HYDROXY SUBSTI TUTED THI ENO PYRI M DI NONES AS MELANI N
CONCENTRATI NG HORMONE RECEPTOR-1 ANTAGONI STS FI ELD OF

WOHBIMMIENTI ON 5[ 0001] The present invention rePGE/ES2009045452
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t hi enopyri m di none non-basi c nmel anin concentrati ng
hor mone receptor-1 anta on| sts 8har maceut i cal

conpdy PRERSY §UrEtS§1%U?5§ ENONESAS MELANIN

ﬁe?ﬁgzzcg)?\erea %Pﬁgﬁ& I?#sn ty ancfﬁﬁ %fg@rs

di seases enpl oyi ng such I\/CHRl ant agoni st s.
BACKGROUND 10002] Several 1ines of ]%Ear macol ogl cal and
genetic evidence supBBEP @hEHEMNYIGN LR ani n

SOGE o ke BT E TR TSR E tleabhalig RS pot Sl plegpin
?Qdﬂcemsatﬁng%bﬁﬁoﬁre@t@m (MCPIRA§ Bhith 831l §1g phbieicemnal

i ncreases fo i ntake and body weight in both
r edrspasitipnsricertainGigr MAIHR 1| aiagonistss iohpiore ReRpswg such

ed f t b ' i.ce..
WIERT RRtgefits o QSRR st ser R GG fialy shBfliSFeiscases
lophigcach FROMR 1 Bhaksiand results in weight |oss and
decr eased feeding in diet-induced obese nice.

10003] The expression of both the MCH peptide and

receptor are nodul ated onal status. MCH
MRNA | s upr egul at ed bot E%Mzﬁ%@%épﬁ%gl c obese m ce

(Eﬁ% , RRekf s ﬁﬂiﬂﬁ@bl%glcﬁadrﬂ%ﬁéhcdéﬁdeﬁiﬁé s@poffihe role of

gene for MCH pept| de results in ypophag| a and
| mtanescsmc@teﬂtmghomnomfrectdpe)rﬂﬂjhara@ i@ IGHRd é5sas a modulator of

. g@g %%J Le yﬁz'fql %Eh 3%8{12%)18@%11&1 Stg%%l\;)g %@gggncentmtmg

ON SR RRRSS) 188 e s Mgd 19@19@ hl@@b&ﬁ%éiél% ih ‘Boﬁ‘lylﬁ@ RARgLa,

obesity ‘and ‘di abet es. 25 nol ecul e ‘
afi‘hmgmni&\f sftracrecHEERT edmevmntma&edde@i kg Ia,nd bltissatély obesity in

 RiaseiF el oL L PrAe gneceint Sochgaf Helbgyec Tood inale

%) i & . J
B R BT T i Tt

b3} epOFiteettptessiph a‘;“/b(&h HES/M(}H peptnde ahed rqaa;btbr)ge mesfutated by

of 30ac exper tal . col |t 033| n | BD

(PP AT hsory NObHIRRAR s aBeE SR gpice

i n

e R i %ﬁh’é?@‘%} f.g?mc*f[ éptide results
" Melhpophegioneainmatd. gishuptionnthadVi@HRE dicat caused leanness, altered

b e e S R SR e
a@é}—&f}%s&g BPRIEY pgﬁicfélr@s)ﬁitg it Hﬁrﬂﬁ&gﬁb@bemty and diabetes. Small

molecule MCHR1 antagonists have been shown to cause weight loss in rodent weight

and feeding models after both oral and intraperitoneal administration; Lur. J.
Pharmacol., 438:129-135 (2002); Nat. Med., 8:825-830 (2002); Eur. J. Pharmacol.,
497:41-47 (2004).

[0004] MCHRI1 has also been reported to play a key role in the pathogenesis of
acute experimental colitis and possibly human IBD (inflammatory bowel disease). It

has been shown that immunoneutralization is an effective treatment for TNBS-



endocri ne and behavi oral responses to stress.
Treatnent of rats and mce with MCHR 5ant agoni sts

WQQrwaaes6®a robust anti-depressant and anti - anxP@GI/y$3089/045452
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effect. (JPET DO :10. 1124/ pet.108. 143362)

100061Numer ous non-%eptl de MCHR1 ant agoni sts have been
dindededselitis- Theklstap&. effals delamsorcentraiiag hopagneestagnediator

C . per n_r r. f
IR P LR R Rl St IR LT B8 o
ofood&HR! 1 ARBEGN MOHSEH ASCHRS Iﬁﬂ'@i@@%&eﬁﬁ@péx’ﬁﬁ‘l to play a role in the
commonal ity of these structures by the follow n

desloeiingt 4ndrbebaviessl mqrﬁ@ﬁstmsﬁpsﬁu éﬁmﬁm@tﬁr@f rmﬁlnﬁé) a’tgl@nwﬂh MCHR
literature consi,sti
e R e R T
ggj@tﬂ@oqlpﬁa; ebm mﬁ@jﬁo functionality are attached"

Kowal s et al., Exp. Opin. Invest. Drug

1{3'0&6]13 mm@mmepthGﬁRb pmfegcenmweéae@m disletssl. The

OBee SOBR st Yordash BT S RnEhE SRRt bR Fe e ia
OfeqhiR& @F%&&@ti&%%@ﬁ@l%@ﬁ%ﬂs' @@érﬁlé\gé”w Q:ffMUHRI

receptor presumably is envisaged to enmulate th
neatetd doclosimes emplkdsized tbetcweemnalntgm theee atmwfresmsr—the followmg

p%gt ) dtg}n?g% %Jé%u\s/ms}c}r&&%s ﬁtlht lI\/§C1?I % E‘éﬁ@% © aTe molecﬁl es |
4&)n§1§§&g éﬁ&?&n&r%p&%m)}d tbk%y}ﬁé‘nel'inkekﬂ%%&?ﬁ ¥k h@t@rdﬁfyl v and a

basic amne in a 20MCHRL ant agoni st i ncreases
slndss:t amnp ﬁthncyionrﬁﬂy preciiadtiad’’ (3. ofowaleidi Rig. ¢tal.ofip Cuigdvest.

PRt | Bubt T b GRS P B aua 09 N e SR AT
Zé'fwg&pg g}%’sﬁﬁ!&@ﬁ;@ﬁa qllisHE %le@ﬁoé?zttlcriﬁfé%ctlgh ggtvﬁfnfx b BbdiY amine

sel ective MCHRI™ ant’agoni sts of formula
2&andez o€ e, ants gosispliand land rsparthavad Y23 ofchd Etceptoawyich pBesumably
is CH2 or, a di

sisieaysaardfte smu[?ﬁﬁ%s %%%35% iabeéarﬁm%%'é’?eeégd Jine FoRbMCH

CY&Hiaahldlists GidrasiIe 8Gd PR of the MCHR1 receptor. (Ulven, T. et al., /.
Med. Chem., 48:5684-5697 (2005)). However, incorporation of this basic amine in a
MCHR] antagonist increases substantially the probability of binding to off-target ion-
channels and biogenic amine receptors. '

[0007] U.S. Patent Publication No. 2007/0093509 Al published April 26, 2007

discloses a series of novel high affinity selective MCHR1 antagonists of formula A:

wherein,
A is phenyl or a monocyclic heteroaryl;

D is CH; or a direct bond;



R2 is hydrogen or lower alkyl; R4 is hydroxyl or 5n is
an integer fromlto 3; R5 is hydrogen, hal ogen, | ower

W RM9463poWer cycl oal kyl, CF3, SR6, | ower al koRGT/US290%945452
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cycl oal koxy, CN, CONR7R7, SOR6, S02RG6,
NR7COR7, NR7TCO2R7, CC2R6, heteroaryl, NR7S02R6 or CORS6;
G is OR!B indeperydRrly salomed fromehydrogsot habeged, lowsnelkyl, lower

al kyl . | ower cl gal.kyl or a 4 to 6-nenbered non-
b%’§¥%llﬁétc§%€§%loé%%% i s hydrogen, hydroxyl, |ower

al koxy, , | r cycl pal koxy, OCONR7R7, CONR7R7, SORG,

S@%,Rﬁﬁ%exmiﬁh, COR2R6, heteroaryl,

NR6 SO2R6 : ; 5~1.S 1 ndependently selected from
ﬁﬁksgfydgﬁgﬁforéwz

| ower al ower cy¥®l oal kyl ; and R7 is

i ndepepdentihiosetgrtiqd 3f rom hydrogen, |ower alkyl or
| ower cycl oal %yl wherein two R7 and the atomto which

t hey aReisdtydagerchamygndptveoaill jowen cyoloalkyinGFpfSRE, towve?
atons, 20SUMMARY OF THE | NVENTI ON [ 0008] The present

i sllreny, lovericscldalikext, €N, OINRAR, SEt% §OnREISRHEGORAGVRTCO,RY,
surprisingly superior phannacodynam c, pharmnmacokinetic
afif, BafreteyoquyloNR’86,R8 acGORS; t hose having t he

following foimula LA or IB, including all

st er eofisoePorRdRénf : HOz,

D? is a direct bond, lower alkyl, lower cycloalkyl or a 4 to 6-membered non-
basic heterocycle;

Z is hydrogen, hydroxyl, lower alkoxy, lower cycloalkoxy, OCONR'R7, CN,
CONRR7, SORS, SO,R6, NR7COR7, NR7CO,R7, CO,R, heteroaryl, NR6SO,R or
CORS;

R6 is independently selected from lower alkyl or lower cycloalkyl; and

R7 is independently selected from hydrogen, lower alkyl or lower cycloalkyl,
wherein two R7 and the atom to which they are attached may optionally form a ring of

4 to 7 atoms.

SUMMARY OF THE INVENTION
[0008] The present invention is directed to MCHR1 antagonists having
surprisingly superior pharmacodynamic, pharmacokinetic and safety profiles, such as

those having the following formula 1A or IB, including all stereoisomers thereof:

HO, ,H
o 7
0 Q \/%
8 | N OCH,
Cl \ N/)

IA



A IB or prodrugs or pharmaceutically acceptable
salts thereof. Preferred prodrugs of the foinula I A

W z@Wof14p36hhe form of prodrug esters or salts thREED$2009/045452

10

15

selected fromthe group consisting of acetate,

pi val ate, nethyl carbonate, benzoate, phosphate, and
am no acid Sester; or in the fonn of a pro g et hers
or salts thereof selected fromthe group copsjsting of
phosphat e acetal and 0-gl ucosi de. 10009] So referred
prodrug ester groups having Ep %

Il 10 wherein Ra is H alkyl,; ben HO2C - CHQ)y
- C- 0 LAP whergi anthjﬁiprodrug et her
is OHR 0 041 « OCH3

or prodrugs or pharmaceutically acceptable salts thereof. Preferred prodrugs of the
formula IA are in the form of prodrug esters or salts thereof selected from the group
consisting of acetate, pivalate, methylcarbonate, benzoate, phosphate, and amino acid
ester; or in the form of a prodrug ethers or salts thereof selected from the group

consisting of phosphate acetal and O-glucoside.

[0009] Some preferred prodrug ester groups having the following formula:

: e ¥
o NHz , R%0” TOR?;

Hozc~(cr~r2)y——c—om

wherein R? is H, alkyl, benzyl or wherein yis 1 to 4

and the prodrug ether is
OH g

9 o_ _0

R O

0

[_O HO OH

-~ P\
R20 OR? or OH

wherein R is alkyl or hydrogen and R2 is H, alkyl or benzyl.

10010] According to one aspect of the present invention, compounds are provided

having one of the following structures, including stereoisomers thereof:



HOOH orOH wherein R is alkyl or hydrogen and Ra is H
al kyl or benzyl. 15[0010] Accordi ng to one aspect of
WQ pop¢Eeent i nventi on, conpounds are provi dedPGBEUSINGI/045452
one of the follow ng structures, including
stereoi sonmers thereof: | A1 A3 A5 ingluding a
phar maceutically acceptable salts of any of 't he
foregoi ng structures. [0011] Accordi ng toQn& aspect of
the present invention, conpounds are proyibeg-H

0 /[:::I:O\V/A\X§7
o 8 | N OCH;
< > Q\ I N4J

IAY ,
0
o NH,
) o
o S | /T OCHs
\ P
N
IAZ ,
o)
o NH
o S | /T OCH,
\ P
N
IA?

Ci \]/)

1A%



5having the e followi ng structure 113, including all
stereoi soners thereof: F F or a prodrug or

W rWAnESeat i cal |y acceptable salt thereof. PCT/US2009/045452

5

10

[00121Preferred prodrugs of conmpounds of founula IB
are in the foini of esters or 10sal t hereof selected
fromthe group consisting of acetat&/ pivalate,

net hyl car bonat e, benzoat e, phospr@te, m%ﬂ
ester; or in the foini @of proteyy or~-Satts 2

t hereof selected fromtjhe g p| consi sting of
phosphat e af : 0- gincostde og)013] According to
one asp€kt Q en/y i nvention, the prodrug ester
of formula I'B1s oné ofNthe following O Il t wherein
Ra is H alkyl, benzyHO2C- (CH24-C- Canl orwherein y is
Ito 4 and the prodrug ether is;OH wherein Ris

al kyl or hydrogen and Ra is 3, al kyl or benzyl .

[0014] Preferred conpounds of foilma TB have one of

t Weludaig @Maﬁ@a@pﬁ%n@mcwtamwh@@i Ay ofthe Eupaipgsteictures.
t her eof :

[0011] According to one aspect of the present invention, compounds are provided

having the e following structure IB, including all stereoisomers thereof:

F F
0
0 /@ OH
o S o OCH,
. 4 )
>
1B

or a prodrug or pharmaceutically acceptable salt thereof.

[0012] Preferred prodrugs of compounds of formula IB are in the form of esters or
salts thereof selected from the group consisting of acetate, pivalate, methylcarbonate,
benzoate, phosphate, and amino acid ester; or in the form of prodrug ethers or salts
thereof selected from the group consisting of phosphate acetal and O-glucoside.
[0013] According to one aspect of the present invention, the prodrug ester of

formula IB is one of the following



182 or may be pharmaceutically acceptable salt of any
of the :lbregong structures. 5[00151According to one

W@ 2(9ea4636F t he present invention, pharnaceuti cRET/US2009/045452
conpositions are provided conprising at |east one
conmpound according to fornula I A or |IB as descri bed
herein, and nmay optionally include 8t | east one

agddi L] onal %?ﬁéﬁﬁ)@ﬂi h & 2UBRCH @i pet e dwromyhe. 9y Qup;, 4

consi sting ti-obesity agents; anti-diabetic
agreinths praalpypetthérds suppr essant s;

chol esterol/lipid-lowering agentg,, and HDL- 10rai sing
agents together with at |geast ong phar macgut i cal | y
accept abl e di | uent o% carfier. [ ding to one
aspect of the present™™ ntion, pharmaceuti cal

conbi nations are pro® ded conpri Si east one
conpound according t§Armula | BOr 1B andat | east
one additional thepdpeuirac agent selamed fromthe
group consisting of anti-obesity agents; anti-diabetic

A e L R

5 [0017] Preferred pharnmaceuti cal conbinations of the

present invention conprise a conpound of fornmula | A or
| 9014} prisefeugd cethpeuads obformiglatls hawe pad et the fellagying structures,

antj -di abeti.c agent or. an anti obesity agent. WO

B iR OR D58 045452 0018] The present
invention. is also directed to the use pofconpound
having formula A or 1.13, (or a prodrug/thereof), in

t he manufacture of a nedi canent that i efaul for
treating obesity, diabetes, anxigty,qdepressi-dior
i nfl anmatory bowel diseased 5[ GOTY; % pragenpy
invention is further djrecied pnpounds havi ng one
of the fol Ic?vvi or 3 )N OCH,
N\ =
N
B! ,
F F
0
o /©:0 ok/Ni-iz
o 8 | N OCH,
\ P
7
B?



a) 15 C ; or d) The present invention is further
directed to a conpound according to the foll ow ng

WO 20ai4@63LA: | A The present invention is furtPEFUS2009/045452
directed o a conmpound according to the foll ow ng

formul a | Al [0020] The present inyention is further
directed to a process for the enzymatyg: reduction of
a ketone of the structure Exanple I rt oB Ketone
o] NH,
ol e
H;C
cl ° | )N OCHs 3
N\ ~
N
83 ,or
F F
0
O CO,H
i \i Q ok/\/ 2
o S | )N OCH,
N\ ~
N
184

or may be pharmaceutically acceptable salt of any of the foregoing structures.

5 [0615] According to one aspect of the present invention, pharmaceutical
compositions are provided comprising at least one compound according to formula IA
or IB as described herein, and may optionally include at least one additional
therapeutic agent selected from the group consisting of anti-obesity agents; anti-
diabetic agents, appetite suppressants; cholesterol/lipid-lowering agents, and HDL-

10 raising agents together with at least one pharmaceutically acceptable diluent or carrier.

[0016] According to one aspect of the present invention, pharmaceutical

combinations are provided comprising at least one compound according to formula IA

or IB and at least one additional therapeutic agent selected from the group consisting
of anti-obesity agents; anti-diabetic agents, appetite suppressants; cholesterol/lipid-

15  lowering agents, and HDIL-raising agents.

[0017] Preferred pharmaceutical combinations of the present invention comprise a

compound of formula IA or IB, or prodrugs thereof or salts thereof, and an anti-

diabetic agent or an antiobesity agent.



to an al cohol of the structure OH Exanple .1 Part C

Mat ed- Rol whi ch conprises reacting the ketone with a
wkzwonedect ase enzyne to convert the ketone t oPEHES2009/045452

al cohol, [0021]in one preferred ontidi nent,

ket oreduct ase enzyne i s ketoreductese (KRED)412 or

k Eﬂ%ﬂe du c"&mspeesmﬂm)nﬁmp 1galer dizeckest to thdisstod sempintd hiaying

TS ETR UER ST = N - -

' @éﬁﬂtfb&'ﬂeauﬁg Bb&E: @Sfﬁalﬁe%s Qﬁ}ﬁﬁz eﬁ&s@ioﬁ QFRAIRENAbry bowel
fornula IAis provided conpri ses

eﬁzyﬁatlcally redu0|ng a conpound of the structure 02N

ket d
5 L@Pa?ledﬁ??éyg g GOn FERhEr Giscie 18 Fpmgprunds fyigg one of the
§C16117 (ATCOD #56511), to formthe
(R) aIcohoI of the structure

a)
|
si”
o, 0 | |
0 -
~ SO
o S | )N OMe
N\ P
N ;
10 b)
(I)'_t_C4Hg
0 ?20
0 /]TH
OO
ol S | j\i OCH,
\ P
N ;
c)

Cl \|//1

N ; or

15



The pr:

1A

and condensing the above (R)-al cohol with a conpound
of the structure in the presence of an organic
solvent to formthe formula | A conpound. 10 DETAI LED
DESCRI PTI ON OF THE | NVENTI ON DEFI NI TI ONS
15[ 0023] Unl ess ot herwi se indicated, the term"| ower
alg | " as enployed herein alone or as part of another
group includes both straight and. branched chain
hydrocarbons containing 1 to 8 c rfons, a0e:t-thelst er ns
"al kyl" and "al k" as enpl oyed in an e r as part
of another group includes both |g t amd branched
chai n hydrocarbons g0
nor e preferably 1 to 8

1 3 Hch as nethyl, ethyl,
DI-Q 4 butyl, t- Bu i sobut yl , pentyl,
hexyl , epFyl, 4, 4- drnethylpentyl, octyl,
2,2,4- 5tr|nethylpe tyl, nonyl, decyl, undecyl, -
dodecyl t he vari ous branched chai n i soners thereof,
and the like as well as such groups including 1 to 4
substituents such as halo, for exanple F, Br, C or I
or CF3, alkyl, al koxy, aryl, aryloxy, aryl(aryl) or
diaryl aryIaIIcyI aryIaIIconxy, al kenyl, al kynyl,

gf: %gqlzr}%@p%lwr&c? @i)rap?c &c&irgplouﬂéla %)gg Me f(glﬂwmg formula

al kanoyl, heteroaryl, heteroaryl oxy,
10cycloheteroallcyl, aryl het eroaryl,

aryl al koxycar bonyl, heteroaryl al kyl, heteroaryl al koxy,
aryl oxyal kyl , aryl oxyaryl, alkylanrdqo alikanoyl am no,
aryl carbonyl ani no, nitro, cyano._thbol ~al oal kyl ,

tri hal oal kyl and/or al k-yPthi o 00247 Unl othermﬁse
i ndi cated, the m "gycloal as enpl oyeéd herein

al one or aﬁ_g notther Ngr otup i ReHudes sat ur at ed
or parti al ur\t 1 containing 1 or 2 double

bonds) cycllc hydr ocar bonNgr oups containing 1 to 3
rings,
1A

The present invention is further directed to a compound according to the following formula

1A

H
|

o\\ s/
~ -~ H
0”0

c._@JL ALY

IA

10



any one of which may optionally be a Spiro substituted
cyel oal kyl, including nonocyclical kyl, bicyclical kyl
and tricyclical kyl, containing a total of to 20
c.arbons formng the rings, preferably 3 to 10
carbons, formng the ring and which may be fused to 1
or 2 aromatic rings as described for aryl, which

i ncl ude cycl opropyl, 20cycl obutyl, cyclopentyl,

cycl ohexyl, cycl oheptyl, cyclooctyl, cycl odecyl and
cycl ododecyl, cycl ohexenyl, any of which groups may
be optionally substituted with 1 to 4 substituents
such as hal ogen, al kyl, al koxy, hydroxy, aryl,

aryl oxy, arylal kyl, cycloal kyl, alkyl arai do,

25al kanoyl am no, oxo, acyl, arylcarbonylam no, nitro,
cyano, thiol and/or al kylthio and/or any of the al kyl
substituents. WD 2009/ 146365PCT/ US2009/ 045452

[ 0025] The term "hal ogen or "hal 0" as used herein al one
or as part of another group refers to chlorine,

brom ne, fluorine, and iodine, and CF3, with chlorine,
or 10038k i ndhpaiesrgt ipveTtiop iy thyr oo diae Dreseth foriae gpzymatic
i Onlﬁed'h@tfo%rogatkgﬁoﬁé ahd sfiBl@ 1 ons such as sodium

pot assi um 5o0r |ithiumand al kaline earth netal ions
such as magnesi um and calcium as well as zinc and

al umi num [0027] The tern1"prodrﬁg" nconpasses both
the term "prodrug esters"gand1 emc-pr odng et hers”
and can include pharnmaceuf |y accepVable salts
thereof. The term "proghug™esteps" as enpl oyed herein
i ncl udes esters and carbonates folined by

Example 1 Part B Ketone

to an alcohol of the structure

Example 1 Part C (R)-Alcohol

which comprises reacting the ketone with a ketoreductase enzyme to convert the

ketone to the alcohol.

[0021] In one preferred embodiment, ketoreductase enzyme is ketoreductase
(KRED)-112 or ketoreductase (KRED)-113 or a ketoreductase that is produced from
Candida sonorensis SC16117 (ATCC® #56511).

[0022] According to one aspect of the present invention, a process for preparing a

compound of formula IA is provided

10a



10 reacting one or nore hydroxyls of conmpounds of the
present invention with either alkyl, al koxy, or aryl

WQu98H4#a36f ed acyl ati ng agents or phosphoryl at i PGI/HERINY/045452

5

10

15

enpl oyi ng procedures known to those skilled in the art
to generate acetates, pivalates, nethylg%rb ates,
benzoates, am no acid esters, phosohatﬁ apd’ the |ike.
[ 0028] Exanpl es of such prodng es i
HO2C- (CH2) y-C- 0, nr (y 1 toij4) |
"prodrug ethers” 59
gl ucosi des. MEpr¥ e exgﬁples of such prodrug
et hers include O 0 11N70HO - OH 20Ra0ORor OH
100301l n the above formulae, Ris alkyl or H and Ra

is H alkyl or benzyl. SALTS, AND STERECHSOMVERS

[ 0031] The conpounds of the i nent i on (i ncluding
conmpounds TA and TB) when in the form of prodrugs can
b@hwh@g@ﬁﬁ%@%ﬁr}%@ﬂim@eﬁm&a@%}p@wwf e ArpHEes cope

of this invention. Pharmaceutically acceptable (i.e.,
non-toxi c, physiologically acceptally e) 5salts are
preferred. |f the conmpounds_ofothetaresent invention
have, for exanple, at |ed nter, they can
foimacid addition salt ese are forned, for

exanpl e, with strongQiMor gani cQacids, such as mnera
acids, for exanple sulfuric acild, phosphoric acid or a
hydrohal i c acid, with organic carboxylic acids, such
asmploying ketoreductase-112 or ketoreductase-113, or the microbial strain Candida

sonorensis SC16117 (ATCC® #56511), to form the (R)-alcohol of the structure

OH
O,N (l)

and condensing the above (R)-alcohol with a compound of the structure
S

in the presence of an organic solvent to form the formula A compound.

CO,CH;

N=_
N(CH3)2

DETAILED DESCRIPTION OF THE INVENTION

DEFINITIONS
10023] Unless otherwise indicated, the term “lower alkyl” as employed herein
alone or as part of another group includes both straight and branched chain

hydrocarbons containing I to 8 carbons, and the terms “alkyl” and “alk™ as employed

211 -



al kanecar boxylic acids of 1 to 4 carbon atons, for
exanpl e acetic acid, which are 10 unsubstituted or

W@ awan4aset ed, for exanple, by hal ogen as chl or EES3089/045452

10

15

20

25

V%32009§146365P I,ﬁS? /04 452f%0032%Preferr

acid, such as saturated or unsaturated dicarboxylic
acids, for exanple oxalic, malonic, succinic, maleic,

theneiniatone phatrmrt @f wothes gepRindides badi draighyerd brgnched chain
hox f
FSPRGHE PR PR Rariclb SRR BOERY R moreaperooty

ap tcﬁgfbd}Bor@;C itge ﬁB@ﬂial e¥ANPuCh as Ry, GBI, pabpil a%ﬁo@@ i htyl, £
or lysine or arginine), or benzoic acid, or Wt

1155Ylg wabeys peritphn hexsé,ds@@xyis beiylad.4¢dbpehylpenid, twtyl,@ﬂ 4-

ic . a SWhI bsti.t ut.ed
Sfbatitntll, forBf R R Sl et ghain isomers
MRERYE, an@FhelikeQk lvrerttefs sﬁé«H %@ﬂpsem@l@tﬂﬂl-g 1Ge 14 RBRANEIE:ch as halo,
acid addition salts can so be forned havin i f

d@s exasople EnBaddior | onGFh.alld eleony, wab ey leon pel(aryPhe diaryl,
ngeunds of the present i nvention_having at | east one

ligih gindaliylory edlsmyl, ellomdrayeleatiiyl vsloalkeryh osloalcylalkyl,

QRS Sk Th AT, K ERREE A San! ety
e@rcldhetmtﬁtyl Sitlhsterdash, aegﬂarmka:amw etepatdsikyium or
rrag%ne3| umsalts, or salt mroni a_ or an or ganl C

abaterearyliery e yiosyEhd) rrbr@xyrrbrl @Hﬂh@ﬁéw FenopppEid; di ne,
rgfcgéboggl%xﬁm}o n{tpol, ?y ! th?ori }Eai&a{ilh\gv\%ﬁ%lggllﬁg/ &W/&%lk}ﬁtﬂfo

[tmamyl Uldsk RtHeykise tncmar@t Fhel tedil O lcalkyheas e@tpl@emamn
di or trihydroxy 25l ower alkylantne for exanpl e nono,

dilows on aﬁrpeftmi ﬁwfb% greup mehudesisdidic gr prtiainunsagmated

(Bborai L oER PPl oo TR e RS Oh B’ Bt B ines.
e%r@l”ﬂﬂefbfuftﬁkih mb;eo;bt&@thaj« bO# spiko RibstifutediadytiRRIkef, ifdl@Bng

conpounds of the present invention or their
phaneryckertiid dneyclisgdkdppdneyciisglky, cantaniag gdotahel Ligetd. carbons
alts

SHBBL R B PADRRS TIVEREHeHE R FpicH may be

CRRERION & DASIGLEHARPad R ita BDAPNWAEDGHRLIAE ERlopropyl,
hydr ogcnsul fate, met hanesul fonate, phosphate, nitrate

orycértbmé,tcéfclopmts}:weteévk excleteptd, eybloppil, cyetpdastbandof
entlon whi ch contain an 5 acid group

iﬁ@ (§£§Wﬁﬁ¥ B'assi um and magnesi um sal ts and

pha u=ceut|cally accept abl e organi c am nes. [0034] Al

S adi sonmers of\the co ds of the oresent

i R ion are enpl a elthe Xtyne or in
p subst a ly p t uou of .t he
preSent™i nvention gan have ynnetrlc centers at any

of the carbon 10atons including any one of the
sart}sﬁfl vtrhjelngmupmas beapirially semtiptedhegh d fto Hivebpitesertuch as

ent| exi st in e ant oner i di as e ri.
LN YISt R Tl T I R
PLERRS BB, HBNaddi, Ialryréa%&grraﬂata oAt Itam@/arazkymo
di ast éreoners as starting materials.
dirakdrens ot adkd sulsstiarnisoner i ¢ products are pr epar ed,
they can be separated by conventional nethods for
exanpl e, chromat ographic or fracti onal
5crystallizati on. PHARMACEUTI CAL COMPOSJTI ONS AND
COMVBI NATI ONS [ 0035] Accordi ng to sone enbodi nents of
t he present invention, pharmaceutica

~12 -



conpositions are provided, conprising at |east one
conpound as descri bed herein, 20and at |east one

WorWIA#Seut i cal | y acceptabl e diluent or carri ePCT/US909/045452

10

15

20

phar maceuti cal conpositions of the present invention
may optionally include at | east one additional
t W82 3lpeutlihe teargeihalagen’cert ‘ddld re nsadiergn elope oo aspast dlregother
of anti_-obesi.ty agents; anti-di abet.ic a S, .. .
oD rade g SRt fting R aSyhE GBS with chiorine o
[z 1.nf agents, appetite suppressants;
2@%#5%?3?%ﬂ¥?%%%%-lomering agents, and HDL-rai sing
apensls, and tethothas] iblrercdgstd AlRalagenl fondSudhefsisbéidm, potassium
herein. [0036] The present invention is also directed
t o Iphamendealkdlinglcatly mstad rissHel apaprepymgdgalgeags well as
one co up f the present invention, and at | east
dﬁgcgﬁgﬁgp%%a' t herapeutic agent, selected fromthe
g[0eRP] COMHeSrtd1hrodrugnéncoapasdet ordgR Hetin “BitidhughkistRetng the
agents, antidepressant agents, anti-anxi ety agents,

atstn-prefdrugeiberst gndage indudegduppeccitieallyaspanéabiasalts thereof. The

cholesterol /lipid-1oweri,ng agen and HDL-raisi
R BIoTR Al e Bt es s bpkidiRiagifldormea by
hRh QY one\WPna0 B dd2A6 5P DAR08f Bd pAlRent invention with either

[ 0037] According to one enbodi ment of the present .
| slgnelikory, or Reyl suftshitudiédaitsatatiog agenit on phospliosypign 4gephemploying

t he oup consisting, .af .insulin secreta ues nsulin
sERsrITSRreNap dosk st i Feite SR pAgEL PL el
afpfeBYRAhate§ HeRIRER, dmBolbrl L6 phadpas®s kithinbiiker s,
AMP Ki nase activators, incretin nodulators glucosidase
5[0E8Di t drempidsddsechrzddrigasiersiindiiitd t ors PPAR y

agoni sts, PPAR a agoni sts, PPAR 5 antagonists or

agoni sts, PPAR a/7 dual agonist® 11-P-HSp-1

i nhi bi tors, 9di peptidyl peptidaseys{ DP4) \{ nhibi tors,
i‘og8, subh as, dafay ifﬁgzim ¥ns@lin, © g
e peptide=~1gf{ G- GLP-1 agoni sts, anH’

S@T2 inhi
i tors. "P0038] Accordi ng to ondlfembodiRi@nt “OR?; or

gl}‘& n-T
PYP- %%b,i nhi

of the present invention, the additional 10therapeutic
agent is an antiobesity agent. anpl es of suitable
anti-obesity agents @@gcugean_pénbﬁnation W th the
conpounds of the present invenhtion include

mel anocortin receptofy M&M) agoni sts, canrtabinoid
receptor nodul ators, endocannabi noid synthesis
nodul at ors, GPR119 agonists, inhibitors of fat

aﬁﬁﬁbfn | e t&h? M\Igrgdrr&gre%?se’ include both phosphate acetals and O-

glucosides. Representative examples of such prodrug ethers include

OH
3
g o. _O
R. _O
o
go HO OH
rR20” “OR®  or OH

[0030] In the above formulae, R is alkyl or H, and R2 is H, alkyl or benzyl.

