COVPOUNDS, COWPCSI TI ONS AND METHODS USEFUL FOR CHOLESTEROL MOBI LI SATI ON
[1] This application clainms the benefit of U S. Provisional Application No.
61/ 394, 1380 2hidmes3€ct ober 18, 2010, and U.S. Provisi onalpciupheaaséen No.
61/ 444,212, filed February 18, 2011, the disclosure of each of which are
hereby incorporated by reference herein in its entirety. Field of the
Invention [2] The invention provides conpounds, conpositions, and nethods
of treatnent or prevention of abnormal conditions in a subject. Background
of the Invention [3] Cholesterol circulating in the human body is carried
by plasnma |ipoproteins, which are particles of conplex |ipid and protein
conposition that transport lipids in the bI ood Tvvo types of plasma
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synthesized or obtained from dietary sources) to extrahepatic tissues in the body. HDL
particles, on the other hand, are believed to aid in the transport of cholesterol from the
extrahepatic tissues to the liver, where the cholesterol is catabolized and eliminated.
Such transport of cholesterol from the extrahepatic tissues to the liver is referred to as

“reverse cholesterol transport.”

[004] The reverse cholesterol transport (“RCT”) pathway has three main steps:
(i) cholesterol efflux, i.e., the initial removal of cholesterol from various pools of
peripheral cells; (ii) cholesterol esterification by the action of lecithin:cholesterol
acyltransferase (“LCAT?”), thereby preventing a re-entry of effluxed cholesterol into
cells; and (iii) uptake of the cholesteryl ester by HDL and delivery of the HDL-

cholesteryl ester complex to liver cells.



Rt R4 (CH2), (I') and pharmaceutically acceptable salts thereof, wherein
each of R, R2, and R3 is independently H -OH -NH2, -NH(al kyl), -

N( al kyl ) (wblegi2yo54383dr ocar byl , - 0- hydrocarbyl, aryl, -0-acylyS2anabdge ,
-0-aral ykl, heteroaryl, -0-heteroaryl, heterocyclyl, -0-heterocyclyl, halo,
-0CF3, -C(0)O0(al kyl), - oC(0)(alkyl), -C(0O)NH2, -C(0)NHal kyl),

-C(0)N(al kyl') (al kyl'), -NHC(O) (al kyl), N(al kyl')C(0) (al kyl), -0C(0)0(alkyl),
-0C(0)NH2, -0C(0O)NH(al kyl), - OC(0)N(al kyl)(al kyl), -CHNH, -CHN(al kyl), or
- 502NHZ; [l())g?] R4 igeRET aQﬂ)va )\ 1atedN§2HDLI}J|5Ktﬁ:lel§YA)path\MthlﬁYel I)Jelal kyl)

- hydrocarbyl’, -0- hydrocarb l,” -ary -aral Kyl, -0-aral
- het er oarmbqlving Fied Erasaryd t the Pﬁéftlér@cpfot gMartm@zvehet 8Pt Vatuyd 4215 ﬁi&ﬂ%)
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provi des cQnRauindse ﬁHtaﬁehﬁ thOHbPWyNBe &I ML Fecbhtly described. (Jacquet et al.

2005 Cell Mol Life Sci 62; 2508-2515). More recently, Fabre ct al (Fabre ct al.
Hepatology 52; 1477-1483) confirmed the relationship between P2Y 13r and the reverse

cholesterol transport in mice.

Summary of the Invention

[006] In one embodiment, the invention provides compounds of the following

Formula (I)

3

RZ\T/ R

(CHz),

and pharmaceutically acceptable salts thereof, wherein

cach of R', R% and R’ is independently H, -OH, -NH,, -NH(alkyl), -
N(alkyl)(alkyl), hydrocarbyl, -O-hydrocarbyl, aryl, -O-aryl, aralkyl, -O-aralykl,
heteroaryl, -O-heteroaryl, heterocyclyl, -O-heterocyclyl, halo, -OCF3, -C(O)O(alkyl), -
OC(O)(alkyl), -C(O)NH,, -C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), -NHC(O)(alkyl),
N(alkyl)C(O)(alkyl), -OC(O)O(alkyl), -OC(O)NH,, -OC(O)NH(alkyl), -
OC(O)N(alkyl)(alkyl), -CHNH, -CHN(alkyl), or -SO,NH>;

R* is -H, -OH, -COOH, -NH,, -NH(alkyl), -N(alkyl)(alkyl), -hydrocarbyl, -O-
hydrocarbyl, -aryl, -O-aryl, -aralkyl, -O-aralkyl, -heteroaryl, -O-heteroaryl, -heterocyclyl,
-O-heterocyclyl, -halo, -C(O)O(alkyl), -OC(O)(alkyl), -C(O)NH,, -C(O)NH(alkyl), -
C(O)N(alkyl)(alkyl), -NHC(O)(alkyl), N(alkyl)C(O)(alkyl), -OC(O)O(alkyl), -
OC(O)NH,, -OC(O)NH(alkyl), or -OC(O)N(alkyl)(alkyl);

Z'is CHy,, S, O, NH, N-hydrocarbyl, N-aryl, N-heteroaryl, or N-heterocyclyl;



and pharmaceutically acceptable salts thereof, wherein each R9 is
i ndependently -H, -hydrocarbyl, -aryl, -aralkyl, -heteroaryl, -
het er ocycWw9I2012/0848350( al kyl ), -0C(0) (al kyl), -C(0)NH2, - €C@juski(alokemB) , -
C(0)N(al kyl) (al kyl), -NHC(0) (al kyl), N(al kyl)C(0) (al kyl), or -SO2NH2;
each Rl is independently -H -0OH, -NH2, -NH(al kyl), -N(alkyl) (alkyl),
hydr ocar byl , -0-al kyl, -0-al kenyl, aryl, -0-aryl, aral kyl, -0--aral ykl,
het eroaryl, -0- heteroaryl, heterocyclyl, -0-heterocyclyl, halo, -0CF3,
-C(0) 0(al kyl ) 7080 alkyl ), - O(0) NH2, - C(0) NH(al kyl ),
-C(0) N(al kyl') (al kyl), NHC(0) (C2-G o- aIkyI) N(al kyl ) C(0) (al kyl),
-OC(O)O(aIkyIﬁlﬁa@@nﬁﬁNﬂ2H1L6C(0)NH(aIkyl) - OC(0) N(al kyl') (al kyl'), - CHNH

- CHN( al kYﬂ()bQ or quﬂfq_éher e og ng]fhe 19\2/ént1866 géd tchB(()jl? eﬁf’ ntly CRIO or N,

X is CHRL 'mis’in yran i eger from O- 3.
[8] In ambﬂ&&mg&%bﬁdhmﬂnt t he |nvent|on provi des conmpounds of the
followng Formula I11: , 0 RRR5 (cH2), - Formula IIl and pharmaceutically
acceptabl e salts thereof, wherein ach of R, R2, and R3 is

i ndependently H,- OH -NH2, -NH(alkyl), [féﬁ aIkyI)(aIkyI) hydr ocar byl ,

- 0- hydrocarbyl, aryl, -0-aryl, aralkyl, akaI het er oaryl ,

-0-heteroaryl, heterocyclyl, -0 heteroc c , hal o, -0CF3, C(O)O(alkyl) -

OC(0) (al kyl), -C(0)NH2, -C(O)NH(aIkyI) [O)N(alkyl)(alkyl)
-NHC( 0) (al kyl), N(al kyl ) C( 0) (-8 kyIE;;;Qé&Qﬂ& al kyl), -0C(0)NH2
-0C(0) NH( al kyl), - OC(O)N(aHkyI (allkyl]), -CHNH, -CHN(alkyl), or -SO2NHZ;
RS is -H -0OH -NH2, -NH(alK kyl) (al kyl ), hydrocarbyl,

- 0- hydr ocar byl , aryI -0-aryl, aral kyl, -0- aralﬁy , heteroaryl,

-0- het eroaryl, heterocyclyl, or -0- heterocyclyl

and pharmaceutically acceptable salts thereof, wherein

cach R’ is independently -H, -hydrocarbyl, -aryl, -aralkyl, -heteroaryl, -
heterocyclyl, -C(O)O(alkyl), -OC(O)(alkyl), -C(O)NH,, -C(O)NH(alkyl), -
C(O)N(alkyl)(alkyl), -NHC(O)(alkyl), N(alkyl)C(O)(alkyl),or -SO,NH;;

each R" is independently -H, -OH, -NH,, -NH(alkyl), -N(alkyl)(alkyl),
hydrocarbyl, -O-alkyl, -O-alkenyl, aryl, -O-aryl, aralkyl, -O--aralykl, heteroaryl, -O-
heteroaryl, heterocyclyl, -O-heterocyclyl, halo, -OCFs, -C(O)O(alkyl), -OC(O)(alkyl), -
C(O)NH,, -C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), NHC(O)(C,-Cyo-alkyl),
N(alkyl)C(O)(alkyl), -OC(0O)O(alkyl), -OC(O)NH,, -OC(O)NH(alkyl), -
OC(O)N(alkyl)(alkyl), -CHNH, -CHN(alkyl), or -SO,NH>;

cach of Ql, Qz, and Q3 is independently CRYor N;

Xis CHRIO, S, O, or NR9; and

cach m is independently an integer from 0-3.
[008] In another embodiment, the invention provides compounds of the

following Formula III:



Z1 is CH2, S, 0, NH, N-hydrocarbyl, Naryl, N-heteroaryl, or
N-heterocyclyl; Z2 is CHor N, and nis an integer from1-6. [009]In

anot her ewbadizmsmi3s t he i nvention provi des conpounds of pChasstalilossmng
Formula 1V: Formula IV and pharmaceutically acceptable salts thereof,
wher ein R is H -OH -NH2, -NH(al kyl), -N(alkyl)(alkyl),

hydr ocar byl , -0-hydrocarbyl, aryl, -0-aryl, aral kyl, -0-aralykl,

het eroaryl, -0-heteroaryl, heterocyclyl, -0-heterocyclyl, halo, -O0CF3,
-Q(0)0(al kyl), -0C(0) (alkyl), -C(O}Ndanf(0) NH(al kyl ), -

C(0)N(al kyl) (al kyl'), -NHC(O0) (al kyl), N(al kyl)C(0) (al kyl), -0C(0)O0(al kyl), -
OC(0) NH2, -0C(0)NH(al kyl'), -0C(0)N(al k Ig(al kyl), -CHNH, -CHN(al kyl), or -
SO2N112; 9ndl pharngyeputicglly mcemﬁbleﬁﬁlﬁﬁ?ré@éw ¢gkin N-aryl, N-heteroaryl, or

et el e, 2 10 ol A0S, 2081 g . (e
N(alkyl)(alkyl), hydrocarbyl, -O-hydrocarbyl, aryl, -O-aryl, aralkyl, -O-aralykl,
heteroaryl, -O-heteroaryl, heterocyclyl, -O-heterocyclyl, halo, -OCF3, -C(O)O(alkyl), -
OC(O)(alkyl), -C(O)NH,, -C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), -NHC(O)(alkyl),
N(alkyl)C(O)(alkyl), -OC(O)O(alkyl), -OC(O)NH,, -OC(O)NH(alkyl), -
OC(O)N(alkyl)(alkyl), -CHNH, -CHN(alkyl), or -SO,NH>;

R’ is -H, -OH, -NH,, -NH(alkyl), -N(alkyl)(alkyl), hydrocarbyl, -O-hydrocarbyl,
aryl, -O-aryl, aralkyl, -O-aralkyl, heteroaryl, -O-heteroaryl, heterocyclyl, or -O-
heterocyclyl;

Z'is CH,, S, O, NH, N-hydrocarbyl, N-aryl, N-heteroaryl, or N-heterocyclyl;

Z?is CH or N; and

n is an integer from 1-6.
[009] In another embodiment, the invention provides compounds of the

following Formula IV:

Formula IV

and pharmaceutically acceptable salts thereof, wherein

R' is H, -OH, -NH,, -NH(alkyl), -N(alkyl)(alkyl), hydrocarbyl, -O-hydrocarbyl,
aryl, -O-aryl, aralkyl, -O-aralykl, heteroaryl, -O-heteroaryl, heterocyclyl, -O-heterocyclyl,
halo, -OCFj3, -C(0)O(alkyl), -OC(O)(alkyl), -C(O)NH,, -C(O)NH(alkyl), -
C(O)N(alkyl)(alkyl), -NHC(O)(alkyl), N(alkyl)C(O)(alkyl), -OC(O)O(alkyl), -
OC(O)NH,, -OC(O)NH(alkyl), -OC(O)N(alkyl)(alkyl), -CHNH, -CHN(alkyl), or -
SO,NH;;

Z'is CH,, S, O, NH, N-hydrocarbyl, N-aryl, N-heteroaryl, or N-heterocyclyl; and



Formul a V and pharnmaceutically acceptable salts thereof, wherein each
of RI, R2, and R3 is independently H, -OH -NH2, -NH(al kyl), -

N( al kyl ) (wblegi2yo54383dr ocar byl , - 0- hydrocarbyl, aryl, -0-acylyS2anabdge ,
-0-aral ykl, heteroaryl, -0-heteroaryl, heterocyclyl, -0-heterocyclyl, halo,
OCF3, -C(0)O0(al kyl), - OC(0)(al kyl), -C(0)NH2, -C(0)NH(al kyl),

-C(0)N(al kyl') (al kyl'), -NHC(O) (al kyl), N(al kyl')C(0) (al kyl), -0C(0)0(alkyl),
-0C(0)NH2, -0C(0O)NH(al kyl), - OC(0)N(al kyl)(al kyl), -CHNH, -CHN(al kyl), or
- SO2NH2; 7R4 kSNt -OH -COOH, -NH2, -NH(al kyl), -N(alkyl)(al kyl),
hydr ocar byl , -0- hydrocarbyl, aryl, -0-aryl, aralkyl, -0-aralkyl,

het er oar yl0010]0- het dn aaethér enthetlisrant ylad pivention Prdvades compeings of thal o,

-C(0)0(al kyl - Gal kyl'), -C(0)NH2, -C(0)NH(al kyl), -

C(0) N( al kfléﬁ?‘%'gllgfg%'&)a-\ﬁlHC( 0) (al kyl'), N(al kyl)C(0) (al kyl), -0C(0)O0(al kyl), -
OC(0) NH2, -0C(0)NH(al kyl), or -0C(0)N(al kyl) (al kyl),; R6 is -H, -OH,
-SH, -S-hydrocarbyl, -COOH, -NH2, -NH&QPk%I), -N(al kyl) (al kyl),

hydr ocar byl , -0-hydrocarbyl, aryl, -0-a , aral kyl, -0-aral kyl,

heteroaryl, -0-heteroaryl, heteragyclyl chy»0-heterocyclyl, halo,

-C(0)O(al kyl), -0C(0)(al kyl), - 2, - 0) NH( al kyl ),
-C(0)N(al kyl) (al kyl ), -NHC(OR@Fkyl), N(a kyl) (0) (al kyl), - OC(0)O0(al kyl),
-0C(0) NH2, -0C(0)NH(al kyl), or - Q al (alkyl); R7 is H, hydrocarbyl,

aryl, aral kyl, heteroaryl, or heterocyclyl; Z2 is CHor N, and n is an
integer from1-6. WD 2012/054535PCT/ US2011/ 056780 [0011] I n one enbodi nent,
the invention provides conpounds offotAdafol | owi ng Formula VI: Fornul a VI

and phar rRGeuhiCRLINAF §&RbERE SaikhdSod BRESRT . Wherein

cach of R', R?, and R’ is independently H, -OH, -NH,, -NH(alkyl), -
N(alkyl)(alkyl), hydrocarbyl, -O-hydrocarbyl, aryl, -O-aryl, aralkyl, -O-aralykl,
heteroaryl, -O-heteroaryl, heterocyclyl, -O-heterocyclyl, halo, OCF3, -C(O)O(alkyl), -
OC(O)(alkyl), -C(O)NH,, -C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), -NHC(O)(alkyl),
N(alkyl)C(O)(alkyl), -OC(O)O(alkyl), -OC(O)NH,, -OC(O)NH(alkyl), -
OC(O)N(alkyl)(alkyl), -CHNH, -CHN(alkyl), or -SO,NH>;

R* is -H, -OH, -COOH, -NH,, -NH(alkyl), -N(alkyl)(alkyl), hydrocarbyl, -O-
hydrocarbyl, aryl, -O-aryl, aralkyl, -O-aralkyl, heteroaryl, -O-heteroaryl, heterocyclyl, -
O-heterocyclyl, halo, -C(O)O(alkyl), -OC(O)(alkyl), -C(O)NH,, -C(O)NH(alkyl), -
C(O)N(alkyl)(alkyl), -NHC(O)(alkyl), N(alkyl)C(O)(alkyl), -OC(O)O(alkyl), -
OC(O)NH,, -OC(O)NH(alkyl), or -OC(O)N(alkyl)(alkyl),;

R® is -H, -OH, -SH, -S-hydrocarbyl, -COOH, -NH,, -NH(alkyl), -N(alkyl)(alkyl),
hydrocarbyl, -O-hydrocarbyl, aryl, -O-aryl, aralkyl, -O-aralkyl, heteroaryl, -O-heteroaryl,
heterocyclyl, -O-heterocyclyl, halo, -C(O)O(alkyl), -OC(O)(alkyl), -C(O)NH_, -
C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), -NHC(O)(alkyl), N(alkyl)C(O)(alkyl), -
OC(0O)O(alkyl), -OC(O)NH;, -OC(O)NH(alkyl), or -OC(O)N(alkyl)(alkyl);

R’ is H, hydrocarbyl, aryl, aralkyl, heteroaryl, or heterocyclyl;

Z?%is CH or N; and

n is an integer from 1-6.



R, is H -0OH -NH2, -NH(al kyl), -N(Cal kyl) (al kyl), hydrocarbyl,
-0- hydrocarbyl, aryl, -0-aryl, aralkyl, -0-aralykl, heteroaryl,
- 0- het er oapyb12/d3ei3sr ocycl yl , -0-heterocyclyl, hal o, -0CP8T/US@{1@08(7aé kyl ),
-0C(0) (al kyl), -C(O)NH2, -C(0)NH(al kyl), - C(0)N(al kyl) (al kyl),
-NHC(0) (al kyl' ), N(al kyl)C(0) (al kyl), -0C(0)0(al kyl), - OC(0)NH2,
-0C(0)NH(al kyl'), -0C(0)N(al kyl) (al kyl), -CHNH, -CHN(al kyl), or - SO2N112;
R5 is -H -0OH -NH2, -NH(al kyl), -N(alkyl) (al kyl), hydrocarbyl,
- 0- hydr OC@()PM' ar 3111 oné Qn%&fﬁlentaﬁl@HMhMOn 190@1'21@ Mpouﬂ@st(ﬁ“r@@foﬂbwmg
- 0- het eroaryl het erocyclyl, -0-heterocyclyl, or s -H -0OH,
-SH, -S h@@mlﬁa‘f’byl -COOH, -NH2, -NH(al kyl), -N aI kyI ) (al kyl )

hydr ocar byl , -O-hydrocarbyl, aryl, -0-aryl, aral kyl, -0-aralkyl,
heteroaryl, -0-heteroaryl, heterocyclyl, z0-heterocyclyl, halo,
-C(0)0(al kyl), -0C(0)(al kyl), -C(f0) NH2, C(0) NH( al kyl ),
-C(0) N(al kyl) (al kyl'), -NHC(O)(al ; )C(0) (al kyl), - OC(0)O0(al kyl),
-0C(0) NH2, “ - 0C(0) NH( al kyl ), &r°<0c(o) yjfcal kyl); R7'is Hhydrocarbyl,
aryl, aral kyl, heteroaryl, or heter ~7and Z2 is CH or N. [0012]1n one
enbodi nent, the invention provides c ounds of the following Formula VII:
Formula VI1 and pharmaceutically acceptable salts thereof, wherein
each of Rla, Rib, and Ric is indep ndeﬁltﬁg -H, -OH, -NH2, -NH(al kyl),
N(al kyl') (al kyl), hydrocarbyl, -0-h &byl , aryl, -0-aryl, aralkyl,
- 0-ar al ykalndﬂﬂ%@rc@@rcmly acd tﬁﬁ%@ﬁl&&h%k@f aﬁ&@fnocycl yl, -0- het er ocyclyl, halo,
-0CF3, -C(0)0(al kyl), gNiié C}g) C(O)NH yl),

- C(0) N(al kyl )(1%1|, wﬁ) OPLN@@@ 0 411@919 )—N(qu( (ngiyly,d:(yelyc(canbkyr(j) hyd@@eubyb( al kyl ),

“Soonp, B R RHEX G O Kb g IO IR EREY, -

i ndependertd, yOBF;, REHD )X alkphy, -0 CaOYhiky By -G RYNH,, h@(@a)N]iﬁalWL) -het erocyclyl, -

by N ol Eh Ry AL ni R S eI S PR o - sconve:

each Rio @@(@Mﬁp@@k@mmakﬂ) o@cb)N(ahdal)(aWﬂ( ad:ﬂiMHl ~CHN(a8bHy by ( al kyl ),
hydr ocar b O- hydrocarbyl, aryl, -0-aryl, aral kyl, -0-aralykl,
het eroaryg NP@, het eroaryl, het erocycl yl, - 0- het erocycl yl, halo, -0CF3,

-C(0)0(al kyl') ,g: qﬁoljﬂalﬁ W, ). (% NN%al yl (gﬁ(? cl%gy) O-hydrogar

0) N(al kyl ) (al “NHC('0 Ryl 0y o( al kyl
fERELAO e Ol Hk ke R
- SO2NHZ; cgrr}l%lom is an integer from 0-3.

R® is -H, -OH, -SH, -S-hydrocarbyl, -COOH, -NH,, -NH(alkyl), -N(alkyl)(alkyl),
hydrocarbyl, -O-hydrocarbyl, aryl, -O-aryl, aralkyl, -O-aralkyl, heteroaryl, -O-heteroaryl,
heterocyclyl, -O-heterocyclyl, halo, -C(O)O(alkyl), -OC(O)(alkyl), -C(O)NH_, -
C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), -NHC(O)(alkyl), N(alkyl)C(O)(alkyl), -
OC(0O)O(alkyl), -OC(O)NH;, -OC(O)NH(alkyl), or -OC(O)N(alkyl)(alkyl);

R’ is H, hydrocarbyl, aryl, aralkyl, heteroaryl, or heterocyclyl; and

Z%is CHor N.

[0012] In one embodiment, the invention provides compounds of the following

Formula VII;



[ 0013] I n anot her enbodi nent, the invention provides conpounds of the

followng Formula VIII: Formula VIII and pharmaceutically acceptable salts

t her eof , wbenei34535 Rl is -H -0OH -NH2, -NH(al kyl), pcR(Usbdayloyq7ad kyl ),

hydr ocar byl , -0-hydrocarbyl, aryl, -0-aryl, aralkyl, -0-aralykl,

het eroaryl, -0-heteroaryl, heterocyclyl, -0-heterocyclyl, halo, -O0CF3,

-C(0)0(al kyl'), -0C(0)(alkyl), -C(O0)NH2, -C(0)NH(alkyl), -

C(0) N(al kyl') (al kyl'), -NHC(O0) (al kyl'), N(al kyl)C(0) (al kyl), -0C(0)O0(al kyl),

OC(0) NH2, -0C(0) NH(al kyl), -OC(O) N(al kyl) kyl), -CHNH -CHN(al kyl), or -

SO2N112; RHis H hydroe arylx, kyl, heteroaryl,

het erocyclyl, -C(0)O0(al kyIF) | Ky NH2, -C(0)NH(al kyl),
-C(0) N(al kyl )(aI kyl ) - NHC( 0) yI y (al kyl), or -SO2NH2; each
of QL, @, @B, and IS |ndepe CR20 or N, and each Rl is

i ndependently -H, -0OH, -NH2, kyI ), -N(al kyl) (al kyl), hydrocarbyl,

- 0- hydrocarbyl, aryl, -0- aryl aral kyl, -0-aral ykl, heteroaryl,

-0- het eroaryl, heterocycl yl, L 0- heterocycl yI hal o, -0CF3, C(O) O(al kyl),

-0C(0) (al kyl'), -C(0)NH2, - C(O) NH(%‘PTWFa) C(O) N(al kyl) (al kyl ),

- NHC( 0) ( az{n'ﬂﬂhlmm&'élﬁlcléﬂl ﬁ&(ﬁ?@ﬁl@lsiﬁ)’s tilereof PRE@0Cal kyl), -0C(0) NH2,

-0C(0) NH( al kyl") ky , -CHNH, - CHN(al kyl), or -SO2NH2.

[0014] I n anot heeh efhlbo,di remt R' %iﬂendem‘mhtltll}ofﬂ pOblviNHs NH@bﬂhds of the

ther eor | BN By arol PR i BIBVIERSY FBSE iRy Yo B6RAR 20 Gntl 1
hydr ocar t)l)dteroz?:;tyly LO-hatcadakey ) hetéi&éy&ty@a%cterh@tcﬁﬂ Clﬁi]/d; L@CFs;, - C((E)H(zﬂk%l 1), _
cach of - Xaiehiei 0 i dr BNl O Ty b Do Guinh. © S
N(alkyl)C(O)(alkyl), -OC(O)O(alkyl), -OC(O)NH,, OC(O)NH(alkyl),
OC(O)N(alkyl)(alkyl), -CHNH, -CHN(alkyl), or -SO,NH,;
cach X is independently CHRIO, S, O, or NR9;

cach R’ is independently H, hydrocarbyl, aryl, aralkyl, heteroaryl, heterocyelyl, -
C(0)O(alkyl), -OC(O)(alkyl), -C(O)NH,, -C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), -
NHC(O)(alkyl), N(alkyl)C(O)(alkyl), or -SO,NH3;

each R" is independently -H, -OH, -NH,, -NH(alkyl), -N(alkyl)(alkyl),
hydrocarbyl, -O-hydrocarbyl, aryl, -O-aryl, aralkyl, -O-aralykl, heteroaryl, -O-heteroaryl,
heterocyclyl, -O-heterocyclyl, halo, -OCF3, -C(0)O(alkyl), -OC(O)(alkyl), -C(O)NHa, -
C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), -NHC(O)(alkyl), N(alkyl)C(O)(alkyl), -
OC(0O)O(alkyl), -OC(O)NH;, -OC(O)NH(alkyl), -OC(O)N(alkyl)(alkyl), -CHNH, -
CHN(alkyl), or -SO,NH;; and

m is an integer from 0-3.

[0013] In another embodiment, the invention provides compounds of the

following Formula VIII:




each RO is independently H, hydrocarbyl, aryl, aral kyl, heteroaryl,
het erocyclyl, - C(0)O0(al kyl), -0C(0)(al kyl), -C(0)NH2, -C(0)NH(al kyl),

- C(0) N( aIWpIz))(zadskssB) - NHC(0) (al kyl'), N(al kyl') C(0) (al kpCrus2@@8978¢ al kyl ),
or - SO2NH2; each Rl is independently -H, -OH, -NH2, -NH(al kyl),
- N(al kyl )(aI kyl), hydrocarbyl, -0-hydrocarbyl, aryl, -0-aryl, aralkyl,
-0-aral ykl, heteroaryl, -0- heteroaryl , heterocycl yl, -0-heterocyclyl, halo,
-0CF3, -C(0)O0(al kyl'), -0C(0)(al kyl), -C(O)NH2, - C(0)NH(al kyl),

-C(0) NCal kyl) (al kyl'), - NHC(0) (al kygohmyfiaiky! ) C(0) (al kyl), - OC(0) O(al kyl),
~0C(0) NH2, - 0C(0) NH(al kyl ), -0C(0)N(al kyl)(alkyl), -CHNH, - CHN(alkyl), or
- SCPNH2;  adcpheastocutically ﬂwdatp‘elnédmthqre@anhm?mger from 1-3. [0015] | n anot her

nmbodi t, t d f

Fo e e andB kY i SN e RNV QTP PSR, O fadet M
ﬁaCh R9 |a|& yli, rmleg&mdﬁlajzl yO-atdlykd, gi)édzlf@((?,yﬂ[ @Lheteroafyﬂﬂhem(giyalbkyg hﬁadﬂafyﬁly?:;ar yl, -
et erocyc - a -

C( 0) N( a?/kfg% (QPEy #9(5)%&‘%») PQ(&X %YSN{%@%J‘}% &L&})E‘%i%vl?q oa - (SOZN%Z)

each RL '@O)N@ﬁpﬁﬂéﬁ%' NH@O)@@S‘D NNﬂZyl)C(%ﬂbe 100(0) Ak Y- >(a' kyl'),

hydr ocar b rocar -0-aryl, ara - 0--aral yki,

het er oar ﬁcmmmm@ﬁaﬁmuwlheo@(@wemylxalkymx oSNy et s, - 00F3,
“Q(0) O(aldyhyy, - 0X(0) (al kyl) - ‘C(O)NM2, ~C(O) NH(al kyl ).

