of chloro, fluoro, (C4-C4)alkoxy, (C4-Cy)alkyl, fluoro-substituted (C-
Cy)alkyl), and cyano; n and m are each independently 0 or 1; and R? is (Cy-
Cy)alkyl.
20

4, The process of Claim 1 wherein said protic acid, HX, is selected
from the group consisting of hydrochloric acid, methanesulfonic acid,
benzenesulfonic acid, sulfuric acid, and phosphoric acid.

25 5. The process of Claim 8 wherein said protic acid is sulfuric acid.



3. The process of Caim1 further conprising the step of preparing said
conpound of Fornula (1g) by a nethod conprising the step of (a) reacting a
conpound wd 2bewoai7za (le) with a conpound of Fornul a (1f pconBmopoabsc acid
salt thereof to produce said conmpound3of Fornula (1g) (1e) (ig) where ROa ,
RO , Rla, Rlb are each independently selected fromthe group consisting of
chloro, fluoro, (CrC 4)al koxy, (G -C 4)alkyl, fluoro-substituted (Cl-

C4)al kyl ), and cyano; n and m are each independently 0 or 1; and R2 is (Cr
C4)al kyl. 4. The process of Claim1l wherein said protic acid, HX is

sel ected from t hes.gr ouppesRass friphehapihg RycHasdUnards Foafiie, (1AT8): hanesul f oni c
aci d, benzenesul fonic acid, SU|PUFIC acid, and phosphorlc acid. 5. The
process of Claim8 wherein said prorN/c§q\p| dis sulfuric acid.6. A process

for preparing a conmpoungsof la|[lA]1l): conmyising the steps of: (1)
@ = ' lconpound of Formula (I-1f)

reacting the conmpound of  Fo
or a protic acid salt theredfto pRkodyce HForrrula (M) (Me)
iM% he presence of a

d-ig) (2) cyclizing the conmpound o
protic acid to produce a conpour=of Fornul a (FS&ql)

’ comprising the steps of:
(1)  reacting the compound of Formula (I-1e) with a compound of
Formula (I-1f) or a protic acid salt thereof to produce a compound of Formula
(-19)
10

(-1)

(-1e) (-19)

(2)  cyclizing the compound of Formula (I-1g) in the presence of a

protic acid to produce a compound of Formula (IA-1)
cl

N7 N
\ ! CH,CH cl N%IN
N N ks S CH,C
CLOLE O e
O >
Cl HN ©
Cl H,N
=HX

15 (-1g) (IA-1)
where HX is a protic acid; and



(Hg) (1A-1 ) where HX is a protic acid; and(3) isolating the conpound of
Formula (1), a pharmaceutically acceptable salt thereof or a hydrate or

sol vat e ofoasah4gospound or said salt. 7. The process ofc@iB200%/603eker €i n
said isolation step (3) conprises thessteps of (4) converting said conpound
of Formula (I-A) to its corresponding free base; and (5) optionally
converting said free base to its pharmaceutically acceptable salt. 8. The

process of C aim 7,wher i d conpound_of For | A- 1 i s isolated as
a pharmaceuti cal | @)acd e§8WnBB$8g%%r8‘LF? QmJatFﬂ@g@@Gﬁlﬁ @hsi sting of

hydr ochl ori dgcceptdti@telt tnéhstﬂmatr@drér@ayb@me@ﬂdauaﬁz@m%ﬁd oPsaidik@itpr ocess of
Cl aim 8 wherein said pharnmaceutically acceptable salt is hydrochloride. 10.

The process of Caim8 wherein said pharmaceutically acceptable salt is

besylate. 11. A cpnpourkd daydsadf OgmfPRRRIER s(aldli%laﬁcbrgét\é@%)eddﬂ\dﬂ%s’ R,
Rla, Rlb are each mdependently sel ected fromthe group consisting of

chloro, f¥uok®sti®R§Qfc 4)al koxy, (G -C 4)al kyl, fluoro-substituted (CI-
gg al t}y{: ) and cy@peonverifisdR BbRpSatlof FARBRNIRTI ¥ @rspdrdidgfled 15 (d-
base; and
(6) optionally converting said free base to its pharmaceutically
acceptable salt.
10
8. ‘The process of Claim 7 wherein said compound of Formula (1A-
1) is isolated as a pharmaceutically acceptable salt selected from the group

consisting of hydrochloride, sulfate, phosphate, besylate and mesylate.

15 9. The process of Claim 8 wherein said pharmaceutically
acceptable salt is hydrochloride.

10.  The process of Claim 8 wherein said pharmaceutically
acceptable salt is besylate.
20
11. A compound having the Formula (1g)

R'™ &, PN
joSs
NJ\KkN
" NH O;NHRZ

0
R H,N

(R™)

(19)



or a protic acid salt thereof. 12. The conpound of C aim 11 where RGCa and
Rla are each chloro; n and mare 0; and R2 is ethyl.

WO 2006/043175 PCT/IB2005/003255
25

wherein R%?, R®, R", R™ are each independently selected from the group
consisting of chloro, fluoro, (C4-Cs)alkoxy, (C4-Ca)alkyl, fluoro-substituted (C+-
Cs)alkyl), and cyano; n and m are each independently 0 or 1; and R? is (C+-
Cy)alkyl;

5 or a protic acid salt thereof.

12.  The compound of Claim 11 where R® and R'? are each chloro;
nand m are 0; and R? is ethyl.