-13-



secr et agogue receptor (G 1SR) antagonists, galanin
receptor nodul ators, orexin 15antagonists, SG.T2

WO 29P4636Y s, DPP4 i nhibitors, triple nonoam nePCELPANISIS2

10

I5

20

25

i nhi bitors, CCK agonists, G.P-1 agonists, and other
Pre- progl ucagon-cl erived peptides; NPYL or NPYS
ant agoni st, NPY2 ah4LNSY¥NRodFREQGISOMEBSt i cot r opi n

TS e B R B ol PR SRR 2 ) when
NRAHE IR % pré &8I beriRAilsah N, WhidCet Yiso Gadin the scope of this
ear boxyl ase (ACC) 20inhibitors, steroyl Co-A

dieseitinnaBearma¢@Oally adceptalle (iof snonitpi R, pisBiclogically acceptable)

i nhi bi tor di ectin receptor dul at.ors; beta 3

-8 A R ol 164 SrRAIpHOP PF BEaRta BUOA RS T drapRle

| jcR@%8e b BIkQ! ey 88T RHANCH JIARRIANs. ANRRE BleFormed, for
nonoam ne reuptake i nhibitors or rel easi ng agents,

aerongde, ivathagent snor@diFadidy, isicras misemabasidp hbrextmples)furic acid,

BONF ( brai n-derive eurqtrophic factor),. |eptin.and

T EBP BT BTt B oo B SESIF AT ROV EE 3P B B

| N¥SLREHBYAN RId JF 116 YUlhon 3R B8N bhSipleldeAlc acid, which are
inhibitors, opiate antagonists, and anylin receptor

mackubstttoted or 4088814 &frexampleaby hdbesiasyhlgecetc amdlsudeas
SG.T2 i.nhi bitors, .such t hose di scl psed,.in U. S. . .

PR B g SBBTOORRS Ao B BP R bBRA G, succinic,
a&%ﬁ:ﬁé RS ﬁthgﬂ@&gﬂe%hﬁéli@acﬁ@,dsuhh ReSRIrbRREPLE Al cSacids, for

such as orlistat, or noam ne reupt ake i rhibitors
3eample headiiaglagbatlssticsmehe,astdremdriciiriaptidesuch as amino acids

dexfenfl uram ne, fluvoxam ne, fl uoxetine roxetine, .
ST PR PRI ST A8 YRR P ERTeb B PR or Wit
p Qar. . I C : ine,
R P BtanE L el S ASpAIRPS! Aty QU pile

[ Q2481 RGLa e bitetihReD RG KFRER BYERlogeh, fohexdpiRe aRthyl- or p-
i nvention, methods are provided for treating obesity
i tolaenpasulionic dcivl. fewtesponding frid pdditipmsnlts cao e be fargred having,

5 1.ni steri a.therapeuticall ffective.a nt_of

i ot SR oA argt | B R B breSen

| MR d1ORh VR 0N Seadl orlehcROPIBhN bt QinWld BOUIH) @h allBM8rm salts with

addi tional antiobesity agents, wherein the obesity

abews. Puitabld st stthfhasem arh derexdepls, niséad stlgy, siah, as alkali metal or

i[ %@gﬂ&%ﬁtﬁnﬁ@%ﬁg f(%{]egca%%?eosdold%en?}po?afssi{zrrﬁeor%rlaeg%gs%m salts, or salts
with ammonia or an organic amine, such as morpholine, thiomorpholine, piperidine,
pyrrolidine, a mono, di or tri-lower alkylamine, for example ethyl, fert-butyl, diethyl,
diisopropyl, triethyl, tributyl or dimethyl-propylamine, or a mono, di or trihydroxy
lower alkylamine, for example mono, di or triethanolamine. Corresponding internal
salts may furthermore be formed. Salts which are unsuitable for pharmaceutical uses
but which can be employed, for example, for the isolation or purification of free

compounds of the present invention or their pharmaceutically acceptable salts, are

also mncluded.

- 14 -



provided for treating diabetes, especially Type II
di abetes, in a patient in need of such 10treatnent,

wWQaWpH#sStNg admi ni stering a therapeutically ef PERUS2089/045452

10

15

20

25

30

amount of at | east one conpound according to The

present invention alone or in conbination with one or
nt0é2hdditrefered salsof Hiegoamoandigd thapreigns pupptiqrmehich contain a
di abet i ' ' ' c ' to
SHERTHLG PARRE -k TRRSLIANE, ROSRL D AR RS

t pleabhdig nikene 6s&deftc.i N a patient are provided,

corrgri sing adm ni stering a therapeutically effective
alf9adt offreferrpdepdts obhe conrpRBLHPIdRT BresHng iveptiohwhich contain an
pr ng..i.n tian, 43). Accardi ng. . e L rent.

R e R S R

t sRaptaPig oPdkicBinyink) a patient in need of such
treatment, conprising adnministering a therapeutically
ef004l i velhstognisomersaf tongroureandaed thg prsbent Hevephies amt

20i nventiqn...[ 0044] Accordi.ng to one .e di me of ..t he
R e ki B oS N Bt 306 TRRT sPRbuty The

| ErhpdBs Of the PRGAt i8NV HEBS Ban BARREIEMBGicadieR 43 b8y bNBe darbon
therapeutically effective amount of at |east one

cenpe imduding ameonsrad desnsubstitvenis.i oansegBafyL ¢ompquode 6] tiheresent
corr%gtunds of . %heélsr esent in e?ti on ca,[lé be adnmi nj st etiled f

t SV RREARTEE S5t B PABTe AR Ir PSP HO Y R R Tg thgreof
V@hd Slo¥eRls RPPRDELASS caNdiife SRS, edaGbHels Y dialdfeomers as
not Timted to nmetabolic and eating disorders as well

asatiogdiatérovs Whendiastememarit lor pesnéiboleiic ptiduds dergepared, they

e.g., obesity, diahetes r i oscl erosi s . :

g esrep%rﬁrgfl 3}& ’cmb\be'n@gg}agtr]iieéﬁ%{;g{)&ex&pgagea gér’orriatogmphic or fractional
Cafsthpyasaul ar disease, osteoarthritis, dermatol ogica

di Sorders, inpaired glucose henostasis, insulin

resi stance, hyperchol esterol en a,

coni t1 SRS AP OMBO SHAORS NP SOMBR T
digpasper %dcoﬁiir?geﬁ G UnRafneANSr RS }g@gérﬁtiﬂ'\ieﬁtion, I%:)harmaceutical

di sorders, such” as depression, anxiety, schizophreni a,
subsp@iioes akuseyided potiposieghalkegmen toapduraasidess et Serein,

di sease. [0046] The conpounds .described in t esent
iﬁiﬁﬂﬁ?%ﬁl"t@ A %FQ“H%?E% Ko %éﬂﬁiﬂé‘* PHETE 3%?2’5%‘?““3““0&1
Ceﬂﬂé s O ARG LBt R&HR, iofflly include at least one additional
acet (%Scﬁ{gllsi nester ase1 i%ﬁfogir?or 1(Oe. gsfl,nctua%?tl ﬁaé ,Onea HHona
ntkscpeutin geneetptadrizdnm dgondwt songstigg pf mti-almsity agonts; anti-
glutamc acid receptor (AVPA and

ni.cotini c agonists,
l\ﬂ)@%ﬁ“%ﬁ%ﬁ“&‘ﬁ%?m%%ﬁ’at NP APt 5 aptisiglammatory agents,

o ' i ] i e
PHRA A S, AR AP ORISR, IR0, By e, an
cothei therpewdicapede bs défareddgeein.n conbi nation with the
10caonpounds of the present inventjon _include

dBWéé Zi |]:hetpa%s|epﬁgyeqti@gé§§1§cgpﬁéq:qﬁ%l’ tog),hmaceutical combinations,

comprising at least one compound of the present invention, and at least one additional
therapeutic agent, selected from the group consisting of anti-obesity agents; anti-
diabetic agents, antidepressant agents, anti-anxiety agents, anti-inflammatory agents,
appetite suppressants; cholesterol/lipid-lowering agents, and HDL-raising agents, and

other therapeutic agents as defined herein.
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gamma secretase inhibitors, beta secretase inhibitors,
SK channel bl ockers, bl ockers, and KCNQs bl ockers.

WQ 0@4/7)6Be conmpounds described in the present PELESRIDYMSIS2

10

15

20

25

30

could be used to enhance the effects of agents used in
the treatnment of Parkinson's Disease. Exanples 15of
a#iTk usedording oaat ePdolkinmsbdnl he @t@e@sv@vqnﬁ@nub@ anti-diabetic

SRR OHE? Bl BTG op SR G i Spie gy, imsuln

alepbigizers AEL QBT9E MhPHoAY @RicEESHi81E Bn@Borli 2B LbidN,6-bis
opi at e ant agoni sts, such as naltrexone, other dopam ne

aglmphzttaseonhlbmaﬁs?smi’t Ignaseodiivadersrincretiu sledalstors glucosidase
r opi.ni rol ram.pe ear ot rophi.c. factor
LBk st TR ST URTREYS SPALE ?@WS&%?@?@W@%’ARS

CERACH ECS 09 T, P RIIONDS . Y81 8560, depics

Theptidasaye Rel mlﬁm[oraaicﬁ,mmhmﬁsu tiochalk degrghflskin] mauhn
i ncl udes_such oral dosag m s as granul es, powders

t alFFasgog;likeepiideek (GEEA MéLP émEP%lﬁfén@d BisiB ﬁ@ﬂé’f“&ﬁs
( L@SSﬁnd 0%8 i - QLA pda829€ of B NPesfrit ih U 86 t?@ g%%tlonai

ous, I ntravenous, |ntranuscu

| thefappetid dg@ﬁﬁ@ lan Bﬂﬂl(ﬂfé&ﬂt}eﬁg‘eht Exanﬁplemmimns antbxb@itRabents for
application forms ., hasal spray preparations,
t Beeris gemilatipn éfgiart%ﬁ Mmounéﬁ; pif the presentapveniion gigiide melanocortin

SHRE qgr {l\géhﬁi%g(o% S%G ﬁgjr%ﬁtn%ld r%@eg)torag#({]uﬂtors enrcliogaénnabmmd

suppositori e ese age

neyhieaitsdthidy, GPR 1 PRApcnestk ROMBItdre6Hat Shserption, growth hormone
30conventional ly used in pharmaceuti cal procedures.

Ts@r@qu resepianHRER Laritapnitso eddnip aecentos mpshulagprp.crexin
OISR NERIBRRAARR (R TR AL ©

Siiﬁxi‘tﬁféﬁs CEIRBEMistdTTH-1 @boni&b,Gnll otter @tesp F@@ﬁgﬁmemed
caIC|un1carbonate carbox net%glce | ul ose

(e.qg.,
caq:nﬁdamN}éme) NPY 5 5hiagenisi EPQK 2 angd NIVt Bledulgions, apeispieopin

e e RS R R R A RE e U

t BPAR FREGRE Sl &k £ @Pﬁﬂiedelﬁ%dcﬁﬂéwﬂs ety BR0tar B} hse (ACC)
etc.), for instancé, are added to the active conponent

ornhdam nerad Cand d@%@lfﬁ@sh(&@%) é@hﬁjm’r tlil gnHSH-1 mnhibitors,
AR R el BRBERE TRl 1Pl TR S TR e o pita

t Akiglals fli%ﬁseqﬁﬁz%ftbfé :Ei:'r@t%ﬁ’ﬂn%éegfbr%oxﬁs@trﬁbﬂtﬁﬂnﬁ@ﬂe@?ﬁ@e
The coating material that can be used i ncl udes, for

i mbitdioeeor relehsing agents, meotmgymsdiwﬁﬁt(maweieuwrosbw factor),

pg&)\f\%x%{mtmq %eg\l?eed &ﬂ&ﬁépmcct%ctoﬁ Pep? & ep%m re%httgla m%Eiu ators,
cannabinoid-1 receptor inverse agonists / neutral antagonists, DGAT inhibitors, opiate
antagonists, and amylin receptor modulators.
10039] Preferred antiobesity agents include SGLT?2 inhibitors, such as those
disclosed in U.S. Patent No. 6,414,126. Most preferred anti-obesity agents include
dapagliflozin and lipase inhibitors, such as orlistat, or monoamine reuptake inhibitors
or releasing agents, such as fenfluramine, dexfenfluramine, fluvoxamine, fluoxetine,
paroxetine, sertraline, chlorphentermine, cloforex, clortermine, picilorex, sibutramine,
dexamphetamine, phentermine, phenylpropanolamine or mazindol.
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hydr oxypr opyl nmet hyl cel | ul ose pht hal ate, and EUDRAG TO
(Rohm & Haas, Ceiinany, nethacrylic-acrylic

WQywaN4a¥eY ). [ 0051j I nj ecti ons can be manuf act uP@HUS2009/045452

10

15

20

25

30

typically by the follow ng procedure. The active
conmponent or conponents are dissol ved, suspended or
emul sified in an 15aqueous vehicle (e.g., distilled

wat er, physi ol ogi cal sol uti on, etc.)
or an oily vehicle (e. 3\”%@9&3@ @%qés%l such as olive
0[0‘040§S es @(ﬂéoﬁﬂ 0GRk LAMS8RLknObT the pRIsBNtGhtentiBh GnetRbds are

propyl ene gl yc ) together with a dispersant, e.g.
Toveenied for(tapling oRoWd ar 2 padiegt m need Ielwomre@mm@ompﬂsmg

i O SOR S8t g st o gorppongd ccorting
pfoecﬁ@ El\é@édt Vi®ehBerdalondBL MonBidkyidh QX¥hRBR 20 loRe adtliQEA
ydr oxybenzoat e, benzyl al cohol, chl orobutanol,

pﬁéwbbsityeigent)s wlancingiot @ity ﬁ@na'gesnlect(eé f@m thesidasamibed herein.
cerol, sorbitol | ucose, rted su ar,
09} S e BoiERe Bsine epRLIrE ofBERRSH IRV REBPhERFTO S
(Sro¥ided ?&d&ééﬁhé @fab@%i %Eﬁec;aﬂ?@ygglﬁﬁﬁie@ésem aeﬁa%el)lt 1inGeed of such
stabi |l zer . 9., human serum al bum n a soot hi ng
ayeaette chnprldnmlathhlklmmrmgl adhblap@uﬂleall)pftffmawm amount of at Ieast one

hdrochlorld and ot her. additives can al
IngeReig o ﬁé%a@eéenﬁ Gienia igpe g gpigiaton withoe or

aﬂr%}é LR &ﬁf@lﬁ@tl@%ﬁ@%%eﬁﬁh@&%&@&%ﬁ 3QebdMbed herein.
active conponent or conpoénents into a so

spM2B 0l iAbcorditg uing eodopimsant bbthe pircfsemnmmmahads for
solid conposition, for instance, the aCtdgae conponent

o?fe%@%p]&ﬂ@ﬁ?%n e RAYSPL afg P{QYé@Pda?Céﬂla?SHnga Hslege@ wi t h

a

BB Eh e b it 1Sl AP Foas T UohDoun Eh b g to Th present
t mivektdorer (e. g. natural 30 guns, ceI | ul ose

derivati ves, acr lic polyners, etc. etc.,. are

pH943E s e P GeREding egibogent Pﬁ@?@@éﬁ‘d@‘é‘?@?@ﬁn@éﬁd%‘ﬂ
PR S PP RS R e Iy hOO8 R, (RARREL ABls,
| sdrpineftea il yheﬁfp@wludlﬁg* effBctive-and@int ofwdfrﬁguﬁmd tha®ing Wf g@lpresent
formor an ointnent form These conpositions nay
OBXVPW ly contain a pH control agent (e.g., carbonic
pho | Or | '

gd]m %&g%hﬁto%%e%h}b%d{rﬂ%ﬁ O?ﬁleggzes?%tgfx‘?%og,e Ijngth?&s! :ﬂe
p pﬁﬁﬂe@@ﬂ@d&ﬁﬁ% nfR@iHatestRWe] dRbdsof efraigladministering a
benzal koni um chl oride, etc.), anong other additives.
5 tooBsuSEHE sEFetteiam s hef 4 daskonsfcatpare@obiie prosergayangon.
t he active conponent or conponents into an oily or
aqueous conposition, whether solid, seni-solid or
liquid. The ol eagi nous basq;ﬂmtycan be used incl udes,
for instance, higher fatty acid glycerides [e.qg.
c HW46] butﬂ@rwﬂmpmfbstﬂﬂge propend riventigshean)be admgniptered to mammals,

di f i.d
(BT PRspe or e BEyRye Gl dlebBifenypnd dadims
Ofrlcludsidy BeATbt 1Rgick o GRtdbaNc 86PehtRiz|disoRleEs ds wéll & cohBRions
wat er - sol ubl e base includes, for Instance,
p@ssygam Mg themefhalisl @scpd@pfzé gnebeg ty,clatbetest ateriphderosis,
hi.| f t I :
gt T
pﬁér}%ﬁ%ﬁgicﬁtcﬁsoréé%ﬁﬁﬁ 41004 %Exﬂ@sté’s@ss a0R1iRfeddfice,
pharmaceuti cal corposition of the present invention
mhypebehodgszrd pmiaa hepeytrightceridémie dehalldtithines, sh dpetentio cergitions,

dosages reconmmended for the 7



respective active conponents and can be sel ected
appropriately according to the recipient, the

WO Wbyt ' s age and body wei ght, current cli nPEEUS2009/045452
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status, administration 20time, dosage foun, nethod of
adm ni stration, and conbi nation of the active o
cbuirpninenmsa arbrignpi ey ea%iaetdéﬂogiers?mle%mﬁ@fs atnld@sychiatric

sage of the insulin sensitjvity enhancer

SSiscrchaS demBtioBa PR hizoRe R apS Gheq e foemition-
r&ﬂﬁﬁce@ﬁw@a&i%&m%&l FR{skgkebody wei ght (preferably 0.05
to 10 ny/ kg body weight, nore preferably 0.05 to 5
nEYoRe) bocTymewemghm)dsoiesqrﬂped@t iheipcaknigayertive catlddogeed to

005 10. nog/ body 25
DS is 6T RESBO TS GHETE TRSPE: DEOrS PRI ghgTebgs
1 neidogs ¢é 0Vt Ml HhiscarkiE rRENSE-1 3EAiME (£8 nﬁ@lﬁﬁl@ﬁn@ I'nicotinic

conmponent § ‘having different nodes of action for use in
cqabmmaghmnnmammhb&mmbéAMﬁbwanmb@ﬁ@e)naﬂgbgnsehéccmwnopm
by referring to the re ve reco

e G o0 oot Spla e G B TPDIRS bR lupyifor treatment of
CRMER&R Sisddsd 41 & gﬁ\m% ARBHIECR) uQeQSQHRI‘Bﬁiath ﬁrnﬁfthé he
present invention c be appropriately sel ected
acaopaindg of the pheentenvauitien inchideslongmiz] worine rfa/gsﬁgmde SHTS,

body wei ght, rrent. clinical status d

tg%m&a%fg%i@%’: fl@ﬁbﬁprsn%%ae&r%?sea Horst R EPme @(@fs Maxi-K
CQ@Q& t conponents, anon other

£ Pt ahe%\%ﬁ/% ukrifééiL COVBI NAT! ONS 5[8056] The

pfi@dEnt iTheaptnpotndsnickertbed iniliehiresent invadopeould be used to
phar maceutical conpositions includin as an ﬁctlve

i FrefeBeR BReTes phageapaised muibe {fealpreat el RAskigsth Disgseadixamples
: gﬁ%ﬁg%@{o &J&?yﬁﬁiﬂ%&&*g #isdfe fPRdl: rwabpgg?m?rr Wioll a

I nat1 on armaceutical car

d CIOMT tinhikpdr] mgldtamate@irpmgﬂ@mﬁﬁddh& pheskhtalpha-2 adrenergic
i nvention can be used alone, in, conbination wth other
smtﬂwl%s FU6B28 frEEPTAR. ARk FRRISH, Sieh aSHaltEspRe Sthes Appamine

%&nli‘s%%es | z{n@ﬂ&% rr?J&%ijat&JF Sk dﬁi Q{)ﬁ)tpl dg %& ?&In%exole or neurotrophic

s mawreﬁs:armts ghalcdmk/as hanroldghipiadtol Q@BNH)I g agents,
HDL-r ai si ng agents, cognition enhancing agents, agents
used to treat neurodegeneration, agents used to treat
respiratory conditions, 9 MSeRigt 0 treat bowel

di sorders, antl-lnflannatory agents; anti-anxiety
agmaBp; arel codgpuedsENhSpreditt inveyPal da@ngiadmigigeriddn oral

cardi ac 15gl ycosides; and anti-tunor agents. [0057] The
pﬁ@aagm%@m dosegepriaferaatl Riprmarsupca SeRposivieluges such

mog(a,ll gsafg% orglés%)gratnuf% p%@pder a{albi)ets c%p s psgr%xn e!:r%ulgt\éns,

t 9@RERNGINsOtc ﬁﬁ%ﬁ&ﬂﬁ’(ﬁ{lbﬂal/dwag@ fo@m@ Y §ij€tiogi Ge% $abcutaneous,
acceptabl e carrier, excipient, binder, diluent, etc.

VdravertRus o trimascelmpoh syegeripecal iy eaiioasledrip infusions, external

RRRBBT REBELT 6 Terl 0 DTy ol b PR Gimtments,
AGLEL gés%ﬁgs Qlg. GaBabsdadBing] Sippbatricidependent | y

of éach o ei t her concurrently or at stag %ared
t {0849] t 0 Theee dosrge &uinjs sen be @@nuf@cmrﬁddwﬁbfr petive kapenigchnique

ent m ni ster or t | t anegusl .
afotyen i bsebiri i ety ofbespefHe iREAdihe
Bl RBIREARGE MRkl N9 honnone receptor (MCHR)
ant agoni sts in 25accordance with the invention.
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[ 0058] Exanpl es of suitable anti-obesity agents for use
in conbination with the conpounds of the present

WO pigen#G36m i ncl ude mel anocortin receptor (MCARPCT/US2009/045452
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agoni sts, cannabi noid receptor nodul ators, growh
hor none secr et agogue receptor (GHSR) ant agoni sts,
gwlaaihj n fleceptuscture dulosd dpsrge dorex ian eagipggolEigstlastoeCKicrose,
sts, P-1.3 oni st and .ot her,
FREth o giniChitn: AdiTURH- b s deli CReHE Bt NPy
aegtr@&@ﬁi Slylcdiiie BNGuh ek ) Peilat AL, o-§9ch Go4 aﬁeicn
rel easi ng €

actor agoni $ts,” hista receptor-3 (113)
nexdbiatretis]celiBRsé, m@iybmﬂm&oliﬂmhgml npdodladaeesgtc.), and a

RATBHRS 615, 1 TSI 1% P S STt OROr e btpsance
PR D02 A SL 00 A0 e Sy IR
(Gefm;zefs):d oWhetdmeicedsmowthe b:eh@re%seai;{ﬁndisit & @ated] Bethepedse known

in US. Patent Nos. 5,541, 204, 770 615, 5,491, 134,
steglpgdwg forgasing thesoen foraenfwr%ﬁsa Utigh gp pustaipsghrglease. The

e Rkl ML B bRl B (BB YRS

( H@air@ﬁm&)thﬁmllu% OMaB9eRyletalyodi odllulde heqas @hthalate,
i nhi bitor, such as orlistat or ATL-962 (Al jzyme

SExbopaToRREE o e INe. 2pd By DRAGUE GBONM & Haas,
' k
B R S v el AR e e

dRK]S!{nf | Unjestidie cad 6§ Inavofentedaypitallioxethe fidlowing procedure. The
par oxetine, sertraline, chl gqoi)hent erm ne, cl of orex,
cawéme SPHDERENt BT RIMRANERTS 285 Bistotvedi FHspensled appelsHindie an

%ég \{f"cm]:émgé ge?éw e&gtj&g dovgag&?%%( (?%?e[i s% Rﬂ'&g’(ﬁﬂt ésolu’uon, etc.) or
Jﬁhﬁﬁ}@ﬂ%hlclé:w— &, {dpelabRy oll 1RHBObE eI, Gedapt il LototlIdINED corn
(Regeneron), BDNF (brain-derived neurotr oph| c factor)

| eibtdit: oanePPispe Elvcold tagsther witbaulispetgt, egr, Tween 80 (Atlas Powder,

i R T

( Sliviav)gininel LN td@EHVEH% Sh&@hylashyd ARRe,
in \II\D 20(])6/ 163431‘? ;gg\(rsét%ra ZeBrzlecaﬁ @)%V\%QZOOG/ 8?%?71)5

Il‘@)fm@@&?@ﬁ}e b%)@@i@@l@ lgobgagl BhePQaﬁi@Qoqn isylonizing agent

06/ 08201 Roc 2004/ 047 J
O B eyl B bt 6o TanH e Rl Skl
J&Rﬁﬂvego 1fl@RR6E A)solublePlbx avalies sAfcyBtd, adih@ acetate, ete.), a
anti -di abetic agents for use in corrbl nation with the

cenapbiaerds gohumiae sprmsadbuminhaeiepthing 48981 (¢, benpdkonipm chloride,

R e BT e SRt RS P Piben gl o o
| [UesB] t org dodbeesa: fof @ﬂ@ﬁﬁﬁeﬁaﬁhﬂﬁicﬁi da@1be mARBARNed by processing
agoni sts such as thiazolidi nedi ones, PPAR a 25agoni sts

( Sechtiascdnpment @ebthpdeerityatd v egid, sepiaRlig calgaigloweiposition.
P/ I i St 11-fl -HSD- 1

BRBBBELTe 8P bt e BB T RURS Vg S PRRPHIE 8

'SE(EL%T%SHI@H& SigneR a4 iRy hid or Vh Q%&kargwlm a%rchfphén@gé & Plabse,

nhi bitors including dapagliflozin and

sevaghitdlostanal), icyeogeiliphatiphoe shasee, ieteh)l, bihidreser @rd/mtural
megl |§ ides, as .well as insulin, and/or gl ucaggn like

ti
d:gﬂlii()%ed'i_qﬂvﬁlvesc%qsy 1 RRIFRFSt Ste-& ok R RIACPIFE] g powders.
( TRS HGhiALbRALdsiABILA beamg TackBel ﬂbé@sﬁﬁfzal(%@%ﬁh@mamer as the

tyrosrne ph gsp hat ase-
injections mentioned above. The semi-solid composition is preferably provided in a
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inhibitor). WD 2009/ 146365PCT/ US2009/ 045452 100601The
anti di abetic agent nay be an oral antihyperglycemc

W ywam4g3sef er abl y a bi guani de such as net f or m PCHPS2009/045452
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phentbrnmin or salts thereof, preferably nmetformn HCIL.
Where the anti di abetic agent is a biguanide, the
clmyﬂmwmmﬂwfgel foemr o8 eimtmentviem | Ehesmcbmpb@tletmn@y@mlqnnﬂy

tloto guani.de. wi t t he .ran
i BaHe S 18 Llstkrtanisic heid oPaleleris AR Sl

%}Qﬂ‘o&;hl(;& Q:QP %Bdiﬁﬂﬂhydfmkfmearﬁfﬁ pﬁke%@a&ivb‘%e ?9 g[Hyde%ybenzo:c
al’so preferably be a sul fonyi” urea such as glyburid

(@i estémovhiorabutegial pemet!bonide)chiqidenepi rantme (agfhes @ﬂ@@@@s

[ S. Pat ent . 4,379 i zi de, I|claz

oDOSK:, SEbRone: ettt dby PisfoiHieafle cGp G pipnent or

{

AT ARELGHS RS ohdfitons WihSHRE] ABHENRIIA, semizsolid or iquid
ngydaoﬁleagaoxaﬂxasegihamamb@elstrblmgldpsr, dbrainstente, mghmfammgcl@e

FEPHREICET s oo B BTN VRRy Do B Ehein faty

g C i
S5 A AR A1 86ROl AR e

Wi8.coRat-aedd dilp stc@, a897T48 ﬁf)iteﬂ&h]lub]ﬂ: huaeyimhldasj romngbtmeed

in th ame or. in a separate oral dogs or ns.