(o) N(al yﬁll\i'?w kyl), -NHC(0) (al kyl), N(al kyl )C(0)(alkyl), -0C(0)0(al kyl),
S0C(0) NH2, - OG0} takikockiby L, a BB IN{Iahdtotb ) BlHkagtocy cly CHNEOlGHRE al kyl ), or

-SOZNHZ ind is CHRL, S, O,
or aﬁgﬁgé%l}n p@f\% ngﬁmeﬁ]@rlhn&)(ﬁ&g%l (Flrkéﬁcﬁal@\]c}%cggp@% | n anot her
errbodl man(a yp@(@;(mqgg)gl &ns(f)g{nt{per provi des conpounds of the follow ng
Formul a Xl : or mul a Xl apd g armaceutical | pccept abI e salts thereof,
wher ei n cach of Q', Q7, Q" is independently or N; and
cach R'? is independently -H, -OH, -NH,, -NH(alkyl), -N(alkyl)(alkyl),

hydrocarbyl, -O-hydrocarbyl, aryl, -O-aryl, aralkyl, -O-aralykl, heteroaryl, -O-heteroaryl,

heterocyclyl, -O-heterocyclyl, halo, -OCF3, -C(0)O(alkyl), -OC(O)(alkyl), -C(O)NHa, -

C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), -NHC(O)(alkyl), N(alky)C(O)(alkyl), -

OC(0)O(alkyl), -OC(O)NH,, -OC(O)NH(alkyl), -OC(O)N(alkyl)(alkyl), -CHNH, -

CHN(alkyl), or -SO,NH,.

[0014] In another embodiment, the invention provides compounds of the

1
R o Xj
|
R0 N\M)I\
\/\M?n Z N X2

R11 c
Formula IX

following Formula IX:

and pharmaceutically acceptable salts thereof, wherein

cach of R'® R and R''“ is independently H, hydrocarbyl, aryl, aralkyl,
heteroaryl, heterocyclyl, -C(O)(alkyl), -C(O)O(alkyl),, -C(O)NH,, -C(O)NH(alkyl), -
C(O)N(alkyl)(alkyl), or -SO,NHj;

cach of X' and X* is independently CHR', S, O, NR’, or N-acyl;



each of R la., R Ib, and Riic is independently H, hydrocarbyl, aryl,

aral kyl, heteroaryl, heterocyclyl, -C(0)(alkyl), -C(0)0(alkyl)" -C(0)NH2,

- C(0) NH( awhyb)2/05453€( 0) N( al kyl ) (al kyl ), or -SO2NH2; eachPafi/uskolanss73® i s

i ndependently CHR1, S, 0, NR9, or N-acyl; each R9 is independently H,
hydrocarbyl, aryl, aral kyl, heteroaryl, heterocyclyl, - C(0)O0(al kyl),
-0C(0) (al kyl), -C(0)NH2, -C(0)NH(al kyl), -C(0)N(al kyl) (al kyl), -

NHC( 0) (al kyl'), N(al kyl') C(0) (al kyl), -0C(0)O0(al kyl), or -SO2NHZ; each

R is independapt RYis dﬂlepergéntly %ydro&%ﬁlﬁyll dralks N@l@ﬂel‘tﬂa)l(l?cltéﬁféy)clyl
hydr ocar byl , -0-hydrocar byl -0-dryl] ara ar al

het er oar y(l?(O)OOalkﬁd) e@@é@}(&k}’lheﬂé@ﬁ‘&%c F@(IO)mealhﬁb eEd@Wh@l}'l)(aH@l)o - OCF3,

o) W oA g B BEERaRI ). - oo,
-0C(0) N2, ~ - 0Ga6) NiYiInkybondemBCHO} kAN, Nakiyh) Nca®iilkyl), CHN( al kyl ), or

- SO2NHZ; andec mis in endently an _integer m 0- 3 0017] I n anot her
enbodi mertY QDY P Y dRErsA° pjl? @a%ﬁ%whd %PIYLlhﬁetPraf‘%mhl& QA Nl 2 (X1 1)

NN Q2 QBZR{Ri Qe i1, R@E%eﬁbéwﬁr}mdot@c C@wmﬁkw alﬁpﬂ) ec%@*mz thereof,
wherein each i s I ndepende drocar -ar -aral kyl ,
-het er oar@GO)NH(ﬁbylér o€y BN (gikyl) ) dﬂIéC(@/)l(alkyl) @{Cel@yk)@(&)@ﬂyyl) -C( 0) NH2,

el kyl ) CCORORAYT-OF OB BCR R SESCORENSIdION G 1 o

-NH2, - NHCENKatky)l), or N((&NHQL Jr(dal kyl ) hydrocar byl , -0-al kyl, -0-al kenyl,
aryl, -0-aryl, ralk -0- - raI e oaryl, -0- heteroaryl,

het erocycl yl, & y ang 'Teger ‘6’@&'? C(O) O(al kyl), -0C(0)(al kyl), -
C(0) NH2, -C(O)NH(aIkyI) C(O)N(alkyl)(alkyl), NHC( 0) (C2- G o- al kyl ),

N( al kyl ) Go0)1]al ky! )in an@hér@hiboainkent, dhe inO&HAHB) Nikther pRFARS BEHaaddads Hf the
OC(0) N( al kfl ) (al kyI ), -CHNH, -CHN(al kyl), -SO2NH2, -S-alkyl, -Saryl,
- S- het er ofgHgying] Srfﬁ%]flé? ocycle, or -S- hydrocarbyl;

©),

50

and pharmaceutically acceptable salts thereof, wherein

cach R’ is independently -H, -hydrocarbyl, -aryl, -aralkyl, -heteroaryl, -
heterocyclyl, -C(O)O(alkyl), -OC(O)(alkyl), -C(O)NH,, -C(O)NH(alkyl), -
C(O)N(alkyl)(alkyl), -NHC(O)(alkyl), N(alkyl)C(O)(alkyl),or -SO,NH;;

cach R' is independently -H, -OH, -NH,, -NH(alkyl), -N(alkyl)(alkyl),
hydrocarbyl, -O-hydrocarbyl, aryl, -O-aryl, aralkyl, -O--aralykl, heteroaryl, -O-
heteroaryl, heterocyclyl, -O-heterocyclyl, halo, -OCFs, -C(O)O(alkyl), -OC(O)(alkyl), -
C(O)NH,, -C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), -NHC(O)(alkyl), N(alkyl)C(O)(alkyl),
-OC(0)O(alkyl), -OC(O)NH,, -OC(O)NH(alkyl), -OC(O)N(alkyl)(alkyl), -CHNH, -
CHN(alkyl), or -SO,NH;;

cach of Ql, Qz, and Q3 is independently CR"orN;



each of Ql, @2, and @B is independently CRL or N;, Xis CHRL, S, 0, or NR9;
and each mis independently an integer from0-3. [0018] I n anot her

enbodi menwQ 20tesisssent i on provi des conpounds of the fol lPomiusgoikosémsd a Xl |1 :
(XI'11) and pharmaceutically acceptable salts thereof, wherein Rl is
is independently -H, -OH -NH2, -NH(al kyl), -N(al kyl) (al kyl), hydrocarbyl,
- 0-hydrocarbyl, aryl, -0-aryl, aral kyl, -0-aralykl, heteroaryl,
-0-heteroaryl, heterocyclyl, -0-heterocyclyl, halo, -0CF3, -C(0)0(alkyl),
-0C(0) (al kyl ) x 1 GARNF, 0 r%@walkw) - Q(0) N(al kyl) (al kyl),
-NHC(0) (al kyl'), N(al kyI)C(O)(aI’ yl), - OC(0)0(al kyl), -0C(0)NH2,

- 0C( 0) NH( al kyle)ach HUS(I@)%MDQBMW z)n(laleggrlf)om OGHNH, - CHN(al kyl), or -S2NHZ;
RHis H, ocarb ar.al k het er gar het erocycl yl

- C(0) 0( al d@%% G)i,f a %ﬁ%’rke odime 6131%|13| cn loﬁ?ﬂ%ﬁﬁ?rwk Sp 5:0 po%ds of the

- C(0) N(al ﬂ@Mb\)fﬁl@'H@Yﬂﬂ)ﬂa XINHC( 0)(a| kyl ), N( al kyl )C(O)(al kyl), or -SO2NH2; each
of QL, @@, B, and 4 is |ndependently CRl or ; nis an integer froml 4,
and each Rl is independently - - NH( al kyl),

Nal kyl) (alkyl), hydrocarbyl, -0- hy|Rdro ar .@ aryl, -0-aryl, aralkyl,
-0-aral ykl, heteroaryl, -0- Fhe‘f ¢ -0- heterocyclyl, hal o,
-0CF3, -C(0)O0(al kyl), -OC(O)(aI kyI) - C(QyNH2, - C(O) NH( al kyl ),

-C(0) N(al kyl ) (al kyl), -NHC(0) (al kyl), N(al kyl)c(0)(al kyl), - OC(0)0(al kyl),
~00(0) NH2, - 0C(0) NH(al kyl ), -0C(0)RPamuy Xy (al kyl), -CHNH, - CHN(al kyl), or

- SN2, 444 pharmaceutically acceptable salts thereof, wherein

cach of R'® R and R''“ is independently H, hydrocarbyl, aryl, aralkyl,
heteroaryl, heterocyclyl, -C(O)(alkyl), -C(O)O(alkyl),, -C(O)NH,, -C(O)NH(alkyl), -
C(O)N(alkyl)(alkyl), or -SO,NHj;

cach of X' and X* is independently CHR', S, O, NR’, or N-acyl;

cach R’ is independently H, hydrocarbyl, aryl, aralkyl, heteroaryl, heterocyclyl, -
C(0)O(alkyl), -OC(O)(alkyl), -C(O)NH,, -C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), -
NHC(O)(alkyl), N(alkyl)C(O)(alkyl), -OC(O)O(alkyl), or -SO,NH>;

cach R' is independently -H, -OH, -NH,, -NH(alkyl), -N(alkyl)(alkyl),
hydrocarbyl, -O-hydrocarbyl, aryl, -O-aryl, aralkyl, -O-aralykl, heteroaryl, -O-heteroaryl,
heterocyclyl, -O-heterocyclyl, halo, -OCF3, -C(0)O(alkyl), -OC(O)(alkyl), -C(O)NHa, -
C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), -NHC(O)(alkyl), N(alkyl)C(O)(alkyl), -
OC(0O)O(alkyl), -OC(O)NH;, -OC(O)NH(alkyl), -OC(O)N(alkyl)(alkyl), -CHNH, -
CHN(alkyl), or -SO,NH;; and

cach m is independently an integer from 0-3.

[0017] In another embodiment, the invention provides compounds of the

following Formula (XII)

10



[ 0019] A conmpound or pharnmaceutically acceptable salt of the conpound of any
of Formulas (1)-(XI1l) is a "conpound of the invention." [0020]1n another
enbodi menwQ 20tesisssent i on provi des conpositions conpri siPag/usroidffE@st i ve
amount of a compound of the invention and a pharnmaceutically acceptable
vehicle or carrier. WD 2012/ 054535PCT/ US2011/ 056780 [0021] I n anot her
enbodi nent, the invention provides nethods for treating or preventing a

di sorder of |ipoprotein netabolism a disorder of glucose netabolism a
cardi ovascul ar disorder or a related vasc kar disorder, a disorder

i nvol vi ng abnormal nodul ation of C-reactt me roteln or a related disorder,
agi ng, Al zheiner's D sease, Parkinson's e, pancreatitis,
pancreatitius, or abnormal bile productiomy ed%h being a "Condition"), the
met hod conprising adm nistering to a subje t in need thereof an effective

anount of a conpound of the invention. Jn anot her enbodi nent, the
i nvention enconpasses nethods for nDnlto ing|the progress of a therapy for
a cardi ovascul ar dlsorqu/P subjegt, e t hod conpri sing: a.
determining the level of||freg chofest i'n th& high-density |ipoprotein

in the blood of the subj b.] adm nistering to the subject a

ct
conpound of the invention; < ~"nmonitoring the |evel of free
chol esterol in the blood @i the subject for a period of tinme after
admi ni stration of the compound® and d. evaf%%hlng t he | evel of
i nprovenent in the subject based on a conparison of the results of steps a.
and c. [GH@SPWW“@WH?H@Ya%ﬁﬁ%@?ﬁﬂﬁﬂh@?%k“ﬁﬁﬁéht|on enconpasses met hods of

determning the leyel of P2Y13 activity in a subject, the nethod
conpri si ng: cach R” is independently -H, -hydrocarbyl, -aryl, -aralkyl, heteroaryl -

heterocyclyl, -C(O)O(alkyl), -OC(O)(alkyl), -C(O)NH,, -C(O)NH(alkyl), -
C(O)N(alkyl)(alkyl), -NHC(O)(alkyl), N(alkyl)C(O)(alkyl),or -SO,NH>;

cach R' is independently -H, -OH, -NH,, -NH(alkyl), -N(alkyl)(alkyl),
hydrocarbyl, -O-alkyl, -O-alkenyl, aryl, -O-aryl, aralkyl, -O--aralykl, heteroaryl, -O-
heteroaryl, heterocyclyl, -O-heterocyclyl, halo, -OCFs, -C(O)O(alkyl), -OC(O)(alkyl), -
C(O)NH,, -C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), NHC(O)(C,-Cyo-alkyl),
N(alkyl)C(O)(alkyl), -OC(O)O(alkyl), -OC(O)NH,, -OC(O)NH(alkyl), -
OC(O)N(alkyl)(alkyl), -CHNH, -CHN(alkyl), -SO,NH, —S-alkyl, -S-aryl, -S-heteroaryl,
-S-heterocycle, or —S- hydrocarbyl,

cach of Ql, Qz, and Q3 is independently CR"orN;

X is CHR'™, S, O, or NR’; and

cach m is independently an integer from 0-3.

[0018] In another embodiment, the invention provides compounds of the

following Formula XIII:

11



a. determning the level of free cholesterol in the high-density

| i poprotein in the blood of the subject; b. adm nistering to the
subj ect awoanposmssof the invention; C. nonitori mgTiuseoihes@Bo of free
chol esterol in the blood of the subject for a period of tine after

adm ni stration of the conpound; and d. evaluating the |evel of P2Y13

activity in the subject based on a conparison of the results of steps a.
and c. Brief Description of the Figures [0024]FI GURE 1: Conpound Va (dark
triangle; top panel), Conpound Ik (R- isoner) (dark triangle; mddle panel)
and Conpound Ih (S-isomer) (darkitriangle; mddle panel) activity on 1321
Ni cells transfected with P2Y13 ptor. Non-transfected 1321 N cells
were used as negative control ((dark|circle fkach data point was a nean of
triplicate wells. [0025] Fl GURE 2: ivit {1 lustrative conpounds of the
invention (dark triangl Ni K\ ansfected wth P2Y13 receptor
and conpared with a posi|tive|Refer\gencé Conpound’»Non transfected 1321 N
cells were used as negatiyvescontr ol Yark circle). Each data point was a
mean of triplicate wells. $0026] Fl GURE 3: Single- 888 effect of the

| ected pml HDL. [ j Hep& [l1s. Cell
neubat el E R R Rech QHERIR b ERY el TEPLE Cot erol “chol eeteryl
_C]l Ieat e [ Chol esk s ¥4l in%qp@nc}%e’ﬂtﬂf] W]O*DLI;IPIBef\?T(elkEB -Satpdi(atky ) L@redeybyard o
illustrative , conpoun e jnyenti iaM. a, are .express as e
Lbr cont ag SARRTBEL AT Ot | Sal LDty by L RN e AR G il e
(set as OX}h&aﬁaWQQ5mﬂ&ps@FQOQ@jxk&@?ﬂ}?%@bﬁﬁ%§g,Egﬁfyﬁgsponses of sel ected
C S

nol ecul es on HDL internalization b wer e i ncubated for

10 1 atCOMNEHY -S04SO R I B Oh oIS B D W dar e
concent 1 a0 SR EF T R R L e R RN P T e (o 1, 1,
10, 100 a@dN(000).eMSOBHConpound 1 h (S-isoner) and conpound | h (R-isomer)
(1, 10, R'! is H, hydrocarbyl, aryl, aralkyl, heteroaryl, heterocyclyl, -C(O)O(alkyl), -
OC(0O)(alkyl), -C(O)NH,, -C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), -NHC(O)(alkyl),
N(alkyl)C(O)(alkyl), or -SO,NHj;
cach of Ql, Qz, QS, and Q4 is independently CR" orN;

n is an integer from 1-4, and

cach R'? is independently -H, -OH, -NH,, -NH(alkyl), -N(alkyl)(alkyl),
hydrocarbyl, -O-hydrocarbyl, aryl, -O-aryl, aralkyl, -O-aralykl, heteroaryl, -O-heteroaryl,
heterocyclyl, -O-heterocyclyl, halo, -OCF3, -C(0)O(alkyl), -OC(O)(alkyl), -C(O)NHa, -
C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), -NHC(O)(alkyl), N(alkyl)C(O)(alkyl), -
OC(0O)O(alkyl), -OC(O)NH;, -OC(O)NH(alkyl), -OC(O)N(alkyl)(alkyl), -CHNH, -
CHN(alkyl), or -SO,NHo,.

[0019] A compound or pharmaceutically acceptable salt of the compound of any

of Formulas (I)-(XIII) is a “compound of the invention.”

[0020] In another embodiment, the invention provides compositions comprising
an cffective amount of a compound of the invention and a pharmaceutically acceptable

vehicle or carrier.

12



100 and 1000 nM. Data are expressed as the percentage of internalized

radi oactivity with respect to the control value (set as 0). [0028] FI GURE 5:
Si ngl e- dowe 2effmsei3sof the illustrative conmpounds of thePpCcmuseaiiose7en bil e
acids secretion after IV injection. Mce were fasted for 2 hours and then
injected in the caudal vein with the selected nol ecules (10 nnol/kg) in PBS
solution (100 ial). 4 hours later the bile content was anal yzed. A Data
are expressed as the concentration of bile acids. B. Data are expressed as
the pool @hyfile ag)dsSoRE cniBRURRL TRIAVGRion iR Ahods TRQuAOHL) . & oup
of animals n=5. [0029] Fl GURE 6: Dose-response effect of Conpound Ila on

bi | e aci dggvdniihga ghyosiohof linpprdciangtabolien.chbiedtref glucgwanathobng, a M ce wer e
fasted forai hour, s lnddth§grt&Q§t§d]mj&hriquggg%dr%pqpﬁptgaghgps of
Compound ) Fao‘(aéq%r 50008 ane& 6" 3 S%i"kgfo %f/ oraP Sav %3. £8°hoUs 1 ater the
bi | e contmodulmis didatcyadd.préicinldab aclace dBulee agiag, Alshdither’s Digzaent rati on of
bile acids. B. ta are expressed as.the pqol of bhile acids per nouse

vei ght . d?aﬂsa%%%P@e%ﬁﬁaég@@&waganpﬁ%t%ne PeRgl SHe prodstia (e4ibeder ol . D,
Dat a are ae‘mrn%ﬁfo%g),@&rﬁaﬁod%%prfafngtauinenig@l%%@ta%@jecﬂqgﬁqeé&xﬁa%om ght. E
Data are expressed as the concentration of Dbile phospholipids. F. Data are
expr essedetipstivameims pf o¢ompquad phths prishiign.ds per nmouse wei ght. G oup of

ani mal s n=10. (*p<0.05, **p<0.005) [0030] FI GURE 7: Dose-response effect of
Conpound [R022]on bi e aagthdsmbiineeng tsipheitiopicdemmsschinicthodh iirest er ol

secr et i ong, MG MRE SoLastad £9r, ZoRour g and DER LESALSG WL i nor eased
concentrattons 6 d%n%oun al?bfﬁﬁﬁ, BYo3"ah 8:§%gfkg?]%y oral gavage. 6
hour s | atmethbdheorpristngcont ent was anal yzed. A. Data are expressed as the
concentration of bile acids. B. Data are expressed as the pool of bile

aci ds per nouse weidg@himiniag tbalcdcladfereXpéleg&oetinabe hile- deyitgeipbpdtaioim of bile
cholesterol. D. Data are expressed as the pool of bile cholesterol per
nmouse wei§mbloogof thasubigite expressed as the concentration of bile

phosphol i pi ds.p,F.  Qahifi@bin LXRAESBRA: S8orhfnR 8Pl Fydriie Phosphol i pi ds per
mouse wei ght. Group of animals n=10. (*p<0.05, **p<0.005, ***p<0.0005,
***%*p<0. 0001) q 003 1hdHICUREIR Ic\Dbskir¢cechpbentsm] af the btoodfof GersphiaetdoMd | a on bil e
aci ds, bil% gh?ﬁﬁﬁthQ£E§ an i%j%%IChQ{GS&FQQ% secretions. Mce were fasted
for 2 hod?€'°aRd SNt FERTRE WN NI @38 Ed ®eoncent rati ons of Compound VI | a
(0.003, 0.03 anhd O.c3al@ideahe kyclafahp@aviage in theRobje& bagddedh d dvenpatibed cont ent
was anal yzed. A. ta are expressed as the concentration of bile acids. B.
Data are P wsdEPTA€Pt Hé"P6ol of bile acids per nouse weight. C. Data are
expressedops3)t he CARGRRAERLINBAInRt, Rihd Bv&lieh @RédERkses Retdal 8f are expressed
as the pool of bile cholesterol per nouse weight. E. Data are expressed as
t he concedstaratinipgthgfievs] PiPDHIASHON iadabicrt, thoaeheempxismgssed as t he pool
of bile phospholipids per nmouse weight. G oup of aninmals n=10. (*p<0.05,
**p<0. 01, ***px0. 00BkrhI8XhElc@IRE f@e chulsweobigplnbkich-@edsewtlipopro@umpound 11 b
on bile qﬁgg%bdggiesgggapholipids and bile chol esterol secretions. Mce
were fasted 10 Surs“and then treated with increased concentrations of
Conmpound |1 b (). 003dmbhi@Srianid the Sibjag! Keymipayndbathe g@aeagen; 6 hours |ater the
bil e content was anal yzed. A ta ar xpressed. as t concentration of
bile acids. B.SDat én%vf@rlg&ﬁwé%‘ﬁag fie ‘S‘HE%E&@FHT@F*’&Oﬂ@?ﬁ’@iSﬂ T hrouse

vei ght.  Geribabatifk aeXRIneRisediAS i oapREaRNLA@t I on of bile cholesterol. D
Data are expressed as the pool of bile cholesterol per nouse weight. E
Dat a are exprebsed casluating tholszelmf P3Yil dactofitydn the sphisetgasidigrials. F. Data are
expresse%

. bicl hol i pi ds per nouse wei ght. G oup of
ani mal s n= .ah?ﬁlpéﬁgf.g‘lo‘?oe?&is*oé2‘%1?8%%?89**p<o.0005) [ 0033] FI GURE 10:
Dose-response effect of Conpound Villa on bile acids, bile phospholipids

and bile chol esterol secretion M ce. wer fasted for 2 hours and then
treated with increased concé§¥§%¥¥%ﬂ%ﬁgﬁ—§§ﬁgaﬁﬁﬁ VIilla (0.003, 0.03 and
0.3 ny/ kgpoky oral fg@w&gﬁekc%nﬁfa%&vh@aa@ktrtahaglebiob%aﬁant%ﬁ{pow@cﬂha(aal yzed. A
Data are expressed as the concentration of bile acids. B. Data are

expr esseds@sen (darkpiangles misidjcapagel) ard pempermdde (uisogier). (dak tmpete; aviddlexpr essed
as the concentration of bile cholesterol. D. Data are expressed as the pool
of bile chol esterol per nouse weight. E. Data are expressed as the
concentration of bile phospholipids. F. Data are expressed as the pool of
bi | e phosphol i pi ds per nouse weight. @ oup of aninmls n=10. (*p<0.05,

**p<0. 01, ***p<0.005, ****p<0.001, *****p<0.0005)



[ 0034] FI GURE 11: Dose-response effect of Compound Ilc on bile acids, bile
phosphol i pi ds and bile chol esterol secretions. Mce were fasted for 2 hours
and t hen woeat2d4385t h i ncreased concentrati ons of Conpoenu/usbe@ 10867803, 0. 03
and 0.3 ng/kg) by oral gavage. 6 hours later the bile content was anal yzed.
A. Data are expressed as the concentration of bile acids. B. Data are
expressed as the pool of bile acids per nouse weight. C. Data are expressed
as the concentration of bile cholesterol. D. Data are expressed as the pool
of bile choabssiiRiglonnan) RAUSE, Wl altlca i 20 B BIGIRRELEIRGAS) (307
concentration of I e phosphol i pid . Data are expressed as the pool of
bi | e phosBhetllsprate uggdras ncgﬁslee vmt@h(darnlmlqj Béchalatammiing wes 2@neapiop<0. 05,

**p<0. 005,. x** 0005) [0035] FI GURE 12: Effect of Conpound Ih (racenate)

on bile atrrzlpdcaté)g e phosphol i pi ds and b| | e chol esterol secretions. Mce

wer e fast or 2 h r.eat With i sed con rations of
Compound IHRr acermidy RERE At Ehat A G3HAGP Ky Patyds PERE SioSGR AR “hour <

| ater theribhdles)e@NBENN1 el @dhafcy e tith/R2 Yd3tréceBlo aRK@ngRseidviaisa t he
concentration of bile acids. B:. data are exgressed as the pool of bile

aci ds perPasiiys &efgssgnCompourh Momiransisefsd 33 b 1 g6l Were dantcasegalivcon of bil e

chol est er%troﬂ%a%&le@r&cﬁﬁ%%é&?@aéiénfe'ﬁi&?oﬂ%hca@é whiid € chol esterol per
nouse wei ght data are expressed as the concentration of bile

phosphol i Fe-aS, £l ] JRissphol i pi ds per
nouse wel[laﬂgfﬁ Group o? ani ma é%% 6?50 %%S%Qf%bng%&%)ésé ***p<0.0001).

[ 0036] FI GnJRElaLBatlo&bygII@CnasHs é],‘eﬂlemermhclfﬁewpcfommmhl aB7 BCIvathals p@msecr etion
after one3 e ted i und (0.03
my/ kg) by esbe Zg{;ﬁ %atf‘d I’%TH&@ Ff%%ﬁrtl%n RERETOHE ed for 3
hour s fO'('lQGVﬁFJI)QMd AMs@4tAk cgﬁ%@lﬂﬁisQ@ﬁféﬁn\féﬁﬂ&?(lﬁr { Daare phQidsaslid er the
bile content was anal yzed. A’ data are expressed as the concentration of
bi | e aci deerectageaf mteanadized pelsgiadtyasith W@%b@lthmonrfpleaheﬁ:(isdsaﬂ@ér mouse

wei ght ( %O%?)**p%&t’j@l of animals n=10. [0037] FI GURE 14: P2Y13 knock-down
in Hepa 1-6 ce a 1-6 cells were transduced with lentiviral particles
coding t Y13 stﬁ&lﬁ 0)..i.nduci hy t he addi n. cI i ne.
The cell o was treated” (?rose}etSp?nses Qit%e e(%tﬁgsno\}ﬁc T oxﬁ%c?qr?l% tﬁ?y

final congentFGl ¢lB)CARGdhRCTAHToMRNAIEX BT €SS N7 Spsm MeRsisl @ tbrély
QPCR. *p<0. 0001. [0038£F GURE 15; HDL uptake on P2Y13 knock-down Hepa 1-6

cel I s. He%plqslersl Qlette §Chdlestyinb e d FUMN HIPEnR ¢fgicpeg Corapaund (B ®MirHy t he
P2Y13 sh f i s. Cells
wor e i noungrag FondataRs BYnk 19c Pk 0 . ERpRARS Furklle OF. IS o
and CorrpoLﬂﬁ)chnHIdO()(lnMal\b Cmpwnalrlb (Sxpressad caspoinel IbéRasmm)gél dan,

|nternaI| vmthr S t he S

0+ peo. bt anf SHOGRED M bt sR S BE ety EpaiSur TRt BRI WRS1 1 owi ng
activati Q@smﬁtrﬁma&rntrpmmw(yetiagom ce. C57B116J mice (n = 10) were fasted
for 2 h and then intravenously injected wth Cangrel orO or Conpound Ha (10
nnol es/ kgpo2dfour hQUGERIERS: @ﬁnguélaoseerfealo&ﬁﬁquﬁstwﬁwcd@mﬁaﬂomd anal yzed
for: Bile acids content (A); Bile chol esterol content g C57B1/6J mice (n
= 10) wer8VeHienof brlpacigs yecrelipn aligd Voyiestiong Mice were fgesd fase opsead agoni st
Conpound th'@nﬁlﬁecﬁed ip bheQk ucﬁl@gelh%&g{hktges d:’fegﬂﬁ&!'é&ﬂés 1 §hmBl/k 1ﬁ“15B Sofu@iBh €N S
(O ; bile chofesterol content , | e acid conten iver (E) were
eval uat ed108 uhgt Hﬁuclamndheeblkwmtentwm anglykat. /gdbatbhlawepssseﬁlaam sanpl es

were collecte fter 6 h of, treat anal zed for:
total Conarptetpin R B, Brite b S nET T o s R eREROERS est e ol
() and HQEpehod esphen.ods, (¥« sax o). kreupistianfnas hrer enzymatic kits or

Li poprint(r) for HDL chol est er ol (F). C57B1/6J mce (n =5) were

i ntraveno@ety] i nj eHIGURW 4: mdsékﬂspsrﬁeleﬁséterdorﬂpamﬁi l£6h piusgdsHBlle (O ,

[ 3H] - chol ester3{ ol eate-1 abel | ed nouse HDL (H) % (I_;{I chol ester ol -1 abel | ed
nmouse LDLPhospholigigy apg bike @éﬁf‘@?@éﬂ@?%@t&nswrﬁs&?ﬁ%faﬁﬁd o

Radi oact i r or the HDL
or 5 hourt\lséawgtvggheﬁg&gseh%ﬁ&ﬁtrétglg 0gst ef &ﬁ%d?(ﬁ)iﬂogﬁ)? %?%""fci ln?g? r)n }'r eat ed

ani mal s (dr@lavagy. kpunndserdbe bitiomeadt yys Ghbzgé Aebaisete deteestdiasthe( J). *p <
0.05, **p < 0.01. [0037] FIGURE 17: Dose-response effect of P2Y1l3 agoni st on
at heroscl erotic plaque progression in ApoE-/- mce. ApoE-/- mice (n = 7)
were ligated on the upper part of theldeft carotids. On the day of the
surgery the animals were placed on a Western diet and given an oral gavage
of vehicle or increasing doses of Conpound Ila. Ligated carotids were lipid
extracted in 2:1 chloroform/ methanol. A the concentrations in
unesterified cholesterol (dark bars) and total cholesterol (superinposed
gray bars) were. rreasured by HPLC E and H herrat oxyI | n eosr n star ni ng of

o " Y re ~ o, e Y



[ 0038] FI GURE 18: Effect of P2Y13 silencing on atherosclerotic plaque
progression in ApoE-/- mce. ApoE-/- mce (n = 10) were infected with 5x109
adenovi r avoparzasesses codi ng enpty vector (nock) or vect ecTarseadiosgys®2Y13r
ShRNA, 3 days before the ligation of the left carotid. On the day of
surgery the animals were placed on a Western diet and al so given oral
gavage of vehicle or Conpound Ila at 100 | ag/ kg, once a day for 2 weeks. A:
West ern-bl ot of |iver honbgenates blotted with anti-P2Y13r or anti P2Y1lr

ant i bodi e Biralibi08f 1ol ABOPhABrIElFeslddPlsdh ol BESiRCIA Rr ol Or Of Or m /
met hanol . The concentrations in unesterified chol esterol dark bars) and

t ot al choWesluter(bﬂ)a(esalpexprcqs@hwhgcwemwls)l of\kilechviaaterle d. WtaHlﬁt_C C
esterified (dark bars ol estero rs)
concentraﬁ".p£e 0 oS! B B ﬂe °%°% tF“’?Prém"“rS%&“e ?ﬁ%e%a&é@r&a 9%8%5915, E and
F: pl asmoﬂbaanMbﬁﬁE%oéphohﬁus chabasherefpreaad atbe poblalfesiter ol cont ent
were resolved by. HPLC usi ng. S perose .6 coI d an inline enzymatic

det ecti orPh Oeﬁw pt?aperrpew Rue oL Ed-Lhdr %{h%ﬁpow e Syray bars
esterified chol esterol _1p 0.001. [0039] FI GURE 19: Effect of

P2Y13 agdfP3l on atHEHBEC elPe%errésp@p%f‘quEecg@fc@Wé K13 A Bl 20ids. Bife apoE- / -
m ce. Apotﬁlolspholﬁbﬁi@ al(ldp ble 201 HEH BscBlcAGRAMRR v r YESt§ FR 2@50%}5 dn@th G weeks

foll owed by a 4 weeks oral gavage of vehicle or 100 jag/ kg of Conpound I1Ia.
Aor t as (rtreateﬂozyltlvxmmeasedppnheemtrcmeDé@omHO@dJXbNO 80D 0gBmnd Orﬁemgibgidlly A the
concentratl in tota ter wer e asuye HPLC a M5 and
conpar e d c%ra % goﬁ ?thPurs latgqﬁ g"?e con?ePt Wasal ze& Aosarlra | ecﬁ%igressda %gls a

basel i ne. coBcentadoig bff blte&tcicanODafahﬁe d:)d’]b'tdslé’meIih Iﬁboﬂ af bit {cidsped@puseC. F4/ 80
ant i body st aj ni n gquantific (n = g Red 09p05| tive staining
quant i fi ¥l %yxprzsse%%?at ‘EF%CE‘?}W‘BHO %)ﬂes‘fhomerqize Yelae ng (n = 10).
F. anti 'V %se@@s't%%l §F@le%8gsﬁ%@ﬁéﬂtﬁ61ﬁ@kle%‘[(ﬁ atd Q-exldGsed as the
quantifications were expressed as the percentage of staining as conpared to
the sum oﬁonﬁm?ératlm pinteilcanhdsphetibids.ak daata arcreppressge %thetﬁoold)flbﬂetypl cal exanple
of stai n| r a QRS. and J:
hemat oxyli n @J E% i)?rallﬁlr)]ﬁs(rgi%e f(?rgﬁ@%%@% g{eg 5806‘60§f, a% 0E&/5 m ce aortas.
H and K ’G*b<dRGODi)*§’t”%p<ﬁlOﬁ@1)of transversal sections of apoE-/- mce aortas.
| and L: VCAML anti body staining of transversal sections of apoE-/- mce
aortas. [[003Q] FI GUREGRRE lequeespa@eeﬁ’s&t@m CompbadabV1s oh btateds, Bil¢ h Conpound
I1a. New Iandra 5) wi th at heroscleraqtic plaques devel oped
after 2 mo igids ﬁpfghtlf‘cﬂe rseqretmnétMlc\meée aﬁ@é?@& lwufsrﬁnéa Pound 11a at

30, 100 andh3QPit ﬁg{eK&dQB%nﬁa‘rﬂﬁ‘ﬁ( opﬁoﬁb&hndg\al‘I@-QﬁO(ﬁoﬁ 0% aﬂ@@‘g% o/f%) tyl pi ds

extracted from aortas were anal yze for CF]O | est erol concent ration.
Dar k bar soralgawagee p hpiue datesttbe bide @ntﬂnt Wgwemzwoéelaatg reyexpeassed as dheal

gﬂgl g:t 2:% cem@“?—‘bﬁ?ﬂg% alcggt gr %ngva\lgfr eefk%g %%O?Qes cera}cgdsg)ler rnB@Egur e 2. The

resul ts aweglex|gr. mwde agreded pahe ecmcalgettlbn oﬁblpnf ¢hotteeol. B. Dapai

concentration in e ned er | ot anal ysi,s.

trigl ycerﬁxaéf‘ésm CoRL ok Bl Cgﬂfeftﬁ‘é’ pfTde e&efeﬁ?@ E 3P Pl eé.%thﬁbo G
the bile aatdSraGONEEAL ALIFHRSPIIS F'Uﬁé aﬂé’%&ﬁre%&%fﬁ%ﬁb@é’l HHilBY an enzymatic
kit. Panels H and K hemat oxy?l n/ eosin staining of aortas fromrabbits

dosed wi tphw@wlmdépewowmh&cﬁmap Héaramala@el@é@vﬂgoi Kfp<0f¥nel s | and L:
snoot h m&&b )Is staining of aortas fromrabbits dosed with vehicle (I)
or Conpound Ha at’ 300 lag/kg (L). Panels J and M nmacrophages and nonocytes

300 a0 M5 [ od Ao PRE b HRRE SR CORPL QLR M nAE BRI P &1

hi gh- chol getgotibiddiard bil echotcatebil tsscréticmat Mite wicthifaGodferitbueandAhenADOA- |

concent ratl 0 pl as was neasur by SELDI - T | ysj Purified ApoA-I
£ om hor el e e R DIt 5088! bauS e as 008 bF sl oo
det er m najrhfvede. b ABRK lat@RRAbile dMBEWR amly2é@3R. Dath a %&%&@ierdaa% kin. The

e

results are expressed as the percentage from pre-dos 0A-1 nRNA | eve
was det erfinprratien pighitersidoPBRDe @@ pirsscdNs e naok obkibragids p@e@pwse in the
HDL particle size of treated aninmals. C, HDL fromrabbit plasma were
separated according to the size of the different HDL particles using the
Li poprint(r) system The data were expressed as the percentage for each HDL
subpopul ation set to the HDL popul ati o in the pre-dose animals. Two nain
HDL particle sub-popul ati ons were quantified (high and internediate - dark
and gray bars respectively). D. exanple of |ipoprotein profiles of rabbit
treated with vehicle (gray line) and with Conpound Ha (300 | ag/ kg, dark
line) using the Lipoprint(r) separation technique. E and F: determ nation
of cholesterol efflux capaC|ty of plasna and rabblt HDL respectively,



-n-propyl, -n-butyl, -n-pentyl, and n-heptyl. Representative branched al kyl

groups include -isopropyl, -sec-butyl, -isobutyl, -tert-butyl, -isopentyl,

- neopent W 20t2/0%8338yl but yl , 2-net hyl butyl, 3-net hyl but ylPCT/US2011/056780

1, 1-di met hyl propyl and 1, 2-di net hyl propyl. Representative cyclic al kyl

groups include cycl ohexyl, cyclopentyl, and cycl opropyl. [0047] The term

"al kenyl" refers to a straight, branched, or cyclic hydrocarbon group

containing at | east one double bond. Representative al kenyl groups include,
but are notiohd M. tlﬁtga atrQexlﬁ'I:s@éfd &Nfe C(H{CQIPCYAU%H%f bile QHdiétetiieD. Babuky! ene,

|sobutylene sec-butyl ene, 1- pentene, 2-pentene, 1sopentene, 1-hexene,

2- hexene, cxprdssden ¢hegrod! o%luhe:hehetem[l D@48<}u‘s‘hefetgélt nk. laatkywwkpremﬂm theto a

st rai ght ar branche n_cont ai ni,n t one triple bond.
Repr esent AT entrag?lkog up)s{plld%c (%a A5Gt PEY Sgd a‘gt elpoomt%\% ¢ acetyl ene,

pr opyne, Iihobpﬁo?ipﬁls parl’ﬁbltﬁs&m@:,lght s@bup yflﬁnmsleel— b@tt(ypr&).oﬂ*ppﬂmose, 2- pentyne,

|sopentyn 2- hexyne, 3-hexyne and isohexyne. [0049] The term
hydrocar% P OO&? used herein unl ess ot herwi se defined, refers to a

substltuent derived fromthe renoval of hydrogen atom from a hydrocarbon

mol ecul e. [ORBH- ||mtulﬁyR&%ﬁ0é%r%P0%9aﬁeféaF Bompoue Yidls o bidgjacidg bideny | |

al kynyl ; %Hoﬁﬁpﬁlé QP %119 CRALSELNG e REio kY MiQO8 & e FELdOBE DRSS e has aryl as
descri be herein, including both aromatic and non-aromati c groups as

descri bedrdagdeiith mamtsedrcamdcytratdms of Comdounelr¢illa. (0003003 Tnd & emgikzaby| " as
used herej unles oth

Non- | i mi t9'& gg ay Xgoe Ihours tﬁe ite conP ngvvasr '%Ia rﬁfzdtg ﬁ%tflarqoeqiaptesgedglr QP

nap
phenant hrqolncerﬁﬂatltsﬁ yﬂ bllefaafdanBl Daﬁb@é c}édpreslsem adazopaoll of Mt:cttcid’s@@f mbusel n one
enbodi nment , the ar gr oup Ii bstituted w %h Qn nmore of the follow ng
groups: -Weel: C aeiemﬁesat ik Fe coneppirafienof bifgghelest g dcboPriaare N(R ) 2,
-NHC(0) R X?Fesse@(ag)t ol QF QKRB0 WK p Y rﬁ@ﬁ%@ \xFeylgh't SE'M@ %@ﬁﬂ%géeﬁ as fAcOr
unsubstituted -Cl al kyl . Unl ess specif ot herw se e aryl is

unsubst i t@me@tra[@%&qﬁﬁhﬁélowphpldhef é?mmylexmasﬁedu sethcierlfivilanl ess ot her wi se
def i ned, lﬁ%éﬁ% R&Qg?gng%% $§<§%§88fa“%%f%!?0(9§(?§ g&hp 019" oup cont ai ns

at Ieast S not car exarpl es of
heteroaryﬁ*pﬂcbmﬁe*ﬁyﬁmdmﬂ ek ary0005azol yl , i m dazolyl, thiophenyl, and
indolyl. In one enbodinent, the aryl group is substituted wi th one or nore

of the folob®yi ng grRIGPRE tlhab@e-redpondeCife€itofa dayopnd HObh bﬂ@hblds Gﬂﬂ?
-0C(0) R or -C(0O)NHR groups wherein e
i ndependerthPIghohpfdéﬁn(t;{%jé%@tqsmléacre@fsééwa|w gst@mf%s?shel f @d ot her Wi se,

the het ert?&'féﬂ'w1t}§1nk'ﬂ%§§é@%5héeﬁfr%ns b@@&%b&tte Itce(romosa@ 8 kyd 6.3 asused herein

unl ess otherw se defined, refers to an al kyl group, which is substituted
Wi th an a¥gl gagageup honss deterithe bilnepnesrhrps awlygrd.gh %’fzatlrkyexprgtse@ps thacl ude

benzyl , (%0?19&1,113(1121 ngﬂﬂfe%gigﬁg %%a aIIeoggl%lsl;F%s {:h% r(‘Q)l (Q%ng LGy 841‘){&(')'11598 used

herein uni°ese ot Refwi Se
weight. C. Data are expressed as the concentration of bile cholesterol. D. Data are

expressed as the pool of bile cholesterol per mouse weight. E. Data are expressed as the
concentration of bile phospholipids. F. Data arc expressed as the pool of bile
phospholipids per mouse weight. Group of animals n=10. (*p<0.05, **p<0.005,
**%p<0.0005)

[0035] FIGURE 12: Effect of Compound Ih (racemate) on bile acids, bile
phospholipids and bile cholesterol secretions. Mice were fasted for 2 hours and then
treated with increased concentrations of Compound Th (racemate) (3, 30 and 100 mg/kg)
by oral gavage. Six hours later the bile content was analyzed. A: data are expressed as

the concentration of bile acids. B: data are expressed as the pool of bile acids per mouse

16



a cyclic group, wherein the cyclic group contains at |east one ring atom
that is not carbon. Representative exanpl es heterocyclyl group include, but
are not |woioexdsesss furanyl, furazanyl, im dazolidinyl, pcriusazalosergé

i m dazolyl, isothiazolyl, isoxazolyl, norpholinyl, oxadiazolyl,
oxazol i dinyl, oxazolyl, oxazolidinyl, pyrimdinyl, phenanthridinyl,
phenant hrol i nyl, piperazinyl, piperidinyl, pyranyl, pyrazinyl,
pyrazol i dinyl, pyrazolinyl, pyrazolyl, pyridazinyl, pyridooxazole,

pyri doi mi dazal &: dahAGLRsaZ0k e oQMEérE'ﬂaﬂb/A ofmérahme%m' p: @k i@l i dinyl,
pyrrolinyl, qU|nucI|d|nyI tetrahydrofuranyl, thiadiazinyl, thladlazolyl

t hi enyl, tdpicssrgitaly ﬁlammoybf bitetvhelesioioh ol nyduse wieighh of ndatkasro Iemressed as the

t hi onor phoI in ophen triazi azo I n enbodi ment, the
ary or oo ratipt ot RIE PRI B are PSR s bRV SEHS Tor ouper  halo,

-0- (Ct- %oalb}k))ﬁbﬂds peﬁrbuse@daght.@ﬁm; of afiGRNRI Q. (* PO, 2¥p<NMS( 0) R or

-C(0) NHR oblﬁﬁ lglnerei n each R is independently -H or unsubstituted

-Cl-C6 aIT<yP Mldss speci fied otherw se, the heterocyclyl is

unsubstituted. [0054] The term "al kox é,% as used herein_unl ess otherw se
F O

defined, W83rs t o FIGUREIXingle-daser AlRippoynd Haoriiq 3t sapsien
Rg%:gsentﬁiek Y @é&%aﬁﬁe&f mce%r@@re%&aawy Wie bHﬁhgouMa @gg Agkgjdym ted to,

- OCH2 CH( @ﬂal)gaw&e O@GZN( @H@f @m@qs the 01@(6@&‘1393 @stedmmmﬂmm an Oral
OCH2CH | 2 CH
Cﬁam%%?ngg%;?ﬁlgﬂ? %‘;hlo%rs%g_i ZtgHgﬂe COo dlgef.rllt was anca:lll.l_'])h%ed (&J—(Ii?, % arc

[ 0055] Thegatve‘% as ‘use €SS 0 ervm' se
defi ned, d’x@f@ﬁeﬁi ats@hedﬁncen@atlonarbllaracrdls B: mz&&z@%&a%%&&s&m&/ 056780
[ 0056] The term "subject,” as used herein, unl ess ot herwi se defined, is a
manmal , 1S PCEMARERKCIEHS (.0 apro“@’LﬂfﬁB‘énﬁﬁ‘b Odog, cat, horse, cow, pig,
or non- human prlna such as_a nonk % chlnpanzee or baboon In one

embodi men003Tlhe subjlEERE W R2¥ idrkweckidyusrip Tieaa f raells-pHenant 6eHs watF | v
accept abl g, s@ldd Wltﬁ§erﬂ§/?rgl HeE LN N AESPOF NEWNGE (BT hieHaudisc By BRI t of a

basi ¢ group, such as an am no group, or of an acidic group, such as a
car boxy! aidgiop, ofdnxxCMehr@ornguthOCdfwasItleatcchvemtlf@ﬁ2 Houpsuwith daxyeeclwal t s of a

basic gr O@ﬁlull\}f'%aald co%cenyr ) anc?t%wdb n| : aéteegpr%ssulc al £ mgas{[lr gt%haacet ate,

oxal at e, ori rom Sl Fat'es aci d
phosphat eQPCRFPKE.00GINAL €, I actate, salicylate, acid ci trat e, tartrate,
ol eate, tannate, pantothenate, bitartrate, ascorbate, succinate, naleate,

genti si nape38]f umar AIGURE L5 GITAL @ptallt) dHCRINOBNS ck-3@6E Plapal -8,ccfloHwph e,
benzoat e, gI ut amat e, net hanesul fonate, et hanesul f onat e, benzenesul f onat e,

pt ol uenesufellsiapwiucedith snivirsl pagiclss codipg fharkdit d SpiRNA. Werg Inluced by the
- met hyl eda%mt&'n%fﬁ@ JWQ'IMr B hQRPNEARA K incdRhddStor 16 Initshiraticupinsal ts of an

acidic group inclu but are not limted, to lithium sodium potassium
cal clium 7imgnle3ﬁ Mesatq]mmuHDIdmd@unmwnd Ha ] ubbpPeta, are expegssabaitham

amroni um uani di m i di nium and organi ¢ anmoni ym aI ts. [0058] The
Fa e e b Pt P AT B AT i Rt B S
0).*p<0.05, **p<0.005.

[0036] FIGURE 16: Increase of bile secretion following activation of P2Y13r
pathway in mice. C57Bl/6J mice (n = 10) were fasted for 2 h and then intravenously
injected with Cangrelor® or Compound Ila (10 nmoles/kg). Four hours later the
gallbladders were removed and analyzed for: Bile acids content (A); Bile cholesterol
content (B). C57B1/6J mice (n = 10) were fasted for 2 h followed by single oral dose of
P2Y 13r agonist Compound Ila at 3, 30 or 300 ug/kg. Six hours later bile acids contents
(C); bile cholesterol content (D), and bile acid content of liver (E) were evaluated using

HPLC and enzymatic kits for gallbladers. Plasma samples were collected at time 0 and
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defined, describe a conmpounds of the invention or salts thereof, which
further include a stoichionetric or non-stoichionetric amount of water or
ot her solwenbi2nsussd by non-coval ent internol ecul ar for cesT/Usea53057ee t er m
"reverse chol esterol transport” (RCT) as used herein unless otherw se
defined, describes the transport of cholesterol from extrahepatic tissues
to the liver where it is catabolized and elimnated. HDL particles can play
a major role in the reverse transport process, acting as scavengers of

tissue chyes th%rf(ﬁ]eatn{egp @%Eﬂﬁy&&rfm élhltc‘i’lBIeE‘tholl (R LrRBERR dh%f@steﬁﬁ used

herein and unless otherw se defined, indicates an observable (neasurable)
change i n(@y cdterasd Cbnlest@@foé-) aItdeDLphdlemhbﬁbd@mmlmﬂ wdtigmigthebut  not

linited to, tot t | esterol . bl ood LDL

chol est er gy B S oEgrrtnb) 5 ABFCleneBy BT B LB T &y P Mo0d Apo A1

bl lood ApOmE?@IﬂdudDj' mp?tdgaﬁﬂn mﬂmamglq?eaaammm?(ﬂ), HF&%I&s&@ﬁlL Tpe tgrm
terin u nmet abol i snt' S er n unl ess erw se aerl ned,

.ﬁd. cat esolgne-bbelsdmpre Ii%gaﬁrjﬁﬁé@%%@r@é% St fgfm}l%?&sl? g'#&néé*ﬁ t of

gl ucose nefRRAbIESER Cdisdutd mm@ﬂﬁlolaykgi It R il I;regead inPhORer Glaticose

content, blood insulin, the blood insulin to blood glucose ratio, insulin

sensi ti vidojermaned %)W@éntet&ﬁWL@nS hpo dntgraar the it Chadestaielipantent athen used
i n connec [ is

er oot verrardh bR SRERRITR B NG dRER: Py chire? GBI Bk el L7,

[ 0063] An *ef DO61 T1pec @fbunt " when used in connection wth anot her
therapeutic agent is an anount that is effective for treating or preventing
a Condi ti[0037]n coMHIGERIRIT: Biokdra@paseplievndf PLY t hazondy entthesclérbtic

conmbi natign wth" includes adm nistration wthin the sane conposition and
via separRitBCEHPEEINiBALOE] ” HIEh ROt TEe (st ANES ieped oB{iifePre e Efeut i

agent is @Ei@CdattRIsfOF tHeldBRbE MY s@izeR tBY 8h R Re HARM dnl LW Gbinl i afd t | M
when the conpound of the invention éxerts its prophylactic or therapeutic

ef fect, ogiven aneorglegagage JfoolBalePhe encrfatﬁlggi doves 08 Gompeaynd; 4. | igdtedearetidsi t s
CO”GSF’O"%{Q Yp P ns%?rgét&% ?”1510%'%& ' HERRRL h@’@@ ?e&#@go‘%sgr{]ﬁ%ﬁégﬁg& 10 ol

% i n anot no m)re han abou i n ano énbodi nent
no nor e tdhates@hnd (dar baw) andytotanchateetele (supoidaposae gtayrbarsyorce: méanrcdlbgut 1 nol

% oo, SISAREE BRG] TEnt 0o ver, Lhon, SPeUL 02 ol S0 on shether
enant i Omedarot{d@0B5I: T@?RE@W&Eg oB1eRs el addtivnd 6ol AnelchRidst@r eoi sonmer ™
Teans havalmr(]i% CD-68 antibody staining of longitudinal sections of ApoE™" mice carotids. B

quantification of the intima/media ratio (n = 10). C: Oil Red O positive staining

quantification (n = 10). D: CD68 antibody staining quantification (n = 10). The mice

were dosed for 2 weeks with vehicle (E, F and G) or Compound ITa at 100 ug/kg (H, 1

and J).

[0038] FIGURE 18: Effect of P2Y 13 silencing on atherosclerotic plaque
progression in ApoE'/' mice. ApoE'/' mice (n = 10) were infected with 5x10° adenoviral
particles coding empty vector (mock) or vector encoding P2Y 13r shRNA, 3 days before
the ligation of the left carotid. On the day of surgery the animals were placed on a
Western diet and also given oral gavage of vehicle or Compound Ila at 100 ug/kg, once a
day for 2 weeks. A: Western-blot of liver homogenates blotted with anti-P2Y 13r or anti-
P2Y 1r antibodies. B: ligatured carotids were lipid extracted in 2:1 chloroform /
methanol. The concentrations in unesterified cholesterol (dark bars) and total cholesterol

(superimposed gray bars) were measured by HPLC. C: esterified (dark bars) and total
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no nore than about 10 nmol % in anot her enbodi ment no nore than about 5 nol
% i n another enbodi nent no nore than about 2 nol % in another enbodi nent
no nore twenoehsu3s1l nol % in anot her enbodi nent no noPeTiUsanm1abayse 0. 5
nmol % and i n anot her enbodi mrent no nore than about 0.1 nmol % of anot her
stereoi sonmer. [0066] The term "about” when used in connection with a
referenced nuneric indication neans the referenced nuneric indication plus
or mnus up to 10% of that referenced nuneric indication. For exanple, the

| anguage h%p:%]?ol%s(@lpetqrﬁﬁgs 8 gf ?%afs@@&ﬁ:eﬁ’t@atﬁﬁs [rOnre plaglglg%l‘ébﬁedéﬁl%q ug‘ﬁ—lfge' n, the

term"elderly hurmman” refers human years oOr der. [0068] As used

her ei n, t¢neymem¢ﬂilf hD;@nnchﬂmlasmar‘éﬁléLshm@stemh@Mmlmlmqulendﬂmears or ol der.
[0069] As Fe tero Sttt the t ”Eib ﬁu in a(gu S olu rT€an ok hat is 1
year to 1 8ars %Ifﬁﬂ \Te('ﬁ)rfé?Xs Ursed P%ge[erc‘ WRR t'6ddl er” refers
to a hurmealzprlﬁatﬁc dl&eciloiyeaarktbars?reyIQWﬁuﬂHsd:nﬁ[e@Gﬁoléﬁolmﬁ@rdjﬂfaﬁd $terifizg term
"human |nf ap refer o**a nﬁmrn to 1 year old year human. [0072] As used
herein, t#eleErgh” pp? turkes n infant" refers to a human

[0039] FIGURE 19: Effect of P2Y 13 agonist on atherosclerotic plaque
progression in aortas of apoE” mice. ApoE” mice (n = 20) were placed on a Western
diet for 8 weeks followed by a 4 weeks oral gavage of vehicle or 100 ug/kg of Compound
ITa. Aortas (n = 10) were lipid extracted in 2:1 chloroform / methanol. A: the
concentrations in total cholesterol were measured by HPLC and GC/MS and compared to
parallel apoE-/- mice (n = 10) on normal Chow dict as a baseline. B: quantification of the
intima/media ratio (n = 10). C: F4/80 antibody staining quantification (n = 10). D: Oil
Red O positive staining quantification (n = 10). E: quantification of Sirius Red staining
(n=10). F: anti-VCAMI1 antibody staining quantification (n = 10). The quantifications
were expressed as the percentage of staining as compared to the sum of the intima and
media area. . *p < 0.05. G to L: typical example of staining of aorta slides used for the
quantifications. G and J: hematoxylin cosin staining of transversal sections of apoE”"
mice aortas. H and K: Oil Red O staining of transversal sections of apoE™ mice aortas. 1

and L: VCAMI antibody staining of transversal sections of apoE”" mice aortas.

[0040] FIGURE 20: Plaque regression in rabbits treated with Compound Ila.
New Zealand rabbits (n = 15) with atherosclerotic plaques developed after 2 months of
high-cholesterol dict, were treated with Compound Ila at 30, 100 and 300 ug/kg once a
day by oral gavage for 4 weeks. A: lipids extracted from aortas were analyzed by
GC/MS for cholesterol concentration. Dark bars, unesterified cholesterol; superimposed
gray bars, total cholesterol. *p < 0.05. B, C and D: Plasma VLDL cholesterol, LDL
cholesterol and HDL cholesterol were resolved as described in Figure 2. The results are
expressed as the percentage from pre-dose. E: apoB concentration in plasma was
determined by Western blot analysis. F: triglycerides were measured in the plasma using

the kit from Biolabo. G: the bile acids concentrations in liver were determined using an

19



I nfant born at |ess than 37 weeks of gestational age. [0073] As used herein,
the term"Apo(a)" refers to apolipoprotein(a). [0074] As used herein, the
term " Apow@-2bi2/05ef36rs t o apol i poprotein A-1. [0075] As u®el/Usesiaionq78t he term
"Apo B" refers to apolipoprotein B. [0076] As used herein, the term"Apo E"
refers to apolipoprotein E. [0077] As used herein, the term"FA" refers to
fatty acids. [0078] As used herein, the term"HDL" refers to Hi gh density

| i poprotein. [0079] As used herein, the term"IDL" refers to Internediate

density lén&?xﬂﬁt@é &t Pand1ONBRLAS hgﬁ%xlﬁ?rf/&isﬂy stahﬁ'ﬁ LA Ras rBRMabbief ®k& L O
I nsul i n dependent di abetes nellitus. 012/ %54535PCT/ UsS2011/ 056780

[ 0081] As \Mﬁlewjelwéc dilngr Gdmepoued hia'at BHY' ug/m @K)s Pagels hetdl entetupnwieis e
[ 0082] As used here t he " orefer Low d tein.
1900212 WA ALY 1 b LMo SRUEH o R DRI PR, S o
used her epdnelstfhad vemiactdghbEIMand ﬁfoﬁchytésQ;td‘i\iQﬁg bhsiHak frofhepblisidealdted with

vehicle (J) or Compound Ila at 300 ug/kg (M).