B BRI BORHERS B nge ol Be BHEOPAUS RETCORCIHEy B

e [ n

RS S AR ARbedy éf*%"ﬁ?.“?sd R o AR b s hofners,
|ﬂsulln sensitizers (which has an insulin sensitivity
effect in NIDDM patients) such as rosiglitazonc

(51(.13), pioglitazone (Takeda), Mtsubishi's MCC 555
(disclosed in U S. Patent 4,016),

d axo-Wel I cont's G- 262570&§#§L§9azone) (CP-68722,
2(WBsuper )Tlmrdod@egif itheephanaadeCie 63RAPosifhn akthe present invention

i saglitazone T/J&J), | TT-501 (JPNT/P&U), L-895645

(BY &R ﬁpprwq%ﬁtgl‘mizte(@awﬂ yethreerenqriotig4lopases raareRenapg for the
0

B e e R S e

| Feeipidrit Ohe FRIpIDE sQIXP bﬁxyﬁeﬁﬁy\w&@htacﬁ%@ﬂeﬂmaﬂmdmsagdxmrﬁsttratlon
such as MK-767/ KRP-297 (Mercic/Kyarin; as described in
28] Jorage krmemethod of administrabpg.ed compingier phije active

8 2 l;
e %ﬁség[gﬁ?g&hgg@tﬁsb ‘e%g?’%%wﬁ thgééagé SPae msglﬂﬁ Unsitivity

Lértatlcdredr an AR1t13h De d863ed ﬂ”@ﬁﬁhé chﬂmﬂ agli Idb@eﬁ&hge ef0.0he 30
conpounds described in U S Patent No. 6,414, 00
[ o6 brdy veaeh Gprstpsabdy O-OA&o HY wélfﬂbq@ymghfowﬂweﬁ@@bly 0.05 to

OB LS AP AL LR S e RSSO o

exaigpl Ereferably 0.01 to 10 mg/kg body weight, more preferably 0.01 to 1 mg/kg

body weight). The other active component or components having different modes of
action for use in combination can also be used in dose ranges selected by referring to
the respective recommended clinical dose ranges.

[0055] The proportions of the active components in the pharmaceutical
composition of the present invention can be appropriately selected according to the

recipient, the recipient’s age and body weight, current clinical status, administration
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of an hypolipiclemc agent would be an HMO CoA
reduct ase i nhi bi tor which i ncl udes, but is not

WO 209PH&d63 0, nevastatin and rel ated conmpounds BGI/US2009/045452

10

15

20

25

30

di sclosed in U S. Patent No. 3,983,140, lovastatin

(mevinolin) and rel ated conpounds as disclosed in U S

Pia'maniosage forn 284thod@ 81 aduniaistrsticit, iand apribimetict efthctive components,
oun Puch as disclosed in U S. Patent No.

4”% ¥ ladPiyastatin and rel ated conpounds as

dlsclosed in US. Patent 5 Nos. 4,448,784 and

4,450,171. O her HMG CoA reductase inhibitors which

may be enployedIﬁh&%&%ﬁ@ﬁﬁTﬂ&kLCEHﬂBBi@THBﬂSI|n1ted

to, fluvastatin, dlsclose Pat ent

i0a56] 7 3 Diisryi By ion v et s it operBRE s,
c&%sﬁﬁﬁs ?x{bqlucﬁmgl- & &IQ §81V@%£‘E(Yi@ﬁ‘tt QEﬂcPap@hﬁ&lllg%ﬁgcti\% amount of
U. S.” Patent Nos. 681,893, 5,273,995 5, 38

52t6861 d@dof the tmmtrﬂs Dﬁth@ Nn\sesami ,Shmieyon'i us cm@uﬁxﬂaﬁﬁm a

(NK-104) or itavastatin) sclosed g§§ Pat ent
N@)har@a%ﬂ‘im@?@megﬂ - Qi;glpp 52@%‘88“ thvemmn can

( i t

LY, 388 e i cLLADAS bifh AFrIBRAIL theldpohui CALRRNSANL i the
Ur&GitmPait efithe MorenfentibiydoliSordoy irmvhalieg: anglobgstyafgents; anti-diabetic

nmeval onol act one derivatives i.scl psed |n:ébf..,_ -
p%eg];ﬁ agwtlte@ugﬂ@ssgg}@ ngféqqgl?[gﬂg I%Vﬁgnqgfagents -raising agents,
éﬁﬁﬁ%ﬁ%&f& %%&g‘ﬁ%@d &Surdbk 561r0888nd i Agents used to

|cat|on

6t:r692 réspith®ty tatidetbnpyaeentd vledytd)ireat b4l pisoater? anxmaﬁlaanﬂatory
derivatives thereof as disclosed in U S. Pate No.

4agmts; sipandelyapents agh-degressenis; anil-RypsEiensive %%?nts cardiac
pgg% lgkﬁiﬁghgmg%%ﬂ%atlve) di chl or oacet at e,
dazol & ana ogs of“ neval onol actene as disclosed in

P@bsappl I'Klﬁtgh@ﬂnééﬁtt&ﬁl Otfisdations of the present invention can be

3- car box %droxy propanepbosphonlc acid derivatives
abraldsd @ami HatpR e eIpa el yNBIXIng, tho Eespeptive gctyre components
>

dgi?l}e\? g%%%ﬁ& Hlt 1%3 Oxlpeé@%lﬁ dlﬂi y%@{}mﬂg c&le?g?%ﬁ{ﬂﬁe carrier, excipient,

ves as

ApplibC afthan, N . Wha@ Mtw@étﬂh@dh}éhtsa&afo&gﬁlatﬁd mdependently, the
nmeval onol actone as disclosed in U S. Pate

4re@g®ﬂzg Formadations errol e AR aRROYS Y amited lﬁmg@i CBB‘@BF qrribe like

B sl oo 8 A8 Gl R ANBLAT B O W WP

i'Sc ent
A&Sﬂchﬁ@ﬁﬂ;@d&t db@ﬁagékléc?tlﬂa@% thepgh&stibiet.i 96 satidoyr thehiapeutic
derivatives disclosed in U S. 25Patent Nos. 5,506, 219
aﬁgﬁn&smw B@@dmmitfst%t%pmrdﬁ, sipmbansaisy &vithe PrfodB gAY S

o iralah APl LR A 5 b BS ot Bt fRy Bhagonises in

sgggkgﬁgaﬁﬁhmkh@b@ﬁgmlnh|bltors suitable for use
herein include, but are not limted to,

c1005Rbs p Hovaowses| of @Wéftbécsarm ehsiiy agenithforus: inpgmbinating with the
5 712 hose 30di s ose et al . d. .
ampounas s B G Se oSt M e Shipieadupyoatf Sonists,
( BhespRbiecdpes rhﬂé&mgﬁp%@w BSmdhe Welrtta@szul teptok (GMBR)
squal ene synt| aet ase nhibitors, for exanple, as
dastetw@sss) galaniy, I@ceppatmdulaﬂms, eﬁre&manmzmmaﬁdcﬁ?wnmzm? 1
and i.n Bi

(T o686 P Haatb s g LPer NG ST HarHgomist

| Rfpiyh 4&@9@@%@%&& %raéa@oﬁﬁ&abﬁmgﬂﬁbﬂéfi sgdrﬁs,@s histamine
terpenoi d pyrophosphates disclosed by Otiz de

Mucbptbt-216H3) Rodektosd, aP2 thhitstone PP AGheamma 2endakgrg APAR delta
(1977), the fanesyl di phosphate anal og A and
presqual ene -21-



pyr ophosphat e (PSQ PP) anal ogs as discl osed by Corey
et al., J. Am Chem Soc., 98:1291-1293 (1976),

W W36y | phosphonat es reported by McC ard, RGVUB2009/045452
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al., J. Am Chem Soc., 109:5544 (1987) and

cycl opropanes reported by Capson, T.L., dissertation,

Depdulatvisd ace@'idmA cdﬂhoxylas@t(aﬁ?C) Adgbitastl 1-FFaIYte 1 gfhibitors,

Co tents, 40-43, 48-51, Sunmar
opec b bites MRR Ay o P 57 dEHPE gk Ar A AP

Lajféf%g&%/ﬁéiﬂl B E‘?‘?%S@L{Me‘% AP BiE @diks or HIRE i kﬁown beta 3

eriv such as fenofibrate, genfibrozil
cdgmmsmeatdascidxed af Ulsr Rutent Wop O G#il 304t 2776615 6M40bs1 38.65,776,983

r@cﬁt (l(i,é bucol and r at ed onp nds, as d
B4 Aty I‘WI&%P@WO BP45 HB@&S?GP&H digand as
9R01LRE9% @9?2199? ©f el fs%{j' wej és@od%@C{K‘aro‘m@%gtW@mﬁowm?

it

such as chol estyraa |ne col esti pol and Sephadex
( SEEHBoE Yt lipaRoinhivéor,dedh andlisthiodresTla§éR (Alizyme), serotonin
( Sankyo/ Ge] t ex), as

(TRRBH- 801 En )< - fgﬁ% k?i%’igggg g A Tggoamine
te %p?%ﬁyg@gql{ég% %%@%ﬁl&%{%@, SRR ¥ udite A4 Yenfluramine,

| Shvogamsten iybpitms plaosictiabokitrating, %E&rplﬁmﬂdwm)ne cloforex,
anai nocycl odextrin (Tanabe Sei quoku i notnoto Al -

¢ SHATNBG PRAIRE @PPV%W%}MW@ FRBIHCROETR S D) |
PGSt I ARRL pERaR %%eﬂ%%?? aopirdfitke (lomnson &

ammlsc(ﬂ) @NrA) cilias murmvo;;had’adw%X@KﬁﬁE@ (Regeneron), BDNF
am nosalicylic acid,

p&r@lprﬂ#earfq“%/m%?tmph&rﬁaﬁt@;) @éw gad |eplin recgRipr BOAEREEY: (¥ed
'&ﬁ%tﬁ épt&"% v”fs%%on?s@/ el h¥%ts28cB%s SR-141716
po y? I3 I y et R 7

ni um ch and 1 onenes
S{8hofporXicv —30;9 (JS(ﬂday) IamﬂJDS‘rAPaﬂ]ﬂntori\hmhés @ivée 08Qribathist WO

h k hol
Fé@f%%pﬁﬁi” oA BTy ‘ésﬁwé? YER00s R S e, ek

| 2t %09?055“@1928% )00 2 68/089(5[}%%@&&%?'@0 2004/047755

208 D-(Jdpat To8E2D, THuAE), MO0 20050127801 eA2) (.A,mge'ﬁhhipé@AT
i nhibitor, Cil- 1011 is effective in the 30prevention
ahebacegk essi on of aortic fatty streak area in

1@1}?%9 ﬁxg?lp?c%g%%@ka%&z?ﬁéa 1%1??&%3%%]@ {L#llr I%E 112 combination with the

pbahpRsak 68ihe prespiitafivdngion indhide: IHGTH se@eagygics SCAIulin
inhibitor with potent hypolipidemc activity mediated

b§€nS1‘f125rS whish msytingledeshigwnadesi wfopy! wrprs, Blapesidase inhibitors,

Sihrosanage 1@5@*@ R et Bac R G epey, PrAR o
|
%%cﬁz}lsts S I&E z):l/ i enyﬁkﬁ‘{%}ag%g o}qgilﬁég%tafgﬁtﬁlstg or agomsts PPAR oy

Bdmzd mgonidRdl 1 [GEED 1 ln&i‘hbl.tors Gﬁﬂgptzd?l-};&@nda@gﬁ’)(])f’@ m[hdnf,o_rs

e s et She A TR

Aﬁ!{ﬂa\é liBb&S ah serglifozin, glycogen phosphorylase inhibitors, and/or meglitinides,
as well as insulin, and/or glucagon-like peptide-1 (GLP-1), GLP-1 agonist, SIRT
activators (resveratrol) and/or a PTP-1B inhibitor (protein tyrosine phosphatase-1B
inhibitor).
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Experimental Animals", Inflammtion: Mediators and
Pat hways, CRC Press, inc.; publ., Ruffolo, Jr., RR

Weemp/146360s. , pp. 173-198 (1995); Sliskovic etPGI/US2009/045452
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"ACAT inhibitors: potential anti-atherosclerotic
agents", Curr. Med. Chem, 1(3):204-225 (1994); Stout
el0ap0y, " itk iabiisﬁmb@w@geracmy Roi; whicingibyrglcdaigegént preferably a

transferas as 1 ochole e agents. . 6.
THEVR Tt B b oy EPRUAT AR D BeRy Pir g etfonain

r A8Y I héR hAGtiddbEYe adelhishi BiglpidR! the comgAunds of the present
acyl’- CoA: chol esterol acyltransferase ( T
Devedtopreibtbeafinpowdrin e svepght satlostpibigiaete Wlthm the range from about

%ﬁﬁﬁ@é%é%&éﬁoﬁ@%@sﬁgﬁ S Pt ot ot

%9@61 Mhe a fl&bbéé%g@xﬁ%néﬂ"ﬁ refe?e[bi (35 g@lﬁf{(cg%a%g Quch as

ceutica as we 4394
Fely@iride, (alsh kB6wn aft(glﬁlﬁﬁﬁamﬁdh) \@Kﬂa@ﬁnd@@mc‘{(ﬁ%ﬁ] Tive Patent No.

h%gm | % dglgpgl\(}g gj WI‘?@’J 1?% t@q;g%rnown slﬂ?l_nylureas or
P
&ﬁ[’, lﬁg}gé ngl?t: A n éﬁtg %vh {_&ﬁ&?est : gﬂehdéﬁ €hannel of the beta-

ypo absot ption

i ﬂﬁﬂsbwtth) lglybnﬁﬁeea{mbglgpmﬁddnbﬂfmglgfeﬁrmdgmhWimstered in the
(czetimbc) as well as _those disclos

PSS Y8 peias eral dospge foymsgBhy %fgb@aﬂd@%aﬂ% agepbpay else hf 2
4é1ug%§§da%&8'ﬁ1%)itor[s 7ag]azg}%0§ét (E%EIolsé f Cbggﬁﬂ@ XNo. 4 904 ,769) or
nodulating agent may be a c estery transfer
pm&glﬂblr(disn]toséﬂ indy. S( EfdiR)Ns l4gﬁ’$9a1§ 6Rfvitder gy BPadizisderdd in the
as well as those disclosed in W)Y 0038722 and in EP
SFEAAY Ip léﬁl@fﬁtsgrﬁé dpiag9d9Aa6, and Pharmacia' s SC- 744

hmﬁﬁcp e C%I?h g unds o?%e%é-éeg#%%o]l’é?f gé?m&§%&pi¥xjc%mﬁlation

CQith an&m[t L7 @gomgtrsa&u dsaf thwahma@dldmes@’am@dmbbtiara;g@a @other
the Future, 24:425-430 (1999). The ATP citrate |yase

i imisitlist sepsitigbrs EWhieh aden pliroseasitiviy efect s MBPRAM P@ienish such as

ToSig RARRE [ BroelBra st WBTRLTs NGBS fisclosed in USs.
ophent N B @m@mtmak@wfmsin@cmi,@s@m 0Ra itiARHE (CP-68722,

conpound Such as 30disclosed i n WO 00/ 30665 I ncl udi ng
i Bfraal @ddasgiytamﬁcﬁf%ﬁéi Plizen ysaghgeena(MB SNt ¥ldt-20lor

SRR 3 585 R h SO B R RPN SR ™

PRY4 QJI YVI-440G a8\ yasr ef@nﬂ.ﬂ* asueditdzon¥\ehd pioglitazone.

00/ 01520 a 26 - beta-lactam chol ester ol absor ption
i {96B] t orTlewompasndi of thaosrestnt ivVERIGTS7Y e ezaplomwﬂh a

Sﬁéﬁ%a'f Gk sgerie ot MEn 1 LR B Kb ot arodehin

a9 fllack 09 H. 1A &EF}:»{[J; f%%%oc&o‘iggwgg@éma% @wmg)), AZ-

tor such as d osed In 22222; an
LD|L2 ﬁmgbﬁam Amda&ﬁ:emeca;r asaleSaibed di HainggByetabj ddisd&es.as

di sclosed in tent No. _ 5,698,527 and, 4106;
af> ARt -185d @99@@9&%&%@%%@ SPEPRHS dgscEipF 11%8 g% %ateﬂ* No.
aGQQQQQQeroI or retinol as disclosed |n WO 94/ 15592 as
‘as Vitam n C and an anti honocystei ne agent such
aﬂ)(ﬁﬁ@] | ¢ Heldmpauhdy dttes prdbdnaimventith my¥y baemploBd®inanehbination
Vitamn E, isoniazid as disclosed in WD 97/ 35576; a
cweth@@tlé%whmﬁisﬂwwgeaw, PIHICBISUSPT todFraHMIST oS epist ARS§Bample

PP B0 ) 095580 rpeEL YL 06 BB Gt

treating dyslipidema; or a sterol regulating el ement
bi ndi ng protein-1 (SREBP-1) as disclosed in WO

2000/ 050574, for exanple, a sphingolipid, such as
ceram de, or neutral sphingonyel enase (N SMase) or
fragnment thereof. Preferred hypolipidem c agents arc
pravastatin, lovastatin, sinvastatin, atorvastatin,
fluvastatin, pittwastatin,




15rosuvastatin, and ezetim be as well as niacin and/or
chol estagel . [0073] The conpounds of the present
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anti-hypertensive agents. Exanples of suitable
anti - hypertensi ve agents for use in conbination with
t e icnotguitrigoghevdsatipraed eriated purapunds 25 distlaghd ihét-& Patent

aﬁ{i ;e %?gg ‘?Q;E%%is(tg &) (mgﬁ%l@{r}tﬂ gg@{%ﬂe% 8?%%%‘?@? as &zsciog/e% in U.S.
(Zpﬁérft@@d Qi g,038 “Eor@@isﬁtﬂﬂ%né R&la ey @@fﬁ?&ﬂ‘lds YuchisWi@ldsed in U.S.

g chi'or ot hi‘azi de, hydrochl or ot hi azi d
fPamtﬂthp dzﬁ%él%hy@wa&ftatun@{dhphmd@@mpounds as disclosed in U.S. Patent

e H ol A4 71 ngﬁtt@% LG MBS g which may be

eérﬁﬁl%ﬁ/éﬁ‘h&mﬁ%cgu&é bt HOAbEQ Init& b ORERAatid MISolosed in U.S. Patent
furosem de, nusolim ne, bunetanide, triantrenene,

anNDl i)BMjé’[Z spnvastaeﬁhaimcmsl@:} in U SnPatentriiosh 51066530 _AanS 177,080,
carasnin discgidin o baBT Moo BRE RS Tarsop, S350 ana

PEREORHA, lpita st AANNIdsan/ S8 W8 rs' | ligvabth®h QQRL1(4) or Avadtatin),

r €cept or’ ant agonists (e.g., losartan, irbesartan,
véikdasadan)].S Fatene dept i 1 B0 aijmncgt—éxs(re/Zgne;ca rosuvastatin

S] t axse N&gg @3@%%%&8”%%2{} & g%oé\g(g)ss 949% @fﬂﬂalted bidtin

n%ﬁ%g{ﬁ% HistiBs@ in 1EQMPAUNAR,. 417361695 8l rd A18Ma % 82 389)

opept| dase (NEP) 1 nhibitors, vasopepsi dase
3femdioidl baorse detivalivdNBR dACKHsedini LSt Bats)t Ne 4951,3 610, indene

atri| at d tri.lat t ... WO
OTedS R SRl acd T it ek Bkl
couSyicte kiR 0 O g S0 ot

t Biecloseipa lh 8 sPakes dNd, bﬁd”;’ jsfi 6,a&mde’d &HGe45 3/55t(h| Stmbstpuieé ent

invention co Id be used .in conbi.na
t RETASEIR o F0 e VAV iphigroasetedp lmiéaapﬂeeqné oggbmsyagngipctone

5%&! &igaéb%dtxﬁ]?or ugﬁcefn%ﬁ WOSRIIRRY, 33Eatﬁhﬁe~ éﬁgro n% (}))ro ane-

I SOr I'n conbination wt
ophdshRorit esédtrivaivenis disclosedlinfennk PaeoriNe 29566,335s 2, 3-
nelatonln recept or antagoni st

whlisiedpatnleBree an{jpapheag EE@WIV%%&@ gﬁ&es t1r? Europeéoﬁ Patent
SRR, P SR A OB U
aRita@aNd. SLES DB, mﬁtweomphtamhamah as disdstcdria & &lRtesant No.
2,499,289, keto analogs of mevinolin (lovastatin) as disclosed in European Patent
Application No. 0142146A2, and quinoline and pyridine derivatives disclosed in U.S.
Patent Nos. 5,506,219 and 5,691,322. In addition, phosphinic acid compounds useful
in inhibiting HMG CoA reductase suitable for use herein are disclosed in GB
2205837.
[0065] The squalene synthetase inhibitors suitable for use herein include, but are
not limited to, a-phosphono-sulfonates disclosed in U.S. Patent No. 5,712,396, those
disclosed by Biller et al., J. Med. Chem., 31:1869-1871 (1998) including isoprenoid
(phosphinyl-methyl)phosphonates as well as other known squalene synthetase
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requi renment or inprove the efflcacy of current

addi ctive disorder therapeutics. Exanples of agents
uméd)ﬂlorﬁ, forexemplghay dipdescdpuskeS.dlateatoct.BVb 7 @1&418%024 and

sel.ectiv eroLpni n yeu ibitors (S SRI),
%ﬁgﬁ%ﬁégﬁﬁﬁ Té % ’ﬁ%lﬂﬁrga‘#Hgb&ﬁd bupr opi on.
10867 6] Yikiditiam tonek Rb edlSneBthERELARBILRABN s@itib18 For use herein
dépressi on; t herefore, the conpounds described in

aincbxdd drecterpaineid Whpﬁé@@ﬁ disclepeshy OriizdeyMpueteliawd Pi ¢f al., J.

e Rt 2ol B it Miiohur s rlog y pad resauatene

ageabFoshMte HS:RQJP@? GRUIBINARDs¥A bPCHRS o€ AMPOURLIEREh. Soc.,
the present invention include bervzodi azepi nes (e

- g.
dP&iwam% @ PAG)eplaosphinyiphepdmmated wopertes! nlcCird, R. W. etal., J.

62 ég’%%%g%?“‘? @'ﬁiiarﬁf %’Fi@%%%ﬁ%sfr%ﬁ?xi%gbyh&p%%g P phD.,

bHﬁQﬂ'r{aﬁﬂﬁ Ddpk LD XIRM., OER! URMREABSFhcE, ASBRIJr@lent2PF. 16, 17,
corticotropin releasing factor (CRF) antagoni sts.

[@@%3;%&ahﬁhmsnmﬁ(ﬁmmﬂé&ﬁe cl asses of anti-depressants

t th th d f ot
ofl0edhe | ogropsRoTHeI At SR Epr ciPauyptdii but are not
2Bk ’EB kS a&ﬂd‘%feh‘v?tf%s aleh SEEABHRES, 8 fiGrozil, clofibrate,

tricyclics sel ective serotonin reuptake inhibitors’
( GSRfibjatd, ﬁ:ipm@da’ﬁﬂenﬁmoﬁbm@@maiﬁln dke,pactoxel, andredated compounds as

(ReBERBTbS1 FOpREh A1z e, TPt EYLFOH LR Ceing preferred,bil
g %1 g%tiéie?%m%%ﬂ ?ﬁg%?%mﬁg{éebbélgt Opénd‘fgﬁz@@r@e’f)ﬁadex

otoni n and
NEHEHOEEN®, Pelicetifd)ake choibstide Bamk{@NRIIS), as well as

Evenl af aXI ne)é%]ég%%;é I Ot }r % gké%eﬁgﬁéglgblg%ﬁfbg’&%%d € ano amine
LA R A BTGRP e ARIASR G PO LR

Zgﬂﬁﬁ&ﬂﬂaﬁaBGIYHS&&QQ#&&&%&BXE@@E&FEMQeébqbkﬁh%ﬁmnnmm)AL
a conventlona antipsychotic drug wt

aﬁi%&éﬁ e8¢ deHRIYCa PSEIERINE e EGRBL SN o AHicERe
AR o 7’)[)&%%&121?% |2§§ SE@ lesF WAfddgLa de}%{}v&), nicotinic acid

co |nat|on co e rap synptonwreduct
r gdadh ) geipivsoxnecidah Q’Ieoﬁi?fbmnp@nmitﬁahmtacm adpmn
antlggychotlc agents. Such a_conbi nation could

5al
r eeky aiime@vmﬁ)\ﬂ@naﬁm%Wélr?étdil%l%%k,n Yey BW@%%‘* 759,923,
f
AL hOSe FYARABSNRBRLARE) ) et
t ﬂﬁaloﬁamn U.R 08t B 26 000 f argluithalkhewantiupssieistdrel lowering
agents for use in conbination with the conpounds of
tmﬁﬁﬂesent inventlon i ncl ude the phenot hi azi ne

a@%g hen (}] er bp’g?% é%{al e ﬁéﬁt'}ﬁa& 66‘]2&{1101&@91%5&%8& {which also has

enazi ne an

t ahtﬁJaﬂl@ﬂﬁa@ﬁasﬁ%)cmﬁﬁlsam disdn@seﬁ @ﬂn Img,f @j:dme Fenge, 24:9-15 (1999)
thlothlxen%% heteroc%pllc di benzaze (cl ozapi ne,

0 E&r@gpibng prlogiret pli.pride Bi(e) T 1@@&1@; b(hldnté effective in the
| RisrERe ﬁ(nﬁa%grﬁ%s&?%%” AR B P s

ageihfion, B 13801709501 998)¢ GAgeN, &. wrthe pﬁﬁ&hﬁi@blog‘lcal profile of
t her apeutic val ué in

FCE 27677 anovel ACAT inhibitor with potent hypolipidemic activity mediated by
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i nvention with conventional antipsychotic drugs could
al so provide an enhanced therapeutic effect for the
t sedeatine sitppodssioo il Hediepei scuitionpldpsB | Ysceidsivmghgdprotein”,

above Kir ni.c di r.S. e her.e,.

e ot e R sofas) S AL SR SraF i Rp 7316310

iV SaPle 2881 subB R idfiNefyliiagkdié arant iniw@randod esimgathen.
schi zophreni"a, schi zophreni foi m di sorder,

skt Z@ Ay 4260 (18960 Kenste B, R.ct blusTlonter 6di“aérAde mhithiaref

psychoti.c. di sor.der .a Ghoti c .dj sor, t . e
DGt Mekdire 6 S b faiocnd i pag Bt Fiotis Agiyites in
f E@&Mw Ardi QAW Hoflah A8 SO TPRUNESs ki PRGBS EISRL Press, Inc.,
i nvention include the antipsychotics nentioned above,

2pad., Refiblogdr. R Bant dle cdegepl 6F-1ah( 1@§6hiSskovinestal ARAT

recept or agoni.sts, .S5HT2A recept oy antagoni sts )

TP ER BT S BT T RO & Qb T (5204225

2900k 5 kouk 8t 4, “TAARECHI 4051 CORILRERAD kﬁacd"l LERGEhAQDRAT) as
METHODS OF 81] As

zi prasi done) . REPARATI ON 30[ O
shypvaholzserolamiSepane 61 The rspeardsolobletAfeA prigskier with lipid-

PRt AR Rt BBy Gt COARBOHER! B EistreratA. 7.
CHIPAYRASH O a SR Yr Rubstirhibd ﬂ=plféﬁ§‘f9@%ﬂ-§h&fyl&@[d§%t§l)3

in an organic - 29f- sol vent” such as hot "Et'OH or
prefhst]atrhy withlehbamcpd Bpmichblostgeiveniatetivityd, Compoumd Orgf Chem.,
{ BIRIP S50 Gt B Jarsae PRBSERTEAl (i LA a5 wel as F-1394,
Ve3003/ ﬁ%%ggﬁ HILDOOTRUGILHPIRLR.AY, 1 ef ef ence in i ts

entirety, heati ig conmpounds of fonnula 4 wth

diowsphy| ferepoldddahreibytimacet @l upr¢HO83] dridparatptonactivity

of compounds of formula 4 is describ i 1998/ 4989

TR R S0P LSO P BT EAC R P By rBAdaoT FEl L) The

eI diSidbmi ok | IR, ing-

AT By BN R S

ePldugh’s IS H1al Yézetimihelnogehat ihose disting:dan clakabyddrosis,

such as Pd/C in_a solvent such_as ESOH, MeOH or in an

et hyif5-82 619158 and 4| Megh §1repo L 6l AT )( Scheme 1). [ 0085]

at ivel RN - i.C '

’2&{%:0? [8 oal T‘éli%y(%fherrﬁﬁgg)%éﬂfjgr 1&?;{:1 frr?ddmélhﬂg Qgerft Qf[ay\’g% a éﬁoﬁkﬂe?yi
transfer protein inhibitor (CETP) such as Pfizer’s CP-529,414 as well as those
disclosed in WO/0038722 and in EP 818448 (Bayer) and EP 992496, and
Pharmacia’s SC-744 and SC-795, as well as CETi-1 and JTT-705.

[0071] The hypolipidemic agent may be an ileal Nat/bile acid cotransporter
inhibitor such as disclosed in Drugs of the Future, 24:425-430 (1999). The ATP
citrate lyase inhibitor which may be employed in the combination of the invention
may include, for example, those disclosed in U.S. Patent No. 5,447,954,

[0072] The other lipid agent also includes a phytoestrogen compound such as
disclosed in WO 00/30665 including isolated soy bean protein, soy protein
concentrate or soy flour as well as an isoflavone such as genistein, daidzein, glycitein

or equol, or phytosterols, phytostanol or tocotrienol as disclosed in WO 00/015201; a
-9 -
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ket or educt ases such as ketoreductase (KRED) 112 or
ket oreduct ase (KRIED) 113 (Biocatalytics, Inc.) or by
nb@atm—éﬂ@taat cloderierelsibeprptipn kdtlohe secht as qmlma@ & 8P é@ﬁlﬂldr an HDL

e@%{ exagrj;1 | o ﬁ,tgieﬁc?n'gﬁlf)\(j%og}l% S@ﬁig gc)mst an

CEﬁEQ:Hﬁg&lﬂ glfo?rz) sﬁcl?@s &i@clé&d% Ep 190817 b@o@iuﬁ%r‘é&ﬁt
SucC e

Et OAc c enpl oyed to generate anilines of
f erchuhge 13111b[t61(£1€1]1 ﬁbdqsciumﬁsn &fE 1823023 aﬁkLDwmceW)r wldufg or a

ierois! e guﬁh L e U S hatudfy S5 'sa7 8Ra Pl Ata106:
aﬁ) c;}fg’p?%# @gn gagédwt!eﬁe Qs Q¥pid a&@q&%&o}pﬁlﬂol or retinol as

ctl on 'sequence ent ai

18iad1kyddat ivon oaft 5692Va§ e as ¥ppmapCiaat en ahﬂﬂ)dnaddyﬁtgmaggffm such
such as an a- hal oket one as dep| ct e@%y foonula 7 in
t #rcfopie addelate, Vitagiad3ts (Y BES smbytapinkbogpnipsid gs disclosed

%W%/?% gélil%erépﬂlsﬁ%ﬁ ( e%ﬂ%ﬁ&“&} H Qfo& ﬁﬁthase inhibitor,

ernediary’ ket one I oh ca e ac

Uﬁldeﬁlan@dtérbbaﬁen&ﬁhﬁﬁs@ inlgibhe dsiddsetosedpl W0 By48701e ag@mtR 8 agonist
such as NaBITlI.4 in a. solvent such as EtOH fo
b§ﬂr irsaiana dyshpidemiaa Pt & sigeal reilafing sleanent hindaig p}:s’imn~I (SREBP 1)

RO 1S, SO D503, SRR BT, Ay BLHR LEBIERIo Bt o

t ﬁ@m@[ phidREBBlehhieaNnBiiavs) oy filagmpaLheso D Prdferdihypolpidemic
for which RL is absent and the substituted carboeyel e

cegenbt aé@lp@ya&tﬁél, doestadn|simeastaifdatRy agian, Rbivastatin, pitavastatin,

presen be di.re g the

DA oy 20 B0 PR sl PR SRS IHEREI ot a 6
2fpoast h e]ﬂfé&bﬁ@‘éuﬁﬁs (ff@ﬂid@%ﬁm&dﬁﬁtﬁdﬂhhﬂy’b@émpﬁbwd in combination
m crowave at tenperatures ranging from 100- 180C in a

swithanti- ITS’B@WBQIS’C %%twe@wmgs eioitalile prig hepafepsive pgents for use
Nal -171' 4to ferthe as the, reaction

R e A e SR R

CHINER: S, Icallchim aNainkPhbekedy (11- %Qhﬁdloxpl‘@ﬁﬁf ed., e, Rrapamil,
procedur es readily known to those skilled in the art .