[0041] FIGURE 21: Functionality of plasma from high-cholesterol dict fed
rabbits treated with Compound Ila. A: ApoA-I concentration in plasma was measured by
SELDI-TOF analysis. Purified ApoA-I from homo-sapiens (MW ggrpr = 28083 Da) was
used as a reference for determination of rabbit ApoA-1 (MWggrpr = 27838 Da)
concentration. The results are expressed as the percentage from pre-dose. B: ApoA-I
mRNA level was determined using the QPCR technique. Note the overall decrease in the
HDL particle size of treated animals. C; HDL from rabbit plasma were separated
according to the size of the different HDL particles using the Lipoprint™ system. The
data were expressed as the percentage for each HDL subpopulation set to the HDL
population in the pre-dose animals. Two main HDL particle sub-populations were
quantified (high and intermediate - dark and gray bars respectively). D: example of
lipoprotein profiles of rabbit treated with vehicle (gray line) and with Compound Ila (300
ug/kg, dark line) using the Lipoprint” separation technique. E and F: determination of
cholesterol efflux capacity of plasma and rabbit HDL, respectively, using pre-loaded
[*H]-cholesterol-oxL DL macrophages. The results are expressed as a percentage of

cholesterol efflux. *p < 0.05, **p < 0.005.

Detailed Description of the Invention

L Definitions

[0045] The following definitions are used in connection with the invention
disclosed herein:

[0046] The term "alkyl," as used herein unless otherwise defined, refers to a
straight, branched, or cyclic saturated group derived form the removal of a hydrogen

atom from an alkane. Representative straight chain alkyl groups include -methyl, -ethyl,
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di abetes nellitus. [0085] As used herein, the term"NEFA" refers to
non-esterified fatty acids. [0086] As used herein, the term "P2Y13" refers
to a GPCRvoeceptses3s [ 0087] As used herein the term "P2YLBCT/USedienease o t he
P2Y13 receptor [0088] As used herein the ternms "P2Y13r" and "P2Y13 receptor”
are used interchangably. [0089] As used herein, the term"RXR' refers to
Retinoid X receptor. [0090] As used herein, the term"TG' refers to
Triglicerides. [0091] As used herein, the term"VLDL" refers to Very | ow

density |l L BLHhty1 Hn WRER-1Rptyl. RN RRL OBah @RI 2 NoB g, _ermbodi ment,
t he invent ﬁgﬁﬁ}g’r ovi eén%%unds o?tyt heeérol I owi ngaFor mul g %{}%3 R2t R4
(CH2), include -isopropyl, -sec-butyl, -isobutyl, -tert-butyl, -isopentyl, -neopentyl, 1-

methylbutyl, 2-methylbutyl, 3-methylbutyl, 1,1-dimethylpropyl and 1,2-dimethylpropyl.

Representative cyclic alkyl groups include cyclohexyl, cyclopentyl, and cyclopropyl.

[0047] The term “alkenyl" refers to a straight, branched, or cyclic hydrocarbon
group containing at least one double bond. Representative alkenyl groups include, but are
not limited to, ethylene, propylene, 1-butylene, 2-butylene, isobutylene, sec-butylene, 1-

pentene, 2-pentene, isopentene, 1-hexene, 2-hexene, 3-hexene and isohexene.

[0048] The term “alkynyl" refers to a straight or branched chain hydrocarbon
containing at least one triple bond. Representative alkynyl groups include, but are not
limited to, acetylene, propyne, 1-butyne, 2-butyne, isobutyne, sec-butyne, 1-pentyne, 2-

pentyne, isopentyne, 1-hexyne, 2-hexyne, 3-hexyne and isohexyne.

[0049] The term "hydrocarbyl," as used herein unless otherwise defined, refers to
a substituent derived from the removal of hydrogen atom from a hydrocarbon molecule.
Non-limiting examples of hydrocarbyl include alkyl, alkenyl, alkynyl; cyclic groups
consisting of hydrogen and carbon such as aryl as described herein, including both

aromatic and non-aromatic groups as described herein; and aralkyl described herein.

[0050] The term "aryl" as used herein unless otherwise defined, refers to an
aromatic group. Non-limiting examples of aryl include phenyl, naphthyl, pyridyl,
phenanthryl, anthryl, furanyl, azolyl, imidazolyl, and indolyl. In one embodiment, the
aryl group is substituted with one or more of the following groups: -halo, -O- (C;-Cs
alkyl), -OH, -CN, -COOR', -OC(O)R', -N(R"),, -NHC(O)R' or -C(O)NHR' groups
wherein each R' is independently -H or unsubstituted —C;-Cg alkyl. Unless specified

otherwise, the aryl is unsubstituted.

[0051] The term "heteroaryl” as used herein unless otherwise defined, refers to an
aromatic group, wherein the aromatic group contains at least one ring atom that is not
carbon. Non-limiting examples of heteroaryl include pyridyl, furanyl, azolyl, imidazolyl,

thiophenyl, and indolyl. In one embodiment, the aryl group is substituted with one or
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Formula | and pharmaceutically acceptable salts thereof, wherein

each of Rl, R2, and R3 is independently H -OH -NH2, -NH(al kyl), -

N( al kyl ) (wblegi2yo54383dr ocar byl , - 0- hydrocarbyl, aryl, -0-acylyS2anabdge ,
-0-aral ykl, heteroaryl, -0-heteroaryl, heterocyclyl, -0-heterocyclyl, halo,
-0CF3, -C(0)O0(al kyl), - oC(0)(alkyl), -C(0O)NH2, -C(0)NHal kyl),

-C(0)N(al kyl') (al kyl'), -NHC(O) (al kyl), N(al kyl')C(0) (al kyl), -0C(0)0(alkyl),
-0C(0)NH2, -0C(0O)NH(al kyl), - OC(0)N(al kyl)(al kyl), -CHNH, -CHN(al kyl), or

- S2NHZ; pore of t}B“folléwmngrougs" -halg%:| (C1 @Hglkyl') N'('KH"' &Nl )COOM a(bééd)k( al kyl),
- hydrocarbyl, -0- hydrocar byl 0-a aryl, -aral kyl, -0-aralKyl,

-heter oarN(R )2;{1}1H@(1C§Rdar-(}(O)NH&tge¢my‘¢lle§phn eaCDRhétled@@@q@hW -Hohal o,

o(0) Nai KT R o) Py Moo ey R OR et 5 oo ky1 ), -

OC(0) NH2, -0C(0)NH(al kyl), or -0C(0O)N(alkyl)(alkyl); Z1 is CH2, S, 0, NH,
N-hydr oca[|OD§a N- arBhle terid- 'hetllerlbar wed harinNmbest ethooyisd ddfined 2efes t&hhor N, and

Por o | ?{wzéfﬁ%ﬁeﬁ%ﬁthmfg%\? e G Yo B s B R

[0094] I n g@wm@ﬁﬁa@g@;ﬂ@n &01YIRJna Bthiidlcehyl! N ot her enbodi ments, Rl is chloro.
I n other enbodi nents R? is 2- an I n other enbodi nents, Rl is 2-chloro.

I n other enbodi ment Rl is H [0095]In sone enbodi nents, Z1 i . In other
enbodi nmen0833171 i s Tt tyr ‘deteerey ghrb s gicssn palessothgrise et Hetcamsod nent s,
Z1 is N-al &N}llc éo%%ﬂér&n%%eﬁ@’%%ﬁb EBhiRs at8&00RS rifflatA thdRR ﬂ(ﬁ carbon.

er

i ndependent’l y enbodi ments, each of R2 and R3 is H In
ot her enbReirerentatiye @famle@ﬂlemcadﬁl gaup mchidiybut are moplithied tonfyoahyhent s, each

of R2 andfur%%arily‘cl, irrHTa&aQXfidinyl, imidazolinyl, imidazolyl, isothiazolyl, isoxazolyl, morpholinyl,
oxadiazolyl, oxazolidinyl, oxazolyl, oxazolidinyl, pyrimidinyl, phenanthridinyl,
phenanthrolinyl, piperazinyl, piperidinyl, pyranyl, pyrazinyl, pyrazolidinyl, pyrazolinyl,
pyrazolyl, pyridazinyl, pyridooxazole, pyridoimidazole, pyridothiazole, pyridinyl,
pyrimidinyl, pyrrolidinyl, pyrrolinyl, quinuclidinyl, tetrahydrofuranyl, thiadiazinyl,
thiadiazolyl, thienyl, thienothiazolyl, thienooxazolyl, thienoimidazolyl, thiomorpholinyl,
thiophenyl, triazinyl, triazolyl. In one embodiment, the aryl group is substituted with one
or more of the following groups: -halo, -O- (C;-Cs alkyl), -OH, -CN, -COOR', -OC(O)R’,
-N(R"), -NHC(O)R' or -C(O)NHR' groups wherein each R' is independently -H or
unsubstituted —C;-C¢ alkyl. Unless specified otherwise, the heterocyclyl is unsubstituted.

[0054] The term “alkoxy,” as used herein unless otherwise defined, refers to -O-(
alkyl), wherein alkyl is as defined above. Representative examples of a C;-Cg alkoxy
include, but are not limited to, -OCHjs, -OCH,CHj3;, -OCH,CH,CH3,

-OCH(CH3)CH3, -OCH,CH,CH,CH3, -OCH,CH(CH3)CH3, -OCH(CH3)CH,CH3,
-OC(CH3)3, -OCH,CH,CH,CH,CH3, -OCH,CH(CH3)CH,CH3,
-OCH,CH,CH,CH,CH,CH3, and -OCH,CH,CH(CH3)CH,CHj5.

[0055] The terms “halo” and “halogen,”as used herein unless otherwise defined,

refers to -F, -Cl, -Br or -1.

22



[0097] I n sonme enbodi nents, R4 is -OH -COOH, -C(0)O(al kyl), or -

OC(0) (al kyl). In other enbodinments, R4 is -OH |In other enbodi nents, R4 is
- COOH. | rwot2hewosessbodi ments, R4 is -C(0)O0(al kyl) or - OC(POT(USIZMWO)SMSO n ot her
enbodi nents, R4 is -COCEt. In other enbodinments, R4 is -COOwe.

2012/ 054535PCT/ US2011/ 056780 [0098] I n sone enbodl ments, n is an |nt eger
from1l-6. In other enbodinents, nis 1. In other enbodinents, nis 2. In
ot her enbodi nents, nis 3. In other enbodinments, nis 4. |In other

e”bOd! rrer{[b§56 n i's thelt&nptsﬁﬁ'écte’rgg%gém&ﬁ unlrés (ﬁhé@Wlsléngﬁge]dl {% aiEmal,
enbodi nents, "‘each of R2 and 'R3 is al kyl and i's -C(0)0-alkyl. In’other

embodi ment.s, a bemin, moum ranghiR3 fiis deetday |hoesn¢oﬁ4p1gs onmrﬂ)mm Tkiphate,| n ot her

enbodi mantu%l,l aseéac %m and Rsribab nk)fn r<'imd 1tI)? ¢ § O?f% I n ot her

embodi ment’s, *e4CR™Y A R PE et hyP QHad Zl»men 00] In sone
enbodi rrents each of R2 and R3 is Hand R4 is -C(0)O0-al kyl. In ot her

enbodi rrer{10957 leach dfhemrranﬂiaﬂﬁ&cemchﬂ)amteﬁéblesalt C@@@Ehere[nﬁﬁﬂfﬁi] In sone
enmbodi manté eachfofd R2 H f% al kyl ﬁand R4 . % | n,ot her

embodi mentRErVESERIEG: i3 Al @ RBaTIS STouP: rfw AP 49 §roc§>< PORP 261816102] 1 n some
enbodi mengrsup, @ﬂ&fhs@tfca%xﬁl@m% oh $hddoipduitk Jf$he ikldtighl N[BRABZ]shi sfoe

enbodi nents, each of is alkyl and R4 is -OH 1In other
embodi ment Basicezeup igeluge bahre rat lingitere fchyplfateneitrts, acstateppraltoahbuiden sone

enbodi Werﬁﬁml%afblal fm e 9}16 Bﬁosg‘h %cloafph'lg tafdisohi @O Hed La@ta%eo me

enbodi ment's 1 an rrul’a are t
salicylate, acid c1trate, tartrate, oleate tannate, pantothenate, bltartrate, ascorbate,

succinate, maleate, gentisinate, fumarate, gluconate, glucaronate, saccharate, formate,
benzoate, glutamate, methanesulfonate, ethanesulfonate, benzenesulfonate, p-
toluenesulfonate, camphorsulfonate, and pamoate (i.e., 1,1 '-methylene-bis-(2-hydroxy-3-
naphthoate)) salts. Illustrative salts of an acidic group include, but are not limited, to
lithium, sodium, potassium, calclium, magnesium, aluminum, chromium, iron, copper,

zinc, cadmium, ammonium, guanidinium, pyridinium, and organic ammonium salts.

[0058] The terms “hydrate” and “solvate” as used herein and unless otherwise
defined, describe a compounds of the invention or salts thercof, which further include a
stoichiometric or non-stoichiometric amount of water or other solvent bound by non-

covalent intermolecular forces.

[0059] The term “reverse cholesterol transport” (RCT) as used herein unless
otherwise defined, describes the transport of cholesterol from extrahepatic tissues to the
liver where it is catabolized and climinated. HDL particles can play a major role in the

reverse transport process, acting as scavengers of tissue cholesterol.

[0060] The term “altering lipid metabolism™ as used herein and unless otherwise
defined, indicates an observable (measurable) change in at least one aspect of lipid
metabolism including, but not limited to, total blood lipid content, blood HDL
cholesterol, blood LDL cholesterol, blood VLDL cholesterol, blood TG, blood Lp(a),
blood Apo A-I, blood Apo E and blood NEFA.
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following: zi z2 1-1 CH CH 1-2 SCH 1-3 0 CH 1-4 NH CH

WO 2012/054535 PCT/US2011/056780

[0061] The term “altering glucose metabolism” as used herein and unless
otherwise defined, indicates an observable (measurable) change in at least one aspect of
glucose metabolism, including but not limited to total blood glucose content, blood
insulin, the blood insulin to blood glucose ratio, insulin sensitivity, and oxygen

consumption.

[0062] An "effective amount,”" when used in connection with a compound of the
invention, is an amount that is effective for treating or preventing a Condition as

described herien.

[0063] An "effective amount" when used in connection with another therapeutic
agent is an amount that is effective for treating or preventing a Condition in combination
with a compound of the invention. "In combination with" includes administration within
the same composition and via separate compositions; in the latter instance, the other
therapeutic agent is effective for treating or preventing a Condition during a time when

the compound of the invention exerts its prophylactic or therapeutic effect, or vice versa.

[0064] The language “substantially free of its corresponding opposite
enantiomer” means having no more than about 10 mol %, in another embodiment no
more than about 5 mol %, in another embodiment no more than about 2 mol %, in
another embodiment no more than about 1 mol %, in another embodiment no more than
about 0.5 mol % and in another embodiment no more than about 0.1 mol %, of its

corresponding opposite enantiomer.

[0065] The language “substantially free of another stereoisomer” means having
no more than about 10 mol %, in another embodiment no more than about 5 mol %, in
another embodiment no more than about 2 mol %, in another embodiment no more than
about 1 mol %, in another embodiment no more than about 0.5 mol % and in another

embodiment no more than about 0.1 mol %, of another stereoisomer.

[0066] The term “about” when used in connection with a referenced numeric

indication means the referenced numeric indication plus or minus up to 10% of that
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referenced numeric indication. For example, the language “about 50” covers the range of

45 to 55.

[0067] As used herein, the term “elderly human” refers to a human 65 years or
older.

[0068] As used herein, the term “human adult” refers to a human that is 18 years
or older.

[0069] As used herein, the term “human child” refers to a human that is 1 year to
18 years old.

[0070] As used herein, the term “human toddler” refers to a human that is 1 year

to 3 years old.

[0071] As used herein, the term “human infant” refers to a newborn to 1 year old
year human.
[0072] As used herein, the term “premature human infant” refers to a human

infant born at less than 37 weeks of gestational age.

[0073] As used herein, the term “Apo(a)” refers to apolipoprotein(a).

[0074] As used herein, the term “Apo A-1” refers to apolipoprotein A-L.

[0075] As used herein, the term “Apo B” refers to apolipoprotein B.

[0076] As used herein, the term “Apo E” refers to apolipoprotein E.

[0077] As used herein, the term “FA” refers to fatty acids.

[0078] As used herein, the term “HDL” refers to High density lipoprotein.
[0079] As used herein, the term “IDL” refers to Intermediate density lipoprotein.
[0080] As used herein, the term “IDDM? refers to Insulin dependent diabetes
mellitus.
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[0081] As used herein, the term “LDH” refers to Lactate dehdyrogenase

[0082] As used herein, the term “LDL” refers to Low density lipoprotein.

[0083] As used herein, the term “Lp(a) ” refers to Lipoprotein (a).

[0084] As used herein, the term “NIDDM?” refers to Non-insulin dependent

diabetes mellitus.

[0085] As used herein, the term “NEFA” refers to non-esterified fatty acids.
[0086] As used herein, the term “P2Y 13" refers to a GPCR receptor.

[0087] As used herein the term “P2Y 13r” referes to the P2Y 13 receptor

[0088] As used herein the terms “P2Y13r” and “P2Y 13 receptor” are used
interchangably.

[0089] As used herein, the term “RXR” refers to Retinoid X receptor.

[0090] As used herein, the term “TG” refers to Triglicerides.

[0091] As used herein, the term “VLDL” refers to Very low density lipoprotein.

11. Compounds of the Invention

[0092] In one embodiment, the invention provides compounds of the following

Formula I:

Formula [

and pharmaceutically acceptable salts thercof, wherein
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1-15 N-hetero aryl N 1-16 N-heterocyclyl N [00106]In sone enbodi nents, a
conpound of Fornula | has the structure: WO 2012/ 054535PCT/ US2011/ 056780
[ 00107] | rwarrot2nsus3enbodi nent, the invention provides comrpomsds 1ofc78he
following Formula Il: Fornula Il

cach of R', R% and R’ is independently H, -OH, -NH,, -NH(alkyl), -
N(alkyl)(alkyl), hydrocarbyl, -O-hydrocarbyl, aryl, -O-aryl, aralkyl, -O-aralykl,
heteroaryl, -O-heteroaryl, heterocyclyl, -O-heterocyclyl, halo, -OCF3, -C(O)O(alkyl), -
OC(O)(alkyl), -C(O)NH,, -C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), -NHC(O)(alkyl),
N(alkyl)C(O)(alkyl), -OC(O)O(alkyl), -OC(O)NH,, -OC(O)NH(alkyl), -
OC(O)N(alkyl)(alkyl), -CHNH, -CHN(alkyl), or -SO,NH>;

R* is -H, -OH, -COOH, -NH,, -NH(alkyl), -N(alkyl)(alkyl), -hydrocarbyl, -O-
hydrocarbyl, -aryl, -O-aryl, -aralkyl, -O-aralkyl, -heteroaryl, -O-heteroaryl, -heterocyclyl,
-O-heterocyclyl, -halo, -C(O)O(alkyl), -OC(O)(alkyl), -C(O)NH,, -C(O)NH(alkyl), -
C(O)N(alkyl)(alkyl), -NHC(O)(alkyl), N(alkyl)C(O)(alkyl), -OC(O)O(alkyl), -
OC(O)NH,, -OC(O)NH(alkyl), or -OC(O)N(alkyl)(alkyl);

Z'is CHy,, S, O, NH, N-hydrocarbyl, N-aryl, N-heteroaryl, or N-heterocyclyl;

Z?is CH or N; and

n is an integer from 1-6.

[0093] In some embodiments, the compounds of Formula I are those wherein Z*

is N. In other embodiments, 7’ is CH.

[0094] In some embodiments, R' is halo. In other embodiments, R' is chloro. In
other embodiments, R' is 2-halo. In other embodiments, R' is 2-chloro. In other

embodiments, R' is H.

[0095] In some embodiments, Z' is S. In other embodiments, Z' is O. In other

embodiments, Z' is NH. In other embodiments, Z' is N-alkyl.

[0096] In some embodiments, each of R” and R’ is independently H or alkyl. In
other embodiments, cach of R and R’ is H. In other embodiments, each of R? and R’ is

alkyl. In other embodiments, cach of R? and R’ is methyl.

[0097] In some embodiments, R* is -OH, -COOH, -C(0)O(alkyl), or -
OC(O)(alkyl). In other embodiments, R* is -OH. 1In other embodiments, R is -COOH.
In other embodiments, R* is -C(0)O(alkyl) or -OC(O)(alkyl). In other embodiments, R*
is -COOEt. In other embodiments, R* is -COOMe.
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and pharmaceutically acceptable salts thereof, wherein each R9 is

i ndependently -H, -hydrocarbyl, -aryl, -aralkyl, -heteroaryl, -

het er ocycWw9I2012/0848350( al kyl ), -0C(0) (al kyl), -C(0)NH2, - €C@juski(alokemB) , -
C(0)N(al kyl) (al kyl), -NHC(0) (al kyl), N(al kyl)C(0) (al kyl), or -SO2NH2;

each Rl is independently -H -0OH, -NH2, -NH(al kyl), -N(alkyl) (alkyl),

hydr ocar byl , -0-al kyl, -0-al kenyl, aryl, -0-aryl, aralkyl, -0-aralykl,

het eroaryl, -0- heteroaryl, heterocyclyl, -0-heterocyclyl, halo, -0CF3,
-¢(0) O(al @Méé - 0GR 6AL gﬂﬂlbadlmentg:(lpl)s I}tlh'?nte e%rgM\iHé ahl(éﬁlér’embodlments

-C(0) N(al kyl )'(al kyl'), NHC( -G o-al y%, N(al kyl' ) C(0) (al kyl'),

-0C(0) O( ab kyl) otheIO@(ﬁED)th@ts noa 0O)oNHier] chyblojlimentsQEfs03. Niaithkey Ieynbaclhmehl)s, - CHNH,
- CHN\( al kyI r -SO2NH2:. each .of ndependently CR10 or N;
X is CHRI )él qﬂ?th(g?eﬂgy;lmg% nl%éhg%lnbﬁhgz‘?rrﬁb b%%ént?{g/ an integer from 0-3.
[ 00108] I n sonme enbodi nents, the conpounds of Formula Il are those wherein
RO is H di0oo9dr ocarlbydéme tmbatiments ertiooi RemidR’ iRlky/lsandi R * lin-GOh@ralkyl.

enmbodi nents,. R9 is.. droc ot her i . I'n other
enbodi meniSheRgmbE Ay fich ph Kbk T AHaT RERRSE RS TRV Jr SN ot hor
enbodi mendnShodfRferitS cIHINR> an{i@(%lsoﬁlb}mn@gm e‘xf@)mimlmb@ler ¢ deasmaunds  of
Formula Il are ;hose wherein Rl -OH, or hydrocarbyl. In other

enbodi mergash of %@B—llsrnﬁt}@ﬂh@RellSrbG@)%ﬁts RlLis -OH In other

enbodi nents, RL is -OMe. In other enmbodinents, RL is -OEt. In other
enbodi me §100§i9 I §n scwh@embcmlﬁ’i%ﬁ't@ream JRINESs HRLE R*Ss -A)B-adyn Rt her
enbodi ne 9is - I n ot her enbodJ ments, R19 is hydrocar byl. In
ot her enbﬁhl@rlmrbpdlmmgeacbOéRﬁydefn FbekR ' ienGEYOReNt s, R19 is met hyl. In
ot her enbodi nents, R19 is ethyl. In other errbodl ments, R19 is phenyl.

[ 00110] I er i ﬁaf]gaj 4 me
enbodi rremoamllhe cgﬁng%ﬂé (}lmg% eﬁf}ﬁo are t %I%él![r g?@(ébibﬁ §I§)
and QB i sothér chrbodintwmts, each@(ﬂRﬁBde 1se1am]lryl(aﬁdﬁl“15 QEO)(ﬁmd B is CR19. In ot her
enbodi ments, each of Q, @ |s N and is CR19. [00112]In sone
enbodi e he ¢ ounds For mul.a b2 ar.est.hps er i is CH2. In
ot her en%glozt nts, ‘i'TEome E)mb(f eerac}é(r% nr(rig%tlssﬁ %(6 (ﬁHot her
enbodi ments, X is NIVE In ot her enbodi rrents X is N-benzyl
[00103] In some embodiments, cach of R? andR is alkyl and R* is -OH. In other

embodiments, cach of R? and R’ is methyl and R* is -OH.

[00104] In some embodiments, each of R? and R® is H and R” is -OH.
[00105] In some embodiments, Z' and Z* of the compounds of Formula I are the
following:

I-1

I-2

I-3

1-4 NH CH

I-5 N-hydrocarbyl CH

I-6 N-aryl CH

I-7 N-heteroaryl CH

I-8 N-heterocyclyl CH
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[00113] I n sone enbodi ment

ot her enbodi nent s,
enbodi nents, mis 3.
is CR19 and R19 is -

mis 1.

S,

are NN @ is CR19 and R19 is -

t he conpounds of Fornula I
each mis independently an integer from 0O-3.
i s i ndepemdentdos4s38 i nt eger from 1-3.

| n ot her
| n ot her

are those wherein
enbodi nent s,

each m

enbodi NERCT/USPO1ILH5EY80 | N

are are N, Q2 is CR19 an
are are N, Q2 is CR19 an

each mis 1, X is NR9 and

is O.

Formula Il are the foll ov

[00116] I n sonme enbagd

[00106]

Me

)
Ta: S cl

OH

acy
Id: S

2

"4 @115 -

: le:

Me

o)

29

OEt O OFEt
acr v
s ;I S 1

In some embodiments, a compound of Formula I has the structure:

0 0
Me Me
Me
OH OEt
:Ib: S a cIe: S c

Me
Me
OH
e}
>
>, 18-
e}
Me
Me
OH

Cl

In other enbodi nents, mis 2. In other
[00114] I n other enbodinents, QL and B are are N, @
N(al kyl) (al kyl). In other enbodinents, QL and B are

N(H)(alkyl) I n ot her enbodi nents, QL and B3
Ry 7S -N@l3y 2. 1N her| enbodi ments, QL and B
R19 i|ls - N( (CH3) [00115] I n ot her enbodi nents,
RI0i s H. |® other| endddi nents, each mis 1 and X
uﬁ“qntb, G~ @B ang—Xof the conpounds of
ing: | X Q2 Eﬁ Q 1]-1 RI9 CRI 9
I-12 NH N
I-13 N-hydrocarbyl N
I-14 N-aryl N
I-15 N-heteroaryl N
I-16 N-heterocyclyl N



CRI9 CRI9 11-2 S CR19 CR19 CR19 11-3 0 CR19 CR19 CR19 11-4 NRO
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Me Me Me

Me
OEt OH OEt

;1 ;
Me Me
Me Me
OH OEt
e} e}

%“
. S cl

Im: ; In: ; To:
MeM
° oH ® OEt
0
s acr
o a ; 1q:
Mem
® oH © OFt
0
0 RS
N cl ;or Is:
OH
S

, or a pharmacecutically acceptable salt of any of the foregoing.
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[00107] In another embodiment, the invention provides compounds of the

following Formula II:

X
C
)i
N

N)\N
%2 N R10
Q_z N
RQ

Formula II

and pharmaceutically acceptable salts thereof, wherein

cach R’ is independently -H, -hydrocarbyl, -aryl, -aralkyl, -heteroaryl, -
heterocyclyl, -C(O)O(alkyl), -OC(O)(alkyl), -C(O)NH,, -C(O)NH(alkyl), -
C(O)N(alkyl)(alkyl), -NHC(O)(alkyl), N(alkyl)C(O)(alkyl),or -SO,NH>;

cach R' is independently -H, -OH, -NH,, -NH(alkyl), -N(alkyl)(alkyl),
hydrocarbyl, -O-alkyl, -O-alkenyl, aryl, -O-aryl, aralkyl, -O-aralykl, heteroaryl, -O-
heteroaryl, heterocyclyl, -O-heterocyclyl, halo, -OCFs, -C(O)O(alkyl), -OC(O)(alkyl), -
C(O)NH,, -C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), NHC(O)(C,-Cyo-alkyl),
N(alkyl)C(O)(alkyl), -OC(O)O(alkyl), -OC(O)NH,, -OC(O)NH(alkyl), -
OC(O)N(alkyl)(alkyl), -CHNH, -CHN(alkyl), or -SO,NH>;

cach of Ql, Qz, and Q3 is independently CRYor N;

Xis CHRIO, S, O, or NR9; and

cach m is independently an integer from 0-3.

[00108] In some embodiments, the compounds of Formula II are those wherein R’
is H or hydrocarbyl. In other embodiments, R’ is H. In other embodiments, R’ is
hydrocarbyl. In other embodiments, R’ is alkyl. In other embodiments, R is methyl. In

other embodiments, R’ is ethyl. In other embodiments, R’ is phenyl.

[00109] In some embodiments, the compounds of Formula II are those wherein
R'%is H, -OH, or hydrocarbyl. In other embodiments, R' is H. In other embodiments,
R is -OH. In other embodiments, R' is -OMe. In other embodiments, R'? is -OEt. In
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other embodiments, R'" is -NH,. In other embodiments, R' is -NHMe. In other

embodiments, R' is -NMe,. In other embodiments, R' is hydrocarbyl. In other

embodiments, R"Y s alkyl. In other embodiments, R"Y s methyl. In other embodiments,

R is cthyl. In other embodiments, R is phenyl.

[00110] In another embodiment, R’ is H and R'® is -OH.

[00111] In some embodiments, the compounds of Formula II are those wherein
cach of Q', Q% and Q” is N. In other embodiments, each of Q', Q% and Q’ is CR'’. In
other embodiments, each of Q', Q% is N and Q* is CR'’.

[00112]
is CH,. In other embodiments, X is O. In other embodiments, X is NH. In other

In some embodiments, the compounds of Formula II are those wherein X

embodiments, X is NMe. In other embodiments, X is N-benzyl.

[00113] In some embodiments, the compounds of Formula II are those wherein
cach m is independently an integer from 0-3. In other embodiments, each m is
independently an integer from 1-3. In other embodiments, m is 0. In other embodiments,

m s 1. In other embodiments, m is 2. In other embodiments, m is 3.

[00114] In other embodiments, Q' and Q are are N, Q% is CR' and R" is -
N(alkyl)(alkyl). In other embodiments, Q' and Q? are are N, Q*is CR'® and R' i -
N(H)(alkyl). In other embodiments, Q' and Q’ are are N, Q% is CR' and R'? is -N(CH3),.
In other embodiments, Q' and Q° are are N, Q% is CR'® and R" is -N(H)(CHs).

[00115] In other embodiments, cach m is 1, X is NR” and R’ is H. In other

embodiments, each mis 1 and X is O.

[00116] In some embodiments, Q', Q% Q° and X of the compounds of Formula II

are the following:

II-1

CHR™

CR]O

CR]O

CR]O

I1-2

CR]O

CR]O

CR]O
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11-3 0 CR" | cr"™ | cCr"
11-4 NR’ CR" | cr"™ | Cr"
II-5 | CHR" N CR" | Cr"
11-6 S N CrR"” | Cr"
11-7 0 N CrR" | CrR"
11-8 NR’ N CrR"” | CrR"
-9 | CHR"™ | CR" N CR"

11-10 S CR" N CR"
1-11 0 CR" N CR"
1I-12 NR’ CR" N CR"
11-13 CHR" | CR" CR" N
11-14 S Ccr"” | cr" N
1I-15 0 CrR"Y | CrR" N
1I-16 NR’ CrR"Y | CrR" N
1I-17 CHR'" N N CR"
11-18 S N N CR"
1I-19 0 N N CR"
11-20 NR’ N N CR"
11-21 CHR'" N CR" N
11-22 S N CR" N
11-23 0 N CR" N
11-24 NR’ N CR" N
11-25 CHR" | CR" N N
11-26 S CR" N N
11-27 0 CR" N N
11-28 NR’ CR" N N
11-29 CHR'" N N N
11-30 S N N N
11-31 0 N N N
11-32 NR’ N N N
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[00117] In some embodiments, a compound of Formula II exists as a single
tautomer or a mixture of tautomers. One of skill in the art will recognize structures
possessing tautomeric forms, and will understand that the illustration of a single tautomer
implies the structure of all possible tautomeric forms. In some embodiments, R'? is OH,
and the compound of Formula II exists in one, two, or three tautomeric forms of Formula

II, as illustrated in Equation 1.

| X
NZ N HNT SN
RS N\ \ RS N\ \
U\( ° \U\( °
N A N N N
R® R®
Equation I
[00118] In some embodiments, a compound of Formula II has the structure:
) ()
“ L
Me N)\N Nigl |N
I | MeO N
Ma: N AN TIb:  Ho N ;
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N 11-27 0 CR19 N N 11-28 NR9 CR19 N N 11-29 CHR19 N N N
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N N
o \/\.(Q 2
N \\E/N ™ ,‘\\r,N
O O
Iligg: ; IThh: ;
CH, HsCo
H A, M N )tr.\,;
Y b
N N
g M e
O T
Tii: ; or 1jj: O

or a pharmaceutically acceptable salt of any of the foregoing.

[00119] In another embodiment, the invention encompasses compounds of the

following Formula III:

Formula 111

and pharmaceutically acceptable salts thereof, wherein

cach of R, R% and R’ is independently H,- OH, -NH,, -NH(alkyl), -
N(alkyl)(alkyl), hydrocarbyl, -O-hydrocarbyl, aryl, -O-aryl, aralkyl, -O-aralykl,
heteroaryl, -O-heteroaryl, heterocyclyl, -O-heterocyclyl, halo, -OCF3, -C(O)O(alkyl), -
OC(O)(alkyl), -C(O)NH,, -C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), -NHC(O)(alkyl),
N(alkyl)C(O)(alkyl), -OC(O)O(alkyl), -OC(O)NH,, -OC(O)NH(alkyl), -
OC(O)N(alkyl)(alkyl), -CHNH, -CHN(alkyl), or -SO,NH>;
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R’ is -H, -OH, -NH,, -NH(alkyl), -N(alkyl)(alkyl), hydrocarbyl, -O-hydrocarbyl,
aryl, -O-aryl, aralkyl, -O-aralkyl, heteroaryl, -O-heteroaryl, heterocyclyl, or -O-
heterocyclyl;

Z'is CHy,, S, O, NH, N-hydrocarbyl, N-aryl, N-heteroaryl, or N-heterocyclyl;

Z?is CH or N; and

n is an integer from 1-6.

[00120] In some embodiments, the compounds of Formula III are those wherein Z*

is N. In other embodiments, Z* is CH.

[00121] In some embodiments, R' is halo. In other embodiments, R' is chloro. In
other embodiments, R' is 2-halo. In other embodiments, R' is 2-chloro. In other

embodiments, R' is H.

[00122] In some embodiments, Z' is S. In other embodiments, Z' is O. In other

embodiments, Z' is NH. In other embodiments, Z' is N-alkyl.

[00123] In some embodiments, each of R? and R’ is independently H or alkyl. In
other embodiments, cach of R and R’ is H. In other embodiments, each of R? and R’ is
methyl.

[00124] In some embodiments, R® is -OH, -O-alkyl, or -O-aralkyl. In other

embodiments, R” is -OH. In other embodiments, R® is -O-benzyl. In other
embodiments, R” is -OEt. In other embodiments, R’ is -OMe.

[00125] In some embodiments, n is an integer from 1-6. In other embodiments, n
is 1. In other embodiments, n is 2. In other embodiments, n is 3. In other embodiments,

nis 4. In other embodiments, nis 5. In other embodiments, n is 6.

[00126] In some embodiments, Z' and Z* of the compounds of Formula I1I are the

following:

-1 CH; CH
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WO 2012/ 054535PCT/ US2011/ 056780 [00117] I n sonme enbodi nents, a conpound of

Formula Il exists as a single tautonmer or a m xture of tautoners. One of
skill in wbeomris4sssl | recogni ze structures possessi ng taararsesilosé7es ns, and
wi |l understand that the illustration of a single tautoner inplies the
structure of all possible tautonmeric fornms. In sonme enbodi nents, R is OH,
and the conpound of Fornula Il exists in one, two, or three tautoneric
forms of Formula Il, as illustrated in Equation |I. Equation | [00118]1n
some enbodi ments, a conpdURG0f Form a I pascyhe |structure: H 3CH, Cs()
[00119] I n anot her enbodi nent, the invention| enconpasses conpounds of the
following Formula I1l: , |0IIRS O CH

1114 NH CH

II-5 N-hydrocarbyl CH

I11-6 N-aryl CH

II1-7 N-heteroaryl CH

III-8 | N-heterocyclyl CH

I11-9 CH, N

I1-10 S N

1II-11 0] N

1II-12 NH N

II-13 | N-hydrocarbyl N

1-14 N-aryl N

II-15 N-heteroaryl N

III-16 | N-heterocyclyl N

[00127] In another embodiment, the invention provides compounds of the

following Formula IV:

/ | ZZJ\@R1
Z1 /

Formula IV

and pharmaceutically acceptable salts thereof, wherein

R' is H, -OH, -NH,, -NH(alkyl), -N(alkyl)(alkyl), hydrocarbyl, -O-hydrocarbyl,
aryl, -O-aryl, aralkyl, -O-aralykl, heteroaryl, -O-heteroaryl, heterocyclyl, -O-heterocyclyl,
halo, -OCFj3, -C(0O)O(alkyl), -OC(O)(alkyl), -C(O)NH,, -C(O)NH(alkyl), -
C(O)N(alkyl)(alkyl), -NHC(O)(alkyl), N(alkyl)C(O)(alkyl), -OC(O)O(alkyl), -
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(CH2), Formula I'll and pharmaceutically acceptable salts thereof, wherein
each of R, R2, and R3 is independently H - OH -NH2, -NH(al kyl), -

N( al kyl ) (wblegi2yo54383dr ocar byl , - 0- hydrocarbyl, aryl, -0-acylyS2anabdge ,
-0-aral ykl, heteroaryl, -0-heteroaryl, heterocyclyl, -0-heterocyclyl, halo,
-0CF3, -C(0)O0(al kyl), - oC(0)(alkyl), -C(0O)NH2, -C(0)NHal kyl),

-C(0)N(al kyl') (al kyl'), -NHC(O) (al kyl), N(al kyl')C(0) (al kyl), -0C(0)0(alkyl),
-0C(0)NH2, -0C(0O)NH(al kyl), - OC(0)N(al kyl)(al kyl), -CHNH, -CHN(al kyl), or
- SO2NH2; R&ci 710 3 Y ) kyl),

hydr ocar b?/lcfo)-N gzh;@gcrdgég%l}(¥lg$ﬁ Wgu(gir)?lq@l)‘;r%%ﬁ Nﬁﬁ%}%}% E{/I ,

het er oar y$Q:NH); het eroaryl, heterocyclyl, or -0- heterocyclyl; Z1 is CH2, S,
0, NH, N hydrogar , I, . N: het er.oarvl.,.ar.. N-het er lyl:,. Z2 s CH or
N and i e e b O AR SER RS N SR e E Rl Spotings
of Formul a |11z%seHdrase wherein Z2 is N. In other enbodinents, Z2 is CH.
[00121] I n sone enbodinents, RL is halo. In other enbodinents, Rl is chloro.
I n other enbodinments, Rl is 2-halo. In other enbodinents, Rl is 2-chloro.
I'n other ubagi Ments sofid chBoditnehQAh2Edrhfbus @B RAMRARI IVERE fhosdbhdr8in? | N

ot her enbodinents, Z1 is 0. In other enbodiments, Z1 is NH |In other

enbodi mens . 1ZDthes ebedifgnts, Z° is CH.

[00129] In some embodiments, R' is halo. In other embodiments, R' is chloro. In
other embodiments, R'is 2-halo. In other embodiments, R is 2-chloro. In other

embodiments, R' is H.

[00130] In some embodiments, Z' is S. In other embodiments, Z' is O. In other

embodiments, Z' is NH. In other embodiments, Z' is N-alkyl.

[00131] In some embodiments, Z' and Z* of the compounds of Formula IV are the

following:
V-1 CH, CH
1v-2 S CH
Iv-3 ) CH
V-4 NH CH
IV-5 | N-hydrocarbyl CH
V-6 N-aryl CH
Iv-7 N-heteroaryl CH
IV-8 | N-heterocyclyl CH
v-9 CH, N
IvV-10 S N
IvV-11 ) N
Iv-12 NH N
IV-13 | N-hydrocarbyl N
Iv-14 N-aryl N
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[00123]In sone enbodi nents, each of R2 and R3 is independently H or alkyl.

I n other enbodi nents, each of R2 and R3 is H |In other enbodi nents, each of
R2 and RawoO=o0massss. [ 00124] 1 n sone enbodi nents, R5 is POHUS2Q1abkgd , or
-0-aralkyl. In other enbodinents, R5 is -OH In other enbodinents, R5 is
-0-benzyl. In other enbodinents, R5 is -OEt. In other enbodinents, R5 is
-OMe. [00125] I n sone enbodi nents, n is an integer from1-6. |In other

enbodi ments, nis 1. In other enbodinents, nis 2. In other enbodinents, n
is 3. In other enbodi mentS; h:i[S 4. her empodijnents, n is 5. In other
enbodi nents, nis 6. [00 2%6 IEISn solﬁrélefgﬁbgg}gi | ntg@ Z1 and Z2 of the conpounds
of Formula 11l are the fqllVoW ngN-heterpdyiclyl (CH2 NCH

[00132] In some embodiments, a compound of Formula IV has the structure:

s
W
N
N
IvVa: S cl , or a pharmaceutically acceptable salt thercof.

[00133] In one embodiment, the invention encompasses compounds of the

following Formula V:

H (CHy),
R0, 72 | A 1
—R
R® Z
Formula V

and pharmaceutically acceptable salts thereof, wherein

cach of R', R?, and R’ is independently H, -OH, -NH,, -NH(alkyl), -
N(alkyl)(alkyl), hydrocarbyl, -O-hydrocarbyl, aryl, -O-aryl, aralkyl, -O-aralykl,
heteroaryl, -O-heteroaryl, heterocyclyl, -O-heterocyclyl, halo, OCF3, -C(O)O(alkyl), -
OC(O)(alkyl), -C(O)NH,, -C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), -NHC(O)(alkyl),
N(alkyl)C(O)(alkyl), -OC(O)O(alkyl), -OC(O)NH,, -OC(O)NH(alkyl), -
OC(O)N(alkyl)(alkyl), -CHNH, -CHN(alkyl), or -SO,NH>;

R* is -H, -OH, -COOH, -NH,, -NH(alkyl), -N(alkyl)(alkyl), hydrocarbyl, -O-
hydrocarbyl, aryl, -O-aryl, aralkyl, -O-aralkyl, heteroaryl, -O-heteroaryl, heterocyclyl, -
O-heterocyclyl, halo, -C(O)O(alkyl), -OC(O)(alkyl), -C(O)NH,, -C(O)NH(alkyl), -
C(O)N(alkyl)(alkyl), -NHC(O)(alkyl), N(alkyl)C(O)(alkyl), -OC(O)O(alkyl), -
OC(O)NH,, -OC(O)NH(alkyl), or -OC(O)N(alkyl)(alkyl),;
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111-2 S CH 111-3 0 CH 111-4 NH CH 111-5 N hydrocarbyl CH 111-6 N aryl

111-7

WO 2012/054535 PCT/US2011/056780

R® is -H, -OH, -SH, -S-hydrocarbyl, -COOH, -NH,, -NH(alkyl), -N(alkyl)(alkyl),
hydrocarbyl, -O-hydrocarbyl, aryl, -O-aryl, aralkyl, -O-aralkyl, heteroaryl, -O-heteroaryl,
heterocyclyl, -O-heterocyclyl, halo, -C(O)O(alkyl), -OC(O)(alkyl), -C(O)NH_, -
C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), -NHC(O)(alkyl), N(alkyl)C(O)(alkyl), -
OC(0O)O(alkyl), -OC(O)NH;, -OC(O)NH(alkyl), or -OC(O)N(alkyl)(alkyl);

R’ is H, hydrocarbyl, aryl, aralkyl, heteroaryl, or heterocyclyl;

Z?%is CH or N; and

n is an integer from 1-6.

[00134] In some embodiments, the compounds of Formula V are those wherein Z*

is N. In other embodiments, Z* is CH.

[00135] In some embodiments, R' is halo. In other embodiments, R' is chloro. In
other embodiments, R'is 2-halo. In other embodiments, R is 2-chloro. In other

embodiments, R' is H.

[00136] In some embodiments, each of R? and R’ is independently H or alkyl. In
other embodiments, cach of R and R’ is H. In other embodiments, each of R? and R’ is

alkyl. In other embodiments, cach of R? and R’ is methyl.

[00137] In some embodiments, R* is -OH, -COOH, -C(0)O(alkyl), or -
OC(O)(alkyl). In other embodiments, R* is -OH. 1In other embodiments, R* is -COOH.
In other embodiments, R* is -C(0)O(alkyl) or -OC(O)(alkyl). In other embodiments, R*
i1s -COOEt. In other embodiments, R*is -COOMe.

[00138] In some embodiments, R® is -OH, -O-alkyl, -SH, -S-alkyl, or alkyl. In
other embodiments, R® is -OH. 1In other embodiments, R® is -OMe. In other
embodiments, R is H. In other embodiments, R® is methyl. In other embodiments, R is

SH. In other embodiments, R® is -SMe.

[00139] In some embodiments, R’ is H. In other embodiments, R’ is methyl. In

other embodiments, R is ethyl. In other embodiments, R’ is benzyl.
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N-heteroaryl CH 111-8 N-heterocyclyl CH 111-9 CH2 N I111-10 S NI1II-11 O N

[11-12 NH
WO 2012/054535 PCT/US2011/056780
[00140] In some embodiments, n is an integer from 1-6. In other embodiments, n

is 1. In other embodiments, n is 2. In other embodiments, n is 3. In other embodiments,

nis 4. In other embodiments, nis 5. In other embodiments, n is 6.

[00141] In some embodiments, a compound of Formula V has the structure:
Me
Me
OH
o)
H
5e
HooC N
Va: HO c , or a pharmaccutically acceptable salt thereof.
[00142] In one embodiment, the invention encompasses compounds of the

following Formula VTI:

0 Ré
H
R70,c7 N 7 ~
_R1
P
RG
Formula VI

and pharmaceutically acceptable salts thereof, wherein

R, is H, -OH, -NH,, -NH(alkyl), -N(alkyl)(alkyl), hydrocarbyl, -O-hydrocarbyl,
aryl, -O-aryl, aralkyl, -O-aralykl, heteroaryl, -O-heteroaryl, heterocyclyl, -O-heterocyclyl,
halo, -OCFj3, -C(0O)O(alkyl), -OC(O)(alkyl), -C(O)NH,, -C(O)NH(alkyl), -
C(O)N(alkyl)(alkyl), -NHC(O)(alkyl), N(alkyl)C(O)(alkyl), -OC(O)O(alkyl), -
OC(O)NH, -OC(O)NH(alkyl), -OC(O)N(alkyl)(alkyl), -CHNH, -CHN(alkyl), or -
SO,NH;;

R’ is -H, -OH, -NH,, -NH(alkyl), -N(alkyl)(alkyl), hydrocarbyl, -O-hydrocarby],
aryl, -O-aryl, aralkyl, -O-aralkyl, heteroaryl, -O-heteroaryl, heterocyclyl, -O-heterocyclyl,

or halo;
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N I11-13 N-hydrocarbyl N 111-14 N-aryl N 1I11-15 N-heteroaryl N I111-16
N-heterocyclyl N [00127]1n another enbodi nent, the invention provides
conmpoundswof20t2dms49361 | owi ng Forrmul a |V: PCT/US2011/056780

R® is -H, -OH, -SH, -S-hydrocarbyl, -COOH, -NH,, -NH(alkyl), -N(alkyl)(alkyl),
hydrocarbyl, -O-hydrocarbyl, aryl, -O-aryl, aralkyl, -O-aralkyl, heteroaryl, -O-heteroaryl,
heterocyclyl, -O-heterocyclyl, halo, -C(O)O(alkyl), -OC(O)(alkyl), -C(O)NH_, -
C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), -NHC(O)(alkyl), N(alkyl)C(O)(alkyl), -
OC(0O)O(alkyl), -OC(O)NH;, -OC(O)NH(alkyl), or -OC(O)N(alkyl)(alkyl);

R’ is H, hydrocarbyl, aryl, aralkyl, heteroaryl, or heterocyclyl; and

Z%is CHor N.

[00143] In some embodiments, the compounds of Formula VI are those wherein Z?

is N. In other embodiments, Z* is CH.

[00144] In some embodiments, R' is halo. In other embodiments, R' is chloro. In
other embodiments, R' is 2-halo. In other embodiments, R' is 2-chloro. In other

embodiments, R' is H.

[00145] In some embodiments, R” is OH, O-alkyl, or O-aralkyl. In other
embodiments, R” is OH. In other embodiments, R” is O-benzyl. In other embodiments,

R is OEt. In other embodiments, R’ is OMe.

[00146] In some embodiments, R® is -OH, -O-alkyl, -SH, -S-alkyl, or alkyl. In
other embodiments, R®is -OH. In other embodiments, R is -OMe. In other
embodiments, R®is -H. In other embodiments, R®is methyl. In other embodiments, RS

is -SH. In other embodiments, R is -SMe.

[00147] In some embodiments, R’ is H. In other embodiments, R’ is methyl. In

other embodiments, R’ is ethyl. In other embodiments, R’ is benzyl.

[00148] In some embodiments, a compound of Formula VI has the structure:
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Formul a 1V and pharmaceutically acceptable salts thereof, wherein 171
is H -OH -NH2, -NH(al kyl), -N(al kyl) (al kyl), hydrocarbyl, -0-hydrocarbyl,
aryl, -0-woybi2/m@ssskyl, -0-aral ykl, heteroaryl, -0-heterPoangk011/056780
het erocycl yl, -0-heterocyclyl, halo, -0CF3, -C(0)0(al kyl), -0C(0)(al kyl),
-C(0)NH2, -C(0)NH(al kyl), - C(0O)N(al kyl) (al kyl), -NHC(O) (al kyl),
N(al kyl )C(0) (al kyl), -0C(0)O(al kyl), - OC(0)NH2, -0C(0)NHal kyl),
-0C(0)N(al kyl') (al kyl), -CHNH, -CHN(al kyl), or - SO2N112; Z1 is CH2, S, O,
NH, N-hydrocarbyl, N-aryl, N heteroaryl, orON-heterocyclyl; and Z2 is CH or
N. [00128] I n some enbodi nents, the conmpoun lx%f:?[:or mula IV are those
wherein Z2 is N In other_ enbodi ne . . [00129] I n sone

™R ot her lenbpdi nts, RL is chloro. In other

enbodi nents, Rl i#s hal O3
enbodi ments, Rl i AN ot her I é‘l‘ﬁ RL is 2-chloro. In other
i Insorreg odinevits, Z1 is S. In other
lgp-ot#er enmbod®nepts, Z1 is NH In other enbodinents,

enbodi nent s, ™
I n sone @l%bodi ments, Z1 and Zgraolghahggceﬁgmwnds of

enbodi nents, Z1 is
Z1 is N-alkyl. [0013

Formula 1V are the foll ow ng:
acceptable salt thereof.

[00149] In one embodiment, the invention encompasses compounds of the

following Formula VII:

\ 7/

Formula VII

and pharmaceutically acceptable salts thereof, wherein

cach of R"™ R'®, and R is independently -H, -OH, -NH,, -NH(alkyl), -
N(alkyl)(alkyl), hydrocarbyl, -O-hydrocarbyl, aryl, -O-aryl, aralkyl, -O-aralykl,
heteroaryl, -O-heteroaryl, heterocyclyl, -O-heterocyclyl, halo, -OCF3, -C(O)O(alkyl), -
OC(O)(alkyl), -C(O)NH,, -C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), -NHC(O)(alkyl),
N(alkyl)C(O)(alkyl), -OC(O)O(alkyl), -OC(O)NH,, -OC(O)NH(alkyl), -
OC(O)N(alkyl)(alkyl), -CHNH, -CHN(alkyl), or -SO,NH>;

cach X is independently CHRIO, S, O, or NR9;

cach R’ is independently H, hydrocarbyl, aryl, aralkyl, heteroaryl, heterocyelyl, -
C(0)O(alkyl), -OC(O)(alkyl), -C(O)NH,, -C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), -
NHC(O)(alkyl), N(alkyl)C(O)(alkyl), or -SO,NH3;

each R" is independently -H, -OH, -NH,, -NH(alkyl), -N(alkyl)(alkyl),
hydrocarbyl, -O-hydrocarbyl, aryl, -O-aryl, aralkyl, -O-aralykl, heteroaryl, -O-heteroaryl,
heterocyclyl, -O-heterocyclyl, halo, -OCF;, -C(0)O(alkyl), -OC(O)(alkyl), -C(O)NH,, -
C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), -NHC(O)(alkyl), N(alkyl)C(O)(alkyl), -
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z2 IV-1 CH2 CHIV-2 SCHIV-3 0 CHIV-4 NHCH V-5
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0C(0)O(alkyl), -OC(O)NH,, -OC(O)NH(alkyl), -OC(O)N(alkyl)(alkyl), -CHNH, -
CHN(alkyl), or -SO,NH;; and

m is an integer from 0-3.

[00150] In some embodiments, one or more of R™, R'®, and R'® is halo. In other
embodiments, one or more of R'™, R'®, and R'° is chloro. In other embodiments, cach of

R'™ R™ and R'is H.

[00151] In some embodiments, X is CH,. In other embodiments, X is O. In other
embodiments, X is NH. In other embodiments, X is NMe. In other embodiments, X is

N-benzyl.

[00152] In some embodiments, R is H or hydrocarbyl. In other embodiments, R
is H. In other embodiments, R’ is hydrocarbyl. In other embodiments, R’ is alkyl. In
other embodiments, R’ is methyl. In other embodiments, R’ is ethyl. In other

embodiments, R” is phenyl.

[00153] In some embodiments, R'® is H, -OH, or hydrocarbyl. In other

10 . 10

embodiments, R is H. In other embodiments, R
10

is -OH. In other embodiments, R s
-OMe. In other embodiments, R is -OEt. In other embodiments, RYis -NH,. In other
embodiments, R' is -NHMe. In other embodiments, R'® is -NMe,. In other
embodiments, R' is hydrocarbyl. In other embodiments, R'’ is alkyl. In other
embodiments, R' is methyl. In other embodiments, R s cthyl. In other embodiments,

R' is phenyl.

[00154] In some embodiments, m is an integer from 0-3. In other embodiments, m
is an integer from 1-3. In other embodiments, m is 0. In other embodiments, mis 1. In

other embodiments, m is 2. In other embodiments, m is 3.

[00155] In some embodiment, the invention encompasses compounds of the

following Formula VII-1:
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N-hydrocarbyl CH IV-6 N-aryl CH V-7 N-heteroaryl CH V-8 N heterocyclyl CH
V-9 CH2 NIV-10 S
WO 2012/054535 PCT/US2011/056780

Formula VII-1

[00156] Wherein R'™, R'™®, R', m, R, and R'” are defined as above, and X' and X*

are defined as X above.

[00157] In some embodiments, X' and X? of the compounds of Formula VII-1 are
the following:

VII-1-1 CHR™ CHR'"
VII-1-2 CHR™ S
VII-1-3 CHR™ 0
VII-1-4 CHR' NR’
V1I-1-5 S CHR'"
VII-1-6 S S
VII-1-7 S 0
VII-1-8 S NR’
VII-1-9 N CHR'"
VII-1-10 N S
VII-1-11 N 0
VII-1-12 N NR’
VII-1-13 NR’ CHR'"
VII-1-14 NR’ S
VII-1-15 NR’ 0
VII-1-16 NR’ NR’
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[00158] In some embodiments, a compound of Formula VII has the structure:

Vlla: N , or a pharmaceutically acceptable salt thereof.