26{fabpos, |aanlg¢h@medmﬂ enyittedity dotetichbe g whlor@thmw@e

[ nt.i.on .has b esc ere of .. .
BRI PO FEMCL Sa ATeSrR i &, o nemiarice

eHRAM TR HiBIR, chﬁﬁﬁ&h@tﬁié%iﬂe%yﬁﬁf&zﬂe' b@ltzﬂﬁézh&én e@herynic acid

the general principles of the invention, and the

i triceyrtaifan clilerthalidone, furosemide, musolimine, bumetanide, triamtrenene,
amiloride, spironolactone), renin inhibitors, ACE inhibitors (e.g., captopril,
zofenopril, fosinopril, enalapril, ceranopril, cilazopril, delapril, pentopril, quinapril,
ramipril, lisinopril), AT-1 receptor antagonists (e.g., losartan, irbesartan, valsartan),
ET receptor antagonists (e.g., sitaxsentan, atrsentan and compounds disclosed in U.S.
Patent Nos. 5,612,359 and 6,043,265), Dual ET/AII antagonist (e.g., compounds
disclosed in WO 00/01389), neutral endopeptidase (NEP) inhibitors, vasopepsidase
inhibitors (dual NEP-ACE inhibitors) (e.g., omapatrilat and gemopatrilat), and

nitrates.
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skilled in 30the art without departing fromthe true
spirit and scope of the present invention, and all
si#éidjnodIMCHR ispregoring cvaldibatuseinkingtratihg other diserstdassedated

ithip the f th | ai that .fol |l ow. . .
Asbirebiier e rgoben hrer ol 15w G DESPRDP M dieked i
exRbReL Bek ﬁile'iireéze’ﬁt iﬁvQ{_ﬂ%ﬁnﬁblﬁlg:be:usgfﬁ%nﬂiﬁa@élﬁvith therapeutics

tertiary buty Ve t 10Et = ethyl TMS =
t forr resting séepydisoT@Ss. —Examplehof spltableditchapies foytreafientof sleeping

tetrahydrofuran Et20. = diethyl ethe t OAc - .ethyl .
e eS Tonree 17 GrmbiPRi iy Mk HiA PR O PO Serb ARG nclude
S | il Fhtd Oh12 iSRr =
s SSBLORBOMION e AU

dinbdaptony WAEDRyieaeritoranddiB@iors, hisfastiteyd 833 receptor m@hRors,

A di hol A i - ; ‘
nd(%{g%eutle_-ggﬁ)?m n%%%y({r%)gilg?eﬁeggrgl%gﬁlaér& sodi um bor ohydri de

[0075] MCHR1 antagonists may reduce or ameliorate substance abuse or
addictive disorders. Therefore, combination of cannabinoid receptor modulators with
agents used to treat addictive disorders may reduce the dose requirement or improve
the efﬁcécy of current addictive disorder therapeutics. Examples of agents used to
treat substance abuse or addictive disorders are: selective serotonin reuptake inhibitors
(SSRI), methadone, buprenorphine, nicotine and bupropion.

[0076] MCHR] antagonists may reduce anxiety or depression; therefore, the
compounds described in accordance with the present invention may be used in
combination with anti-anxiety agents or antidepressants. Examples of suitable anti-
anxiety agents for use in combination with the compounds of the present invention
include benzodiazepines (e.g., diazepam, lorazepam, oxazepam, alprazolam,
chlordiazepoxide, clonazepam, chlorazepate, halazepam and prazepam), SHT1A
receptor agonists (e.g., buspirone, flesinoxan, gepirone and ipsapirone), and
corticotropin releasing factor (CRF) antagonists.

[0077] Examples of suitable classes of anti-depressants for use in combination
with the compounds of the present invention include norepinephrine reuptake
inhibitors (tertiary and secondary amine tricyclics), selective serotonin reuptake
inhibitors (SSRIs) (fluoxetine, fluvoxamine, paroxetine and sertraline), monoamine
oxidase inhibitors (MAOQISs) (isocarboxazid, phenelzine, tranylcypromine, selegiline),
reversible inhibitors of monocamine oxidase (RIMAs) (moclobemide), serotonin and
norepinephrine reuptake inhibitors (SNRIs) (venlafaxine), corticotropin releasing
factor (CRF) receptor antagonists, alpha-adrenoreceptor antagonists, and atypical

antidepressants (bupropion, lithium, nefazodone, trazodone and viloxazine).
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bi carbonate Ar argon. N2 = nitrogen mn = mnute(s) 5h
or hr = hour(s) L =1liter mL = mlliliter uL =
nj0678] i t dthegombgrating of a dehvegticnarmbtifisgehatit shugmwith = MCHR1

T TN NG AT
oo T s LB P LB B Py v
hihgmeedfor thronrtoatrhem with atipsyrhbogagephsy Sudsscombination could
Sglgc? Eerdg(r:rg Ea%ff%(%ivl\ésan%)sy'gggusc d%%fe: ?eqiirgr%%g’t, ?e%&l%tné ?I?Fﬁ:td{lged
probability of developing the motor dysfunction typical of chronic antipsychotic
treatment.
[0079] Examples of suitable antipsychotic agents for use in combination with the
compounds of the present invention include the phenothiazine (chlorpromazine,
mesoridazine, thioridazine, acetophenazine, fluphenazine, perphenazine and
trifluoperazine), thioxanthine (chlorprothixene, thiothixene), heterocyclic
dibenzazepine (clozapine, olanzepine and aripiprazole), butyrophenone (haloperidol),
diphenylbutylpiperidine (pimozide) and indolone (molindolone) classes of
antipsychotic agents. Other antipsychotic agents with potential therapeutic value in
combination with the compounds in the present invention include loxapine, sulpiride
and risperidone.
[0080] Combination of the compounds in the present invention with conventional
antipsychotic drugs could also provide an enhanced therapeutic effect for the
treatment of schizophrenic disorders, as described above for manic disorders. As used
here, schizophrenic disorders include paranoid, disorganized, catatonic,
undifferentiated and residual schizophrenia, schizophreniform disorder,
schizoaffective disorder, delusional disorder, brief psychotic disorder and psychotic
disorder not specified. Examples of suitable antipsychotic drugs for combination with
the compounds in the present invention include the antipsychotics mentioned above,
as well as dopamine receptor antagonists, muscarinic receptor agonists, SHT2A
receptor antagonists and SHT2A/dopamine receptor antagonists or partial agonists

(e.g., olanzepine, aripiprazole, risperidone, ziprasidone).

METHODS OF PREPARATION
[0081] As summarized in Scheme 1, compounds of the present invention
represented by structures of Formulae 1A and 1B may be prepared in one step by

condensing compounds of formula 2 with compounds of formula 3 in an organic
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EXAMPLES 25100921The foll ow ng Exanpl es serve to
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preferred enbodi nents of the invention. [0093] Were

possi bl e a nodul ar convergent approach was utilized to

psodyeat euchine hbOEICHMonprefexaip lvedter phadol iongpnsyate the spmpoinds of

the ap riate aniline, condensation with a formam de
e&%g‘?tég\?nﬁﬂ’é bi oacti ve thienopyrim done foll owed by

subsequent 30el aboration to convert the al cohol noiety

to a prodrug. i MPI.F

A. 2- Bronp- 1- cycl opr opyl et hawberae b 100941Fol | ow ng

the procedure 4glescribed by Calverley, MJ. et al.

Tetrahedron L&ett., 43:4609 (1987), Br2 (21.72 m_, ' 422

mol ) was added ov 5 mnto a solution of

1-cycl opr opyl e‘t‘laanone (35.44 g, 1 mmol) in ObLéQS@ R1

nL) at OC. DecokbriPzati asati Fed as_the rg@f@ .

dar k or ange sol ution ti rred aJ;,»Rﬂ 10¢| N 5Q.|kya ‘l
m n. o Mr enoval obN @eskhath' the m xture was
stirat 20C for anot her 05 R® _ 3
OzN O-alkyl
6 0
et
O,N O-alkyl O;N O-alkyl
8 5b
s cozlv:e /©:o CH2 c R1
e *I @gﬁ* a1
( ;
0
S
NH,

4
[0082] Compounds of formula 2 can be prepared as described in
W02003/033476, incorporated herein by reference in its entirety, by heating
compounds of formula 4 with dimethylformamide dimethyl acetal.
[0083] Preparation of compounds of formula 4 is described in WO1998/49899
which is incorporated herein by reference in its entirety.
[0084] Anilines of formula 3 may be prepared by reduction of nitro aromatics of
formula 5a or 5b either by catalytic hydrogenation using a catalyst such as Pd/C ina
solvent such as FtOH, MeOH or in an ethyl acetate - alcohol co-solvents (Scheme 1).
[0085] Alternatively, compounds of formula 5b for which R! is a cycloalkyl ring

and both the dotted lines and R? and R3 are not present, can be prepared by enzymatic
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The conbi ned organic | ayers were sequentially washed
with 1M Na2CO3 (150 m) and brine (100 m ) before
drediwctgpnanfele laatdme. 8, MyyS@4mpl, employirgtkesredistaaerdsuch as

Faaeaic s RRE e g7 kot i R3] N Skt 158 orvy
At bbih BlonQBs@h of Bet@h2 Bio YioghoedcA Qb,g"opéxample_,lemgéoyé%g

2-brono-1-cycl opr opyl et hahone as a colorl ess oi
- CedIda IdAoNRIs(BO® | MHEATCO@L365%1 ppm 0. 95- 1. 03 (m

%ﬁ)p_sﬁzl' 08 et Y] reotion of Sompoaids of fommuly 54 of Sk With $hCl, in a
20B. 1- I opyl-2-(2-nmethoxy-4-nit.r.ophenoxy)et hanone

oo AR AT P 1R SR LT n T S R RS dcon

p iu : ; 1 :
S s e e i
pi@pariads bmd RABhd R} atemoDbfeséid 1 @inmhyst wassly e arapdredt fr&@0 C

tbr IN LGM analysis revealed the conversion to .
pPOERRIdR AL ToEmHg Gvea sepmentiad allplating ag»%qdavvqneﬁga‘eqnaﬁ entailing

) . Lt N .
Ty SO0 ) e B3 TN R A6 o
f ddgictad b rorytiutd TRoha pyretlcew! hibhicesuck ak€syt0 cor KJC@{ in a

washing 3x with 150 nL of H20 and air drying yiel ded
3ol Gent sbchlasdyIFdplopsdlbPref@etimat ddlve/intermediary ketone 8. The

L T N I e o
( aB2EDin a toddntkudiBad BROI2 Fowdd b3 Tésofdioh Br aﬂtéfll}nati\;’e%yg&qder chiral
(s, 3F), 4.86 (s, 2H), 6.73 (d, "J= 8.7 Hz, 1H), 7.75

( Bonddond -efptind i 2r 6@HiralYeape8t By edplbyine, ; dit
§ Sonciiond eplSuing )l enzfmt briy Gl bodeclt ¥y el g prdk s readily
1kmown torthesegskilledén he #8. 5, 56.3, 17.1, 12.0. HPLC 5.8

refentjon tinme, 983% APl . 10 ZORBAXO, col ymm SB C18
AT 75 AaG R IO RIA R PR BRIt S FbeRL A the
s oA 00 O 0
A PO By MR I s Bl OB oom e
1R prefiratloyHBRRM4Y the alkali metal salt (Na or K) of compounds of formula 6
with epoxides of formula 9 thermally or by microwave at temperatures ranging from

100 — 180 °C in a solvent such as 85% MeCN/H,O containing sufficient NaH,POy4 to

buffer the pH as the reaction progresses.

[0089] Epoxides of formula 9 are either commercially available or readily
prepared employing procedures readily known to those skilled in the art.

[0090] It should be understood that while this invention has been described herein
in terms of specific embodiments set forth in detail, such embodiments are presented
by way of illustration of the general principles of the invention, and the invention is
not necessarily limited thereto. Certain modifications and variations in any given
material, process step or chemical formula will be readily apparent to those skilled in

the art without departing from the true spirit and scope of the present invention, and
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Detection at 220 nm LC/Ms: me 252.3 (MtH); 4 mn
gradient; 2.35 mmretention.

WA BE/(1#8B63L- Cycl opr opyl- 2- ( 2- met hoxy- 4- ni t r ophePGKY$200H 05452
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nol (Part C (R -Alcohol) OH 02N O C Preparation (1)
100961To a yel | ow suspensi on of

lalbgichoprdifisatiofs §Rt veeiationsyshduld be considered within the scope of the
nit.ropﬂenf%é%{et hanone (34.6 g, 138 mmol ), prepared in
ppimsghatifliew oy (356 nl) at 20 0C was added NaBH4 (3.1
g, 82 mml) over 15 mn. After renoval of the ice
bath, the tenperature was not allowed to exceed 20C
whil e the reaction stirASBBRENVIAIBOAEI tional mn.
Dyring this riod the col or progressjvely becane a
dapt yérlhleé&?‘ﬁ’ﬂég ahiprgvigHons aLe e %@?‘%ﬁeﬁgs cooled to
?Q%&gﬁ g an ice bath prior to cautious slow addition
0 c (12 m, 210 nmol) to mninmze the rate of
eBokiehoyl of H2 gas. 25After stirring for 0.5 h

foll ow ng cessation of gas evolution, the yellow
stBparietish ¥ concentrated under vacuum using a

rot.ar porator to renove - 300nL of EtOH.

Fﬁet r%lte?lgg yielded a light yellow solid (28.7g) after
wBshethgl wi th H20 and air drying. Subsequent further
concentration_of the filtrate to renpove nost of the
ELMS = tiraethylsidd i n nore precipitate formng which,

a r_ £l I_];_q%g gl@l escri bed previously, corresponded
tgfagn %ﬁg I't1ona ﬂﬁgﬁjg of desired product. The two

f THEt= eashywesfaraponbi ned to yield 33.6g of racemc
1-cycl opropyl- 2- (2- met hoxy-4- nitrophenoxy) et hanol .
SEOBoTRADOHE:

1-cycl opropyl- 2-(2- met hoxy-4-nitrophenoxy) et hanol
(E@@@Temﬁgﬁet% 2/1 MeCN/i-PrOH (451 nl) was resol ved

bynehilghe B 8RS QQEaphy resol ution using a
CHI RALPAK(r) AD-H (3x25cm 5pm col um under the

CheCd] = n8H@nobndi ti ons. The chromat ogr aphi ¢ condi ti ons

e yed an 85/15 m xture of CO2/i-PrCH as the nobile
sg&s}gﬁ‘t"’%ﬂn{)h a flowrate of 130 nL/min at 35C with the

191)%:% gl%{“%l mai nt ai ned at 100 bar and detector

wavel engt 234 nM Each 0.7 nL injection required a
r HOAd oreAdPH 7# aentic &l chiral purity of the R

enanti oner was. determned to be greater than 99. 9% at
2§ﬁAn“nﬁr’gg’§’E‘@°?ﬂF3§ UV area % using anal ytical SFC

cgp%ril\@tgr]ﬁisﬁﬁggﬁgghg,%%h@n of the resultant el uant

und vacuu rotary evaporator yielded
(@3mgy&h}qglﬁggyl- 2- (2- et hoxy- 4- ni t r ophenoxy) et hanol

DMAP = 4-dimethylaminopyridine
NaBH, = sodium borohydride
n-Buli = n-butyllithium

Pd/C = palladium on carbon

KOH = potassium hydroxide
NaOH = sodium hydroxide

LiOH = lithium hydroxide

K,CO5 = potassium carbonate
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15as yellow oil. Subsequent dissolution in 150 m EtOH
and reconeentradon yielded the title conmpound in the

WO aiém36a yel | ow oil which solidified to fornPGI/US29p/045452
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yellow solid (20.9 g) upon drying under high vacuum
overnight. MP. 77C 1H NM R (400 MHz, CDCl13): 6 ppm
ONBBC337scdmm@bue2tbon®® (m | H), 0.55-0.69 (m 2E1),
0.97- LOS (in, 1H), 2.40-2.70 (bs, 111), 3.41 (ditd,
|Argaggong 3, 2.7 Hz, IF!), 3.93 (s, 311), 204.10 (dd,

J5 9. .0 Hz, 1H), 4.23 (dd, J= 9.3, 2.7 Hz, 1H),
63@5‘%%?56: 8.8 Hz, 1H), 7.74 (d, J= 2.2 Hz, 1H), 7.89

(glgnﬂqrﬁmgm@, 2.2 Hz, 1H). 13C NMR (100 MHz, CDCI3) ppm
153. 7, 149. % 141.7, 117.6, 111.5, 106.7, 74.4, 73.5,
56 o2br % Bowi{s)2. 7, 2.0. HPLC. 6.26 mn retention tine,
98. 7% APl ; ZORBAX(r) columm SB C18 4.6 X 75 mm fl ow
rAfd 5 m /nmin; Gadient solvent system from

100%A:; o 25 0%A: 10098 for 8 mm ( Sol vent A:
1}81%&?8%(}@%0%420 = 0.2% H3PO4; Sol vent B: 90%eO0OH -

10P428ictolBer2% H3PO4) Detection at 220 nm LC/ MS: ink =
254.3 (MrH). [0098] Chiral HPLC. Optical purity was
a8 §e%¥8) by HPLC chromat ogr aphy at 35C using a

,'85"@5?@%‘(&%8%0 H 25 X4 6 mID;, 5 pmcolum for

nmobi | e phase was a 80/20 m xture of
CaRl +segieopanol % i sopropanol at 100 bars with WO
2009/ 146365PCT/ US2009/ 045452 a. flow rate of 2 mum n.
“tRBYBOKENdi ti ons the desired R enantiorrier

gln%a%qﬁﬂﬂ%&b%%gtr Ztsi Lgl I( %/ved, by the S enantioner at
RT = room temperature
sat or sat’d = saturated
ag. = aqueous
TLC = thin layer chromatography
HPLC = high performance liquid chromatography
LC/MS = high performance liquid chromatography/mass spectrometry
MS or Mass Spec = mass spectrometry
NMR = nuclear magnetic resonance

mp = melting point

EXAMPLES
[0092] The following Examples serve to better illustrate, but not limit, some of
the preferred embodiments of the invention.
[0093] Where possible a modular convergent approach was utilized to prepare the
following Examples entailing synthesis of the appropriate aniline, condensation with a
formamide to generate the bioactive thienopyrimidone followed by subsequent

elaboration to convert the alcohol moiety to a prodrug.
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Part B KetonePart C (R)-Al cohol
(R)-1-Cycl opropyl-2-(2-net hozy-

WG200pi146306phenor y) et hanol [ 0099] Two conmer ci al II}CT/USZOO9/045452

10

15

20

avai | abl e ket oreductases from Bi ocatal ytics, Inc.
nanmely | CRED- 112 and | CRED-113, were enpl oyed for t he
reduction of Part B ketonEWBb’ﬁﬁespondl ng Part C
(R)-al cohol . The reactions were carriedygyt yat 30C in
100 nmM phosphate buffer, pH 7.5 w h abst#at e i nput
of 4-10 ng,/n and enzyrre I nBut 2- .

| sopropanol and D werg used td_regenerate ¥of act or
NADPI - | reqwéI ¢ r@dacti on pro@@gs G ucose
dchydr ogenase, NA
regenerate cofactor NADPH reHw red for this reduction.
Both reversed phase and chiral HPLC nethods were

establ i shed for detain-in-14m of substrate and product
cdnceniBavinonscyshgroryéeteanane i oneri ¢ excess of product.
15[ 00100] Two ket oreduct ases, RED 112 and 1CRED 113,
gave 97-99% yi el ds and 99. 5% ghanti onmeri ¢ excess for

the desired Part C (R)-al® ~Results are as shown

in the table bel ow Reduction of rt B Ketone to Part

C (R - Al cohol 20(1PA-200 p.L, pH 73, 30C) Entry Part B
K084k v EollawBigfthe provedion d@&cgb@;hby Calvenaso M atel- ofetrapegron

efet?,%ﬁié(b (?9&’?2 r2| &?.hﬁlr)m, 422 mimol) was added over 5 min to a solution
of 1-cyclopropylethanone (35.44 g, 421 mmol) in MeOH (250 mL) at 0°C.

Decolorization occurred as the resulting dark orange solution was stirred at < 10°C for
50 min. After removal of the ice bath, the mixture was stirred at 20°C for another 0.5
h; whereupon, 30 m] of water was added. After stirring an additional 15 min, the
reaction was diluted with 90 mi water prior to extraction with 200 mL of Et,O (4x).
The combined organic layers were sequentially washed with 1M NayCO4 (150 ml)
and brine (100 ml) before drying over anhy. MgS0O,. After filtration and concentration
using a rotary evaporator, the crude product was obtained as colorless oil. Subsequent
distillation at 13 mun Hg yielded 40.9 g of 2-bromo-1-cyclopropylethanone as a
colorless oil bp 58 - 62°C. 'H NMR (500 MHz, CDCly) 6 ppm 0.95-1.03 (m, 2H),

1.08~1.15 (m, 2H), 2.13-2.21 (m, 1H), 4.00 (s, 2H).

B. I-Cyclopropyl-2-(2-methoxy-4-nitrophenoxy)ethanone
9]

Foon

0/

[6095] An orange suspension of 4-nitroguaiacol potassium salt hydrate (31.7 g,
153 mmol) and 2-bromo-1-cyclopropylethanone (29.4 g, 180 mmol), prepared in part
A, in DMF (310 mlL) was heated at 80°C for 1h. LC-MS analysis revealed the
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(0.2 ng/gl) (20 ng/nL) 24h 48h 66h KRED-3 4 ng / 20
1.11, 2 nmg / 100 pi 700 (IL 95.8 99.1 99.7 (cc

W®20089463¢e 99. 6% PCT/US2009/045452
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25

conversion to product was com?iete. The resulting yellow reaction mixture was
diluted with water (932 ml) and stirred for 4 hr as the mixture cooled to 20°C.
Subsequent filtration yielded a yellow filter cake whuch after washing 3x with 150 mL
of H,O and air drying yielded 34.6g of 1-cyclopropyl-2-(2-methoxy-4-
nitrophenoxy)ethanone as a light yellow solid. M.P. 112 - 113°C 1H NMR (400
MHz, CDCly): 8 ppm 0.95-1.03 (m, 2H), 1.13-1.18 (m, 2H), 2.15-2.23 (m, 1H), 3.95
(s, 3H), 4.86(s,2H), 6.73 (d, /=8.7 Hz, 1H), 7.75 (d, /= 2.7 Hz, 1H}), 7.82 (dd, J =
8.7, 2.7 Hz, 1H). 13C NMR (100 MHz, CDCl;) § ppm 205.2, 152.7, 149.1, 117.3,

111.6, 106.9, 73.5, 56.3, 17.1, 12.0. HPLC: 5.8 min retention time, 98.7% API;
ZORBAX® column SB C18 4.6 X 75 mm; flow rate 2.5 ml/min; Gradient solvent
system: from 100%A:0%B to 0%A:100%B for 8 min (Solvent A: 10%MeOH -
90%H,0 = 0.2% H:;POy,; Solvent B: 90%MeOH - 10%H,0 + 0.2% H43POy4)

Detection at 220 nm. LC/MS: m/e 252.3 (M-+H); 4 min gradient; 2.35 min retention.

C. (R)-1-Cyclopropyl-2-(2-methoxy-4-nitrophenoxy)ethanol (Part C (R)-Alcohol)

OH
@:OW
O,N o~

{0096] To a yellow suspension of !-cyclopropyl-2-(2-methoxy-4-

C. Preparation (1)

nitrophenoxy)ethanone (34.6 g, 138 mmol), prepared i Part B, in EtOH (356 mL) at
0°C was added NaBH, (3.1 g, 82 mmol) over 15 min. After removal of the ice bath,
the temperature was not allowed to exceed 20°C while the reaction stirred for 35
additional min. During this period the color progressively became a deeper yellow
hue. The stirred reaction was cooled to ~10°C using an ice bath prior to cautious slow
addition of HOAc (12 mL, 210 mmol) to minimize the rate of evolution of H, gas.
After stirring for 0.5 h following cessation of gas evolution, the yellow suspension
was concentrated under vacuum using a rotary evaporator to remove ~ 300mL of
EtOH. Filtration yielded a light yellow solid (28.7g) after washing with H,O and air

drying. Subsequent further concentration of the filtrate to remove most of the EtOH
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WO 2009/ 146365PCT/ US2009/ 045452 Entry Part B Ketone in
DVBO Enzyne Sol ution Buffer % Conversion (% ee of Part

W@QRJ4@sTol i ol ) (0.2 ng/pt) (20 ng/nl) 24 hPABUSR0BBO45452
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h KRED- 113 10 ng / 50 uL 5 ng /250 uL 550 pi, 69.3

resulted in more precipitate forming which, after filtration as described previously,
corresponded to an additional 4.9 g of desired product. The two fractions were
combined to yield 33.6g of racemic 1-cyclopropyl-2-(2-methoxy-4-
nitrophenoxy)ethanol.

[0097] Racemic 1-cyclopropyl-2-(2-methoxy-4-nitrophenoxy)ethanol (45.1g,
mmol) in 2/1 MeCN/i-PrOH (451 mL) was resolved by chiral chromatography
resolution using a CHIRALPAK® AD-H (3x25cm, 5pm) column under the Chiral-
SFC conditions. The chromatographic conditions employed an 85/15 mixture of
CO,/i-PrOH as the mobile solvent with a flow rate of 130 mL/min at 35°C with the
BPR pressure maintained at 100 bar and detector wavelength at 234 nM. Bach 0.7
mL injection required a run time of 7 min. The chiral purity of the R enantiomer was
determined to be greater than 99.9% at 234 nm based on SFC/ UV area % using
analytical SFC conditions. Concentration of the resultant eluant under vacuum using
a rotary evaporator yielded (R)-1-cyclopropyl-2-(2-methoxy-4-nitrophenoxy)ethanol
as yellow oil. Subsequent dissolution in 150 ml EtOH and reconcentration yielded the
title compound in the form of a yellow oil which solidified to form a light yellow
solid (20.9 g) upon drying under high vacuum overnight. M.P. 77°C 1TH NMR (400
MHz, CDCl3): 8 ppm 0.30-0.37 (m, 1H), 0.42-0.50 (m, 1H), 0.55-0.69 (m, 2H), 0.97-
1.08 (m, 1H), 2.40-2.70 (bs, 1}), 3.41 (ddd, /= 8.3, 8.3, 2.7 Hz, 1H), 3.93 (s, 3H),
4.10(dd, J=9.3, 8.0 Hz, 1H), 4.23 (dd, /= 9.3, 2.7 Hz, 1H), 6.95(d,/=8.8 Hz,
1H), 7.74 (d, J = 2.2 Hz, 1H), 7.89 (dd, /= 8.8, 2.2 Hz, 1H). 13C NMR (100 MHz,
CDCly) ppm 153.7, 149.2, 141.7, 117.6, 111.5, 106.7, 74.4,73.5, 56.2, 13.4, 2.7, 2.0.
HPLC: 6.26 min retention time, 98.7% APIL, ZORBAX® column SB C18 4.6 X 75
mim; flow rate 2.5 ml/min; Gradient solvent system: from 100%A:0%B to
0%A:100%B for 8 min (Solvent A: 10%MeOH - 50%H,0 = 0.2% H3POy; Solvent B:
90%MeOH - 10%H,0 + 0.2% H3POy) Detection at 220 nm. LC/MS: m/e = 2543
(M-+H).

[0098] Chiral HPLC: Optical purity was assessed by HPLC chromatography at
35°C using a CHIRALPAK® AD-H, 25 X 4.6 mm ID; 5 um column for which the

mobile phase was a 80/20 mixture of CO2/isopropanol % isopropanol at 100 bars with
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88.4 97.4 (cc 99.49% (cc 99.5% KRED- 112 4
ng/ 20111., 2 ng/ 100 RI., 750 Id, 68 84 97%
WO 2009/146365 PCT/US2009/045452

a flow rate of 2 mL/min. Under these conditions the desired R enantiomer eluted in 7

minutes followed by the S enantiomer at 8.5 min.

C. Preparation (2}

OH
o -
\/UW Enzymatic \/W
Reduct:on
O;N O
|
Part B Ketone Part C (R}-Alcohol
(R}~1-Cyclopropyl-2-(2-methoxy-
5 4-nitrophenoxy)ethanol

[0099] Two commercially available ketoreductases from Biocatalytics, Inc.,
namely KRED-112 and KRED-113, were employed for the reduction of Part B ketone
to corresponding Part C (R)-alcohol. The reactions were carried out at 30°C iﬁ 100
mM phosphate buffer, pH 7.5 with substrate input of 4-10 mg/mL and enzyme input

10 of 2-5 mg/mL. Isopropanol and NADP were used to regenerate cofactor NADPH
required for the reduction process. Glucose dehydrogenase, NADP and glucose were
also used to regenerate cofactor NADPH required for this reduction. Both reversed
phase and chiral HPLC methods were established for determination of substrate and
product concentrations and the enantiomeric excess of product.