[00159] In another embodiment, the invention encompasses compounds of the

following Formula VIII:

Formula VIII

or pharmaceutically acceptable salts thereof, wherein

R' is -H, -OH, -NH,, -NH(alkyl), -N(alkyl)(alkyl), hydrocarbyl, -O-hydrocarbyl,
aryl, -O-aryl, aralkyl, -O-aralykl, heteroaryl, -O-heteroaryl, heterocyclyl, -O-heterocyclyl,
halo, -OCFj3, -C(0O)O(alkyl), -OC(O)(alkyl), -C(O)NH,, -C(O)NH(alkyl), -
C(O)N(alkyl)(alkyl), -NHC(O)(alkyl), N(alkyl)C(O)(alkyl), -OC(O)O(alkyl), -
OC(O)NH, -OC(O)NH(alkyl), -OC(O)N(alkyl)(alkyl), -CHNH, -CHN(alkyl), or -
SO,NH>;

R'! is H, hydrocarbyl, aryl, aralkyl, heteroaryl, heterocyclyl, -C(0)O(alkyl), -
OC(O)(alkyl), -C(O)NH,, -C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), -NHC(O)(alkyl),
N(alkyl)C(O)(alkyl), or -SO,NHj;

cach of Q', Q% Q°, and Q* is independently CR' or N; and

cach R" is independently -H, -OH, -NH,, -NH(alkyl), -N(alkyl)(alkyl),
hydrocarbyl, -O-hydrocarbyl, aryl, -O-aryl, aralkyl, -O-aralykl, heteroaryl, -O-heteroaryl,
heterocyclyl, -O-heterocyclyl, halo, -OCF3, -C(0)O(alkyl), -OC(O)(alkyl), -C(O)NHa, -
C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), -NHC(O)(alkyl), N(alkyl)C(O)(alkyl), -
OC(0O)O(alkyl), -OC(O)NH;, -OC(O)NH(alkyl), -OC(O)N(alkyl)(alkyl), -CHNH, -
CHN(alkyl), or -SO,NHo,.
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N-heteroaryl N I1V-16 N-heterocyclyl N [00132]1n sone enbodi nents, a
conpound of Fornula IV has the structure: a, or a pharmaceutically
accept ablwo=alzosssser eof . [00133] 1 n one enbodi ment, thePCHUS2E11066780

enconpasses conpounds of the follow ng Formula V: Formula V
[00160] In some embodiments, R' is alkyl. In other embodiments, R' is 2-alkyl.
[00161] In other embodiments, Q' is H, Q*is CR' and R" is-OH and Q* is CR"

and R" is O-alkyl. In other embodiments, Q' is CR' and R is -O-alkyl, Q*is CR"
and R'" is -OH and Q3 is H.

[00162] In other embodiments, Q* is N. In other embodiments, Q* is CR'’. In
other embodiments, Q* is C(H).

[00163] In some embodiments, R' is H, -OH, or hydrocarbyl. In other
embodiments, R' is H. In other embodiments, R is -OH. In other embodiments, R'® is
-OMe. In other embodiments, R is -OEt. In other embodiments, RYis -NH,. In other
embodiments, R' is -NHMe. In other embodiments, R' is -NMe,. In other
embodiments, R' is hydrocarbyl. In other embodiments, R'? is alkyl. In other
embodiments, R' is methyl. In other embodiments, R s cthyl. In other embodiments,

R'% is phenyl.

11 1

[00164] In some embodiments, R 'is methyl. In

1

is H. In other embodiments, R

other embodiments, R is ethyl. In other embodiments, R'! is benzyl.

[00165] In some embodiments Q', Q%, Q°, and Q* of the compounds of Formula
VIII are defined as follows:

VIII-1
vil-2 | CRY N CR" CR"
vi-3 | CR"Y CR" N CR"
Vi-4 | CR" CR" CR" N
vIiI-5 | CR"Y N N CR"
VIII-6 | CR"Y N CR" N
VvIil-7 | CRY CR" N N
VIII-8 | CRY N N N
VIIL-9 [N CR" CR" CR"
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and pharmaceutically acceptable salts thereof,
and R3 is independently H,
hydr ocar bwD,20120538dr ocar byl ,
-0- het eroaryl,

R21

het er oar yl ,

-(0)0(al kyl),

-C(0) N(al kyl ) (al kyl ),

oC(0) (al

kyl ),

- OH,
aryl,
het er ocycl yl ,
- C(0) NH2,
-NHC( 0) (al kyl ),

- NH2,
-0-aryl,

wher ei
NH( al kyl ),
ar al kyl ,

- 0- het erocycl yl ,
- C(0) NH(al kyl),
N(al kyl ) C(0) (al kyl),

n

e
N( al ky

ach of R,
1) (al kyl),

- OPamraisgdli /056780

hal o,

OCF3,

-0C(0) 0(al kyl ),

-0C(0) NH2, -0C(0) NH(al kyl'), - OC(0)N(al kyl) (alkyl), -CHNH, -CHN(al kyl), or
- SO2NHZ; H4VH§10H N OH - Caag, - NF2, -yt al Ky y cpriN(ar Ky )(aI kyl),
hydr ocar byl , 4{0- hydrocarbyl, aryl, -0-aryl|, aral kyl, -0 ar al kyl ,

het eroaryl, -0Q-hevar-oaryN, heterocgrl’yl, - |Nheterocy ﬂ&}? hal 3,

-C(O) 0(a| ky| ), -QC(O) (a |(\I| \ - C(I0) I\II—I’) = CUOYNH(al kvl

C(0) N(al kyl) (1 kyVI-12NHY( 0) (al kyl §RN(al kyIGH(0) (al KN, -oc(b)o(alkyl), -
OC(0) NH2, -0C(O)N Kyl or =00 NCat Kyt {at Kyt ), T ~p R6 is -H -0H,
_SH, - S hydroda vfm? ﬁH CNHD, NNH(aI Kyl fN -N(al k¥ al kyl)

hydr ocar byl , -0 hym-qm:a'b}yl, aryI ,N-0-aryl ,| @al kyl, | N0-ar al ky|,
heteroaryl, -Q-heterocaryl heter O_IC\/PIO\/I - Q-het er nry(*l vl _hala

-C(0)0(al kyl) | - OB} Fal Ryl), -C(o@thz - C09) NH( al ky N,

-C(0) N(al kyl) "'C(G)(alr\y NCatkyd €0 (alkyt)y>— C(0)0(al kyl),
- 0C(0) NH2, ~ - O om#{ 61yt or -oé?O) NCal kyli) (al kyl) | "R7 s H | hydrocar byl
aryl, aral kyl, het eroaryl or heterocyclyl; ZZ1s CHor N, and n is an

i nteger from 1- 6.
are those wherein ZZ is N
enbodi man[log, OO/
enmbodi nent s,
enmbodi nent s,

i ndependently H or alkyl. In other enbodi nents, ch of R and R3is H 1In
ot her enbodi nents, each of R2 and R3 is al kyl. | ther enbodi nents, each
of R2 and R3 is nethyl.,[00137]1n sone enbodi nents, R4cis -OH, COO—I
-C(0)0(al kyl), or - )(alkyl). In other enbodi® , R4 is -OH In other
enbodi nents, R4 is - NHI n gt her enbodi nents, R4 ik -C(0)O0(al kyl) or
-0C(0) (al kyI ) Etoln onts R4 is -COCEL. ot her enbodi nents, R4
i s - COOMWE. o

Viila: Ho B VIIb: om  or

Vlllc: , or a pharmaceutically acceptable salt

thereof.

[00167] In another embodiment, the invention encompasses compounds of the

Ri
Ri

is H

is 2-hal o.

following Formula IX:

[ 00134] In sonme enbodi nent s,
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t he corrpounds of Formula V
I n ot her enbodi nents,

[ 00135] I n sone

is 2-chloro.
each of R2 and R3 is

i s IR&P@e cphodimpelp, Wpﬁ%ﬁﬁ@rmma Ylélwﬂaﬁr%rucw ot her

I n ot her enbodi nents,
[00136] I n sone enbodi nents,

| n ot her



[00138] I n sone enbodi nents, R6 is -OH, -0-alkyl, -SH, -S-alkyl, or alkyl.
In other enbodinents, R6 is -OH In other enbodinents, R6 is -OMe. In other
enbodi mrenwe,20R5¥B5H. | n ot her enbodi ments, R6 is nethylPCTIus2@iiloss780
enbodi ments, R6 is SH In other enbodinents, R6 is -SMe. [00139]1n sone
enbodi nents, R7 is H In other enbodinments, R7 is nethyl. In other

enbodi nents, R7 is ethyl. In other enbodinents, R7 is benzyl. WO

2012/ 054535PCT/ US2011/ 056780 [ 00140]In sonme enbodi nents, n is an integer
from1-6. In other enbodinments, nis 1. In gthek enbodinments, nis 2. In
ot her enbodiments, n is 3. In other Rhbpdi fents, h is 4. In other

enbodi ments, n is 5. In ot efoerqgdingpats, B [00141] I n sone

enbodi nents, a conpound of Fornmula ¥V hds 't he stfucture: [00142] I n one
enbodi ment, the invention enconpasses corl?pounds of the follow ng Formul a
Vi : Formula IX

and pharmaceutically acceptable salts thereof, wherein

cach of R R'"® and R''® is independently H, hydrocarbyl, aryl, aralkyl,
heteroaryl, heterocyclyl, -C(O)(alkyl), -C(O)O(alkyl), -C(O)NH,, -C(O)NH(alkyl), -
C(O)N(alkyl)(alkyl), or -SO,NH,;

cach of X' and X* is independently CHR', S, O, NR’, or N-acyl;

cach R’ is independently H, hydrocarbyl, aryl, aralkyl, heteroaryl, heterocyelyl, -
C(0)O(alkyl), -OC(O)(alkyl), -C(O)NH,, -C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), -
NHC(O)(alkyl), N(alkyl)C(O)(alkyl), -OC(O)O(alkyl), or -SO,NH>;

each R" is independently -H, -OH, -NH,, -NH(alkyl), -N(alkyl)(alkyl),
hydrocarbyl, -O-hydrocarbyl, aryl, -O-aryl, aralkyl, -O-aralykl, heteroaryl, -O-heteroaryl,
heterocyclyl, -O-heterocyclyl, halo, -OCF3, -C(0)O(alkyl), -OC(O)(alkyl), -C(O)NHa, -
C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), -NHC(O)(alkyl), N(alkyl)C(O)(alkyl), -
OC(0O)O(alkyl), -OC(O)NH;, -OC(O)NH(alkyl), -OC(O)N(alkyl)(alkyl), -CHNH, -
CHN(alkyl), or -SO,NH;; and

cach m is independently an integer from 1-3.

[00168] In some embodiments, each of X' and X? is CH,. In other embodiments,
cach of X' and X? is O. In other embodiments, cach of X' and X? is NH. In other
embodiments, each of X' and X? is NMe. In other embodiments, cach of X' and X* is N-

benzyl.

[00169] In some embodiments, R’ is H or hydrocarbyl. In other embodiments, R’
is H. In other embodiments, R’ is hydrocarbyl. In other embodiments, R® is alkyl. In
other embodiments, R’ is methyl. In other embodiments, R’ is ethyl. In other

embodiments, R” is phenyl.

[00170] In some embodiments, R'® is H, -OH, or hydrocarbyl. In other

10 . 10

embodiments, R is H. In other embodiments, R is -OH. In other embodiments, R s
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Formul a VI and pharmaceutically acceptable salts thereof, wherein R1,
is H -OH -NH2, -NH(al kyl), -N(al kyl) (al kyl), hydrocarbyl, -0-hydrocarbyl,
aryl, -0-woybi2/m@ssskyl, -0-aral ykl, heteroaryl, -0-heterPoangk011/056780

het erocycl yl, -0-heterocyclyl, halo, -0CF3, -C(0)0(al kyl), -0C(0)(al kyl),
-C(O)NH2, -C(O)NH(al kyl), - C(0)N(al kyl)(al kyl), -NHC(O0) (al kyl),

N(al kyl ) C(0) (al kyl'), -0C(0)O(al kyl), - OC(0)NH2, -0C(0)NH(al kyl),

-0C(0)N(al kyl) (al kyl'), -CHNH, -CHN(al kyl), or - SO2N112; R5 is -H,
-OH, - NHZOMN%GJtM'e)nboalhlfeﬁ!skwo)ls( ey oth@ygﬁ%gﬁﬁaxé R'®R- fmgr feanky! , aryl,
-0-aryl, aral kyl, - Q- aral kyl', heteroaryl, -0-heteroaryl, heferocycl yI

- 0- het er cuytmidjhentoR hig-HMe. In other R@bodmendts, ROl NM;H In sthhy dr ocar byl
- COOH, -NH NH( al ky! k al k hydroca hydrocar byI
aryl, -0-2f Oldlm%nrsa}Rk S)hydrﬁ érs Xn%{h e%d(’l)rélrﬁ{? S 8 - elrnoog}rlyl
het er OcyCényHo,dlm&l-tsbﬂl is AEYIBILY In otharldmbodﬁiﬁdﬁ)s@({éﬂ 1kyﬂh)/1 In@@(e@}ﬁlﬁd)dimhl)ts,
-C(O)NH2, 1 .C(0)NH(al kyl), -C(0)N(al kyl) (al kyl), -NHC(O0)(al kyl),
N( al kyl )C%O)‘S(%heR ), - OC(0)O0(al kyl), -0C(0)NH2, -0C(0)NH(al kyl), or
-0C(0)N(al kyl) (alkyl); R7 is H, hydrocarbyl, aryl, aral kyl, heteroaryl, or
het er ocyclogl71]and 4R séific Eb&Iimbhts [e@@fité}ﬁilllmélbr@quﬁﬁmﬂbﬁler the conpounds
of Formula VI "are those wherein N,,.In other enbodi ments, Z2 is CH
[ 00144] | rerRRAKENHOHF AERER Of R B an%R [ 1 regthidr lepheidimhodiBentRong s chl or o.
I n ot her I, PRIt f11b 11 1|1as 2» chl or o.
| n ot her &rrqﬁodl Prrgn ? n § ﬁsé%p Ing%eg&ggé%ﬁgpt ddcIIl rrgkl%ge (@R R CH,
0-al kyl , RJ-“a ladnikyll .In bmeoemmdlmmebmenmrem 'SR B and B! 6ushaeety1
enbodi e 0- benz ln o ebodi RS is CEt | n ot her
enbodi e O‘theﬁgnabgdlea%ts Gormds f Qo erBtd! nahbZRe s oM, o-al Kyl
-SH, -S-alkyl, or alkyl. In

[00172] In some embodiments, cach m is independently an integer from 1-3. In

other embodiments, mis 1. In other embodiments, m is 2. In other embodiments, m is 3.

[00173] In some embodiments, X' and X* of the compounds of Formula IX are the
following:
IX-1 CHR" | CHR"
IX-2 S CHR"
IX-3 0) CHR"
IX-4 NR’ CHR"
IX-5 N-acyl | CHR"
IX-6 CHR" |S
IX-7 S S
IX-8 9) S
IX-9 NR’ S
IX-10 N-acyl S
IX-11 CHR” |0
IX-12 S o)
IX-13 0 0)
IX-14 NR’ 0
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ot her enbodi nent s,
enbodi nents, R6 is -H.
enmbodi "erwe,202As5#85- SH.
embodi nents, R7 is H.
enbodi nents, R7 is ethyl.
sone enbodi nent s,
salt thereof.

In

R6 is -OH
| n ot her

ot her

I n ot her enbodi nents,
I n ot her enbodi nents,
a conpound of Fornula VI
[ 00149] I n one enbodi nent,

I n ot her enbodi nents,
enbodi nent s,
enbodi nent s,

R6 i
R7 is

R6 i s nethyl.

R7 is benzyl.
has the structure:
the invention enconpasses conpounds

R6 is -OMe. In other

I n ot her

s - SMeCT[USRMA4/0Fd780 SOnMe

met hyl . I n other

[00148]In
accept abl e

of the follow ng Fornula V[{x5For nN_ia%dw IT@nd pharmaceutical |y acceptable
salts thereof, wherein each lof a, [Rib, and Ric is independently -H,
-OH, -NH2, -NH(alkyl), - N B9l )(a(DHNO) rocanbyl, -0-hydrocarbyl,
aryl, -0-aryl, aral kyl, -0-#_<-11i7yk| ,Sllclcl Le}\:‘-ﬂq =—)- het er oaryl ,

het erocycl yl, -0-heterocyc|yl, haljp; -0CF3, -C(O)()(al kyl), - OC(0)(al kyl),
-C(O)NH2, -C(0)NH(al kyl), TXO¥N(al®yl) (allkyR), -NHC(O)(al kyl),

N(al kyl ) C(0) (al kyl ), -0C( Opffalky 0E(G) "ii{-&—-{;C(O) NH( al kyl ),

OC(0) N(al kyl) (al kyl), - CHN)—Ek'leZHN( aglmr%yl ), (2INH2; each X is

i ndependently CHR10, S, O, | BX-20R9; | N-acyl eacm9 R9 iis |ndependently H,
hydrocar byl , aryl, aral kyl —heterocaryl—heateroeyelyl, - C(0)O0(al kyl),
0C(0) (al kyl), -C(O)NH2, - CPOPAH(al &YR), -|&¥ o) N(allkyl) (al kyl), -

NHC( 0) (al kyl'), N(al kyl') C(0) ;abkyTl)],gor - SUANHZ; each Riois

i ndependently -H, -OH, -NH kyl) -INCal kyl J(al kyl), hydrocarbyl,

-0- hydrocarbyl, aryl, -0-ar?f23ar IRyl ., -d-Mral yki|, heteroaryl,
-0-heteroaryl, heterocycly[x: & e)cyci . hato, -0CF3, -C(0)0(al kyl),
-0C(0) (al kyl), -C(0)NH2, - (al Kyl ), (0) N(al kyl') (al kyl),

-NHC( 0) (al kyl ), N(al kyl) C( p)X-@pkyl |)N-acylOC(|0Yy O( al kyl ), -0C(0) NH2,

-0C(0) NH( al kyl'), -0C(0) N( atkyt)tatkyt);—€HNH—CHN(al kyl ), or - SO2NH2;

and

[00174] The compounds disclosed herein can include one or more chiral centers
and/or double bonds and, therefore, exist as stereoisomers, such as geometric isomers,
enantiomers, or diastercomers. Illustrations herein of the compounds of the invention
encompass all possible isomers as mixtures or in purified forms. Purified forms can be
geometrically-enriched, enantiomerically-enriched, diastercomerically-enriched,
optically-enriched, geometrically-pure, enantiomerically-pure, diastercomerically-pure,
or optically-pure. Mixtures can include any combination of isomers, such as and
enantiomeric, diastereomeric, racemic, and stereoisomeric mixtures. In one embodiment,
the compounds of the invention exist as a single stereoisomer, substantially free of
another stercoisomer. In another embodiment, the compounds of the invention exist as a

single enantiomer, substantially free of its corresponding opposite enantiomer. In another

embodiment, the compounds of the invention exist as racemates.

[00175]

that they are racemic, substantially free of another stercoisomer or substantially free of

Compounds of the invention can be obtained, isolated, or purified such
corresponding opposite enantiomers using methods known to one of skill in the art,

including chiral high performance liquid chromatography, sclective crystallization, and

reaction with a chiral resolving agent or chiral auxiliary.
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mis an integer fromO-3. [00150]In sone enbodi nents, one or nore of Ria,

Rib, and Ric is halo. In other enbodi nents, one or nore of Rla, R b, and

Ri ¢ i s chworo12/dsms3st her enbodi ments, each of 1lb R-a, RPoT/UsaaiBserses H.

[00151] I n sone enbodi nents, X is CH2. In other enbodinents, Xis 0. In

ot her enbodi nents, X is NH |In other enbodinents, Xis NWe. In other

enbodi nents, X is N-benzyl. [00152]In sonme enbodinments, RO is H or

hydrocarbyl. In other enbodinents, RO is H In other enbodinents, RI is

hydr ocar b[Y)b176| n ot hﬁ'bnceémﬁ)&ilfﬁ@rﬂtﬁlec 6L§1d%|flﬂ¥:|1nvénﬁ09§s@(§onﬁ%iﬂf?&iblnentS RO is
methyl. I'n ot her embodi ments, RO is e{) : her enbodinents, RI is

phenyl . [Iﬂ@ﬂrﬁas]eumaﬁmﬁeceetﬁbbdammhs COIRp@Jnds)flﬂle fotha‘Wln@rFOhydhaéi:ar byI. I n ot her

enbodi nents, Riois H In other enmbodinents, Rois -OH In other

enbodi ments, Rio is -OMe. In other enboditsnts, Riois -OEt. In other

enbodi ments, Rio is -NH2. In other enbodingnts, Riois -NHWe. In other

enbodi ments, Riois -NMe2. In other enbodimEhts, Rio is hydrocarbyl. In

ot her enbodiments, Rio is alkyl. In othegAenbodinents, Riois nethyl. In

ot her enbodinents, R o is ethyl. In othegr odi ments, -10 K is phenyl.

[00154] I n sone enbodl ments, Jhs a foom 0-3. I n other enbodi nents,

mis an integer from 1-3. Irgo odiments, mis 0. In other

enbodi nents, mis 1. In other OHI nts, mis 2. In other enbodinents, m

is 3. [00155]In sone enbodi rrent, Rt he invention (Epconpasses conpounds of the

wherein

cach R’ is independently -H, -hydrocarbyl, -aryl, -aralkyl, -heteroaryl, -
heterocyclyl, -C(O)O(alkyl), -OC(O)(alkyl), -C(O)NH,, -C(O)NH(alkyl), -
C(O)N(alkyl)(alkyl), -NHC(O)(alkyl), N(alkyl)C(O)(alkyl),or -SO,NH;;

cach R' is independently -H, -OH, -NH,, -NH(alkyl), -N(alkyl)(alkyl),
hydrocarbyl, -O-hydrocarbyl, aryl, -O-aryl, aralkyl, -O--aralykl, heteroaryl, -O-
heteroaryl, heterocyclyl, -O-heterocyclyl, halo, -OCFs, -C(O)O(alkyl), -OC(O)(alkyl), -
C(O)NH,, -C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), -NHC(O)(alkyl), N(alkyl)C(O)(alkyl),
-OC(0)O(alkyl), -OC(O)NH,, -OC(O)NH(alkyl), -OC(O)N(alkyl)(alkyl), -CHNH, -
CHN(alkyl), or -SO,NH3;

cach of Q', Q% and Q° is independently CR' or N;

X is CHRIO, S, O, or NR9; and

cach m is independently an integer from 0-3.

[00177] In some embodiments, Q', Q% Q’ and X of the compounds of Formula X

are the following:

X-1
X-2
X-3
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followng Formula VII-1: Formula VI1-1 [00156] Wherein Rla, Rib, Ric, m
R9, and R10 are defined as above, and XI and X2 are defined as X above.
[ 00157] | weanme/@wi3sedi nents, XI and X2 of the conpounds eCTRszemioss78d1-1 are

the fol | ow ng: VH 1-1 CHRI CHRl VI1-1-2 CHR1
X-4 NR’ CR" | cr"™ | cCr"
X-5 CHR" N CrR"” | CrR"
X-6 S N CrR"” | CrR"
X-7 0 N CrR” | Cr"
X-8 NR’ N CrR"” | CrR"
X-9 CHR" | CR" N CR"
X-10 S CR" N CR"
X-11 0 CR" N CR"
X-12 NR’ CR" N CR"
X-13 CHR" | CR" CR" N
X-14 S CR" | Cr" N
X-15 0 CrR" | CRrR" N
X-16 NR’ CrR"Y | CrR" N
X-17 CHR'" N N CR"
X-18 S N N CR"
X-19 0 N N CR"
X-20 NR’ N N CR"
X-21 CHR'" N CR" N
X-22 S N CR" N
X-23 0 N CR" N
X-24 NR’ N CR" N
X-25 CHR" | CR" N N
X-26 S CR" N N
X-27 0 CR" N N
X-28 NR’ CR" N N
X-29 CHR'" N N N
X-30 S N N N
X-31 0 N N N
X-32 NR’ N N N
[00178] In one embodiment, the compound of the invention is a compound or

pharmaceutically acceptable salt of the compound of the following Formula XI:
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SMI-1-3 CHR1L 0 VI1-1-4 CHRL NRO VII-1-5 S CHRL VII-1-6 S SVI-1-7 SO

WO 2012/054535 PCT/US2011/056780

4,00
R 130\/\(%; N \Mﬁl\,}l @
R
Formula XI
and pharmaceutically acceptable salts thereof, wherein
cach of R R'"® and R''® is independently H, hydrocarbyl, aryl, aralkyl,
heteroaryl, heterocyclyl, -C(O)(alkyl), -C(O)O(alkyl),, -C(O)NH,, -C(O)NH(alkyl), -
C(O)N(alkyl)(alkyl), or -SO,NHj;
cach of X' and X* is independently CHR', S, O, NR’, or N-acyl;
cach R’ is independently H, hydrocarbyl, aryl, aralkyl, heteroaryl, heterocyelyl, -
C(0)O(alkyl), -OC(O)(alkyl), -C(O)NH,, -C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), -
NHC(O)(alkyl), N(alkyl)C(O)(alkyl), -OC(O)O(alkyl), or -SO,NH>;
each R" is independently -H, -OH, -NH,, -NH(alkyl), -N(alkyl)(alkyl),
hydrocarbyl, -O-hydrocarbyl, aryl, -O-aryl, aralkyl, -O-aralykl, heteroaryl, -O-heteroaryl,
heterocyclyl, -O-heterocyclyl, halo, -OCF3, -C(0)O(alkyl), -OC(O)(alkyl), -C(O)NHa, -
C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), -NHC(O)(alkyl), N(alkyl)C(O)(alkyl), -
OC(0O)O(alkyl), -OC(O)NH;, -OC(O)NH(alkyl), -OC(O)N(alkyl)(alkyl), -CHNH, -
CHN(alkyl), or -SO,NH;; and

cach m is independently an integer from 0-3.

[00179] In some embodiments, X' and X* of the compounds of Formula XI are the
following:

XI-1 CHR" | CHR"

XI-2 S CHR'"

XI-3 0 CHR"

XI-4 NR’ CHR™

XI-5 N-acyl | CHR"

XI-6 CHR" |[s

XI-7 S S

XI-8 0 S
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VIT-1-8 S NRO VI1-1-9 NCHRL VH1-10 NS VII-1-11 NO VII-1-12 N NRO
VI1-1-13

WO 2012/054535 PCT/US2011/056780
XI-9 NR’ S
XI-10 N-acyl S
XI-11 CHR"” |0
XI-12 S 9)
XI-13 0 0
XI-14 NR’ 0
XI-15 N-acyl 0

XI-16 CHR™ NR’

XI-17 S NR’
XI-18 0 NR’
XI-19 NR’ NR’
X1-20 N-acyl | NR’
XI-21 CHR" [N
X1-22 S N
X1-23 0 N
XI-24 NR’ N
XI-25 N-acyl N

[00180] In one embodiment, a compound of Formula XI has the structure:

H
Meo\/\ /\[]/N\C[Oj
N
H
Xla: © 0o~ , or a pharmaceutically acceptable salt thereof.

[00181] In another embodiment, the invention provides compounds of the

following Formula XII:
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NRO CHRL VII-1-14 NRO S VI1-1-15 NRO O VI1-1-16 NRO NRO WO
2012/ 054535PCT/ US2011/ 056780 [00158] I n sone enbodi nents, a conpound of

For mul a WO 2bhe2058438 St ruct ur e:

PCT/US2011/056780

€.
X

N |N

X

R10

Formula XII

and pharmaceutically acceptable salts thereof, wherein

cach R’ is independently -H, -hydrocarbyl, -aryl, -aralkyl, -heteroaryl, -
heterocyclyl, -C(O)O(alkyl), -OC(O)(alkyl), -C(O)NH,, -C(O)NH(alkyl), -
C(O)N(alkyl)(alkyl), -NHC(O)(alkyl), N(alkyl)C(O)(alkyl),or -SO,NH>;

each R" is independently -H, -OH, -NH,, -NH(alkyl), -N(alkyl)(alkyl),

hydrocarbyl, -O-alkyl, -O-alkenyl, aryl, -O-aryl, aralkyl, -O-aralykl, heteroaryl, -O-
heteroaryl, heterocyclyl, -O-heterocyclyl, halo, -OCFs, -C(O)O(alkyl), -OC(O)(alkyl), -
C(O)NH,, -C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), NHC(O)(C,-Cyo-alkyl),
N(alkyl)C(O)(alkyl), -OC(O)O(alkyl), -OC(O)NH,, -OC(O)NH(alkyl), -
OC(O)N(alkyl)(alkyl), -CHNH, -CHN(alkyl), -SO,NH, —S-alkyl, -S-aryl, -S-heteroaryl,

-S-heterocycle, or —S- hydrocarbyl,

cach of Ql, Qz, and Q3 is independently CRYor N;

X is CHRIO, S, O, or NR9; and

cach m is independently an integer from 0-3.

[00182] In some embodiments, the compounds of Formula XII are those wherein

R’ is H or hydrocarbyl. In other embodiments, R’ is H. In other embodiments, R’ is

hydrocarbyl. In other embodiments, R’ is alkyl. In other embodiments, R’ is methyl. In

other embodiments, R’ is ethyl. In other embodiments, R’ is phenyl.