15 [00100] Two ketoreductases, KRED 112 and KRED 113, gave 97-99% vields and
99.5% enantiomeric excess for the desired Part C (R)-alcohol. Results are as shown

in the table below:

Reduction of Part B Ketone to Part C (R)-Alcohol

20 (IPA-200 ul., pH 7.5, 30°C)
Entry Part B Ketone Enzyme Buffer % Conversion
in DMSO Solution (% ee of Part C (R)-alcohol)
(0.2 mg/pl) | (20 mg/mL) 24h 48 h 66 h
KRED-113 | 4mg/20 uL | 2 mg/ 100 pL | 700 ul. | 95.8 99.1 99.7
(ee 99.6%) | (ee 99.6%)
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(99.4% (ee 99.6% [00101] Enploying the above
procedure, two ketoreductases fromJulich Enzyne Inc.,

W209eM1463¢DH kit part 5/9 and ADH kit part 6/9,PGEHU82009/045452

10

15

20

44-48% yi el ds and 100% enanti oneri c excess for the
(S)-alcohol. 5 HPLC Method [00102] Reversed phase
I Batry HPL Casft B K etoher m Badynen of Befian] i oner PeCemeessn

[ um: CHI RALPAK r) IC 51.tm [250 X 4.6 mm _Sol vent:
adi ent of B8H A aRIUta A L 0. 05pelTrR 9fPagide B1)-alcohol)

t hanol (8§ 1 FA in Af -
t hanol @%‘8‘?’@ rt(zgg%lﬁ Tin SS%B?I '35%'1’1‘3 1000601
s 199% s“t')qh? HaTBsAQ MM soRlohsdRat e: 89.45 97.4

n/mn, Room Tenperat ure WV detlection| 240;and 340 nm
2.22 15[ (00103] The retention tijmes arg: (‘>If=@,539c4%bl(6‘699-5%)

RGN e e ik o TBEAR) UL BoOm oy [ B o7,

20C. Prepanation (3):| Sel ective Enzymatic Re 0})n (ee 99.6%)
Process [(00104] Use pf Candi da lsonoresis. (S 16117

I’\\I\\— o=

for the Reduction of Part B Ketone: Candi da sonoresis
( Blﬂl&ﬂll@m;(léﬂiﬁ?@&)e a%%mb):edms tws&dto[r@iuctah@ fraed Udidhdinzyme

of Par t ne to e spon

kry- apRghh bkt o awé?@%? R Tas Hbi% vigldsspe 100%
0 &N Ak R¥ 4l ucose, 2% malt extract, 1%
yée}};\agftuglgl%#g% ol J{é'(gﬂ%% peptone. Cells were harvested
by centrlfugatl on and cells were suspended in 50 rri N
pot assi um phosphate buffer, pH 7.0 at 10% (w v) cell
cHﬁé@rMF@Pfions Cells were supplenmented with 5 ng/nL

0014 ol ulgegzgresecggg&g/dﬂmﬁhyﬁe%& déelﬂymon'}k%%gﬁ%gc excoss:

rogenase to regenerate

reaimtrrﬁﬁdcﬁummmz@@mj 780. X 4Remat i ons were carried
out at 28C for 24 hours. Product concentrations and
eﬁ@ﬁ@ﬁ%@ﬁd@n@f@@b@n@f&a{@‘l‘l@duct was determi ned by HPLC.

[ Q010 S| 117 (ATCC(r) #56511)
p?‘oé}u@% e de% °t egﬁ?%% f‘(g%%'o‘?

B: 0.05% TFA in Acetonitrile — Methanol (80:20)

Start 30%B, 25 min 55%B, 30 min 100% B, 40 min 100% B

Total Time 40 min, Flow Rate: 0.5 ml/min, Room Temperature

UV detection 240 and 340 nm. 02.22

[00103] The retention times are:
{(S)-Alcohol Retention time: 26.74 min
(R)-Alcohol Retention time: 24.9 min
Part B Ketone peak at 32.74 min

C. Preparation (3): Selective Enzymatic Reduction Process

[00104] Use of Candida sonoresis {SC16117) for the Reduction of Part B Ketone:
Candida sonoresis (SC16117) (ATCC® #56511) was used for the reduction of Part B
ketone to the corresponding Part C (R)-alcohol. Cultures were grown for 48 hours at

28°C on a medium containing 2% glucose, 2% malt extract, 1% yeast extract, and
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al cohol in 67%vyield with 97% enanti oneri c excess.
Ket or educt ase enzyne from Candi da sonorensis SC 16117

wWoWIp4m3pT i ed t o honpgeneity from cell extractBCT/USHONGIS4S2

10

5

20

25

purified protein reduced Part B ketone to
corresponding Part C (R)-al cohol wth 100%
ebhatit peptomei Celbeers é;xar\@ta@ bg eentlgﬁltg@fwear@e:ﬁw wetpetiggeaded in 50

r rg.g/‘[‘| D%up“ﬁ E)ﬁ?sg ed t %g’?@ gé’f &% ?W I? concentreﬁ'mns Cells were

Dy en?en(eéh vﬁm Ha nma%smateewwmﬂ,gﬁma@lrn@wmhmm 5
1 00106] To a sol ution of

( @img—lw&t d@ydpggtn@e (@ragendrax WA RHre@iitsd doxir)saedustion.
(20.90 g, 83

R sichan sesarso b i fuhiet g s ha atgid

o eRt Eftksd o flodho) dad oo by R S o e

V\[l)ﬂtl%]p 0 I’Cankfﬁal\sﬁn@m&hy SC$6 PO @Vl ®FS6HE ) peaittedibetdosired (R)-

be conplete. After filtration of the reaction m xturg_
t Hehed i CEC I Withgdef %&“@THB%%%?& W@Wﬂﬁ‘i}aﬁﬁf‘?ﬂ?ﬁ%e om
Cé’b}?dz% E&oﬁérgﬂ’ sé 8 if7 bak ﬂatlﬁed’\@)% ﬁafyr dﬁ&ﬁ Ao BEAGTcts. The
vacuumusing a rotary ev porator to éﬁ

(Pirifd(ptot@in reouced Parthketyph@noxyypohdimg Haopt Gbydtleﬁﬂmamm 100%
as a brown solid, MP. 71C (18.34 g, 1009

(FTOLNPETIC eXSeIR lugyse siagse eehydtogenase an AI%P @gteolsa(éfo

(gt P S Mg BB (7, 19, 32

(dd J= 10.1, 8.8 He, 1F1)409(ddI: ,26Hz
1), 621 (dd J=83 2 gm J= 2.7
HP,  1HR)-% #énvao-ZJmtbowilﬁmXﬁiﬂ’clom@@m nph 00 MHz,

CDC13) 6 ppm 151.2, 142.1, 140.8, L4B.7, 106.9, 100.5,
76.5, 74.4, 55.7, 12.9, 2.5, 1.6. I PLC 6.28 nin

retention tinme, 98.5% AP " olumm SB C18
4.6 X 75 nun; flow rat

5 i nlitni G adi ent
sol vent system from, 1p0%RA=09Bt0 0%A: 100943 for 8 mn
(Sol vent A 1. O%\/boﬂ

- 90%.. ?20 01% H3PO4; Sol vent

B{00906fveOld a solﬁk%ﬂzﬁ (R)—Q c@%obﬁi@%)’_ (@%ﬁﬁl@d}dy%nﬁtopﬁ%xwﬁhanol
LG MB: rive 224. radi ent @IQ%MEEh I
5(2@4&%@8@@@@@19@ o O B O PSS i S, dry

Bas1s, Degussa type 50% water content (3.0 g, 0.705 mmol). The suspension was
hydrogenated (1 atm. H,, balloon} at 20°C for 2.5 h; whereupon, LC/MS analysis
revealed the reaction to be complete. After filtration of the reaction mixture through
CELITE® péd and subsequent washing of the cake with EtOH, the filtrate was
concentrated under vacuum using a rotary evaporator to yield (R)}-2-(4-amino-2-
methoxyphenoxy)-1-cyclopropylethanol as a brown solid. ML.P. 71°C (18.34 g, 100%).
TH NMR (400 MHz, CDCL): § ppm 0.18-0.27 (m, 1H), 0.38-0.43 (m, 1H), 0.45-0.61
(m, 2H), 0.82-0.92 (m, 1H), 3.21 (ddd, /= 8.8, 8.8, 2.6 Hz, 1H), 3.80 (s, 3H), 3.86
(dd, J=10.1, 8.8 Hz, 1H), 4.09 (dd, J=10.1, 2.6 Hz, 1H), 6.21 (dd, /=83, 2.7 Hz,
1H). 6.29 (d, J= 2.7 Hz, 1H), 6.78 (d, J = 8.3 Hz, 1H). 1*C NMR (100 MHz, CDCl3)
dppm 151.2,142.1, 140.8, 118.7, 106.9, 100.5, 76.5, 74.4, 55.7, 12.9, 2.5, 1.6.
HPLC: 6.28 min retention time, 98.5% API, ZORBAX® column SB C18 4.6 X 75
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carboxylate Nwe2 [00107] To a m xture of commercially
avai | abl e nethyl 3-am no-5-(4- 10

W@ pdneEsbenyl ) t hi ophene- 2- carboxyl ate (75 g, 2IRQI/HHAYNY/045452
in EtOH (450 nL) was added
1, 1- di et hoxy- N, N- di et hyl met hanam ne (56 niL, 420
nmmi YlowThte 35 mlfeid; Geaint sviveritxysivre: fers 1RBKeRPsBJo

%&Qﬁéﬁ?%’% PRt e el £ 0B TRl RS SRt B

co %6 fgfg@}%v"?@/ ofm! £16, ﬁfII@ E%:teﬁ]mn DS duxt vEdv g‘aﬁﬂe 794 5

tenpefatut e en concentrated under

1ayagyum.Usi g/ rotary evaporator to obtain a
@%flo&-gree T’i‘t After addition of Et70 (100 m .,),
5 the mxture vvas stirred as seed crystal s were added.

Conti nyat.i on of tlrrlg dina.r ldfor tiqn
oF & phDoTEE-6 HPRPORY” S0t { SRekT A o S e 2
ﬁtfﬁéx tyi ng overni ght under vacuum 74.99g of a Ilght
sol I d was obtai ned. Concentrat| on of the
f| ltrate yiel ded anot her—d. aFPeM® in a conbi ned
y| eld of 20 79. 49 {,88%

5- (4-chl orophenyl) - 3- 4 t\anmiag) vi nyl ) t hi ophene
- 2- carboxyl ate 1H NMR (400 MHz, » 13 e26 ppm 3. 06
(s, 3.08 (s, 311) 3.81 (s 6.98 (s, .1H),
{@30 3@ o(awnixtpe, of pommercially %la@F—HHSﬂW 6gnino-51(y

0 SRRy SR, PR, 9y P 38 e

4&1&1 1314 dBnet iRy QI Nodibde i Rethab@nihe 056 inl 1820 Bmol)l OBHARtired
ZORBAX(r) 25 columm SB C18 4.6 X 75 nm flow rate 2.5
nfepetion morudivestheated (aieflus:ehappopryihin 80 opp.gbgsysgension

U R078, % T  60i MEROE e 28

Det@Cf hrOIThatmiRdie Hhadtodléd WBoomnémpatdmte {ddthbn cohositfrted under
gradient. WD 2009/ 146365PCT/ US2009/ 045452

15 FyqRymesing Oetasy epaposigrp-odiaima yalaw eresp p8 pyiep agditipnf Et,O
th
V6 oxﬁ%m{@% K6 stimedipssiprd mvefrl- e pfdegn £pBBaasisp °A

I h lected by filtrati
W&%’%Sﬁ P P K AR i e colleted by pjraon.
eA@a5d1@“ng?fﬁ@frﬂﬂﬁluhdemraemn,em SPgmiPaa}lght Eellaw solihivhs olgained.

prepared in Part nd phenoL
249ucewiralion Welbe ﬁéta%twek%d f?:@geﬁ“bfg mouie 1%&%@&95’ ﬂeﬁ{f’f

20 DS P BB PP e

MbarboBatvASHNMRI (@G0 BIHZ, TINCT £ BRR6HES.06 €, o), Z@Sr(maaf)g?a 81 (s,
then filtered. After washi ng 10the filter cake with
EBE% . GOQ, M), 7. 3PLER anad s 7S 1N gat He), T68t(s,tD. 13C NMR (100
uct
MHz CDCl3) 8 ppm 163.2, 159.1, 156.0, 145.7, 134.4, 132.2, 129.1, 126.9, 122.3,

112.4, 51.4, 40.2, 34.3. HPLC: 6.14 min retention time, 85..1% API; ZORBAX®
25  column SB C18 4.6 X 75 mm; flow rate 2.5 ml/min; Gradient solvent system: from

100%A:0%B to 0%A:100%B for 8 min (Solvent A: 10%MeOH - 90%H,0 = 0.2%
H3POy; Solvent B: 90%MeOH - 10%H,0 + 0.2% H3POy4) Detection at 220 nm.
LC/MS: m/e 323.3 (M+H); 4 min gradient.
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cont ai ned 6% phenol. In addition, sonme product
remained in the black filtrate. Dissolution of the

WO pjopa#636ake in CH2Cl2 (200 nlL) generated an oPGHY82009/045452

10

15

20

25

sol uti on which, upon being stirred after dilution with
fit20 (400 ID, generated a precipitate. The
resul t (Rygr-goChivrapmsndpBH(édL-egcloyropylta- -hedrowoyetlaoxg)-dr i ed

in an oven t. .40 ive th desired title conpound
AR 1%1%“‘5&5 ‘Hgm’dg“ 3(73}3 nSi el d) MP 1781 79C

HNI\/R(400 VMHz, DM SO-d6) 5 pme 29 - (m 4 H),
0.91 - 1.01 (in, 1 H), 3.34 - 3.39 79(s
3 H, 3.96 -4.05 (m 2 H), 7° dd

J=8.2 Hz, 1H) Q A 88Hz 2

H, 7.92 (d, |WJ97(S ,840(31

M 13C NVR (100N 5ppm1 33, 1.66,
14.11, 55.79, 71.16, 2073 18, 111.86, 112.81, 119.61,
10108, Waitidre df2oetBd,S-H2h]1 @ dphehD- %8 131. 22,

134. 27, 148.61,  148.99, 149.48, 149. 1

16dimethylppine)mghylgnsanpne)dneplenen- qarbpéyla@ @g% géﬁ mmol),
ﬁ%ﬁ%& Er@%gb:t% 4 ?f‘gé&tpﬁmgé’t%(}ejfzﬁ% ﬁf]@r%f T009A: ofan%jr phenol (230 g,

0% 41008 WarheBtedat (515[1\/{'61‘130 Ain. ]lﬂﬂzﬂdﬁﬁhﬂmg KOM-210ky s B2 Has
H3PO4; Sol vent B: 90%eOH - 10%R20_+ 2% 5) H%W] ﬁg
Dercded togRomtepHaFg P/ NEIlu v ilE @fz? GoRiL)- A ngirpsulting

gr i ent ﬁglo%&mdé#rg?%aggtﬁfo in, lﬂ&%ﬁuffq %d "Rter washing
%ﬂe@ﬁk = \Ht@go?(}i;@o %14; BPDennhBsis %Qh%cptﬁbﬂ{ﬁ@ ptict

nobi | ase was 60% i Sopropanol wth 40%

heqianed 8¥stphedolf hﬁ&dftﬁiqes@ﬁe protitdtiréiBhiRed inlthaURck fiese
condi ti ons the desired R enantioner elated. in 13.2

nDisselasion of thewdigr pakein £He Gn@RPingmesengipted ag oyange folution
EXAVPLE 2 o B
sehich. epdeipimpepfist diios WiEROUPO ML ngaFBIRAA P EBitate.

ﬁi%{g m%ﬁé%é‘ﬁ‘f}ﬁﬁ% ‘é‘ﬁ]&f@df}f dilisgianAndidried i oAt AOKC 19 give the
B b it s, s 7

3NJRi(400uditre PO Dl pd prora Xk y(L# € (ract H),(R8L gl.016d, 1 H), 3.34 -
nunol ; prepared a.s described in ref: Blend, D. et

aB.39 (®y h H)Chitn(s, 33%), 85 -(42050B),)2 ik 702! F50013 (6hy=8.2 Hz, 1
H), 7.19 (s, 1 H), 7.58 (d, /=8.8 Hz, 2 H), 7.92 (d, /~8.2 Hz, 2 H), 7.97 (s, 1 H), 8.40
(s, 1 H). 13C NMR (100 MHz, DMSO-d6) é ppm 1.33, 1.66, 14.11, 55.79, 71.16,
73.18,111.86, 112.81, 119.61, 121.71, 122.04, 127.84, 129.27, 129.68, 131.22,
134.27, 148.61, 148.99, 149.48, 149.78, 156.09, 157.40. HPLC: 8.29 min retention
time, > 99% API; ZORBAX® column SB C18 4.6 X 75 mm; flow rate 2.5 ml/min;
Gradient solvent system: from 100%A:0%B to 0%A:100%B for 8 min (Solvent A:
10%MeOH - 90%H,0 = 0.2% H3POy; Solvent B: 90%MeOH - 10%H,0 + 0.2%

(1)

H;PO,) Detection at 220 nm. LC/MS: m/e 469.3 (M+H); 4 min gradient.

[00109]  Chiral HPLC: Optical purity was assessed by HPLC chromatography at
25°C using a CHIRALCEL® OD, 250 X 4.6 mm ID; 10 pm column for which the

mobile phase was 60 % isopropanol with 40% heptane with a flow rate of 3 mL/min.
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and DM (0 5 nL) at OC. The reaction m xture was
allowed to conme to RT and 15 stirred at RT for |h
W 2G08146365 bei ng concentrated at RT using a rotRBEL/US2009/045452

evaporator at ca. 50 mm Hg vacuum After addi ng THE

(300 nL) to the resulting residue, the stirred

SUh@thlthﬁfbe vailitos thedoCed i erantemeriited im! b2 mimgna followed by
tion.of I\$ié\l|?ﬁ(l478 m., 955 mmol) in THF. After
r@inﬁ’@ﬁ?rﬂeet Bn mixture at RT for 0.5 h, the

mxture was partitioned between ether and 5% aq.

Na2CO3. The organic layer was dried over 20 I\/gSO4 and

concentrated in vacuo at BRAMPLEEZ porti oni ng the

resi dye wee C ter e.arg

5 e dPrad YRR G cltER BB GR am Sip->
to give t henyl)thieno[3,2- midin-4(3H)-one
3, 3-difluoro- aneli\ll-O)é}l[prretﬁy)/ cycHo u]tpgﬂecar bc()xa)m de (24 g,
147 mmol, 77 %yield) as a brown sem sol id,” used as
such in the next step. 1H NWR (400 MHz, 3) 8 ppm
2.82 - 113 (9 H, in), 2.62 - 2.79(2 H, rr)
2009/ 146365PCT/ US2009/ 045452 3. |
-(3,3-Di fl uorocycl obutyl) N, N d| | met hanam ne

O
' Qut anecar|boxarni de (24
g, 5147 mml) pre ed [ A in THF (500 ) was
added to a stirred suspension of Iithium alum num
hydride (7.5 g, 198 mol) in 500 nL THF at OC. The

My Xt ur stirring the
réact [ gr%\/!?nﬁl%%drg\qg?nﬁé?‘hﬁei@ %LQ?BI&IF@H[\AEEG guenched by
slowy adding 10 nL 6 N NadH and 5 n water at 5C with
stirring. The m xture wag-stir at RT for 0.5 h,
dri ed over Na2SM™4 andflltered. e filtrate 10 was
concentrated to ca. 30 nL by a reful distillation of
nost of the THF using a vigreuxiicolum. The renaining
10 material was distilled under sl®ghtly reduced pressure
0- r ed BRP M5B G stirred
cgﬁ{léﬁ;ﬁed@%ﬁg%ﬂ@é %%?rf)g%n g@%g%gbai%%%a%dgd Wi tph SI' - S "
Tkrﬂum(ﬁsmﬁmaldﬁﬂiidt@ymbbukamwfhmyl;rc pad G6dg, Aol mraoly gwphl@d as
strea

i« o GorPhor g chik ;@%ﬂd@?wdﬁmmwn%ﬁh oo m)

) BVIEfh ARV ofpeethith Bty MG R R0RE T, g ane

15 2§-t€m§d o R2Bfok Ih Prioflo bemg concentrated at RT usm% a rotary evaporator at ca.
3-Di fluorocycl obutyl)-N, N-di net hyl net hanam ne

oﬁi} cmn Ihi)go\rdeluen FAftes addm@@fl@dm@pm@q th@@@ﬁeﬂtmg residigy, the stirred

st Shfka FEripnya s daesy BFbis P fleadeg cors mL, 055

AERYS, TRO2 AGPoilhihe MRS ALAR R OPH P 16 FShE bfsille veas

1 &Iananai Betwigenosahia lanl gtydq. N, Odi e byganietlingn ank deed ddr
g, 80 nmmol ) prepared in Part B in nethanol (100 nlL) at
20 SMgs2@davacenBated iAbda@p as Rl rAfiey pattioRilgf the r@Giul between

CH,Cl, and water, the organic layer was dried over MgSO, and concentrated in

vacuo at RT to give 3,3-difluoro-N,N-dimethylcyclobutanecarboxamide (24 g, 147
mmol, 77 % yield) as a brown semi solid, used as such in the next step. 'H NMR
(400 MHz, CDCly) 6 ppm 2.82 - 3.13 (9 H, m), 2.62 - 2.79 (2 H, m).
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25addi ti onal 30% H202 (18 nL) was added. After 3 h, Pd
bl ack slurry (150 ng) in water (3 nL) was added to the

W@ 20pAEd6T eacti on m xture in small portions suREGI/UBADI/045452

10

15

20

25

the tenperature could be nmai ntai ned between 5 to 25C
with a cooling bath. The reaction m xture was stirred

at RT for 1 h until the 02 evol ution ceased. After
gIEr%l/ter? I(?( gr’% g(?ro!.:}l/c gbru?tl Sdir%gtﬂgl‘rene%a%tar%gnel n vacuo to

fl uorocycl obutyl)-N, Ndi mret Ryl net hanam ne oxi de hydrate
as a thick colorless oilg(15 g, semsolid). 111 NMR

(400 MHz, CD30D) ppin 3.47 (|2 i J=5.29 Hz), 3.16

(6 H s), 2.75 - 2.92 5(3 H N2\42-2.58(2 H .
D. 1,1-Difl uoro- 3 met hyl enecycl obutane 100114] In
ol0@&t1]t o A sriwva ofdsi-dgfuotdd Mfahreﬁthf/hcmivbiﬁ@wgmmmde (24 g

LS ORI e e A
AMAERIm V3Ge7 (519, 109 malol)5R860 usi "DHF%t 0°C The mixture

distillation setup With the rece|V| ng flask cooled to
- W&@lk@*edeo tome waREr Afted stiwing theemwtem mixtige abRpdont L, et was

i Eh e narane D T S BaN I Lttt it ih stifing.

& sk QNRT B ES hadriddedVRl Rekd Padd@itdred. The filtrat
SS?ésHt%Htl%{gtv?%r? flask). Contenté of the?Sr eJ::E(lel Vi néefl asekl e

WehEcdienraasioed. SRauaitd akdfl dhtilutidiodeost¥lthé IKF ulng a
and sat. NaliCO3 (5 mL). The organic |ayer (olefin)
mgreﬁqucpbmgu Thqr@@gmimg@qa@y% dﬂgﬂled under slightly reduced pressure

o 2R e R ERE IR ECH A 801GBplingd Sh i Bimpound

%m@@ﬂ tith 'ﬁHﬂ OfBe Hsicuul THF Jvad chréfultly; ur@dﬂ%th a Berfilé stream
20 E. 5-Di fl uoro-1|-oxaspiro ] hexane

g@bﬂﬂraggni\tewhé h+(6ﬁdbﬁu@@w®tséwd\7(dme Ylgwﬂwammﬁﬂly g, 80

B et DALl ROE LA RAL & Lol o AP 8T 35
P LR, A B2, 00 ) ot .

[ofe]0) a water bath during the
addition. After ca. |h the onset of a slight exothenn
pronpted flu thatcooling using ice-water mxture. The
react i bﬁB,ﬁ1&1ﬂup@cm@blaylgmdhmﬁwhwbmamlmom@hyc@am
After stirring at RT Ibr 1 11, additional m CPBA (10
g) was added. The reactlgn m xturg’was stirred at R
for 24 11 prior to being stjorged ogl@rni ght

Mo

[00112] Ref. Cope, A.C.etal., Org. Syn. Coll.,1V:612-615; Doeringetal., J. Am.
Chem. Soc., 89(17):4534 (1967).

[00113] 30% Aqueous H,O, (18 mL) was added dropwise to a stirred solution of
1-(3,3-difluorocyclobutyl)-N,N-dimethylmethanamine (12 g, 80 mmol) prepared in
Part B in methanol (100 mL) at 5 to 22°C over 2 h. After stirring at RT for 20 h,
additional 30% H,0, (18 mL) was added. After 3 h, Pd black slurry (150 mg) in
water (3 mL) was added to the stirred reaction mixture in small portions such that the

temperature could be maintained between 5 to 25°C with a cooling bath. The reaction
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inarefrigerator at 4 Cto precipitate out sone of
the acids. After filtration, the filtrate was washed

WQRH146365 Na2CO3. The organi c | ayer was dri ed RCEUSDEY/045452

10

15

20

25

5concentrated to ca. 170 nlL using a Vigreux colum.

This material was flash distilled at ca. 10 mmto -78C

t mapere(vasstitred psR T dorsleh et the De ceviplioy echstd Mfter frfiraigon, the
|l oss). The distillate was concentrated using a Vi reux
chltutawasroacensiatadein grcugdprebse hid BHjlworayeloRwty Dy

SRS QLR Ay RS % fribisk slofr gl 05 & S%léohd) H
MRIR (49 Vi @b%rﬂ?ﬁ;?ﬁw@ 4TINS, draLeDs ailz), e ct@@cé), 2.75-2.92

without further pufification 10in the next
W{(lﬁQQWZSM%ﬂf} ppm 2.91 - 3.16(4 H nm), 2.88 (2

F 3 3 Di f1 uoro-1-((2-nethoxy-4-nitrophenoxy)nethyl)cyc

I buta I re of

585 di ’ﬁu%lﬂgorf rré@qa%&%n%{:@l% e%ane + 3 eq. CH2C1,
(22.52g. 0.06 nol), potassiurh

2- met hoxy- 4- ni t rophenol at eg 3 g, 0.060 nol)
prepared in Part E and NaH2P 0 (7.45 g, 0.054 nol)
in 50 nL MeCN-water (85:15) wasgeated at 130Cin a
steel bonb for 3.5 h. The reaction m xture was dil uted

W&o 14} 0Ap ordea shisehonk ttpstosb thia »@tes frogt the datprlgsbi3.3and

BB A MRSk Mg s R T 891 A6
g, g%& iftPaH EreRhRRRY hadtayhie Yl S ut 80T sibk-adigillation
9 nol, 64,5 %@éleld) as a light yellow solid. An

aéﬂiun ihalle recdivigs slac@w:cgw 7§°q. e@.@cerﬂﬁ waigehad bepn removed, the
oduct was obt f th
TR T

Hmagzgla} Hacthft pg%h@éd al%n?tﬁmf &f dhrk ﬁroﬁrﬁa%ﬁal%hamed in the

6.95 (1 H, d, 4.16(2 H, s), 3.94(3 H,
sﬁgst@atﬁ@(ﬂash)‘ 1Gorddgnts of ‘fhg recegm@ﬂ sknzaa)re thmwashed sequentially with

23%93/2]} f‘ﬁ?%ﬁugﬁgo?gﬁﬁ@ I%L%Pe organic layer (olefin) was

f 1L.' HOL] %Shﬁpﬁgﬁ&; glVll}Pg?l,1—dlﬂuoro-S—methylenecyclobutane (5.5g,52.8
mmol, 58.2 % vield) as a colorless oil. 'H NMR (400 MHz, CDCl3) $ppm 5.10 (2 H,
quin, J=2.52 Hz), 2.77 - 3.57 (4 H, m).

E. 5,5-Difluoro-1-oxaspiro[2.3 Thexane
F

\/O
[00115] Meta chloroperbenzoic acid (74.6 g, 303 mmol) was added in small

portions to a stirred solution of 1,1-difluoro-3-methylenecyclobutane (21.0 g, 202
mmol) prepared in Part D in CH,Cl, (600 mL) at RT. The reaction mixture cooled

with a water bath during the addition. After ca. 1h the onset of a slight exotherm

prompted further cooling using ice-water mixture. The reaction mixture was allowed
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[00117] A m xture of 3,3-difluoro-1-((2-nethoxy-4-
5ni t r ophenoxy) net hyl ) cycl obut anol (32.0 g, 111 mmol)

WQRrBPA$EES i n Part F and 10% Pd/ C (2.0 g, 1.879PGAE5009/pu5452

10

15

20

25

700 nL MeOH was stirred under H2 at 50 psi for 1.5 h.
After filtration, the filtrate was concentrated to
giowenikb4d Rahdven3 2 After stirring at RT for 16 h, additional m-CPBA (10 g) was
nmet hoxyphenoxy) net hyl ) - 3, 3-di f | uor cl obutanol (28.9 .
cpded) THa TRetion RIRES Fat P ARt & T 28 DT &h‘B‘“’l’b%ﬁté‘fe overnight
SO ey CAQOrdMihate SR Adhe B BRM:Rs SRGtkr fitrafion, th
1%?-‘%%%%%{# ia.ésgg{l HoT 1S5, 55 Ky, 6. 16(T H
dfiltraf=8as3dashad S2hHHY4 N4,(7F5. (‘Bheleranis layer waBdri<dl (Ma,SPy),

3.68 (3 H s), 2.68 - 2.82(2 H, in), 2.38 - 2.56 (2 H,
njanceitButgdtoChl b}Gaphe]ﬁylg)a,@g(m(cgl,uguui This material was flash distilied

fl -1 -hyd | ob th - 3- o

AR RO BRSRYT S CHF TS SO0 BT an i coipspgd pinggize loso).

[ PRLdiBliiAe Sl E&REntAd Wiy AVigtduk-dRInY1o a volume of approximately
5- (4-chl or ophenyl) - 3-

( $@lindetTopdiagiaio) metthsel o 8 Al rfo)-dHlvophérosaspirod?. Bibeyanst (80 g,
e (33.9 g, 105 m’mILZI repared in Exanple 1 Part E and.
1200 @mqh&_‘?j%mlqlﬂdgw Bﬁ?en §,)qqag{q@§,w}is used_without further purification

di fl uorqcycl 0 2 I r red |

oy b B B BTG 0 Moo ea oh B e s 2
45 mn while the reaction being nonitored by LC. The
m’xture was diluted with nethanol (700 aft,), stirred

at RT for 15 mn and allowed to stand at RT

overni ght. The precipitated product was jsol ated by
fFitr agﬁ&ﬂ,ﬂum fré@—wtbﬁxwﬂfmﬂr@&lemsﬁ@ﬁ@wl)WW@@b

under vacuumto yield 6-(4- chlorophenyl)-3-(4-((3, 3-

di fluoro- 1 -hydroxycycLobut prmet hox y)-3

- met hoxyphenyl )t hi eno[ 3", 2- d] pyri m di n4(3H)-one (37

g, 73.3 mmol, 69.8 %yield—asOd white solid. Dilution
of the mother 5 liquor with Et20 and hexane

precipitated nore solid which @as triturated with MeOH
toyield 1.8 g of a second crop ofnthe desired

product. MP 198-199C 1H NWR (400 Py CDC13) 8 ppm
8.14(1 H, s), 7.66(2 H d, Jg8.56 Hz), 7.54(1 1-1, s),
7.45 (2 H, d, J=8.56 Hz), 7.08y(1 H, d, J=8.56 Hz),
6.99(1 H d, J=2.27 Hz), 6.95(ppH dd, J=8.31, 2.27

Hz), 4.14(2 H, s), 3.89(3 H s),°2.72- 2.93 (4 H, m.
1801NR (A 26xtho\HAS, S-CILE)- | Sxpgnrol BT 18xark563 éq. AFICIG(22.52 g,
150.4, 148.60(1 C, s), 148.0, 135.7, 131.4, 131.4,
10296401}, PBtagsiuth23methos 2@-nigophienolate (1248 270.064 mod) graphred in

ggf’%% ’%' wé%%é](lﬂ’%ﬂij Ij%é ](ggS Ig; 60?%5@6?@58 ééq'gl %:(il\?-’wa%er 'Egg :15) was

heated at 130 °C in a steel bomb for 3.5 h. The reaction mixture was diluted with

EtOAc, washed with 5% Na,COs, dried (MgSO,) and concentrated. The crude

product was recrystallized from ca. 150 mL MTBE giving 3,3-difluoro-1-((2-
methoxy-4-nitrophenoxy)methyl)cyclo-butanol (11.2 g, 0.039 mol, 64.5 % vield) as a
light vellow solid. An additional 1.2 g of a slightly less pure desired product was
obtained upon concentration of the mother liquor to ca. 50 mL. 'H NMR (400 MHz,
CDCl3) & ppm 7.89 (1 H, dd, J=8.94, 2.64 Hz), 7.76 (1 H, d, J=2.77 Hz), 6.95 (1 H, d,

J=9.06 Hz), 4.16 (2 H, ), 3.94 (3 H, 5), 3.36 (1 H, 8), 2.73 - 2.92 (4 H, m).
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151001. 1. 91 Prodru.gs of the Exanples 1 and 2
conpounds were prepared to inprove solubility and

Wexpesses St andard conditions were enpl oyed, R@I/US2009/045452

10

15

20

generate am no acid esters of both al cohols.
Preparation of the respective half-esters of dibasic
acids such as oxalic, mal.ord.c, succinic and glutaric

acids are exenplified in Ex | e apnd 11. anpl es 3
afid 8 é&@n%mﬂrqulﬁfr%lmaaﬁqn&ﬁﬁ%h@%ﬁﬁﬂgm{e of
ester. 20 EXAMPLE 3 F

(R)-2-(4-(6-(4-Chl orophenyl) - 4- oxot hi eno[ 3, 2-el | pyri m
di n-3(4H) -y1) - 2- et hoxyphen xgh-l-cyclopropylethyl

di hydr ogen phosphate 0, / 00

A . Bis(2-(trinethylsilyeethyl

di | sopropyl phosphoram dite -/ [00120] A solution
of diisopropyl phosphoram dous _dj chhoride (10.8 g 50.78
mol es) in Et20 (53 nL) in 260 | t hree neck fl ask
equi pped with a tenperature Rrole and addition funne
was cooled to O to -2C under NZ. A solution of 2-
5(trinmethylsilyHethanol (12.6 pgy, 106. 55 nmol es) and

Et 3N (15.4 g; 152.19 =toles) in Et20 (84 nL) was added
diigpiiise Aowextu@ef3B-diflvetes-(Cemethex gt rr ed

RPRBF Y e B RBUE A7 D& | Hen e HETOE BrPas | APy 0%
Wali ACE2SHS REFBI AR AR B MJO %20 ¥@hed Siter B, 2296 psitthel.s h.

m xt ur e
Afier filtration, the filtrate was concentrated to give 1-{(4-amino-2-

methoxyphenoxy)methyl)-3,3-difluorocyclobutanol (28.9 g, 111 mmol, quantitative
yield) as a light purple solid. 1H NMR (400 MHz, CD;0D) 8 ppm 6.68 (1 H, d,

J=8.56 Hz), 6.35 (1 H, d, J=2.52 Hz), 6.16 (1 H, dd, J]=8.31, 2.52 Hz), 4.77 (3 H, br.
s),3.78 (2 H, 5), 3.68 (3 H, 5), 2.68 - 2.82 (2 H, m), 2.38 - 2.56 (2 H, m).

H. 6-(4-Chloropheny!)-3-(4-((3,3-difluoro-1-hydroxycyclobutyl )methoxy)-3-
methoxyphenyl)thienof3,2-d]pyrimidin-4(3H)-one
F. F

S oN/©:: OH
c1—< >—<\ HN/J |

[00118] A stirred mixture of (E)-methyl 5-(4-chlorophenyl)-3-
((dimethylamino)methylene-amino)thiophene-2-carboxylate (33.9 g, 105 mmol)
prepared in Example 1 Part E and 1-((4-amino-2-methoxy-phenoxy)methyl)-3,3-
difluorocyclobutanol (27.2 g, 105 mmol) prepared in Part G and phenol (200 g)was
heated at 135-140 °C for 45 min while the reaction being monitored by LC. The

mixture was diluted with methanol (700 mL), stirred at RT for 15 min and allowed to
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was filtered. The resultant cake was washed twice with
30 nmL each of Et20. The 10 conbined filtrates were

Weepaep3es x 100 i nL of saturated aqueous Nat R POBUS2009/045452

10

15

20

25

followed by 40 nL of brine. After drying over MgSO4

and concentrating to dryness under vacuum at room

t stapkest R Toerniphts (The (prediprtdiprodiof Mes fplted by filtration, washed
di j sopropyl phosphoram. dite (18.12 qg;, A4 nmo] es;
BB BeB R o S el ET G Bl G JPERLE ) 3-(-(3.5
| k- i L1 ~ : i
YOSl o NSRS Phclit S Rt b Mostilidin
14(37)-bnd P37 gn738Hnmol. 60 Yesyield Bd)a whiBGsANR [Blutib@ @ f Mdanother

o it habd besane 3t Taore L Sk v higsed i peoH

(2, .d, . Jc = 7.6, Hz, R gy : P%

(il e Bscsesyna b of MesgsiticEprpgion ik 198t S R ca00
' 1 YR t PRy = ) X

T P A P G e et €. B o @

| @ 1R 363HAH .0y 1) H2d, JFBIFBERHPHEAOK ) d =0y IH[ 60F k BHhMY,
bis(2-(trimethylsilyl)ethyl) phosphate | 7. Si 70l
PFSi31, 207012), 4 6 A B13), 38943 256), 1723 1ekld Honhd>6 HMBril 26

BRI PP e i [k g1 50085 h%er A & SIMSER 147, 1314,

(Riy $b8-C ny) -3+ 4 -
(PGS PR BE A S a5 LIS RRER - T L4
of 85 26404 i, 1= Y 8HA(HD),-4690g-08.88314, 13. 50 mmol es)
(prepared in Exanple 1), | H1,2,4-triazole (1.89 g;
27.02 mmol es), and anhydrous CH2CO 2 (65 nL) at 20C. To

the resulting thick whide, \pypgs1o 11

{00119] Prodrugs of the Examples 1 and 2 compounds were prepared to improve
solubility and exposure, Standard conditions were employed to generate amino acid
esters of both alcohols. Preparation of the respective half-esters of dibasic acids such
as oxalic, malonic, succinic and glutaric acids are exemplified in Examples 7 and 11.

Examples 3 and 8 exemplify preparation of a mono-phosphate ester.

EXAMPLE 3
(R)-2-(4-(6-(4-Chlorophenyl)-4-oxothieno{3,2-d}pyrimidin-3(4H)-yl)-2-
methoxyphenoxy)-1-cyclopropylethyl dihydrogen phosphate

H
o\\P/o )
9/‘ "\O/
0 ™
WO
o S | N OMe
\ N/)

A. Bis(2-(trimethylsilyDethyl) diisopropylphosphoramidite
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suspensi on was added bis(2-(trinethylsilypethyl)
di i sopropyl phosphorarnidite (9.8 g; 26.80 muol es),

WerWpasaos in Part A The stirred reaction was PEEUBW0/0H5452

10

15

20

reflux (40C internal) for 18 hr under N2. After 18.25
brs (HPLC showed cl ean conversion after 1017.5 hrs),
the reaction m xture was copledito -3 to -4C
Subsequent dropw se additi 02 (8.8 nm_; 100. 14
nmol es) resulted in a high exjotherm whi ch subsi ded
only if the addition was stgopped. Note the exotherm
only occurred during additipn of the first 1.3-1.5
nth; addition of the remai pi ng 02 over 15 m nutes
was not exothermic at all[ Upon cgnpletion of the
addition, the reaction wag—stilleg;for 2 15 hrs at
0- 5C wher eupon HPLC anat’ysj s reveal &d the reaction to

be conplete and fairly clean (-92.9-93 AP). The
r 983201on Avepdutipiegicdiisenmepylahespipamidaigidichinidsi(l @812 06T
inl"”

: . 5 - i
BBy bRt RS R oo Aot S Dk pefore
REGena0 ot i, t ; 9.

?@§g£?%$%re r|S|ng‘%%%%Qggg%?gfﬁétﬁgg?fg% ?ﬁghgﬁgffion

meRLINBE A ngzh@ M 06l 35 Qmbas) sid FERA15arg; 262,19 mmoles) in
20m nutes at 10-15 Cprior to separating the phases.
(BOpsn oxli)des addedddetvisetondr 2h28 hdnwegmrthe stirpadatiisppropg-
organi c | ayer was washed sequentially with 70 rnl,. of
| phasgigradbdont dizhlaxze salmtos0Amhildexdhérme(+prd UP) acoompanied the
dryi ng over 4.5 of SHA.  After .renoval . of th .
cobraarh el i PRGOS Op AT RS GRe et 0 the mixture
2RRS AL Shy/re3tdht HSI W Vashed BFi¥e RYABOMAL B4chaif 0. The
Ton and bath bel ow 30C. The resi due was 25redi ssol ved

| EorASinddfiltRtes MIBE wa§1Ra0NE 80U Ml dfeftutded aqi@o@NAMO, followed
produced a slightly hazy residue. Dilution with an

apglid indnall bride. wifteo tir ARty ea M arld cohbexatiestd drydds nhder
portions generated a solid. Swirling enhanced

f oot a mowh tanhperauter binG(idmathylsaybetbyle diighpromgphosphoramidite

concentration to 40 . Further concentratio f the.

r g s 49&%12%@%%@@? wﬁ)zﬁa@b@mﬁda& Wéglgglr%liqmd- H
C ' ' Al t : lidqi Al
CRRLE(a0) i B0 Thd (2 A0po 4008 2011 Ao e

s i70 i, C ti@r f hesc g i i .
RIS b g M gl 7 0.0
The ,cake] was2washed taice, i1 h 11208, 2:aaet, 8f7.95=5.6 Hz, 4C),
héggnes/NWBEcgﬁd a?r-dr?ga for 1 h?yon the fi ?er W th )
Vg UYm & Ul ,téi=om6 B, pey, -duyBeC)RI3IPMIER MASHMBZ, CDCly): 143.5
(R)-2-(4-§ - (4-chl oropheny1l) - 4- oxot hi eno[ 3, 2-d] pyrimd

I (.30 Syd)e PM-+H); 4retiln goadiphe maxyrg¢tedtiay cl opr opyl et hyl

bi s(2-(trinmethylsilyl)ethyl) phosphate (9.64 g; 12.86
nmol es; 95.30% yi el d) was obtained as a pure white

ChRysta .__.._... | = 13 L b i! -
Bt 3) &)Isﬁ %&% gﬁ%ﬁf@@&%ﬁ%ﬁ@@"gg d@%ﬁ"@’éﬁ?@%ﬁ‘z
( Bethibldlyphehodd- -tyclabroBd@hlhis(2rimeth @il thylFpldsghatt ,
1H), 6.94 (d, J= 2.7 Hz, 111), 6.90 (dd, LT= 8.8, 2.7
Hz, 1H), 4.31-4.20 (m 2H), 4.21-4.08 (m 411),
4.08-4.00 (m 1I1), 3,85 (s, 3H, 1.301.18 (m 111),
1.13-1.04 (in, 4H), 0,70-0.60 (m 3H), 0.47-0.38 (m,
11-1), 0.02 (2s, 18 11). 13C NWR 8 (C100 MHz, DC13):
1574, 156.8, 1513, 150.3, 149.1, 148.2, 135.7, 131.6,
130.5, 129.5, 127.7, 123.2, 12(11,119.2, 1142 11 1.4,
81.1 (d, Jc_p .1 Hz), 71.8 (d, /G p 5.1 Hz), 66.1
(d,= 6.4 11z, 2C), 56.2, 19.6 (2d, Jc_p 6.4 11z),
13.1 (d, Jcp = 5.1 Hz), 3.6,-49; -1.5 . 31P NWR 8 (162
MHz, 20 CDC13): -1.11 (m JpH = 7.4 Hz). HPLC 96.64%
APl . Ms (electrospray, 1ions) mz 749, 751.

C. (R -2-(446- (4-Chl or ophenyl ) - 4- oxot hi eno[ 3, 2-d] pyri m
di n- 3(4H) - y0- 2- net hoxyphenoxy) - 1- cycl opr opyl et hyl

di hydr ogen phosphat e



WO 2009/ 146365PCT/ US2009/ 045452 11001. 221A mi xture of
(R)-2-(4-(6-(4-ehl orophenyl) - 4- oxot hi eno[ 3, 2-di pyrimd

WO 2009346369 - y1) - 2- met hoxyphenoxy) - 1- cycl opr opy| PEX/H§3009/045452
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bis(2-(trinmethylsilypethyl) phosphate (35.27 g, 47.06
mol es), prepared in Part B, and anhydrous CH, C12 (315
m.) in a 500 nL CHEMGELASS(r) jacketed react l(gl ycol)
equi pped Wi th nechanical 5stirrer, tenperafurélinlet,
ni trogen/vacuum switch inlet, additiondurnmel Enél/

reflux condenser was stirred at 20C unfiP< L-ssQl ®it.j on
was conpl ete; whereupon, the internal tenpé€rature was
reduced to -2C. Once the terrpi;t A0 stabilized,

added driopwi se to the

SE N .gﬁﬁten'perature rise.

S mai nt ed between -0.5C

= as 8 uots were periodically
wi thdrawn to nonitor the reaction progress by HPLC
apdliyyi s.To nddinht3eleyk falnddwitng fokpeheppahwih raflve chRdenser

addjtion, IIPLC analysis r.eveal ed the ition to
AL PR gho e N b OUB AT SN RBP4
42. 2% desi r oduct 21% . s

: é)"gygio(pﬁépéﬁgp@ﬁ%f%@ﬁy)é -fﬂffﬁ()iyphenyl)%hleno[?:,2~d}pyr1m.1d1n-4(3 H)-
C¥itd @PI30PY 2 :5-rhmeleoXpaipaRd) FRamprRt N oXMyAenyda ol €99 27.02
3,2-dil pyrimdia-4(3H)-one and 1. 25% of the main )
singelgs) cad enhydspuseC HEAL (b hmly ae2Eénpbsibe irengltingshiok odite

starting ester, 0.62% nonodeprotection, 94.36% desijred
pfusEERsion wassplgied Rp(lsdrmethylsilylethyl) diisopropylphosphoramidite (9.8 g;
e - 3- (442 o] -2 : o
e e
ofntérRAIN fi 1@ PRAGOTL AFRE 1805 8hs (HRALG gwetllieah eamtcrgon after
was cooled to - 2C prior to the addition of MeOH (28.5

r L} hosjgthe Beantion mPQuwfwasrcosletino i hip -#0C. SGbseyment Hwpwise

REFGER Voo B 106 e Sl Lk SLrhrdh Bhiths

i NGr ed. t.0.19 rior to sl ddition of 120 nL .

R 2 e o s sEhrpeL i e ra8ed ol e flped auring

agulitib:06r B 1i3Q 11,5 IO UdARN AT i reRbirMIBE, Dasvaddesinutes was

before a white precipitate started to form After

Shotdxbt@rihierat 211.NGponscomipldiIn2Tthe dduiticn tedeywi®n was stirred for 2

collected by 25filtration. Both the reactor and the _

f prstag P-SCeRehepppen RS K etpal Xhisoe Vel gcdihg prachipn (orbe complete and fairly
; Vg : - Wi

OEEh e e ALF T febtiof Sfs HEERBE 0P HeolhdsBlatlop HPEL 60 m

bef DN aqekioyis Mg, dieg 12- 15 Midutea Cloiem eyelimgatiatd BCeduired as the

obtain 25.58g of crude product. This material, which

c fint 4b128dnks ofrthe TleéndhyprédudkiRan wastherecreysitiag in the deryyerature rising

heati ng 24.3 of  the.crude product, in 200 nth of M

5t Hbeocs threghohi Sifap S EREEREeC) T kB e stited for 20
r it j kL B5- i : :
FRERR O3 S bridr Pt B phiks, AR RGBT ieoted in
addidrganialayds Thel argardoblyedvasonabhai eagaent&Olywitly 70 ml of IN HCJ,
wher eupon 50 m., of acetone vvag added over ca 5 mn

wh? P P AR gl Hring pier 1t e ayeT e 245 Mg O dHlsit

the addition. .Upon c .etion aof addition e faintl
crauy! bt Bpasanny SRS BF vilupP i ctbicgd oappRinthattry 30
Crysisld 4 AslyRUAMADr atD3CEF ARI Khilt b1t A0PEZPld RBdue was
began, an additional 245 int of 5 acetone over 30
matigselyedast anded MEBRt wcoroegtratim tbeniied amlrmodivede slightly
42.5C t hroughout the addition. The resultant thick
slurry was cooled to 22C (jacket) over ca 60 minutes

and stirred for 90 nm at 20-24Z-before collecting the
solid by filtration. Both the reactor and the filter
cake were washed first with 120 nL of acetonercHF 3:1
v/iv and then with acetone (110 nlL) After air drying

for 40 mn with vacuum



10suction, the solid was dried in a vacuum oven at 50C
for 18 hr to yield 18.96 g of

W@ R)09/246365 ( 6- (4- chl or ophenyl) - 4- oxot hi eno[ 3, 2- IIHYSI0A9/0i5452
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in-3(4H) -y1)-2- net hoxyphenoxy) - 1-cycl opr opyl et hyl
di hydr ogen phosphate (99.2%ee, 99.4%purity in 73%
yhaal dysidid PiluGGE@ith lin MWMREOH0 G 5 vz of RN aiE) 4f8mmmﬁh@xact£bs in

Sri 52@&@91’#:1@% g%}%era@d ggoﬁQ)SWi 1 26 réugnceé %rm;at@g 0( &Jggte irgp cent
%&?é&ﬂ'{é co%ce;hq’ré%gta’l%lz% 4(7 1;;1 du?tgeﬂ%i:eﬂtljaﬁgg og&ﬁ:} due to

Td198est 2Hdldedl 24.Bg 67a khjte sdliD&nianindtedt with MO BES Imhlti))n of the
13H NNIR (12 24, 3.1, 13.1, 56.0,

O
75phd in 49 n@ %1%&268 LT gafi@mgg@lfziﬂﬁwwgsn@fus jusgeision

188 ol By S R e e

HRIt&L 08 ST %akPivas FadRUotwRS vl MSnligaeh 6A95:3 hédhkh/MEBE and
mn gradient. H gh Res. Mss: C241-12307N2Cl PS cal c.
st dped i1 heop. thefierggihs vacuparpongn. dder gryipgpR & under vacuum,

B R R B PR R e R AT R P2

Cﬁ?ﬂetﬂﬁﬁyﬁl&heﬂf)&lcéyddwogyﬂﬁzhjdensﬁh«ﬁﬁﬂnemi}ﬂsxﬂﬁ}éﬂﬂﬂ)@bb}ﬁmw (9.64 g:

Wi th 0.1% phosphoric acid with a flow rate of 0.

m 3-8 mmaelpra&p-30beweld v pbiptRd as hauss e frysiiiipe @IOQFféd“th
| .24 ML L ANFRERY RS, I8 bTE Y 2B R 2R 1Blom), 7.51

(s, 1H), 7.42 (d, J= 8.8 Hz, 2H), 7.05 (d, J= 8.8 Hz, 1H), 6.94 (d, J=2.7 Hz, 1H), 6.90
(dd, J= 8.8, 2.7 Hz, 1H), 4.31-4.20 (m, 2H), 4.21-4.08 (m, 4H), 4.08-4.00 (m, 1H),
3,85 (s, 3H), 1.30-1.18 (m, 1H), 1.13-1.04 (m, 4H), 0.70-0.60 (m, 3H), 0.47-0.38 (m,
1H), 0.02 (2s, 18 H). 13C NMR 5 (C100 MHz, DCly): 157.4, 156.8, 151.7, 150.3,
149.1, 148.2, 135.7, 131.6, 130.5, 129.5, 127.7, 123.2, 120.1, 119.2, 1143, 111.4,
81.1(d, Jop=5.1 Hz), 71.8 (4, Jo.p= 5.1 Hz), 66.1 (d, Jop= 6.4 Hz, 2C), 56.2, 19.6
(2d, Jop= 6.4 Hz), 13.1 (d, Jo.p=5.1 Hz), 3.6,3.0,-1.5. 31P NMR 6 (162 MHz,
CDCl3): -1.11 (m, Jp_y= 7.4 Hz). HPLC: 96.64% APL. MS (electrospray, + ions)
m/z 749, 751.

C. (R)-2-(4-(6-(4-Chlorophenyl)-4-oxothieno[3,2-d Jpyrimidin-3(4H)-yl)-2-
methoxyphenoxy)-1-cyclopropylethyl dihydrogen phosphate

!
O, 0

P\H

@aﬁ*g\/\v

250



(S)-((R-2-(4-(6-(4-Cnl orophenyl) - 4-oxot hi eno[ 3, 2-d] py
rimdin-3(4H)-y1)-2- WD 2009/ 146365PCT/ US2009/ 045452

wQ200pa4d36xypl i enoxy) - 1- eyelopropylet hyl) PCT/US2009/045452

10

15

20

25

30

2- am no- 3- net hylbut anoate NH2 CI 5 [00124] A m xture
of (R)-6-(4-chlorophcnyl)-3-(4-(2-cycl opropyl - 2-
hipdi 2Xly etmwwxrea}fr(ﬁi) Bedy( pHiéniprefhicaylpft 3xpthignoyF, 2 ¢ phirmaidin-

o s oy (GoREP oty 88 Gl SR Dethy)

Fi
ﬁt% %%Jt: ?)?y%gg)gg ndfllﬁﬁ%( v)g%irér?gjeii 311 %@rSt gﬁ \M]l%}l 9 murs1 g]}%z(?}z (315

6(‘ a 6AOmMM.QHBMEGTSA S S® gabkated lréacfd’a) r(giil&)l}leqlﬁ)peli% mechanical
analysis no starting al cohol remained. The suspension

WEiBTedi teorpergtusg fetOnitrepa wedumashiel et addigomErodemnd reflux

r extractin e~a
COAREEh B Gt 20T PR Sy e S bl sl
VRhferahitd wak kdiRicedlfd -28C 00REe Ma2&k¥erature hadfstdbilefe8dTRRE30.2
the filtrate concentrated under reduced pressure. The

redi 69%40\/§3n<ﬂ@ﬁ) iveas @ddqisdrbwsp s thestirodselpiongshyiting ina 1.6°C

g B o hORGO (o S0P A A E R R 1o
8
g&%ﬁgﬂrﬁ))élg a??nlﬂrgti Qfef%eﬁgglcgﬂﬂg%vﬂ? maév% I—tl)@ nﬁ)'gut(g)gﬂéle %wction progress by

7H£LC @ebysis0 ogedigtely foatioming con]plq_‘rgmj_of];be Iﬁ:ﬁ agifjtion ] HRRC
31}3{% fevég’i%)?th% c%;%p% Iorir%)lie %2%/6 %&t‘ingso'_g eséﬁz 53? Igﬁ'{ 32

61&)%?10@6})9@8(?{&1 21"2% cYesQéd 7&@8\%‘5 1]21:"'/30111%6 (h%lor@pl&ﬁyl@% I—E; -(2-

2#f)closont- %@drqwmox%meﬂg)xypml)eb@n{) Ipypamchzsq(BH) one

W PSR e o i R Gphor ik amsth p TR s sarting
Bystéi> b@fz%bﬁl&hﬁr@é&l@ﬁ a3y ﬁESll%Q p@bddchq S29% L4 gﬂn

was conpl ete whereupon the volatiles were renove
uniderophatyliuda(4-Theyalemgppid e - iypbox wilesy)- e iypha@spahznof 3,2-

\A@]Sp)av*?nsicrill%ddl(%) \(/)Mné Qndafﬁ% %%nhlgg{ggrgoduct. After 95 minutes, the
reaction was cooled to ~ 3°C prior to the addition of MeOH (28.5 ml.) over 5 min.
After stirring for 30 min, the reaction was concentrated at 50 mm Hg and 15°Ctoa
residual volume of ~ 134 ml. The solution temperature was increased to 19°C prior
to slow addition of 120 mL of MTBE (ca 12 min). Although seeding was begun after
addition of ~30 mL., about 42-45 mL of MTBE was added before a white precipitate
started to form. After stirring for 2 hours at 19-20°C, the solid was collected by
filtration. Both the reactor and the filter cake were washed twice with 120 mL of
MTBE/CH,Cl, 2.5:1 v/v. The very sandy white/off-white material was air-dried for
15 min with vacuum suction before drying overnight in a vacuum oven at 45°C to
obtain 25.58g of crude product. This material, which contained some TFA by F
NMR, was recrystallized by heating 24.3 g of the crude product in 200 m1. of THF
and 16 mL of water in a CHEMGILASS® jacketed reactor with stirring to 55-57 °C to

achieve complete dissolution. The solution was heated at 60°C for an additional 15

-5] -



foll owed by brine prior to drying over Na2SO4. Upon
concentration, 900 rag (94% of the title conpound was

WQRail#eoh Further purification was achi eved bBCT/D82909/045452

10

15

20

25

chromat ography (silica gel, MeOH CH2Cl2, 0 to 10%

gradient) to afford the title 10conpound (0.87 g) as a
whin, eodled todd5°CHVIRIVID (lm}&)"e@og Samipofgelome Webpddgl e ca 5

0. 54 1H),,.0,. 64-0.

i e i i perding o ez Ry P by ight oo

%npi@ti&gdf?ad&ﬁoﬁ e ﬁth!v)tiy &1@ sbRitiod Whﬁ'@eedﬁﬁ )wth r@ﬂoﬁsﬁy
4-4.31 (m 211) -4.72(m 1H)

(qrystﬂhl;m;d rodact( @pca]raplzrl}zstalliwion Pead, oz aé@t]ﬂ)nal 24312111_((&

= 2Hz 7. 66. J .2l 2
a’qj:tonﬁ)@fg %Péfas was /agd%%@axflﬁﬂpp'p 5 Etlugg above %1% 5(’8
(t@ou%h&ﬁ‘t tﬁ@ac{(ﬂtl&h }I‘BE %aﬁﬁ% Wik SI%QWS @B8led to 22°C (jacket) over ca
] pyri mdin-3(4H)-y1) - 2- net hoxy-
mmes-ahd(syrrbé ﬁ:ﬂ@ﬁymataln 20- 22"@1 bt fiecacdieating the solid by filtration.

hégt%g}?% !@g{ghf %e}ngtg% gﬂé%agg v&(egr ngs 5 g%a?lgb%trgi of acetone?FHF
hy. ? RAXYRE tﬁ%mth%c&sﬁmw RN wﬁeﬁaﬁl&gﬁg %r&oqhmirtm@u&n

3H) - one described in Exa
nswotidn, the {ctlﬂrWasbmedmyaaradwnybm aué@%(& é:tn 18 ha(ta» yhe(dlw6 gof

D o o s Bos B R P SR 3e ( 150
et AR R caeldy A 361 Mg ERBphERDS p2ke, 99.4% purity

f @l 13oweididyyMiR. a66°C hH MMERAGO@ Pz, (IMBOg]s) 0 Ypino0. 4D A0 2H), 0.52
Et OAc- Hexanes) yielded the desired N-Boc gl yci ne ester

(47, 2Hyg .26 (M6 PHn3i2, (nl, 197 4.2e(d))2Had =d.2DHa), I3é’é)s(s>s?dﬂ,7(jﬂ6 (dd,

R T oo, 48 s b 2D 6. Gaate B g Ao1 6696 7-58
Sl By S6B0Y 393 ROLL % 01230 VBERE 1 a0, 16 NMR

2QQ6 NHz NI SEBd D 8.4x3 50131t $Ba0, 171 <)L, 7¢.9c bl i3.1, 119.8,
Retention tine = 3.61 mn, 100% [00127] Wt hout
f thd22dui 28.0c0149130.0 hE3 INB,B34.4g 1464 .niet0ds 1 69.6( BPP, 1G6.2,

0. 605
157.5. 31P NMR & (162 MHz, DMSO-dg): -0.75. HPLC: 95.4% API; 0.69%.

LC/MS: m/e 549.1 (M+H); 4 min gradient. High Res. Mass: Cy4Hy304N,CIPS calc.
549.06522; exp. 549.06531.

[00123] Chiral HPLC: Optical purity was assessed by HPLC chromatography at
20°C using a CHIRALCEL® OQJ-RH, 150 X 4.6 mm ID; 5 um column for which the
mobile phase was 100 % methanol with 0.1% phosphoric acid with a flow rate of 0.5
mL/min. Under these conditions the S enantiomer eluted in 8 minutes followed by

the desired R enantiomer at 10 min.