[00183] In some embodiments, the compounds of Formula XII are those wherein

R'%is H, -OH, or hydrocarbyl. In other embodiments, R' is H. In other embodiments,
R is -OH. In other embodiments, R' is -OMe. In other embodiments, R'? is -OEt. In
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[ 00159] I n anot her enbodi nent, the invention enconpasses conpounds of the
followng Formula VIIl: Formula VIII or pharmaceutically acceptable salts
t her eof , wbenei34535 Rl is -H -0OH -NH2, -NH(al kyl), pcR(Usbdayloyq7ad kyl ),
hydr ocar byl , -0-hydrocarbyl, aryl, -0-aryl, aralkyl, -0-aralykl,

het eroaryl, -0-heteroaryl, heterocyclyl, -0-heterocyclyl, halo, -O0CF3,
-C(0)0(al kyl'), -0C(0)(alkyl), -C(O0)NH2, -C(0)NH(alkyl), -

C(0) N(al kyl') (al kyl'), -NHC(O0) (al kyl'), N(al kyl)C(0) (al kyl), -0C(0)O0(al kyl), -
q:( 0) yH21othQ%Mﬂ(e%{stLo)ls -quqlg)ow(e?leﬁlﬁbalﬁféh%ﬁmqs NADEL 17 &b al kyl), or -

drocarbyl aryl, arg het er oaryl,

het erocyrtybodnn@(t@ ]a| NMe)g Inotm(e@)bpé_ﬂm@ylts)R -19(1y)g)rqubyl E(@)lMA( al kyl ),
O)N 1 H I k l. NH2; h
fC( Q%I_ ( g‘z IX@? men@/ llquls am h &e }gérr] 8 h%)tihme&%iﬁm 12 Cgt%gl( gn oﬁle} émgct;d ]ﬁle% eac

i ndepender® |1$/ethﬂ In &Her enM‘thmcrﬁ\ﬂ'l(Réq ﬂsyphényl M @hds\eimbodinkts) Rld)l}sdlfSQzﬂlaylbyl ,
-0- hydrocarbyl, aryl, -0-aryl, aralkyl, -0-aralykl, heteroaryl,

- 0- het het |yl . -0-hetarocyclyle. hal.o, -0CF3, -C(0)0(alkyl),
-00(8) (e;ﬁ@w% &%Eﬁéﬁe%m@@émﬁ?f@ﬁ@dﬁq@; a kyl) (al ky|c§,) (il
- NHC(0) (al kyl), N(al kyl)C(0)(alkyl), - OC(0)0(al kyl), -0C(0)NH2,
V0 20121 OSASSEPCT, 8%%’{??%%%%“%““"?‘?“@“““ F“ﬁ?ﬁ‘“‘?‘“’w S akyl L

n sone odl nmen 1S a n
ot her entdah AEREL #8d Qsis N ere{"é@fg@fjﬂﬁﬁ%lﬂﬂ @ &m@ﬂi&@ @%éﬁ is ﬁ 0%

is CRi an(qh&rﬂb%dgén%ngac%f@ Nl s (R'0- al kyl . I'n other enbodi nments,

QL is CRi and is -0-a isCRlandeis-mand@isH
[00162] I n ot her enbodi rrents QM is N In other enbodinments, 4 is CRL. In
[00186] In some embodiments, the compounds of Formula XII are those wherein

X is CH;. In other embodiments, X is O. In other embodiments, X is NH. In other

embodiments, X is NMe. In other embodiments, X is N-benzyl.

[00187] In some embodiments, the compounds of Formula XII are those wherein
cach m is independently an integer from 0-3. In other embodiments, each m is
independently an integer from 1-3. In other embodiments, m is 0. In other embodiments,

m s 1. In other embodiments, m is 2. In other embodiments, m is 3.

[00188] In other embodiments, Q' and Q are are N, Q% is CR' and R" is -
N(alkyl)(alkyl). In other embodiments, Q' and Q? are are N, Q*is CR'® and R' i -
N(H)(alkyl). In other embodiments, Q' and Q’ are are N, Q% is CR' and R'? is -N(CH3),.
In other embodiments, Q' and Q° are are N, Q% is CR'® and R" is -N(H)(CHs).

[00189] In other embodiments, cach m is 1, X is NR” and R’ is H. In other

embodiments, each mis 1 and X is O.

[00190] In some embodiments, Q', Q?, Q® and X of the compounds of Formula
XI1I are the following:

X1I-1
X11-2
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ot her enbodi nents, Q4 is C(H). [00163]In sone enbodinents, RL is H -OH or
hydrocarbyl. In other enbodinments, RL is H |In other enbodinents, Rl is
-OH I n ovberi2asissdi nrents, RL is -OMe. |In other enbodi meorals2031/056786 OEt . | n
ot her enbodi nents, RL is -NH2. In other enbodinents, RL is -NHVe. |n other
enbodi ments, RL is -NMe2. In other enbodinents, Rl is hydrocarbyl. In other
enbodi nents, Rl is alkyl. In other enbodinents, RL is nethyl. In other
enbodi ments, Rl is ethyl. In ot hgr errbpdi_mants, -10 K i's phenyl. [00164]In
enbodi ment s, RH 1 etel 1] other |echod eaks. R s Henzy! - [00165] In
some enmbodi ments Ql, |QHI-4B,| a¥R’ QF 6R't he €BApoundB'’of| Formula Vi1l are
defined as foll ows: A& By =1 LR r© CR™

X11-6 S N CR" | CR"

X11-7 o) N CR" | CR"

X1I-8 NR’ N CrR” | CR"

X11-9 | CHR"™ | CR" N CR"

X1I-10 S CR" N CR"

XII-11 o) CR" N CR"

XI-12 | NR’ CR" N CR"

X1-13 | CHR"™ | CR" | CR" N

X1I-14 S CR” | CR" N

X1I-15 o) CR" | CR" N

XII-16 | NR’ CR" | CR" N

XII-17 | CHR" N N CR"

XII-18 S N N CR"

X11-19 o) N N CR"

X11-20 | NR’ N N CR"

X11-21 | CHR" N CR" N

X11-22 S N CR" N

X11-23 o) N CR" N

X11-24 | NR’ N CR" N

X11-25 | CHR"™ | CR" N N

X11-26 S CR" N N

X11-27 o) CR" N N

X11-28 | NR’ CR" N N

X11-29 | CHR" N N N

XII-30 S N N N

XII-31 0] N N N

XI-32 | NR’ N N N
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[00191] In some embodiments, a compound of Formula XII exists as a single
tautomer or as a mixture of tautomers. One of skill in the art will recognize structures
possessing tautomeric forms, and will understand that the illustration of a single tautomer
implies the structure of all possible tautomeric forms. In some embodiments, R'? is OH,
and the compound of Formula XII exists in one, two, or three tautomeric forms of

Formula XII, as illustrated in Equation II.

| X
NZ N HNT SN
Rg Ny . Rg N A
U\( ° \U\( °
N A N N N
R® R9
Equation II
[00192] In certain embodiments, a compound of Formula XII has the structure of

formula II, and illustrative compounds of Formula XII include compounds Ila — IIjj, or
pharmaceutically acceptable salts thereof.

[00193] In some embodiments, a compound of Formula XII has the structure:
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or a pharmaceutically acceptable salt thereof.

[00194] In another embodiment, the invention provides compounds of the

following Formula XIII:
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Formula XIII
and pharmaceutically acceptable salts thereof, wherein

R' is is independently -H, -OH, -NH,, -NH(alkyl), -N(alkyl)(alkyl), hydrocarbyl, -
O-hydrocarbyl, aryl, -O-aryl, aralkyl, -O-aralykl, heteroaryl, -O-heteroaryl, heterocyclyl,
-O-heterocyclyl, halo, -OCF3, -C(O)O(alkyl), -OC(O)(alkyl), -C(O)NH,, -
C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), -NHC(O)(alkyl), N(alkyl)C(O)(alkyl), -
OC(0O)O(alkyl), -OC(O)NH;, -OC(O)NH(alkyl), -OC(O)N(alkyl)(alkyl), -CHNH, -
CHN(alkyl), or -SO;NH3;

R'! is H, hydrocarbyl, aryl, aralkyl, heteroaryl, heterocyclyl, -C(0)O(alkyl), -
OC(O)(alkyl), -C(O)NH,, -C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), -NHC(O)(alkyl),
N(alky)C(O)(alkyl), or -SO,NHjy;

cach of Ql, Qz, Q3, and Q4 is independently CR"Y or N;

n is an integer from 1-4, and

cach R" is independently -H, -OH, -NH,, -NH(alkyl), -N(alkyl)(alkyl),
hydrocarbyl, -O-hydrocarbyl, aryl, -O-aryl, aralkyl, -O-aralykl, heteroaryl, -O-heteroaryl,
heterocyclyl, -O-heterocyclyl, halo, -OCF3, -C(0)O(alkyl), -OC(O)(alkyl), -C(O)NHa, -
C(O)NH(alkyl), -C(O)N(alkyl)(alkyl), -NHC(O)(alkyl), N(alkyl)C(O)(alkyl), -
OC(0O)O(alkyl), -OC(O)NH;, -OC(O)NH(alkyl), -OC(O)N(alkyl)(alkyl), -CHNH, -
CHN(alkyl), or -SO,NHo,.

[00195] In some embodiments, R' is alkyl. In other embodiments, R' is 2-alkyl.

[00196] In other embodiments, Q' is H, Q*is CR'® and R" is-OH and Q’ is CR"
and R is O-alkyl. In other embodiments, Q' is CR' and R' is -O-alkyl, Q* is CR"
and R'" is -OH and Q3 is H.
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[00197] In other embodiments, Q* is N. In other embodiments, Q* is CR'. In
other embodiments, Q* is C(H).

[00198] In some embodiments, R' is H, -OH, or hydrocarbyl. In other
embodiments, R' is H. In other embodiments, R is -OH. In other embodiments, R'® is
-OMe. In other embodiments, R'® is -OEt. In other embodiments, R' is -NH,. In other
embodiments, R' is -NHMe. In other embodiments, R'® is -NMe,. In other

1

embodiments, R' is hydrocarbyl. In other embodiments, R'? is alkyl. In other

embodiments, R"Y s methyl. In other embodiments, R"Y s cthyl. In other embodiments,

R' is phenyl.

[00199] In some embodiments, R'' is H. In other embodiments, R'! is methyl. In

other embodiments, R'! is ethyl. In other embodiments, R is benzyl.

[00200] In some embodiments, the compounds of Formula XIII are those wherein
n is independently an integer from 1-4. In other embodiments, n is 1. In other

embodiments, n is 2. In other embodiments, n is 3. In other embodiments, n is 4.

[00201] In some embodiments Q', Q% Q°, and Q* of the compounds of Formula
XIII are defined as follows:

XII-1 | CrRY CR" CR" CR"
X2 | CrRY N CR" CR"
X1-3 | CR™ CR" N CR"
X114 | CRY CR" CR" N
X1-5 | CRY N N CR"
XI1-6 | CRY N CR" N
X11-7 | CrRY CR" N N
XI1-8 | CRY N N N
X9 [N CR" CR" CR"
XII-10 | N N CR" CR"
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XII-11 [N CR" N CR"
XI-12 | N CR" CR" N
XII-13 [N N N CR"
XI-14 [N N CR" N
XII-15 [N CR" N N
XII-16 | N N N N
[00202] In certain embodiments, a compound of Formula XIII has the structure of

formula VIII, and illustrative compounds of Formula XIII include compounds VIlla
Vlllc, or pharmaceutically acceptable salts thercof.

In some embodiments, a compound of Formula XIII has the structure:

XllIa: ; X1IIb: ;
XllIc: CH, ; XIIId:
Xllle: oo ; XTIIf: :
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[ 00166] I n sonme enbodi nents, a conmpound of Fornmula VIII has the structure:

VIIlc: thereof. , or a pharmaceutically acceptable salt [00167]1n another
enbodi menwp 20tesissent i on enconpasses conpounds of the folrtusedingsdse mul a
| X: Forrmul a 1 X and pharmaceutically acceptable salts thereof, wherein

each of R 1 a., R |Ib, and Riic is independently H, hydrocarbyl, aryl,
aral kyl, heteroaryl, heterocyclyl, -C(0)(alkyl), -C(0)0(alkyl), -C(0)NH2,
-C(O)NH(al kyl), - C(0)N(al kyl) (al kyl), or -SO2NHZ;

H,C

Xlllg: oH : or XIIIh: , Or

pharmaceutically acceptable salts thereof.

111 Treatment or prevention of a Condition with the compounds of the invention

[00203] In accordance with the invention, the compounds of the invention are
uscful for treating or preventing one or more Conditions.

[00204] In one embodiment, the invention provides methods for the treatment or
prevention of one or more Conditions comprising administering to a subject in need
thereof an effective amount of a compound of the invention.

[00205] In another embodiment, the invention provides use of one or more
compounds of the invention in the manufacture of a medicament useful for the treatment
or prevention of one or more Conditions.

[00206] In another embodiment, the invention provides one or more compounds of
the invention for the treatment or prevention of one or more Conditions.

[00207] Non-limiting examples of Conditions that are treatable or preventable by
administering one or more compounds of the invention include: (i) a disorder of
lipoprotein metabolism including, dyslipidemia, dyslipoproteinemia, lipoprotein
overproduction or deficiency, elevation of total cholesterol, elevation of low density
lipoprotein concentration, elevation of triglyceride concentration, lipid elimination in
bile, metabolic disorder, phospholipid elimination in bile, oxysterol elimination in bile,
and peroxisome proliferator activated receptor-associated disorders; (ii) a disorder of
glucose metabolism including insulin resistance, impaired glucose tolerance, impaired
fasting glucose levels in blood, diabetes mellitus, lipodystrophy, central obesity,
peripheral lipoatrophy, diabetic nephropathy, diabetic retinopathy, renal discase, and

septicemia; (iii) a cardiovascular disorder or a related vascular disorder including
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each of XI and X2 is independently CHRL, S, 0, NR9, or N-acyl; each R9
i s independently H, hydrocarbyl, aryl, aral kyl, heteroaryl, heterocyclyl, -
C(0) O( al kyb)2012/BE&38) (al kyl ), -C(0)NH2, -C(0)NH(al kyl), PCT/US2011/056780

-C(0)N(al kyl) (al kyl), - NHC(O0)(al kyl), N(al kyl)C(0) (al kyl), -0C(0)0(al kyl),

or - SO2NHZ; each R is independently -H -OH, -NH2, -NH(al kyl),
-N(al kyl') (al kyl ), hydrocarbyl, -0-hydrocarbyl, aryl, -0-aryl, aralkyl,
-0-aral ykl, heteroaryl -0-heteroaryl, heterocyclyl, -0- heterocyclyl, hal o,

- 0CF3, q}&% olﬁ}/J:()ronar%th%GﬁL:ﬁlﬁl oca %Q)lﬁ\#é%atlon gﬁr t[l!ﬂ(@‘laﬁbél
-C(0) N(al Kyl') (al kyl (al kyl), N(al kyl) C(0) kyl'), - OC(O)O(aIkyI),

-0C( 0) NHzﬁbrﬂta@()m)h'&H(t aalkqth)sease (0 Yakoad, kgﬂdioqiadomthy perlcaflﬂlﬂs and CHN( al kyl), or

- SO2NH2; andt each f&dnd Qendei tly,an i %1 L t t168 [n sonme

embodi menf¥OELE an@*” 150@ X3Y¢ Vm&éﬁnor‘lnn tf loerlrfbodfef“r‘éhvtespr°8 %f X and

X2 is 0. rehtddtdinrdce ifpddiimneintlsmmaaed) ighenlc rﬁ&dsﬁ@coﬂcﬁq dhterlnd ot her

enbodi metiq eacgéof X I n .ot hergr?(nbo di nents, each of Xl and

e

X2 1
X2 i's NbelH®Abole gisemisy: mgéﬁﬁgmén%&am%@?ww Parkppsgn's RisgAtSear byl . 1 n ot her

enmbodi mentasicreRftisl ParddrealiftuObRELbnSIRAGIEBRIdSetidR? 1S hydrocarbyl. In other
enbodi nents, RO is alkyl. In other enbodinments, RO is nmethyl. In other

enbodi rrer{l0§20&§29 is %@hly&{enth)rnﬁl@‘ﬂlhfenroiél#tﬁdnﬁh@iﬂfgr ldﬂglfb’mg@HéWyﬂlrkel[fOOl?O] I n
nbo t
S0, g enks. RS, Lo B BUUERFSY B Jub STy EOGELTEY' 5,7

ot her enbddinventic), to IailsubJSct-lﬁ)Eéed thd‘re«iﬂdﬁélrneasﬂ)ﬂ@lthm]m/ﬂ of BiestesifiellH2. 1 n ot her
enbodi ne n er enbodj. nent s : . In other
enbodi nenﬁﬁﬂgle“ﬁﬁol.l%thﬁﬁ'@? Bféasrb&%ﬂ ‘P Hn%‘ffﬂlé?‘fll@?fﬁé%‘? ﬁ?r%n@e%on ifd C?réloaﬁw ar- | 'n ot her

enbodi menteftedRsdrder Mt fother ERbSIiIREGH! (BEBRHARPIsShe FibsdnSe 8t RYdrse | N ot her
enbodi nents, -10 K is phenyl. [00171] I n sone enbodi nents, each of R ta,

Ri b, and plesterod trapsppp fesmnhe agtpind desvekite thediver grehplspteropelimination Rithey, and
R11' is ”ﬁfell%lds Arri)oglt'her enbodi nents, one Rllb,

[00209] The invention further provides the use of free cholesterol as a biomarker
of the P2Y'13 activation having as consequence the functionalisation of the HDL, i.c., its
increased potency of a reverse cholesterol transport agent. Accordingly, the invention
further provides methods for determining the extent of P2Y13 activation, comprising
administering an effective amount of a compound of the invention to a subject in need
thereof and measuring the amount of free cholesterol in the subject’s blood.

[00210] The compounds of the invention and compositions thercof can be
administered orally. The compounds of the invention and compositions thereof can also
be administered by any other convenient route, for example, by intravenous infusion or
bolus injection, by absorption through epithelial or mucocutancous linings (e.g., oral
mucosa, rectal and intestinal mucosa, etc.) and can be administered together with another
biologically active agent. Administration can be systemic or local. Various delivery
systems are known, ¢.g., encapsulation in liposomes, microparticles, microcapsules,
capsules, etc., and can be used to administer a compound of the invention. In certain
embodiments, more than one compound of the invention is administered to a subject.
Methods of administration include but are not limited to intradermal, intramuscular,
intraperitoneal, intravenous, subcutancous, intranasal, epidural, oral, sublingual,

intranasal, intracerebral, intravaginal, transdermal, rectally, by inhalation, or topically,
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or nore of Rlla, Rllb, and R11' is ethyl. In other enbodi nents, one or
of Rlla,

and R11'

integer from1-3. In other enbodinents, mis 1. In other enbodi nents,

nor e

and R11' is benzyl. In other enbodi nents, one or nore of Rhla,
R i b, andwBbdizisss3acetyl. I n other enbodi ments, one or momraSedi1iRidTa) Ril b,
I's benzoyl. [00172] I n sone enbodi nents, each mis independently an

mis

2. In other enbodinents, mis 3. [00173] In sonme enbodi nents, X1 and X2 of

t he conpounds of Forrmula I X are the foll ow ng:

CHR10 | X'gar@cu%]tg the cars, nose, eyes, or skin. The mode of administration can be left to the

discretion of the practitioner, and depends in-part upon the site of the medical condition.
In most instances, administration results in the release of the compounds of the invention
into the bloodstream.

[00211] In specific embodiments, it may be desirable to administer one or more
compounds of the invention locally to the area in need of treatment. This may be
achieved, for example, and not by way of limitation, by local infusion during surgery,
topical application, ¢.g., in conjunction with a wound dressing after surgery, by injection,
by means of a catheter, by means of a suppository, or by means of an implant, the implant
being of a porous, non-porous, or gelatinous material, including membranes, such as
sialastic membranes, or fibers. In one embodiment, administration can be by direct

injection at the site (or former site) of an atherosclerotic plaque tissue.

[00212] In certain embodiments, a compound of the invention can be introduced
into the central nervous system by any suitable route, including intraventricular,
intrathecal and epidural injection. Intraventricular injection can be facilitated by an
intraventricular catheter, for example, attached to a reservoir, such as an Ommaya

reservoir.

[00213] Pulmonary administration can also be employed, e.g., by use of an inhaler
or nebulizer, and formulation with an acrosolizing agent, or via perfusion in a

fluorocarbon or synthetic pulmonary surfactant. In certain embodiments, the compounds
of the invention can be formulated as a suppository, with traditional binders and vehicles

such as triglycerides.

[00214] In another embodiment, the compounds and compositions of the
compounds of the invention can be delivered in a vesicle, in particular a liposome (see
Langer, 1990, Science 249:1527-1533; Treat et al., in Liposomes in the Therapy of
Infectious Disease and Cancer, Lopez-Berestein and Fidler (eds.), Liss, New York, pp.

353-365 (1989); Lopez-Berestein, ibid., pp. 317-327; see generally ibid.).

[00215] In yet another embodiment, the compounds and compositions of the

compounds of the invention can be delivered in a controlled release system. In one
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embodiment, a pump may be used (see Langer, supra; Sefton, 1987, CRC Crit. Ref.
Biomed. Eng. 14:201; Buchwald et al., 1980, Surgery 88:507 Saudek et al., 1989, N.
Engl. J. Med. 321:574). In another embodiment, polymeric materials can be used (see
Medical Applications of Controlled Release, Langer and Wise (eds.), CRC Pres., Boca
Raton, Florida (1974); Controlled Drug Bioavailability, Drug Product Design and
Performance, Smolen and Ball (eds.), Wiley, New York (1984); Ranger and Peppas,
1983, J. Macromol. Sci. Rev. Macromol. Chem. 23:61; see also Levy et al., 1985,
Science 228:190; During et al., 1989, Ann. Neurol. 25:351; Howard et al., 1989, J.
Neurosurg. 71:105). In another embodiment, a controlled-release system can be placed
in proximity of the target arca to be treated, e.g., the liver, thus requiring only a fraction
of the systemic dose (see, e.g., Goodson, in Medical Applications of Controlled Release,
supra, vol. 2, pp. 115-138 (1984)). Other controlled-release systems discussed in the
review by Langer, 1990, Science 249:1527-1533) may be used.

[00216] The present compositions comprise a therapeutically effective amount of a
compound of the invention, optionally more than one compound of the invention,
together with a suitable amount of a pharmaceutically acceptable vehicle so as to provide

a form for administration to the subject.

[00217] The present compositions can take the form of solutions, suspensions,
emulsion, tablets, pills, pellets, capsules, capsules containing liquids, powders, sustained-
release formulations, suppositories, emulsions, acrosols, sprays, suspensions, or any other
form suitable for use. In one embodiment, the pharmaceutically acceptable vehicle is a
capsule (see e.g., U.S. Patent No. 5,698,155). Other examples of suitable pharmaceutical
vehicles are described in “Remington’s Pharmaceutical Sciences” by E.W. Martin,
incorporated by reference in its entirety for teachings of pharmaceutical compositions and

methods of administering the same.

[00218] In some embodiments, the compounds and compositions of the
compounds of the invention are formulated in accordance with routine procedures as a
pharmaceutical composition adapted for intravenous administration to humans.

Compounds and compositions of the compounds of the invention for intravenous
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administration can be solutions in sterile isotonic aqueous buffer. The compositions can
also include a solubilizing agent. Compositions for intravenous administration optionally
include a local anesthetic such as lignocaine. The ingredients can be supplied either
separately or mixed together in unit dosage form, for example, as a dry lyophilized
powder or water free concentrate in a hermetically sealed container such as an ampoule
or sachette. Where the compound of the invention is to be administered by intravenous
infusion, it can be dispensed, for example, with an infusion bottle containing sterile
pharmaceutical grade water or saline. Where the compound of the invention is
administered by injection, an ampoule of sterile water for injection or saline can be

provided so that the ingredients may be mixed prior to administration.

[00219] Compounds and compositions of the compounds of the invention for oral
delivery can be in the form of tablets, lozenges, aqueous or oily suspensions, granules,
powders, emulsions, capsules, syrups, or elixirs. Compounds and compositions of the
compounds of the invention for oral delivery can also be formulated in foods and food
mixes. Orally administered compositions can comprise one or more optional agents, for
example, sweetening agents such as fructose, aspartame or saccharin; flavoring agents
such as peppermint, oil of wintergreen, or cherry; coloring agents; and preserving agents,
to provide a pharmaceutically-palatable preparation. The compositions can be coated to
delay disintegration and absorption in the gastrointestinal tract thereby providing a
sustained action over an extended period of time. Selectively permeable membranes
surrounding an osmotically active driving compound are also suitable for orally
administered compounds and compositions of the compounds of the invention. A time
delay material such as glycerol monostearate or glycerol stearate can also be used. Oral
compositions can include standard vehicles such as mannitol, lactose, starch, magnesium

stearate, sodium saccharine, cellulose, and magnesium carbonate.

[00220] The amount of a compound of the invention that is effective in the
treatment of a particular Condition disclosed herein can depend on the nature of the
Condition, and can be determined by standard clinical techniques. In vitro or in vivo
assays can be employed to help identify optimal dosage ranges. The precise dose to be

employed in the compositions can also depend on the route of administration or the
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severity of the Condition, and can be decided according to the judgment of the
practitioner and cach subject’s circumstances. However, suitable dosage ranges for oral
administration are generally about 0.001 mg to 2000 mg of a compound of the invention
per kg body mass. In some embodiments, the oral dose is 0.01 mg to 100 mg per kg body
mass, 0.1 mg to 50 mg per kg body mass, 0.5 mg to 20 mg per kg body mass, or 1 mg to
10 mg per kg body mass. In some embodiments, the oral dose is 5 mg of a compound of
the invention per kg body mass. The dosage amounts described herein refer to total
amounts administered; that is, if more than one compound of the invention is
administered, the dosages can correspond to the total amount of the compounds of the
invention administered. Oral compositions can comprise 10% to 95% active ingredient

by mass.

[00221] In certain embodiments, the compounds or compositions of the
compounds of the invention are administered to a subject, such as a human, as a
prophylactic or preventative measure against a Condition as described herein.
Compositions of the present invention can be administered as a preventative measure to a
subject having a genectic predisposition to a Condition, such as cardiovascular discase, a
dyslipidemia, a dyslipoproteinemia, a disorder of glucose metabolism, Alzheimer’s
disease, Syndrome X, a P2Y'13 -associated disorder, septicemia, a thrombotic disorder,
obesity, pancreatitis, hypertension, a renal disease, cancer, inflammation, or impotence.
Examples of such genetic predispositions include but are not limited to the 4 allele of
apolipoprotein E, which increases the likelihood of Alzheimer’s Discase; a loss of
function or null mutation in the lipoprotein lipase gene coding region or promoter (e.g.,
mutations in the coding regions resulting in the substitutions DON and N291S; for a
review of genetic mutations in the lipoprotein lipase gene that increase the risk of
cardiovascular discases, dyslipidemias and dyslipoproteinemias, sec Hayden and Ma,
1992, Mol. Cell Biochem. 113:171-176); and familial combined hyperlipidemia and

familial hypercholesterolemia.

[00222] Compounds or compositions of the compounds of the invention can be
administered as a preventative measure to a subject having a non-genetic predisposition

to a Condition, such as cardiovascular disease, a dyslipidemia, a dyslipoproteinemia, a
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disorder of glucose metabolism, Alzheimer’s Disease, Syndrome X, a P2Y 13 -associated
disorder, septicemia, a thrombotic disorder, obesity, pancreatitis, hypertension, a renal
discase, cancer, inflammation, or impotence. Examples of such non-genetic
predispositions include but are not limited to cardiac bypass surgery and percutancous
transluminal coronary angioplasty, which can lead to restenosis, an accelerated form of
atherosclerosis; diabetes in women, which can lead to polycystic ovarian disease; and
cardiovascular disease, which can lead to impotence. Accordingly, the compositions of
the compounds of the invention may be used for the prevention of one disease or disorder
and concurrently treating another (e.g., prevention of polycystic ovarian disease while

treating diabetes; prevention of impotence while treating a cardiovascular disecase).