EXAMPLE 4
(S)-((R)-2-(4-(6-(4-Chlorophenyl}-4-oxothieno[3,2-d]pyrimidin-3(4H)-yl)-2-
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10 mmol ) was added to 4N HC1 in dioxane (10 niL, 400
mol ). After stirring for 3 h, the mxture was dil uted

WQRWOHIMSOH (5 nL) and filtered. The filter cakRCUEHS2009/045452

10

15

20

washed with Et20 (50 nL) to yield the HC1 salt of the
title conpound (291 ng, 0.52 nunol, 85 %yield) as an
of f - whi tneetlseiypbienoiy Pl —cztﬂslgz@gﬂ@hwmmﬂwm@hdﬁmmwe
MHz): 8 0.38-0.48 (iii, 1H), O0A9-0.64
1.184.30 (rn, 1H), 33- 3 42 (rn, 2H), 3X77 (9, 1531- 1),
3.78-4.0 (m 211), 4.2-432 (m, 210, :

11-1), 7.06 (dd, 8.85, 2.69 Hz,
Hz, 114), 7.22 (d, 1

1-12, 21-1), 0 i

LCOVB: 5261()1'[ ‘ : SI;IJnFIre isssplvl 4. 6x
150 mm 10%to 1I00% over N0 min and 100- 100% over next
5 mn; flowrate = 1 nL/mn; Solvent A 0.05% TEA
in1120: CH3CN (95:5), Solvent 20 B = 0.05% TFA in

H&O CH3CN (5:95). Rt = 7.46 mm purity >99 % EXAVPLE

1

(S) ((R)-2-(4-(6-(4-Chl orophenyl) - 4- oxot hi eng[ 3, % E':!] py
rimdin-3(4H)-y1)-2- o °
nmet boxyphenoxy) - 1- cycl opr opyl et hyl ) 2-\am nppr opanoat e,

hydr ochl ori de salt 25q[ 0012 | und
was prepared in a manner anal s to that descri bed
for Exanple X ‘ b ne wa din

pl ace of BocH H @g/R (rret hanol -d4, 400 MHz):
7

, 5 (in, 2H), 1.22-1.34
111), 1.5 8 3 87 311
iiq%n%r Ayt iR (4zqh}oromhegsu§°f@z<2mclo§z§apﬁ— )

h\%ﬁ‘oéye% %2:113mr%%m)%h%l)(%gengﬂf%ﬁ%tgﬁﬁédﬁi—ﬂ?H)—%ﬁg]glesz:ribed in
1Hkampfle831(30, 2J33 Bm3P, mopfdﬁplca&oaﬂnﬁ@ (018|‘8)g, 6l9@ -rMBol), 4-
540.4 [M+ 5 H. HPLC. SunFire C18 x_ 150

nﬁqrr}eif mipoppudEe (142 me lmamamnd a_@dd\l (tﬂmq%@@pnﬂé%ﬁfﬂéme
K 0 O D B P e
( g%%%mﬁgtl?ﬁoyreﬁ%iﬂ@a P éutsﬁfenﬁio%%vaé()@il(l%tvﬁﬁ{ €f1,&), and washed

( %gm%q?(l:fal—(gﬁ)g 6A(=tér éﬂﬂﬂa@ﬁx@éﬁ@ AYddoud 1:8%Okith €IS, ZhelddPihed
m dain

organic layers were Washed sequentially with water and brine, dried over NaySQOy,

filtered and the filtrate concentrated under reduced pressure. The residue was purified
by flash chromatography (silica gel, EtOAC/hexane 0 to 40% gradient) o afford the
title compound (1.12 g) as a white solid. 1H NMR (CDCl;) § 0.41-0.46 (m, 1H),
0.49-0.53 (m, 1H), 0.58-0.63 (m, 1H), 0.64-0.68 (m, 1H), 0.925 (d, ] = 7THz), 3H),
0.99 (d, J = THz), 1.16-1.19 (m, 1H), 1.44 (s, 9H), 2.19-2.23 (m, 1H), 3.86 (s, 3H),
4.23-4.32 (m, 3H), 4.67-4.71 (m, 1H), 5.06 (d, J = 2Hz, 1H), 6.92-6.95 (m, 2H), 7.04
(d, J = 2Hz, 1H), 7.26 (s, 2H), 7.45 (d, J= 2Hz), 7.54 (s, 1H), 7.66 (d, J= 2Hz, 2H),
8.16 (s, IH). LCMS (ES): m/z 669 [M+H].
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nmet hoxyphenoxy) - 1- cycl opr opyl et hoxy) - 5- oxopent anoi ¢
acid [00129] A m xture of glutaric anhydride (73.0 ng,

WQ@2®4046¥p50l ), (R)-6-(4- PCT/US2009/045452

10

I5

20

15chl or opheny1) - 3- (4- (2- cycl opropy1- 2- hydr oxyet hoxy) - 3
-1 net hoxyphenyl )t hi cno[ 3, 2- d] pyri m di n-4(31-1)-one
(BO ng, 0.128 nmol) prepared in Exanple 1 and 4-

pyrrolidinopyridine (18.96 ng, 0.128 ) in CH2C12
(4 nm) was stirred at 40C for 25 hours? LC- 06

I ndi cat ed about 35% conversion. Addpti o orthaps of

I
glutaric anhydride (130 ng) a Apyrrol rai noyyri di ne
lstiglripg _at 20 40C flor
wasNconpl et ® accordi’ng to

(20 ng) were added. ter
. to RT, Idiluted with

anot her 16

HPLC. The [ ,

CH2d 2 (10 nL) mashed wi b 1N HC1, brine, dried

( ), | i .
S T BoC e A SRR AEI LD ¥ Al bk ived na
(PﬂEN@MENERIFAﬁﬁa(B§KH7ﬁ@)@iﬁHBDCMnﬂ@ﬁsaﬂ@rﬂﬁkaﬁ26°c the

gradient from40% A: 60% B to 0% A: 100% B (A = 90%
I—@@tticm WasvEDhplate Gvheoeupen TEApPlatil® were 0vaved Mhd@osapRen The

. 1% TEA t t 220

c EHB‘)’?% Shgonigdye z&a@ﬁ’%@aﬁy‘*’@‘ S NEREE AL

f 0

S et N e e R

ng\f‘the %xg 5 %g?% & lft%%gﬁo%lgrﬁhb & &u)@@i%%t%ﬂ_@asoa&ﬁvé@ ‘ﬂ%%
I—ﬂ&omafbgﬂz&ﬁyrmm% gha‘e,tMe@Haﬁ G2 P00 n6HY6 gradiyntetodaitdee the title
title conpound (40 ng, 0.069 mmol, 53.6 %yield) as a
wharhpowsd| (D87 g} EB mlt(: Rl 3 H BOMR v&n;@):13)8 0413340 (#31 mno 50-

1H), 0.45-0.55 ( m0550682é }-&16-
ﬁa54iﬂ)iH108‘$Q6©5m( ), 9-0.67 g0, BING.pid 1*=|)7sz3é¥é101(d1

oyl eyt St 885 S F b 5 0

%Eoza -435, dﬂz 2}%H)f 6811- 7523(n{ &H)%{A'Da 6?56('5[1 (25% 263 &1 35= Mz, 1H), 7.26
ir =
VB HH@L 7. @réﬁﬂ% Atz 615\3@11%»?,1% el f ozl @bf% 86\14)% Hﬂ ol O¥hS
A O% )éﬁé\é %8% H20/ 10 %veO0H + 0. 2% H3PO4; B = 90%
{53 0.2% H3PO4) for 4 min; detection at
220 nn YMC S3 ODS 4.6 x 50 nun BaIIistic col umm;
Retention time = 4.35 m n. EXAMPLE 8
14( 4- (6- (4- Chl orophenyl) - £Z3AMETRIeno[ 3, 2-d] pri m di n-3

4H) - y1) - 2- . s

SO Bt 950 iap T H G SBA BRI 1)-2-methoxy-
di hyd e,

1' 42( Egg(ﬁs@eﬁmﬁt@‘ﬁg Fo ldﬁug)')%gh@ﬁ?be%cg aé hy%rochlonde salt

di n-3(4H) -y0- 2-
nmet hoxyphenoxy) net hyl ) - 3, 3- dlfluorocy | ob yI

phosphat e /[:::I:

[00126] To a mixture of the (R)~6—(4~chlorophenyl)~3~(4—(2—cyclopropyi—2—

NH, -« HCI

o)

hydroxyethoxy)-3-methoxyphenyl)-thieno[3,2-d]pyrimidin-4(3H)-one described in
Example 1 (300 mg, 0.640 mmol), 2-(tert-butoxycarbonylamino)acetic acid (168 mg,
0.960 mmol), and DMAP (65 mg, 0.532 mumol) in CH,Cl, (20 mL) was added
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F F 20 [00130] A m xture of
6- (4-chl or ophenyl) - 3-(44(3, 3-difluoro-1-

WO YWPd3036y cl obut yenet hoxy) - 3- met hoxyphenyl ) t hi REHPS2029/¢i#5452

10

15

20

25

] pyrimdia-4(31-1)-one (1.01 g, 2.000 mmvol ) descri bed
in Exanple 2, dibenzyl chisopropyl phosphorannidite
(disop®pycabodidmiFertd)] nhrd9@mmb] rapwise at31°€. (Treqesnlgng

R b oy S TR T O Qs
b §dod, Q0 IO VIENRURORINs yiEldRIGHe HikdRd MaBoagdBethe ester (477

C
A(gter stirring for 15 mnutes 5at RT, the m xture was
dingLA.@eR motch, IGAZCYRIDwashvetbrivegwndidtdontainmgd T moledt ef |

5% ag. di i | fat d water, Th LC .| o

Lo B T R B ST sl RS AEA Y o
PAQ@HEI BYWAS: w)ﬂjﬁ%@ﬁﬂ%tz@eéﬁ asiog M AL B9E aPAMESHVT108RH,0 +
gel ai exaneEt 0Ac 1I00:0 to 0:100 gradient) to afford

0o DEEYRO H 464 {on;(Hteehibosaioamy IYME S3 ODS 4.6 x 50 mm Ballistic
oxot hi eno[ 3, 2-d] pyri m di n-3(4H) -y1) - 2- met hoxyphenoxy) m
etdiyrh - BetdatichQirde #13udrony ¢0@ut yl phosphate (1.3 g,

1,699 nm), 85 %yield),. 1H N 400, VHz,

cIROF B oM S BBt fho 8 Hog e st (9 e .85

Bl [ S o4 o, SR Wby
Jes2 nR o as GihBZd Wit Mel] (3 n.)3hd fikeRd. Fib} filr Cke(Whshyashed

dd, J=7.81, 1.26 Hz), 4. 32()2 H 52, 3.76 (3.1, sa,
owgh En G (Hompytoyielgythe HET salt of the i 1§ compound (291 m.g, . .5..2 mmol,
Sith ot apan ottwhite o M.p. 518530° PR (DIS-Ty, Uob werro:
no > 3,350} f 0 b I
o PSRV Bt T o 0 h SRR S5 42 (. 200,37 G,
ﬁbﬁ)’ G6ra(40¢hl orpRhensl)md 28X ohdd-enald, ZHYIG (da] o 8:83( 2.64
28y 1) HR 7 hét(Roky Brein X)) nBLAYd,)-=32.3-14, fl Hiot 8 e Vobtis § Hz, 2H),
hosphate (1.3 1.699 I re I n_Par S ..
0793 S 115 2. 598 Foab ks A7 PR £ i w2 g Lo Shrine
r [ C t 3
(GBI SRS CORIRDY 19k8 1005 B RTRRTMAHAA doROUNGRK 5
t fli; UToad ek + 1 eRl/atiRHsdleera il 0 0MSHTE & is 8, 0dCH,CN (95:5), Solvent
14(4-(6- (4-chl or ophenyl) - 4-
oRat Bi0SAOTFA, iR FHOpgHE ENAB 1953 ( By - 1149 mi2n, petioxShlienoxy)
met hyl ) - 3, 3- 25di fl uorocycl obutyl di hydrogen phosphat e
(0.985 g, 1.684 mmol, 99 %yield). MP. 219C 1FI NW\R
400 MHz, DMSO-d6) 8 8.40 e 7.98 (1 H, s),
(7_ 92(2 H d, ) Ex Ahpths ( )
(S)-((R)-2-(4-(6-(4-Chlorophenyl)-4-oxothieno[3,2-d]pyrimidin-3(4H)-y1)-2-

methoxyphenoxy)-1-cyclopropylethyl} 2-aminopropanoate, hydrochloride salt
& 1
o )Jy/Nw HCI
AL
o S o 0
\ N/) |

[00128] The title compound was prepared in a manner analogous to that described

for Example 5 except that Boc-I-alanine was used in place of Boc-glycine. 'H NMR
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J=8.3 Hz), 7.57(2 H, d, J-8.3 Hz), 7.23 0 H, d, J=1.8
Hz), 7.15 (111, d, 3-8.8 11z), WO

WQP9/14636865PCT/ US2009/ 045452 7. 07 (1 H, d" T=8PQI/BE2009/045452

10

15

20

25

417(2H s), 3.79 (3 11, s), 321(2q1144H4294

- 3.10 (2 H m. 13C NVR (126 MHz, CDCL3) 5 ppm
165wlemol-ds 3003/ Hau§ 08t5-0.38 6ma2H), 9490.36 (m128), (3922 113&(!2,, 1H),
130. 63, 129,27, 127.83, 122.0, 121 72, 119.73, 118,

(138 (=g707-8 Hag 3H), P18/ (6, 3H) 4.098br 9/ 270z, 269, 435 M&dm 2H),

1%4%0%@?{3@(&32} = 2282 p#4 P2 7134 HNBHP$32 (4, /= 8.35
(m.le_b LIBT3 (ChIDr Dphahy's 8.35 Bixp2 ), 8B6[(3, B [E-MS1isd0 d-[B1 +
net'h &i@éﬂﬁw}fﬁ (eSS PMVB 43 wil $G ot dO8Yctodi®itapver 10 min and 100-

CUBTa DG SRR LR TRt et 0 SPGB SOt AT RTYTTA R e
hugbfmgkm [ghes)( 8o18Ent®B =1 580 THATH H,BSHIANEY: d59. Rt = 7.62 min,

m Xt ur e of
Epifrity ehdnrapimemedor 13- (4- ((3, 3-di f I uor o- Lhydr oxycycl obu

tyl) - met hoxy) - 3- met boxyphenyl ) t hi eno[ 3, 2-d] pyri m di n-4
(311)-one (2.0 g, 3.96 mnol), prepared in Exanple 2,
Boc-glycine (3.47 g, 19.8¢Q and 4-

15(pyrrolidin- I-yI)pyrldlne {2P5%7 g, 19.80 mmol) in
CH2 CIR )-(55Q.- (L (p-(4-TtigorabhdnyT)el-vRashiead 3 1D« &yMinidin SU4H - Ving -
for 15 mm diluted with CHC12, washed sequentially

with col dmefosyeenorpsoayderrordethorgicompentaois agidni ¢
| ayer was dried (MySO4) and conce E;ed to give white
i 0

solid (3.8 g). After dissol utlon i n XCH2 (30 nL) and
addi tion of TFA (15 nl), t in ajcagh

he
for 15 min. The reacti ur & wad t hen
id i n Q)CHZClZ and 5% aq.

concentrate
P |

Na2003
[00129] A mixture of glutaric anhydride (73.0 mg, 0.640 mmol), (R)-6-(4-

chlorophenyl)-3-(4-(2-cyclopropyl-2-hydroxyethoxy)-3-methoxyphenyl thienof 3,2-
d]pyrimidin-4(3H)-one (60 mg, 0.128 mmol) prepared in Example 1 and 4-
pyrrolidinopyridine (18.96 mg, 0.128 mmol) in CH5Cly (4 mL) was stirred at 40°C for
25 hours. LC-MS indicated about 35% conversion. Additional portions of glutaric
anhydride (130 mg) and 4-pyrrolidinopyridine (20 mg) were added. After stirring at
40°C for another 16h, conversion was complete according to HPLC. The mixture was
cooled to RT, diluted with CH,Cl, (10 mL), washed with IN HCL, brine, dried
(NaySOy), filtered, and evaporated to yield a white solid, which was purified by

Preparative HPLC (PHENOMENEX® Luna Axia 5p C18 30 x 100 mm; 10 min
gradient from 40% A: 60% B to 0% A:100% B (A = 90% H,0/10 % MeOH + 0.1%

TFA); (B = 90% MeOH/10% H,0 + 0.1% TFA); detection at 220 nm) to yield impure

title compound (58 mg, 78%) as a white solid. The product was further purified by
Preparative HPLC using CH3CN-system (PHENOMENEX® Luna Axia 5p C18 30 x
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solution. The organic |ayer was dried (MgSO™) and
concentrated under vacuum The crude product was flash

WQPHdn#B36Yr aphed (silica gel/ CH2C1l2-i PrOH 100PQI/UB2009/045452

10

15

20

80:20 gradient) to afford

144- ( 6- S4 chl or opheny1) - 4- oxot hi eno l¥r| m di n- s)
AH) 0 3y mmgradxentfromélO%A 60%Bt00 oAlOOA) (A 90% H,0O/10 %

2- met hox phenox ) et h -3, 3-di fluor o%ycl obu
2CHn¢-Noa é?/laTgA{iBf %QHQQW%EI-&@ MTFA detectlon at 220

Cll%lxjg glglgl‘jl@d}l%es iilj(/f’%gnl, (;!09%211(;231_?656@ g/cl]y%}dg gs @_%hne solid.
7118%\11\?11 (t'Dc;fi%I gbg%gﬁg)l 8'4)?2332@4%?( ﬂ{jﬁg f% %5?? ézni)dzh 155-0.68 (m,
321353(13)6L1 18 &h; 1@ 4362, g/%msjl?éﬁ 3@52453(11361}()2386 (mfaH) 4.23-435

5(18,)2—@4466&134(4“@’1&& 6@%&%1()11 ﬂéxﬁﬂfh (BHof %9 ﬂzd}liﬂyr? i, /=

h@éﬁ%ﬁ‘zy%i?oééﬁ(;sn%m (45 836 o PERy P fud B LO-MS, [M + HJ*

2= 0 0, 0
5o aompennsy UALA deyhin o g,

r AnhO@P/nBEA&I»—BG%HZCEIO %MeOH + 0.2% H3POy; B = 90% MeOH/10% H,O +
met hoxyphenoxy) met hyl ) - 3, 3-di | | uorocycl obuty
20.2 ekt E@uitioxd can, b@t@wtiamrﬁmip npr PSS 4. 6[?0&3@} Ballistic
n1xture of Boc-al anine (94 ng, 0.495 nmol),
eeqlamphRefeeisieifpa =3k {3min.
15((3, 3-di fl uoro-1- hydroxycycl obut yenet hoxy) - 3- net hoxy
phenyl )t hi eno[ 3, 2-

EXAMPLE 8

1-((4-(6-(4-Chlorophenyl)-4-oxothieno[ 3,2-d]pyrimidin-3(4H)-yi)-2-
methoxyphenoxy)methyl)-3,3-difluorocyclobutyl dihydrogen phosphate

o g

A, Dibenzyl 1-((4-(6-(4-chlorophenyl)-4-oxothieno| 3,2-d]pyrimidin-3(4H)-y1)-2-
methoxyphenoxy)methyl)-3,3-difluorocyclobutyl phosphate

" gqé‘“":h

[00130] A mixture of 6-(4-chlorophenyl)-3-(4-((3,3-difluoro-1-
hydroxycyclobutyl)methoxy)-3-methoxyphenyl)thieno[3,2-d]pyrimidin-4(3H)-one
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di pyrimdin-4(3H)-one (50 ng, 0.099 nmmol) from Exanple
2, 4-pyrrolidinopyridene (14.68 ng, 0.099 mmvol) and

WORMPAHSopr opyl carbodi i mde (0.077 mi, 0. 495PERDSY009/945452

10

15

20

25

CH2A 2 (4 nmL) was stirred at 40C in a seal ed tube for

18 hours. After cooling to RT and renoval of the o
vOl Gt &, 1268 0unaiel) desreibadin Exmnple ddéibprzatidietorigmylphosphoramidite

SLE 500 R 30 54 PR T LS D i 051

(dieRlblRIRRE eNYh)) daor&ldd K6 RogbRiré Nhdent 8 (tﬁblhnxdl}e was
- 2- met hoxyphenoxy) net hyl ) - 3, 3-di Iuorocyclobut

2¢qoiast to-Bolu tvdheyamenchpl H)z@g o9a Bddade AfBDstigng @)rdé'/mmutes
rrunol 88 %yield) as off-while solid. 1BNVR (40
ézmls’sw Lothe teﬂsmeiﬁﬁzflizs was@déequepzalw WHI;I Watersif/o aq.

(1 Odb‘}m t}g%uif%ﬁ: @% ya&@ dl%le lqrgarnﬁ*) 1aye£ % d%eggxe ¥g§p4, rﬁoﬁcemmed
gz%rgd?tg gm;dle piotiifgt \z/@s ﬁyibjeg ed%cl ﬂ%%l %&goﬁpﬁ@ogra%ﬁféﬂ% %’:E/Slexane-

LEOME 10020 120:00m ofadibnt) Vb EEERXG dibenary B (G4 8-(3Qx1br gﬂﬁhl
flowrate = 4 m%ﬁln) gradient = Oo/g(?(tcg 1009 mﬂk1

nﬁxptmcwo[%@e@hammwmmm I%th@wph@c&yma}ﬁ@o%
SRy RhpsRAt] odr SO mmob 83 YIS SHAMR 400 Mz,

P 1 Brodithlayldpphd 3. 16(1 H,$),7.66 (2 H, d, J=8.56 Hz) 7.54 (LH, s), 7.45 (2 H,
met hoxyphenoxy) met hyl § -3, 3 I'uor ocycl obut yl

2é,a]m8r§6;ﬂz)p&ﬂ&aﬂ a0 (h@/fﬂr m)h$ 85 (Tdﬁ ¢.aF8.56 HA06.PDOIL B4 A=2.27
Tt 0T AT o PR 195 42 B B2 526 Hp 33 Gl o)

da% 3H, 8),2.89-330 (4 . m
3(4H) ( )S)’Z met hox(yphen)oxy) met hyI) 3, 3-di fl uorocycl obu

tyl 2- (I ert but oxycar bonyl am no) - p3-oparnate from Part

B 2 o B SR Bk 65
ORI LSO S i Bl

mcron 30 x 100 nm flowrate = 40 n/nfnF gradient =
0% A to 10098 in 10 min., A =90%120/10% WMeOH. 1% TFA,
B = 10%20/ 90% MeOH 0. 1% TFA). The deS| ' frzaxﬂH ons

were concentrated and drieg undersf Ghrdtgp p{z)hor to
addition of ag. saturated Nb u@ m ) and ext'Faction
with CH2Cl2 20 f2 i)~ e ~eonbiged CH2C12 | ayers
were dried Ole 7SOhand cgncentratjed prior to
conversi on of tw {42 ng, O. 073 mol) to the
HC1 salt by dissolution in CH2Cl2 (2 m) and additi
of00138 MmIMoanzybl-§Fe(orftt;chéproptmnii)riopyothienpl d13- cz}zwwm)dnaﬁ@m

uﬁg g—mﬁtpaﬂ%&é%%@b#%t\ﬁ% =3 gﬁ gfhu%Po%%& B\Ht?lt ﬁl%s&ﬁ% HaSS 2, dlr 6§§jmmoi)
gé{éﬂ 47 P4t MwashligopRBenY WE- 4F a0 TRACAGESS BatRPYythe fbtion

ZW&?OWW%W%%&WM figm)MeOH-(@x X using ptjary spapoyator. The
2r651dug W35 PR a(t)eadt 1%)11(1[}5%01914%0 TPrord white solid 1- ((4-(6-(4-chlorophenyl)-4-

oxothieno-{3,2-d]pyrimidin-3(4H)-y1)-2-methoxyphenoxy)methyl)-3,3~
difluorocyclobutyl dihydrogen phosphate (0.985 g, 1.684 mmol, 99 % yield). M.P.
219°C 1H NMR (400 MHz, DMSO-dg) § 8.40 (1 H, 5), 7.98 (1 H, 5), 7.92 (2 H, 4,
J=8.3 Hz), 7.57 (2 H, d, +8.3 Hz), 7.23 (1 H, d, J=1.8 Hz), 7.15 (1 H, d, J=8.8 Hz),
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0.073 nmol, 83 %yield) as white solid. il-1 NVR (400
MHz, MeOD) 8 ppm 8.27 (1 H, s), 7.73 (2 H, d), 7.63 (1

WO008)46395 43 (2 H, d), 7.02 - 7.15 (2 H m, 6PORUSDAU)45452
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25

-61 - J=8.56, 2.52 Hz), 4.41 (2 H. d,J3.02 11z), 3.91
- 4.02(1 H m), 3.78(3 H s), 2.87 3.18 (4 n), 1.44(3
H7.0d (1 B3, 136. 1Y), 4R2C{(MB, 5), 2.7933 d1.18).5370 @Nik1g, ﬁTM 4 bxp 2.94 -

0% B, Moo, NHB (1 Silte CbGaeamtnds habHE O3aq FHH, 14942,

ST O 0GRt D 12 BRot AT On ot s72 140 351 1R

- oAb oIy 14.2-112, 28, 72. 2§m)i 69.32 (ddd, I=18.5, 12.0, 6.9 Hz), 56.0, 44.32
nethoxyphenoxy ) et hyl) dlfluorocyclobutoxy) oxop

e dONLE: i (W]+IHodi um sal t 10[ 00135] A mi xture of
glutaric anhydride (56.5 ng, 0.495 mmol), 644-

chl onpheriyl)-3-(44(3, 3-di fl uoro- |

- hydr oxycycl obut yl ) mel box E9

met hoxyphenyl ) t hi eno[ 3, 2-d] pyt| m di n-4(3H)-one from
Exanpl el- 2(4((5{{4@;10101)@@@1)%9&@11@{3 2-dJpyrimidin-3(4H)-y1)-2-

(4" h0d). RESRHnGE R G UBORE RS) APEPSSE50IH g

and renoval of the volatiles tinder vaBufm 15 the

crude product was purified by pip-HPLC PHENC]\/ENEXIO

Axi a, Luna5mcron 30 x 100 mm fl ow ¢ Q 40

m/mn., gradient 0% A to 10098

A = 90%120/ 10% MeCN. 1% TFR

10%H20/ 90%ve 0 e, desjged _fracti ons were

conbi ned, @gong at €d 4 3)§r| ed under high vacao to

yield the pure : é‘ ng, 0.60 mmol) 20[ 00136]

If desired, the correspondi ng sodiumsalt can be

ggmema]t ed (GyDﬁﬂkihylammopfopm)Savemg}saﬂNaﬂi@ﬁme(t@dﬁaﬁﬂlonﬂe (3.80 g,
nmmol) to a THF sol ution cont ai ni n

219 80 EEToiiyas 154 i pturerHeD Cory DTS ST -diflioro-1-
CROS g&éﬁﬁyﬁl}ﬁmﬂ&ﬁ% HBESEy e HRAHSB-E Py hnedifl-4(3H)-one

4(246 g63 $G neivlY pepasdyl Ex4mpk, fﬁioe@@ic&}ezadmrg; 1 B30 dhin3i} 4nd 4-
L 2- met hox phenoxy)nethyl) 3, 3-di fl uorocycl obut ox
y§py5m Q@pbﬁbmvém 353 1950 go) 0% 660 ChrfaP mlgy. Hhegpixture was

re?fuxed with sIaInng or ?5 :rsn(z)rll, d?lutNe w1$ 481912&@,2 Wwashed sequentially with cold

10 % aq. H,S80, and sat. NaHCO,. The organic layer was dried (MgSO,) and
concentrated to give white solid (3.8 g). After dissolution in CH;Cl, (30 mlL) and

addition of TFA (15 mL), the solution remained at RT for 15 min. The reaction

mixture was then concentrated, partitioned between CH,Cl, and 5% aq. NayCO3
solution. The organic layer was dried (MgSO,) and concentrated under vacuum. The
crude product was flash chromatographed (silica gel/ CH,Cly-iPrOH 100:0 to 80:20
gradient) to afford 1-((4-(6-(4-chlorophenyl)-4-oxothieno|3,2-d}pyrimidin-3(4H)-yl)-
2-methoxyphenoxy)methyl)-3,3-difluorocyclobutyl 2-aminoacetate (2.2 g). 1H NMR

(400 MHz, chloroform-d) & ppm 8.13 (1 H, 5), 7.66 (2 H, d, J=8.56 Hz), 7.53 (1 H, s),
7.45 (2 H, d, J=8.56 Hz), 7.03 (1 H, d, J=8.56 Hz), 6.97 (1 H, d, ]=2.52 Hz), 6.92 (1
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MeOD) 8 ppm 8.28 (1 H, s), 7.67 - 7.81 (2 H, m), 7.62
(1L H s), 7.37 - 7.47(2 1-1, m), 7.01 - 7.11(2 H,

WG209/14686H, dd, 2. 39 Hz), 4.33 (2 |1, s), 3.78 PGI/UI2009/045452

10

15

20

s), 2.94 - 3.11(2 H, in), 238 - 2.95 (2 H, m, 2.27
(2 11, t, 1-7.55 Hz), 2A3 (2 H t, J=7.43 Hz), 1.68 -
1H8dd,(J283dn3.27 HZ) MeRBH M) 3. 848 M)+HE3 (LHna), 306€B86 (2 H,

304, orm LDy 1 oW ks mihmin. . aradient = 0%A to

1094420/ 90% MeOH 0. 1% TFA). 5 ASSAY AND Bl OLOd CAL
EVALUATI ON [ 00137] Conpounds of the present invention,
nanel y Conpounds | A and | BX6MRIFR 19 nvent i on, and

S SR e A S R e e ??ﬁwﬂ‘ﬁ%@ﬁ%

Z%Zﬂmxﬁﬁ%ﬁo)&y‘j‘méﬂh? 133 GHROAL: g&ﬁb@t rd;ﬁnéegél Iyt chloride

bi'ndi ng assay to détérm ne their ity to
antagoni ze binding of a pept isdl agom st to t he human
mel ani n concentrati ng hornone recept g MCHR1) .

Radi ol i gand Bi ndi ng Assay for Asses t of MCHRL
Activity [00138] Menbranes from st ab ramsf ect ed

HEK. - 293 cel | s expressing a atqpl A#L. Hel

h. MCHRI receptor were pr&parg nc

honogeni zati on_and ff ent i entrlfug

Bi ndi ng xpe 3 edhrrld dut W|th05 10ug
of menbr T T\I_Di ed in dtotal of 0.2 nil in

25 m\/IIIEPES pH 7. 4 W|Nh 10 ni M MWyC12, 2 inM EGTA,
and 0.1% BSA (Binding Buffer) for 90 inn. For

conpetition binding assays, reactions were carried out
.t he(S)r-B@(er(6!c€4ﬂiflﬂcwbpllfen§}1)0ﬁoxotﬁl@ﬁo[Js m@p&ﬂmﬂﬁ»:&(ﬂ—l) yl)-2-

[1251 ffyr19] and 1 ncreasing concentrations
umemmnpé@meﬁml)emdé%mrwak%ﬂafﬁg (Wéfréuwwh?ayléauw
ﬁ%;o V@ecuumflltratlon over 96 well-GFC Unifilter

es pre-coated with 0.075 nl bindi ng buf f er
cont ai ning 1% BSA, and washed 3 ti th 0.4 n|I of
Phospho-buffered Saline (pH 7.4) con |n| tBu
TX-100. Filters were dried, 0.05 m C|nt 20 was
added to each well and 25radiug
subsequently quantified) by & [ I [ ation unt| ng on a
TOPCOUNTO C ™A i counter (Packard).

I nhi bi t gry er e det ei mned by nonlinear

| east squar es ' ing a four parameter |ogistic

equat i on. [00139] Compounds exhibiting I G val ues
of0tE@3hM A mlki@s%oti/ﬁcrcealsten@ etz f bF9S mptobe p-(4-chlorophenyl)-3-(4-

S S AU AF SRR
fﬁg@ﬁﬁ{ i @E FRROnEOAED. O@qﬂﬁl%lbriﬂ}?n exBinbietd, ﬁ%)yh%ﬁﬁmopymdene

10% degr adation were further evaluated in a rat
PK 4itialz, 6. a95asmﬁébarm1r1”&ﬁ‘f'+dnmapﬂ@bb¢dlmdaEQ:IO’H/‘anL ©.¢9% mmol)

ERerbd Ml 5744 64%&“8%“8'& SO RBIT L 4B cooling o

a%sioar tri‘-:r%gva o ?}{ee\JoYatﬁé’lsr&n At va%u%a{he%)xg@cf%%)%(ﬁmy phe gtfbjécl‘?ed to
gradient chromatography (silica gel/ EtOAc/hexane 0 to 30%) to afford (S)-1-((4-(6-
(4-chlorophenyl)-4-oxothieno[ 3,2-dJpyrimidin-3(4H)-yl)-2-methoxyphenoxy)methyl)-
3,3-difluorocyclobutyl 2-(fert-butoxycarbonylamino)propanoate (59 mg, 0.087 mmol,
88 % vyield) as off-white solid. IH NMR (400 MHz, CDCly) é ppm 8.13 (1 H, 5), 7.66

- 60 -



conmpounds (1A and IB and a to O were adm nistered as a
pro-drug which for this 5evaluation was an am no acid

weziendedsmanel y val i ne and gl yci ne, respecti vel BCT/US2809/045452

10

15

20

25

val i ne ester prodrug was enployed for the conpar ative
in vivo studies with the subset containing |IA c,

addal), 1.h¢ (gHye) RE6 €3 He ), HrHdr UG (@M, mi.id. 96 Hlgr s. i:l"ie% -

48 e S fol B8 Py nf R o P ag Be e o 0

ez%sds?q ARt SriieI B, aqr:7f3~@r}t er.cevdl .uatd fm w%am

brai n
gi:waitferCt?né@MBSmndDoﬁoWeraﬂar‘ fbfnlltﬁhe piadicatt0¥eA to 100%B in 2

LAl IS S BRSSP g, e

ef fi cacy nodel entailing dal |y adm ni stration of the
ester pro-drug to young growi ng male rats. Conpounds

o plasma’ratio of to and 10 an 8 hr

BOdUC(Sf)Q -4936- (AepRagsithyhel ghithibags, 2vmpﬁhnﬁmﬁs@a@5@1}5%

3*7 | oss when administered at 30 ng/kg or | ess were
)

yphehaxsamedy]) Zed difionep yalepalybdympraproppgogpt lyidagloride

fr?mrat dog, primte and humans to determ ne

atlve clearance rates as well as to ascertain which

speci es woul d best predict the humanFglFearance. After
the dog was established as bei ng nost Xpredjctive for
human PK, the half-life in dog was u

the clinical half-life iOxe >
20COVPOUNDS TESTED L@V SCHEME

d&iH; - HCI

[00134] A mixture of (S)-1-((4~(6-(4-chlorophenyl)-4-oxothieno[3,2-d|pyrimidin-
3(4H)-y1)-2-methoxyphenoxy)methyl)-3,3-difluorocyclobutyl 2-(tert-
butoxycarbonylamino)-propanoate from Part A (59 mg, 0.087 mmol) in 25%
TFA/CH,Cl, (4 mL) was stirred at RT for 30 min. After removal of the volatiles
under vacuum, the crude product was purified by prep-HPLC (PHENOMENEX®
Axia, Luna 5 micron 30 x 100 mm, flow rate = 40 ml/min., gradient = 0% A to
100%B in 10 min., A =90%H,0/10% MeOH/0.1% TFA, B = 10%H,0/90%
MeOH/0.1% TFA). The desired fractions were concentrated and dried under high
vacao prior to addition of ag. saturated NaHCO;3 (6 ml) and extraction with CH,Cl,
(2 x 10 ml). The combined CH,Cl, layers were dried over Na; SO, and concentrated

prior to conversion of the free base (42 mg, 0.073 mmol) to the HCI salt by
dissolution in CH,Cl, (2 ml) and addition of 1.0 M HC1 (0.079 mL, 0.079 mmol)y/
MeOH (2 ml) at -30°C. The HCI salt was then concentrated and was dried under high
vacuum to vield (S)-1-((4-(6-(4-chlorophenyl)-4-oxothieno[3,2-d]pyrimidin-3(4H)-
yl)-2-methoxyphenoxy)methyl)-3,3-difluorocyclobutyl 2-aminopropanoate (41.94 mg,
0.073 mmol, 83 % vield) as white solid. 1H NMR (400 MHz, MeOD) § ppm 8.27 (1
H,s),7.73(2H,d),7.63(1 H,s), 743 (2H,d),7.02-7.15(2 H, m), 6.94 (1 H, dd,
-61 -



Conpounds of Fornula IA and IB and a through f Ki <20
nM K1 <20 nM Rat m crosomal stability <5% degradati on

WRA04eas5e PK at 10 ng/ kg Brain/plasnma 0.2 ARKI/BSZ09/045452
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gnorhr lin vivo efficacy > 5% w | oss Hepatocyte
cl earance Predicted human ty2 <50 hr 1001401 Despite
t JreB. 56,12 323 2); 441 §2 & duEt3uiZete)o 3 Qo mgdind H.imy), 8v8 (BRI, s), 2.87 -

(th oun f . the nti ) ou
186 Rt 2hbv 8 57000 ealls o PR D R0d K ohing 50
[ 8044814 Enhyirs srRaURds 4 Wiyiaind TRk <1098 Al BVSD4IER I Bin., A
the selection criteria for each of these assays. For
cePpotna/ 0vhdsaxtioy e TEA B raHetyR&S 0 ey O OW/4 Bf Abot h
dog and human. Subsequent full PK study in dog

reveal ed the in dogs to exceed 200 hr. Gven that the
human half-1ife was proje }ELQEI?F equally long J1'

not | onger, progression of conpound f was deenmed to be

undesi mbt(a-ﬁéi(hlmox@pmgtmxaﬂﬂehoﬂsgz-a]pbﬁmaﬁnsme)eﬁb-ag
a week greatly conplicate and increase expense as wel|
asmethaixyphepakpimetiod g rdifueraeichpusdsiyid caiopettentiieacid, sodium salt

F F
(o)
O /lk/\/COZNa
o]

e g@&,
ci \IN) |

[00135] A mixture of glutaric anhydride (56.5 mg, 0.495 mmol), 6-(4-
chlorophenyl)-3-(4-((3,3-difluoro-1-hydroxycyclobutyl)methoxy)-3-
methoxyphenyl)thieno[3,2-d]pyrimidin-4(3H)-one from Example 2 (50 mg, 0.099
mmol) and 4-pyrrolidinopyridine(14.68 mg, 0.099 mmeol) in CH,Cl; (4 ml.) was
stirred at 40°C for 18 hours. After cooling and removal of the volatiles under vacuum,
the crude product was purified by prep-HPLC (PHENOMENEX® Axia, Luna 5
micron 30 x 100 mm, flow rate = 40 ml/min., gradient = 0% A to 100%B in 10 min.,
Solvent A = 90%H,0/10% MeCN.1% TFA, Solvent B = 10%H,0/90% MeCN.1%

TFA). The desired fractions were combined, concentrated and dried under high vacao
to yield the pure free acid (37 mg, 0.60 mmol).

[00136]  If desired, the corresponding sodium salt can be generated by addition of
0.5M ag. NaHCOj5 (0.131 mI, 0.065 mmol) to a THF solution (2 mL) containing the

acid (37 mg, 0.60 mmol). The solution was then concentrated and dried under high
vacuum to yield sodium 5-(1-((4-(6-(4-chlorophenyl)-4-oxothieno[3,2-d]pyrimidin-
3(4H)-yl)-2-methoxyphenoxy)methyl)-3,3-difluorocyclobutoxy)-5-oxopentanoate
(37.59 mg, 0.061 mmol, 61.3 % yield) as off-white solid. 'H NMR (400 MHz,
MeOD) é ppm 8.28 (1 H, s), 7.67 - 7.81 (2 H, m), 7.62 (1 H, s}, 7.37 - 7.47 (2 H, m),
7.01-7.11 (2 H, m), 6.92 (1 H, dd, /=8.44, 2.39 Hz), 433 (2 H, 5), 3.78 (3 H, 5), 2.94
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51001421 Moreover, subsequent studies with rats
adm ni stered conpound fat 30 ng/kg for a nonth

WO 2008436365 t hat t he ani mal s devel oped obst ruct i REI/US2009/045452

10

15

20

25

30

hepatic biliary |esions. Further investigation
established that the toxic agent was a netabolite
ar3.$1 (Hf moud. Th- V.09 62 Bxingd 2.2V & Hydroxy$ &lz).anl of2 HHe/=7.43

o Rd 1% Gt har S £-88 5o ETPor gk PG e Pbmm
d@s 8RywRtd 0 4 3 Ank0 é‘i‘@i_iéﬁ_ﬁ = (%8Il fenoommotRth. | A=B0%.H,0/10%
conpound TB i nduced biliary |esion formati on since a

CORPAARYETPRL BBOI(RCHIM/B0% ORI E.0% TRANOt occur.
Biliary Lesions ON SOA ON ON ON saA ..,,t ,r.,
;T:1) 4.7

ASSAY AND BIOLOGICAL EVALUATION
[00137] Compounds of the present invention, namely Compounds IA and IB of the
invention, and Compounds a to f (prepared as described in U.S. Patent Publication
No. 2007/0093509 Al published April 26, 2007), were initially characterized in an in

vitro binding assay to determine their K; or ability to antagonize binding of a peptide

agonist to the human melanin concentrating hormone receptor (MCHR1).

Radioligand Binding Assay for Assessment of MCHR1 Activity

[00138] Membranes from stably transfected HEK-293 cells expressing a mutated
(E4Q, AST) hMCHRI1 receptor were prepared by dounce homogenization and
differential centrifugation. Binding experiments were carried out with 0.5 -1.0 ug of
membrane protein incubated in a total of 0.2 ml i 25 mM HEPES (pH 7.4) with 10
mM MgCl2, 2 mM EGTA, and 0.1% BSA (Binding Buffer) for 90 min. For
competition binding assays, reactions were carried out in the presence of with 0.06 -
0.1 oM [Phe!3, [1251]Tyr!%]-MCH and increasing concentrations of unlabeled test
molecules. Reactions were terminated by rapid vacuum filtration over 96 well-GFC
Unifilter plates pre-coated with 0.075 ml binding buffer containing 1% BSA, and
washed 3 times with 0.4 m1 of Phospho-buffered Saline (pH 7.4) containing 0.01%
TX-100. Filters were dried, 0.05 ml MicroScint 20 was added fo each well and
radioactivity was subsequently quantified by scintillation counting on a
TOPCOUNT® microplate scintillation counter (Packard). Inhibitory constants were
detérmined by nonlinear least squares analysis using a four parameter logistic
equation.

[00139] Compounds exhibiting Ki values of 20 nM or less were selected for further
characterization for metabolic stability versus rat microsomal oxidative degradation

mediated by cytochrome P450 enzymes. Compounds exhibiting less than 10%
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20

degradation were further evaluated in a rat PK model to assess oral bioavailability and
ability to access the CNS. For the compounds of the present invention 1A and IB and
a to f, solubility limited absorption severely curtailed oral exposure unless the
compounds (IA and IB and a to f) were administered as a pro-drug which for this
evaluation was an amino acid ester, namely valine and glycine, respectively. The L.-
valine ester prodrug was employed for the comparative in vivo studies with the subset
containing 1A, ¢, d and e; the glycine ester prodrug was utilized for the subset
containing IB, a, b and f. After oral administration of a 10 mg/kg dose of the pro-drug
ester to rats, criteria for further evaluation were a brain to plasma ratio of 0.2 to 3 and
an 8 hr AUC greater than 3 micromole*hr of the bio-active substance. The subset of
compounds meeting this criteria were subsequently evaluated in a four day efficacy
model entailing daily administration of the ester pro-drug to young growing male rats.
Compounds producing dose dependent weight loss which exceeded 5% weight loss
when administered at 30 mg/kg or less were further characterized using hepatocytes
obtained from rat, dog, primate and humans fo determine relative clearance rates as
well as to ascertain which species would best predict the human clearance. After the
dog was established as being most predictive for human PK, the half-life in dog was

utilized to project the clinical half-life of the active compounds.

COMPOUNDS TESTED

HO, ,H
o %,
L O
S N OCH,
Cl N y
N

1A
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6 Z1I1 It tx) 01 zt [00143] Conpounds | A and IB

al so exhi bited human hepat ocyte cl earance rates that
wWoppwpdsadsmt ed t hat of dog; however, the hal f- | PEEUSIN09/045452

dogs was under 20 ht. As a consequence the projected

human half-life for these two conpounds was predicted

to HEQH &@{EMWOR@%MQT@WZ o YECHRAL dal AGONIST

exhi bit surprisingly super-e+—5—pharaacodynami c,

phar macoki netic and s$aCempqurais 6fs. |EVALUATI ON OF

PRODRUGS [ 00144] The|rEdahulacifabndilBy) of the prodrug

to enhance exposure baMVaathrahghlfty) was assessed in

an ei ght hour PK st ucy--tst1g cannut-at'ed SPRAGUE

DAW.EY(r) 10 (CD, Charles Rlaer Br eedi ng Laborat ory)

rats. The conpounds (parent gndipsr 20ahg esters) were
adm nistered p.o. at 2.0 m/Kg as a suspension in 0.5%
nmet hyl cel |l ul ose, 0. 1% Tween-80-n-vater at 10 ng/ kg
p.o. Blood sanmples werle tpkengaiml, |2, 4 and 8 hr.
After determ nation of parént concentration, an AUC
was cal cul ated for the &rght _hour study. 15 Conpound

Adm ni stered. AUC of Parent (pﬂqf ACC of A Exanple
3 microsomal

stability

< 5% degradation

l Rat coarse PK at 10 mg/kg

Brain/plasma > 0.2 AUC > 3 umol*hr

] in vivo efficacy

> 5% wt loss

Hepatocyte
clearance

Predicted human
t12 < 50 hr

[00140] Despite the similarity in structure to compounds IA and 1B (the

5  compounds of the invention), compounds a to f, illustrated above, failed to meet all of
the criteria.
[00141] Only compounds IA and IB of the invention met the selection criteria for
each of these assays. For compound f hepatocyte clearance was very slow for both

dog and human. Subsequent full PX study in dog revealed the half-life in dogs to
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Exanple 4 24.5 24.5 1 Exanple 5 55 Exanple 6 52
Exanple 7 17 AUC of B Exanple 8 36 Exanple 9 38

WO 2009/146365 PCT/US2009/045452

10

exceed 200 hr. Given that the human half-life was projected to be equally long if not
longer, progression of compound { was deemed to be undesirable since compounds
with half-lives exceeding a week greatly complicate and increase expense as well as
raise safety concerns during clinical studies.

[00142] Moreover, subsequent studies with rats administered compound £ at 30
mg/kg for a month revealed that the animals developed obstructive hepatic biliary
lesions. Further investigation established that the toxic agent was a metabolite arising
from in vivo oxidative hydroxylation of the alkyl chain containing the tertiary carbinol
moiety of compound f. When administered to rats for a month at doses up to 300
mg/kg, neither compound 1A nor compound IB induced biliary lesion formation since

a comparable metabolic transformation cannot occur.
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Exanple 10 19 Exanple 11 2.5

VI VO MCHR ACTIVITY I N YOUNG GRON NG RATS [ 00145]
WERRABBO6DAW.EY(r) (CD, Charles River
rats wei ghi ng approxi mately 240 grans were

Labor at ory)
place in |nd|V|dua
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Wei ght Reduction versus Vehicle _i | A (Dosed as
Example 4) 3 2.6% 10 3.5% 30 6.4% 1B (Dosed as

WEXMWAPIE6D) 1 2.9% 3 4.5% 10 6. 4% PCT/US2009/045452

10

15

[00143] Compounds IA and IB also exhibited human hepatocyte clearance rates
that approximated that of dog; however, the half-life in dogs was under 20 hr. Asa
consequence the projected human half-life for these two compounds was predicted to
be 20 to 40 hr. Accordingly, compounds IA and IB exhibit surprisingly superior

pharmacodynamic, pharmacokinetic and safety profiles.

EVALUATION OF PRODRUGS
[00144] The relative ability of the prodrug to enhance exposure (bioavailability)
was assessed in an eight hour PK study using cannulated SPRAGUE DAWLEY®
(CD, Charles River Breeding Laboratory) rats. The compounds (parent and pro-drug
esters) were administered p.o. at 2.0 ml’kg as a suspension in 0.5% methyl cellulose,
0.1% Tween 80 in water at 10 mg/kg p.o. Blood samples were taken at 1, 2, 4 and 8

hr. After determination of parent concentration, an AUC was calculated for the eight

hour study.
Compound Administered | AUC of Parent (UM*hr)
AUC of IA
Example 3 24.5
Example 4 24.5
Example 5 55
Example 6 52
Example 7 17
AUC of IB
Example 8 36
Example 9 38
Example 10 19
Example 11 2.5

ASSESSMENT OF IN VIVO MCHR ACTIVITY IN YOUNG GROWING RATS
[00145] Male SPRAGUE DAWLEY® (CD, Charles River Breeding Laboratory)

rats weighing approximately 240 grams were place in individual plastic cages with

S0 -



30 7. 9% ASSESSVENT OF MC. 1HR I N VIVO ACTIVITY I N
MATURE OBESE RATS [00147] Male rats, obtained from

WEPWPNES6TR ver Laboratories wei ghi ng 250 - 300RCT/WB2089/045452

10

15

20

singly housed in plastic cages on a 12 hour light, 12
hour dark cycle with lights out at 1 %;r]’[\ The ani mal
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Respiratory quoti ent (RQ)é]lgLO C%!(%téln consunption (v02)

Syt em fron] Cotibus | ey vinafdTe) ek ooy
Measur ement 5 were made jon days 2 and veBupiebigle st udy.
Rt S wer e I s s 3 2.6%
Example 4) 10 3.5%
30 6.4%
1B (Dosed as 1 2.9%
Example 9) 3 4.5%
10 6.4%
30 7.9%
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30 dosed and pl aced in individual chanbers. Six
measurenents for each animl were made with 45 m nutes

WO A EITeasur enent s. Measurenent s wer e st ar t REI/EHP2009/045452

10
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30

10: 00AM with the onset of the dark cycle at 1PM Data
was nornalized to body surface area (kg O- 75;. xygen
conSHRHISSHHENA P K M@igéﬁf G YOt VY l%gMé\ BATS

S stical, si.gnifi.c e [ epeat.ed .nmeasur. ANCOVA

¢ R Tle o \Bye B Dbl EANETR Sl S EREPA RAS R P 2002

EqbR sy BdlseSuspiedk, caliusii P hd@Xht, WahotS@ak oydl® with lights
detel i ni ne body conposition. Percent body fat was

nedstl oo dihe dainad goash wah eadtteiagd alGRadegress Frang Peiimidity. The
GOy B g AR it R BeRinat sy e kR 48S
TR T R TR A R i s
Efes ipglecaghohyddite biddy palatgblg ddpolhg Rgsearch Diets chow is comprised
of 40% vegetable fat, 40% carbohydrate (sucrose) and 20% protein. The Harlan diet is
comprised of 5% fat (soybean 0il), 67% carbohydrate (starch) and 22% protein. The
normal Harlan rat diet used contains 3.4 kcal/gram of diet, and Research Diet #12327
contains 4.59 kcal/gram. The rats were on the choice diet regime for 10 weeks in
order to induce obesity. Once started on the choice diet regime the rats are maintained
on it for the duration of the study. Baseline feeding and body weight were collected
and used to sort animals into freatment groups. Mean rat weight at the start of the
choice diet was 250 grams. The mean weight of the rats at the start of chronic dosing
was 661.7 £ 6.3 (mean + sem) grams.
[00148] Rats were dosed orally one hour before the start of the dark cycle. Body
weight and food consumption were measured daily at the time of dosing. Food
consumption was converted to Kcal consumed. Total Kcal consumed was determined
by adding the Kcal consumed for each diet and this was determined by multiplying
grams of each diet consumed times the Kcal/gram.
[00149] Locomotor activity of the animals was determined on day 2 of the study
using an Opto-M3 system from Columbus Instruments, Columbus, Chio. This
measurement was performed immediately after indirect calorimetry assessments on
day 2. Activity was monitored in the evening beginning at 3 pm and continued for 16

hours. Photobeam breaks over time were collapsed into 60 minute bins.

[00150] Respiratory quotient (RQ) and oxygen consumption (vO,) were measured
by indirect calorimetry using an Oxymax system from Columbus Instruments,
Columbus, Ohio. Measurements were made on days 2 and 15 of the study. Rats were
dosed and placed in individual chambers. Six measurements for each animal were

made with 45 minutes befween measurements. Measurements were started at
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3.57% 0 8.42% 30 10.16% 1B (Dosed as Vehicle 0%

Exanpl e 9) 0.03 17%

WO 2009/146365

10

0.1 3.2%

0.3 5.0%

PCT/US2009/045452

10:00AM, with the onset of the dark cycle at 1PM. Data was normalized to body

surface area (kg ©-75). Oxygen consumption and respiratory quotient were analyzed

for statistical significance using repeated measures ANOVA followed by simple

effects analysis. An echo MRI from Echo Medical Systems, Houston, Texas was used

to determine body composition. Percent body fat was measured on day 29 of the

study. Changes in percent body fat were determined; statistical significance was

determined using ANOVA with posthoc comparison via Fischers PLSD.

Biological Data
Example Dose (mg/kg) | Weight Reduction
versus Vehicle

1A (Dosed as | Vehicle 0%
Example 3) 0.3 2.0%%

1.0 3.90%

3.0 3.57%

10 8.42%

30 10.16%
1B (Dosed as | Vehicle 0%
Example 9) 0.03 1.7%

0.1 3.2%

0.3 5.0%

1 6.6%

3 7.8%
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6.6% 7.8% 10 CLAIMS 1.A conpound according to the
following formula I A or a pharnmaceutkal |y acceptabl e
salt thereof 1A or a prodrug or stereoisoner thereof.
2, The conpound according to claim1 in the formof a
prodrug ester or salt theraifést Eﬂeé ected fromthe group
consi sting of acetate, piv nmet hyl ear bonat e,
10benzoate, phosphate, and am no acid ester, or in the
farmof a prodrug ether or sait thereof selected than
the grloup <o mhpdiﬂndgacodrdhigae iafol ot fatmaadA or a

0- gl ucosi de. 3. The conpound_ according to claiml

I?Q@We‘ﬁi@llﬁﬁcqeﬂgbkoﬁahéwrﬁbf structures, or a

stereoi soners thereof 15 HO, H
o Ny
=
N OCH
ci—< \ | ) 3
— N
IA

or a prodrug or stereoisomer thereof.

0 The compound according to claim 1 in the form of a prodrug ester or salt
thereof selected from the group consisting of acetate, pivalate, methylcarbonate,
benzoate, phosphate, and amino acid ester, or in the form of a prodrug ether or salt

thereof selected from the group consisting of phosphate acetal and O-glucoside.

3. The compound according to claim 1 having one of the following structures, or

a stereoisomers thereof:

I
o, 0
- P\o/ H
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A2 1A3 | A4 | A5 or a pharmaceutically acceptable
salt of any of the foregoing structures. 4. A

phai maceuti cal conbi nation conprising at |east one
conmpound according to claiml and at |east one

addi tional therapeutic agent sel ect romthe group
consist" of anti-obesity agent s; antixdi aletic agents,
appetite suppressants, anti-anxi ety. agpt st NH,

anti - depressant agents, ntarrmat or9 agents,
choIesteroI/I'- ng ag 5, _and hi gh-Mdensity

| i popr ot : g agent@CH: 5. The
phar maceu ic atj opy according to claim4

wher ei n said additional ¥her apeutic agent is an
anti-di abetic agent or an anti-obesity agent.

6. The phai maceutical. conbijgati on according to claim
5 wherein said additional therapeutic agent is a

sodi um gl ucose transporter-2 (80LT2) inhibitor.

7. Use of a conpound according to cg n the
manuf acture of a nmedi canent for the tkxeat nt of
obesity. 8, A conpound of t he NHz

OCH3

1A3

~ S
o o) . )17 NH,
S N OCHj
Cl \ ‘ /)

N

IA4
(0]
o g )‘J\/\/ CO,H

R T
_@_{’f\n OCH;,
\ N,)

IAS

or a pharmaceutically acceptable salt of any of the foregoing structures.

4. A pharmaceutical combination comprising at least one compound

according to claim 1 and at least one additional therapeutic agent selected from the
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cl or; b) 20or a stereoisorner of any of the
foregoi ng structures, 9.A conpound according to the
followng formula 1A: 1A 10, A conpound according to
the following fornula 1A1: ...0 ,P" .H00- 11. A

O GONGETEC B TAGOt  AEERR TG GRS PR AAPPG S SEPHEsaRs
%?—an%ﬂgfytdggﬁgl an&ihaeeli)?eggiﬁ hfen®d GRG-iBnGaLEH der) t he

cholesterol/lipid-lowering agents, and high-density lipoprotein (HDL)-raising agents.

S The pharmaceutical combination according to claim 4 wherein said

additional therapeutic agent is an anti-diabetic agent or an anti-obesity agent.

6. The pharmaceutical combination according to claim 5 wherein said

additional therapeutic agent is a sodium-glucose transporter-2 (SGLT2) inhibitor.

7. Use of a compound according to claim 1 in the manufacture of a

medicament for the treatment of obesity.

8. A compound of the structure
a)
|
O\.\ /0 | I_/
o” *0/\/5’ ~

N or;

Cl)—t—C4H9
c=0
NH

or a stereoisomer of any of the foregoing structures.
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10group consisting of anti-obesity agents;

anti-di abetic agents, appetite suppressants;

chol esterol /i pid-lowering agents, anti-anxiety
agents, anti-depressant agents, anti-inflammatory
agents, and hi gh-density |ipoprotein (1-1DL)-raising
&gent S\ taygerindracedrtingso theefaﬁowmgéo AdAceutical ly
acceptable diluent or carrier. 1512. The phar maceuti ca
conbi nation according to claimii wherein said
addi ti onal therapeutic agenHO s,tan anti-di abetic agent
or an anti-obesity agent. O The ph&maccuti cai

combi nati on accoydi ng claim1 erein said

addi t }-eqal # 1~ é Fs a sodi um gl ucose
QﬁangEEE}eL |SOLT2) |nh| ¢ 14. A pharnmaceutica
conposi-t/i on ¥sing at | east one conmpound accordi ng

to claim10 and optionally at |east one additiona
t herapeutic agent selected fromthe Wup consisting of
anti-obesity agenths; anti-di abetic agents, appetite
suppressants; chol esterol/1lipid-lowering agents,
anti-anxi ety agents anti -depressant agents,

tiintia inflam r e density
ﬁ:bpopfﬁf%lflﬂ(’WI g’tofﬁ% ﬁgé‘évhrgi% o{élgp er with at
| east one pharnaceutlcally acceptdple di luent or c 10
The pharmaceuti cal conblnatlonqpcqulng to claim10
wherei n said additional therapeupkc fgent is an
anti -di abetic agentanti-obe5|t2 g@h . 16. The
phar maceuti cal conbi natd o C ding to claim15
wher ei nsai d 15adfiti g tﬁg?ggéﬁgyc agent is a
sodi u nsporter-2 (SG.T2) inhibitor. 17.
[ndégccord|nﬁcﬁ@ claim9 in the

canent for the treatnent of

obesity. 1S.Use B a conpound according to claim 10 in
t he anufacture of a nedi canent for the treatnent of
obesity. IA1

11. A pharmaceutical composition comprising at least one compound according to
claim 9 and optionally at least one additional therapeutic agent selected from the
group consisting of anti-obesity agents; anti-diabetic agents, appetite suppressants;
cholesterol/lipid-lowering agents, anti-anxiety agents, anti-depressant agents, anti-
inflammatory agents, and high-density lipoprotein (HDL)-raising agents together with

at least one pharmaceutically acceptable diluent or carrier.

12.  The pharmaceutical combination according to claim 11 wherein said

additional therapeutic agent is an anti-diabetic agent or an anti-obesity agent.
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13.  The pharmaceutical combination according to claim 12 wherein said

additional therapeutic agent is a sodium-glucose transporter-2 (SGLT?2) inhibitor.

14. A pharmaceutical composition comprising at least one compound according to
claim 10 and optionally at least one additional therapeutic agent selected from the
group consisting of anti-obesity agents; anti-diabetic agents, appetite suppressants;
cholesterol/lipid-lowering agents, anti-anxiety agents, anti-depressant agents, anti-
inflammatory agents, and high-density lipoprotein (HDL)-raising agents together with

at least one pharmaceutically acceptable diluent or carrier.

15.  The pharmaceutical combination according to claim 10 wherein said

additional therapeutic agent is an anti-diabetic agent or an anti-obesity agent.

16.  The pharmaceutical combination according to claim 15 wherein said

additional therapeutic agent is a sodium-glucose transporter-2 (SGLT2) inhibitor.

17.  Use of a compound according to claim 9 in the manufacture of a medicament

for the treatment of obesity.

18.  Use of a compound according to claim 10 in the manufacture of a medicament

for the treatment of obesity.
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