[00223] The present invention provides methods for the treatment or prevention of
a cardiovascular disease or a symptom thereof, the methods comprising administering to
a subject in need thereof an effective amount of a compound of the invention. In one
embodiment, the compound of the invention is present in a composition that further
comprises a pharmaceutically acceptable vehicle. As used herein, the term
“cardiovascular discase” refers to a discase of the heart or circulatory system.
Cardiovascular discarse can be associated with dyslipoproteinemia or dyslipidemia, or
both. Cardiovascular discases include but are not limited to arteriosclerosis;
atherosclerosis; stroke; ischemia; perivascular disease (PVD); transient ischemic attack
(TIA), fulgurant atherosclerosis; organ graft atherosclerosis; endothelium dysfunctions, in
particular those dysfunctions affecting blood vessel elasticity; peripheral vascular
discase; coronary heart disease; myocardial infarction; cerebral infarction and restenosis.
Non-limiting examples of symptoms of cardiovascular discase include angina, shortness
of breath, dizziness, nausea, fatigue, irregular heartbeat, and impotence. In some
embodiments, treatment of a cardiovascular disease treats one or more symptoms of
cardiovascular disease. In some embodiments, treatment of cardiovascular discase treats

impotence.

[00224] The present invention provides methods for the treatment or prevention of
a dyslipidemia, the method comprising administering to a subject in need thereof an

effective amount of a compound of the invention. In one embodiment, the compound of
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[00226] The present invention further provides methods for altering lipid
metabolism in a subject, e.g., reducing LDL in the blood of a subject, reducing free
triglycerides in the blood of a subject, increasing the ratio of HDL to LDL in the blood of
a subject, and inhibiting saponified or non-saponified fatty acid synthesis, the methods
comprising administering to a subject in need thereof an effective amount of a compound
of the invention. In one embodiment, the compound of the invention is present in a

composition that further comprises a pharmaceutically acceptable vehicle.

[00227] The present invention provides methods for the treatment or prevention of
a dyslipoproteinemia, comprising administering to a subject in need thereof an effective
amount of a compound of the invention. In one embodiment, the compound of the
invention is present in a composition that further comprises a pharmaceutically

acceptable vehicle.

[00228] Dyslipoproteinemia are disorders that lead to or are manifested by aberrant
levels of circulating lipoproteins. To the extent that levels of lipoproteins in the blood are
abnormally high, a compound of the invention is administered to a subject to restore
normal levels. Conversely, to the extent that levels of lipoproteins in the blood are
abnormally low, a compound of the invention is administered to a subject to restore

normal levels. Normal levels of lipoproteins are well known to those of skill in the art.
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resulting from lipoprotein lipase mutations; hypoalphalipoproteinemia; lipoprotein
abnormalitics associated with diabetes; lipoprotein abnormalities associated with obesity;
lipoprotein abnormalities associated with Alzheimer’s Disease; and familial combined

hyperlipidemia.

[00230] The present invention further provides methods for reducing apo C-11
levels in the blood of a subject; reducing apo C-III levels in the blood of a subject;
clevating the levels of HDL associated proteins, including but not limited to apo A-I, apo
A-II, apo A-IV and apo E in the blood of a subject; clevating the levels of apo E in the
blood of a subject, or promoting clearance of triglycerides from the blood of a subject,
the methods comprising administering to a subject in need thercof an effective amount of
a compound of the invention. In one embodiment, the compound of the invention is

present in a composition that further comprises a pharmaceutically acceptable vehicle.

[00231] The present invention provides methods for the treatment or prevention of
a glucose metabolism disorder, the method comprising administering to a subject in need
thereof an effective amount of a compound of the invention. In one embodiment, the
compound of the invention is present in a composition that further comprises a

pharmaceutically acceptable vehicle.

[00232] Glucose metabolism disorders can involve aberrant glucose storage and/or
utilization. To the extent that one or more indicia of glucose metabolism (i.e., blood
insulin, blood glucose) are abnormally high, the compound of the invention is
administered to a subject to restore normal levels. Conversely, to the extent that one or
more indicia of glucose metabolism are abnormally low, the compound of the invention
is administered to a subject to restore normal levels. Normal indicia of glucose

metabolism are well known to those of skill in the art.
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[00233] Glucose metabolism disorders include but are not limited to: impaired
glucose tolerance; diabetic retinopathy, diabetic nephropathy, insulin resistance; insulin
resistance related cancer, such as breast, colon or prostate cancer; diabetes, including but
not limited to non-insulin dependent diabetes mellitus (NIDDM), insulin dependent
diabetes mellitus (IDDM), gestational diabetes mellitus (GDM), and maturity onsct
diabetes of the young (MODY); pancreatitis; hypertension; polycystic ovarian discasc;

and high levels of blood insulin or glucose, or both.

[00234] The present invention further provides methods for altering glucose
metabolism in a subject, for example to increase insulin sensitivity or oxygen
consumption of a subject, the methods comprising administering to a subject in need
thereof an effective amount of a compound of the invention. In one embodiment, the
compound of the invention is present in a composition that further comprises a

pharmaceutically acceptable vehicle.

[00235] The present invention provides methods for the treatment or prevention of
a P2Y 13 -associated disorder, the method comprising administering to a subject in need
thereof an effective amount of a compound of the invention. In one embodiment, the
compound of the invention is present in a composition that further comprises a

pharmaceutically acceptable vehicle.

[00236] Examples of P2Y 13-associated disorders include, but are not limited to,
rheumatoid arthritis; multiple sclerosis; psoriasis; inflammatory bowel discases; breast;
colon or prostate cancer; low levels of blood HDL; low levels of blood, lymph and/or
cerebrospinal fluid apo E; low blood, lymph or cerebrospinal fluid levels of apo A-I;
high levels of blood VLDL; high levels of blood LDL; high levels of blood triglyceride;
high levels of blood apo B; high levels of blood apo C-III and reduced ratio of post-
heparin hepatic lipase to lipoprotein lipase activity. HDL may be clevated in lymph or
cerebral fluid, or both.

[00237] The present invention provides methods for the treatment or prevention of
a hepatic steatosis, includig alcoholic and non-alcoholic hepatic steatosis , the method

comprising administering to a subject in need thereof an effective amount of a compound
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of the invention. In one embodiment, the compound of the invention is present in a

composition that further comprises a pharmaceutically acceptable vehicle.

[00238] The present invention provides methods for the treatment or prevention of
a renal discase, the method comprising administering to a subject in need thercof an
effective amount of a compound of the invention. In one embodiment, the compound of
the invention is present in a composition that further comprises a pharmaceutically

acceptable vehicle.

[00239] Renal diseases include: a glomerular disease (including but not limited to
acute and chronic glomerulonephritis, rapidly progressive glomerulonephritis, nephrotic
syndrome, focal proliferative glomerulonephritis, glomerular lesions associated with
systemic disease, such as systemic lupus erythematosus, Goodpasture’s syndrome,
multiple myeloma, diabetes, neoplasia, sickle cell disease, and chronic inflammatory
discases), a tubular disease (including but not limited to acute tubular necrosis and acute
renal failure, polycystic renal diseasemedullary sponge kidney, medullary cystic disease,
nephrogenic diabetes, and renal tubular acidosis), a tubulointerstitial discase (including
but not limited to pyelonephritis, drug and toxin induced tubulointerstitial nephritis,
hypercalcemic nephropathy, and hypokalemic nephropathy) acute and rapidly
progressive renal failure, chronic renal failure, nephrolithiasis, or tumors (including but
not limited to renal cell carcinoma and nephroblastoma). In another embodiment, the
renal disease is a vascular disease, including but not limited to hypertension,
nephrosclerosis, microangiopathic hemolytic anemia, atheroembolic renal disease, diffuse

cortical necrosis, and a renal infarct.

[00240] The present invention provides methods for the treatment or prevention of
a neurodegenerative disease or disorder, Parkinson’s Disease, Alzheimer’s Disease,
Syndrome X, septicemia, thrombotic disorders, obesity, pancreatitis, hypertension,
inflammation, or impotence, comprising administering to a subject in need thercof an
effective amount of a compound of the invention. In one embodiment, the compound of
the invention is present in a composition that further comprises a pharmaceutically

acceptable vehicle.
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[00241] Treatment or prevention of Alzheimer’s Disease can also include
treatment or prevention of one or more lipoprotein abnormalitics associated with

Alzheimer’s Disease.

[00242] Treatment or prevention of Syndrome X or Metabolic Syndrome can also
include treatment or prevention of a symptom thereof, including but not limited to:

impaired glucose tolerance, hypertension and dyslipidemia or dyslipoproteinemia.

[00243] Treatment or prevention of septicemia can also include treatment or

prevention of septic shock.

[00244] Treatment or prevention of a thrombotic disorder can also include

treatment or prevention of high blood levels of fibrinogen or promotion of fibrinolysis.

[00245] The compounds of the invention are also useful to promote weight

reduction of the subject.

[00246] The compounds of the invention are useful in medical applications for
treating or preventing a variety of discases and disorders such as, but not limited to,
cardiovascular disease, stroke, and peripheral vascular disease; dyslipidemia;
hypercholesterolemia, atherosclerosis, perivascular disease (PVD), stroke, TIA, fulgurant
atherosclerosis Organ Graft atherosclerosis; dyslipoproteinemia; a disorder of glucose
metabolism; diabetic nephropathy, diabetic retinopathy, insulin resistance, metabolic
syndrome disorders (e.g., Syndrome X); a peroxisome proliferator activated receptor-
associated disorder; septicemia; a thrombotic disorder; obesity; pancreatitis;
hypertension; renal disease; inflammation; inflammatory muscle diseases, such as
polymylagia rheumatica, polymyositis, myopathy, and fibrositis; inflammatory disorders,
such as asthma, vasculitis, ulcerative colitis, Crohn’s disease, Kawasaki disease,
Wegener’s granulomatosis, (RA), systemic lupus erythematosus (SLE), multiple sclerosis
(MS), and autoimmune chronic hepatitis; arthritis, such as rheumatoid arthritis, juvenile
rheumatoid arthritis, and osteoarthritis; osteoporosis, soft tissue rheumatism, such as
tendonitis; bursitis; autoimmune disease, such as systemic lupus and erythematosus;

scleroderma; ankylosing spondylitis; gout; pseudogout; non-insulin dependent diabetes
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mellitus; polycystic ovarian discase; hyperlipidemias, such as familial
hypercholesterolemia (FH), familial combined hyperlipidemia (FCH); lipoprotein lipase
deficiencies, such as hypertriglyceridemia, hypoalphalipoproteinemia, and
hypercholesterolemia; lipoprotein abnormalities associated with diabetes; lipoprotein
abnormalitics associated with obesity. The compounds and compositions of the invention
are useful for treatment or prevention of high levels of blood triglycerides, high levels of
low density lipoprotein cholesterol, high levels of apolipoprotein B, high levels of
lipoprotein Lp(a) cholesterol, high levels of very low density lipoprotein cholesterol, high
levels of fibrinogen, high levels of insulin, high levels of glucose, and low levels of high
density lipoprotein cholesterol. The compounds and compositions of the invention also
have utility for treatment of non-insulin-dependent diabetes mellitus (NIDDM) without
increasing weight gain. The compounds of the invention may also be used to reduce the

fat content of meat in livestock and reduce the cholesterol content of eggs.

[00247] The invention provides novel compounds particularly useful for treating or
preventing a variety of diseases and conditions, which include, but are not limited to
aging, Alzheimer’s Disease, and lipoprotein abnormalities associated with Alzheimer’s
Discase Parkinson’s Disease, cancer, cardiovascular disease, diabetic nephropathy,
diabetic retinopathy, a disorder of glucose metabolism, dyslipidemia, dyslipoproteinemia,
enhancing bile production, hypertension, impotence, inflammation, insulin resistance,
lipid elimination in bile, modulating C reactive protein, obesity, oxysterol elimination in
bile, pancreatitis, pancreatitius, impotence; gastrointestinal discase; irritable bowel
syndrome; inflammatory bowel disease; a peroxisome proliferator activated receptor-
associated disorder, phospholipid elimination in bile, renal disecase, septicemia, metabolic

syndrome disorders (e.g., Syndrome X), and a thrombotic disorder.

[00248] Cardiovascular diseases such as atherosclerosis can require surgical

procedures such as angioplasty. Angioplasty can be accompanied by the placement of a
reinforcing a metallic tube-shaped structure known as a “stent” into a damaged coronary
artery. For more serious conditions, open heart surgery such as coronary bypass surgery
can be required. These surgical procedures can entail using invasive surgical devices or

implants, and are associated with a high risk of restenosis and thrombosis. Accordingly,
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the compounds of the invention are useful as coatings on surgical devices (e.g., catheters)
or implants (e.g., stents) to reduce the risk of restenosis and thrombosis associated with
invasive procedures used in the treatment of cardiovascular diseases. Accordingly, the
present invention further provides surgical devices or implants that have a coating that

comprises an effective amount of a compound of the invention.

[00249] A compound of the invention can be administered to a non-human animal

for a veterinary use for treating or preventing a discase or disorder disclosed herein.

[00250] In a specific embodiment, the non-human animal is a household pet. In
another specific embodiment, the non-human animal is a livestock animal. In another
embodiment, the non-human animal is a mammal, for example, a cow, horse, sheep, pig,
cat, dog, mouse, rat, rabbit, or guinea pig. In another embodiment, the non-human

animal is a fowl species, such as a chicken, turkey, duck, goose, or quail.

[00251] In addition to veterinary uses, the compounds and compositions of the
invention are useful to reduce the fat content of livestock to produce leaner meats.
Alternatively, the compounds and compositions of the invention are useful to reduce the
cholesterol content of eggs by administering the compounds to a chicken, quail, or duck
hen. For non-human animal uses, the compounds and compositions of the invention can
be administered via the animals’ feed or orally as a drench composition. Accordingly,
the present invention further provides methods for reducing the fat content of livestock or
the cholesterol content of eggs, comprising administering an effective amount of a

compound of the invention to a subject in need thereof.

A. Treatment or prevention of Cancer

[00252] The compounds of the invention are useful for treating or preventing
cancer. Accordingly, the invention provides methods for treating or preventing cancer,
comprising administering an effective amount of a compound of the invention to a
subject in need thercof. In one embodiment, the methods further comprise administering

an cffective amount of another anticancer agent. Examples of cancers that the
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compounds of the invention disclosed herein are useful for treating or preventing include,

but are not limited to, the cancers disclosed below in Table 1 and metastases thercof.

Table 1.

* Solid tumors, including but not limited to:
fibrosarcoma basal cell carcinoma
myxosarcoma adenocarcinoma
liposarcoma sweat gland carcinoma
chondrosarcoma sebaceous gland carcinoma
osteogenic sarcoma papillary carcinoma
chordoma papillary adenocarcinomas
angiosarcoma cystadenocarcinoma
endotheliosarcoma medullary carcinoma
lymphangiosarcoma bronchogenic carcinoma
lymphangioendotheliosarcoma renal cell carcinoma
synovioma hepatoma
mesothelioma bile duct carcinoma
Ewing's tumor choriocarcinoma
leiomyosarcoma seminoma
rhabdomyosarcoma embryonal carcinoma
colon cancer Wilms' tumor
colorectal cancer cervical cancer
kidney cancer uterine cancer
pancreatic cancer testicular cancer
bone cancer small cell lung carcinoma
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breast cancer bladder carcinoma
ovarian cancer lung cancer
prostate cancer epithelial carcinoma
esophageal cancer skin cancer
stomach cancer melanoma
oral cancer metastatic melanoma
nasal cancer neuroblastoma
throat cancer retinoblastoma

squamous cell carcinoma

* Blood-borne cancers, including but not limited to:

acute lymphoblastic leukemia acute myclomonocytic leukemia
(HALLH)

acute lymphoblastic B-cell acute nonlymphocyctic leukemia
leukemia

acute lymphoblastic T-cell acute undifferentiated leukemia
leukemia

acute mycloblasts leukemia chronic myelocytic leukemia
(HAMLH) (HCMLH)

acute promyelocyte leukemia chronic lymphocytic leukemia
(HAPLH) (HCLLH)

acute monoblastic leukemia hairy cell leukemia

acute crythroleukemic leukemia multiple myeloma

acute megakaryoblastic leukemia

* Acute and chronic leukemias, including but not limited to:
lymphoblastic lymphocytic
myclogenous myeclocytic leukemias

* CNS and brain cancers, including but not limited to:
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glioma acoustic neuroma
pilocytic astrocytoma oligodendroglioma
astrocytoma meningioma
anaplastic astrocytoma vestibular schwannoma
glioblastoma multiforme adenoma
medulloblastoma metastatic brain tumor
craniopharyngioma meningioma
ependymoma spinal tumor
pincaloma medulloblastoma
hemangioblastoma
[00253] In one embodiment, the cancer is lung cancer, breast cancer, colorectal

cancer, prostate cancer, a leukemia, a lymphoma, non-Hodgkin's lymphoma, skin cancer,
a brain cancer, a cancer of the central nervous system, ovarian cancer, uterine cancer,
stomach cancer, pancreatic cancer, esophageal cancer, kidney cancer, liver cancer, or a

head and neck cancer. In another embodiment, the cancer is metastatic cancer.

[00254] In another embodiment, the cancer is brain cancer or melanoma. In one
embodiment, the brain cancer is metastatic brain cancer or a glioma. In one embodiment,
the glioma is pilocytic astrocytoma, astrocytoma, anaplastic astrocytoma or glioblastoma
multiforme. In one embodiment, the cancer is homologous-recombination deficient, such
as BRCA-I or BRCA-2 deficient, or is deficient in one or more proteins of the Fanconi
family. In one embodiment, the deficiency is caused by a genetic mutation. In another
embodiment, the phenotype resulting from the deficiency is caused by abnormally low
expression of BRCA-I or BRCA-2 protein. In another embodiment, the phenotype
resulting from the deficiency is caused by abnormally low expression of one or more

proteins of the Fanconi family.
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[00255] In another embodiment, the cancer is leukemia, such as but not limited to,
acute leukemia, acute lymphocytic leukemia, acute myelocytic leukemias, such as,
myecloblastic, promyelocytic, myelomonocytic, monocytic, and erythroleukemia
leukemias and myelodysplastic syndrome; chronic leukemia, such as but not limited to,
chronic myelocytic (granulocytic) leukemia, chronic lymphocytic leukemia, hairy cell
leukemia; polycythemia vera; lymphoma such as but not limited to Hodgkin’s disease,
non-Hodgkin’s disease; multiple myeloma such as but not limited to smoldering multiple
myecloma, nonsecretory myeloma, osteosclerotic myeloma, plasma cell leukemia, solitary
plasmacytoma and extramedullary plasmacytoma; Waldenstrom’s macroglobulinemia;
monoclonal gammopathy of undetermined significance; benign monoclonal
gammopathy; heavy chain discase; dendritic cell cancer, including plasmacytoid dendritic
cell cancer, NK blastic lymphoma (also known as cutaneous NK/T-cell lymphoma and
agranular (CD4+/CD56+) dermatologic necoplasms); basophilic leukemia; bone and
connective tissue sarcomas such as but not limited to bone sarcoma, osteosarcoma,
chondrosarcoma, Ewing’s sarcoma, malignant giant cell tumor, fibrosarcoma of bone,
chordoma, periosteal sarcoma, soft-tissue sarcomas, angiosarcoma (hemangiosarcoma),
fibrosarcoma, Kaposi’s sarcoma, leiomyosarcoma, liposarcoma, lymphangiosarcoma,
neurilemmoma, rhabdomyosarcoma, synovial sarcoma; a brain tumor such as but not
limited to, glioma, astrocytoma, brain stem glioma, ependymoma, oligodendroglioma,
nonglial tumor, acoustic neurinoma, craniopharyngioma, medulloblastoma, meningioma,
pineocytoma, pincoblastoma, primary brain lymphoma; breast cancer including but not
limited to ductal carcinoma, adenocarcinoma, lobular (small cell) carcinoma, intraductal
carcinoma, medullary breast cancer, mucinous breast cancer, tubular breast cancer,
papillary breast cancer, Paget’s disease, and inflammatory breast cancer; adrenal cancer
such as but not limited to pheochromocytom and adrenocortical carcinoma; thyroid
cancer such as but not limited to papillary or follicular thyroid cancer, medullary thyroid
cancer and anaplastic thyroid cancer; pancreatic cancer such as but not limited to,
insulinoma, gastrinoma, glucagonoma, vipoma, somatostatin-secreting tumor, and
carcinoid or islet cell tumor; pituitary cancer such as but limited to Cushing’s discase,
prolactin-secreting tumor, acromegaly, and diabetes insipius; eye cancer such as but not

limited to ocular melanoma such as iris melanoma, choroidal melanoma, and cilliary
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body melanoma, and retinoblastoma; vaginal cancer such as squamous cell carcinoma,
adenocarcinoma, and melanoma; vulvar cancer such as squamous cell carcinoma,
melanoma, adenocarcinoma, basal cell carcinoma, sarcoma, and Paget’s discase; cervical
cancer such as but not limited to, squamous cell carcinoma, and adenocarcinoma; uterine
cancer such as but not limited to endometrial carcinoma and uterine sarcoma; ovarian
cancer such as but not limited to, ovarian epithelial carcinoma, borderline tumor, germ
cell tumor, and stromal tumor; esophageal cancer such as but not limited to, squamous
cancer, adenocarcinoma, adenoid cystic carcinoma, mucoepidermoid carcinoma,
adenosquamous carcinoma, sarcoma, melanoma, plasmacytoma, verrucous carcinoma,
and oat cell (small cell) carcinoma; stomach cancer such as but not limited to,
adenocarcinoma, fungating (polypoid), ulcerating, superficial spreading, diffusely
spreading, malignant lymphoma, liposarcoma, fibrosarcoma, and carcinosarcoma; colon
cancer; rectal cancer; liver cancer such as but not limited to hepatocellular carcinoma and
hepatoblastoma; gallbladder cancer such as adenocarcinoma; cholangiocarcinomas such
as but not limited to papillary, nodular, and diffuse; lung cancer such as non-small cell
lung cancer, squamous cell carcinoma (epidermoid carcinoma), adenocarcinoma, large-
cell carcinoma and small-cell lung cancer; testicular cancer such as but not limited to
germinal tumor, seminoma, anaplastic, classic (typical), spermatocytic, nonseminoma,
embryonal carcinoma, teratoma carcinoma, choriocarcinoma (yolk-sac tumor), prostate
cancer such as but not limited to, prostatic intracpithelial neoplasia, adenocarcinoma,
leiomyosarcoma, and rhabdomyosarcoma; penile cancer; oral cancer such as but not
limited to squamous cell carcinoma; basal cancer; salivary gland cancer such as but not
limited to adenocarcinoma, mucoepidermoid carcinoma, and adenoidcystic carcinoma;
pharynx cancer such as but not limited to squamous cell cancer, and verrucous; skin
cancer such as but not limited to, basal cell carcinoma, squamous cell carcinoma and
melanoma, superficial spreading melanoma, nodular melanoma, lentigo malignant
melanoma, acral lentiginous melanoma; kidney cancer such as but not limited to renal
cell carcinoma, adenocarcinoma, hypernephroma, fibrosarcoma, transitional cell cancer
(renal pelvis or uterer); Wilms’ tumor; bladder cancer such as but not limited to
transitional cell carcinoma, squamous cell cancer, adenocarcinoma, carcinosarcoma. In

addition, cancer include myxosarcoma, osteogenic sarcoma, endotheliosarcoma,
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hg 8; g?r l}’ﬂewe;v%f@%dhedlﬁﬁtdat%,sle?ﬁkﬁhmwﬁl{' gl985— Bé(feg;e}\rler@?;m yB, Lippin@ott €oCF3,

- al kyl ), -. - a

- C(0) N(al MW@H‘PIWP&M“W@ o} (]aﬂg&vﬁ)“formﬁﬁ‘ Qek‘s?’l")“@(Tg‘f élf‘@ﬁtﬁ Book & 0) o(al kyl),
-0¢(0) NHQGaﬁcQI%Q%Né(SaH@A{Iﬂent -BERBLNCA/, Kbﬂh}l% abkothn, PenddiNBooks 1GKN al kyl'), or
- SO2NH2; and each mis i ndependent ly "an integer from 0-3. [00179]1n sone

embodi menlng., Urjteafiatexof dferier. compounds of Forrmula Xl are the follow ng:
[00256] In a specific of this embodiment, the cancer is one that is associated with
cleavage of notch by y-secretase including, but not limited to, leukemia, non small cell

lung cancer, ovarian cancer, breast cancer, or brain cancer.

[00257] In some embodiments, the cancer is colon cancer. In some embodiments,

the cancer is colon, breast, lung cancer or melanoma.

[00258] In another embodiment, the subject in need of treatment has previously
undergone or is presently undergoing treatment for cancer. The treatment includes, but is
not limited to, chemotherapy, radiation therapy, surgery or immunotherapy, such as
administration of a cancer vaccine. In some embodiments, the compounds of the

inventions are used for the prevention of metastasis and invasion from a previous cancer.

[00259] The compounds of the invention are also useful for treating or preventing
a cancer caused by a virus. Such viruses include human papilloma virus, which can lead
to cervical cancer (see, e.g., Hernandez- Avila et al., Archives of Medical Research
(1997) 28:265-271); Epstein-Barr virus (EBV), which can lead to lymphoma (see, e.g.,
Herrmann et al., J. Pathol. (2003) 199(2):140-5); hepatitis B or C virus, which can lead to
liver carcinoma (see, e.g., El-Serag, J. Clin. Gastroenterol. (2002) 35(5 Suppl. 2):S72-8);
human T cell leukemia virus (HTLV)-I, which can lead to T-cell leukemia (see, e.g.,
Mortreux et al., Leukemia (2003) 17(1):26-38); human herpesvirus-8 infection, which can
lead to Kaposi's sarcoma (see, e.g., Kadow et al., Curr. Opin. Investig. Drugs (2002)
3(11): 1574-9); and Human Immune deficiency Virus (HIV) infection, which can lead to
cancer as a consequence of immunodeficiency (see, e.g., Dal Maso et al., Lancet Oncol

(2003) 4(2): 110-9). Each of these references is incorporated herein by reference.
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[00260] The compounds of the invention are also useful for preventing cancer, or
preventing progression of a cancer, including but not limited to the cancers listed in Table
1. Such prophylactic use includes that in which non-neoplastic cell growth such as
hyperplasia, metaplasia, or most specifically, dysplasia has occurred. Alternatively or in
addition to the presence of abnormal cell growth characterized as hyperplasia, metaplasia,
or dysplasia, the presence of one or more characteristics of a transformed phenotype, or
of a malignant phenotype, displayed in vivo or displayed in vitro by a cell sample from a
subject, can indicate the desirability of prophylactic or therapeutic administration of a
compound of the invention. Such characteristics of a transformed phenotype include
morphology changes, looser substratum attachment, loss of contact inhibition, loss of
anchorage dependence, protease release, increased sugar transport, decreased serum
requirement, expression of fetal antigens, disappearance of the 250,000 dalton cell
surface protein, etc. In a specific embodiment, leukoplakia, a benign-appearing
hyperplastic or dysplastic lesion of the epithelium, or Bowen's discase, a carcinoma in

situ, is treatable or preventable according to the present methods.

[00261] In another embodiment, fibrocystic disease (cystic hyperplasia, mammary
dysplasia, specifically adenosis (benign epithelial hyperplasia)) is treatable or preventable

according to the present methods.

[00262] In other embodiments, a subject that has one or more of the following
predisposing factors for malignancy can be treated by administration of an effective
amount of a compound of the invention: a chromosomal translocation associated with a
malignancy (e.g., the Philadelphia chromosome for chronic myelogenous leukemia; t(14;1
8) for follicular lymphoma); familial polyposis or Gardner's syndrome; benign
monoclonal gammopathy; a first degree kinship with persons having a cancer or
precancerous discase showing a Mendelian (genetic) inheritance pattern (e.g., familial
polyposis of the colon, Gardner's syndrome, hereditary exostosis, polyendocrine.
adenomatosis, medullary thyroid carcinoma with amyloid production and
pheochromocytoma, Peutz-Jeghers syndrome, neurofibromatosis of Von Recklinghausen,
retinoblastoma, carotid body tumor, cutaneous melanocarcinoma, intraocular

melanocarcinoma, xeroderma pigmentosum, ataxia telangiectasia, Chediak-Higashi
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syndrome, albinism, Fanconi's aplastic anemia, and Bloom's syndrome); and exposure to
carcinogens (e.g., smoking, second-hand smoke exposure, and inhalation of or contacting

with certain chemicals).

[00263] In one aspect, the present methods for treating or preventing cancer can

further comprise the administration of another anticancer agent.

[00264] In one embodiment, the present invention provides methods for treating or
preventing cancer, comprising the administration of an effective amount of a compound
of the invention and another anticancer agent to a subject in need thereof. The compound
of the invention and another anticancer agent can be administered concurrently. In this
embodiment, the compound of the invention and another anticancer agent can be
administered within the same composition, or can be administered from different
compositions, via the same or different routes of administration. In another embodiment,
the compound of the invention is administered during a time when the other anticancer

agent exerts its prophylactic or therapeutic effect, or vice versa.

[00265] In another embodiment, the compound of the invention or other anticancer
agent is administered in doses commonly employed when such agents are used as

monotherapy for the treatment of cancer.

[00266] In one embodiment, the compound of the invention or other anticancer
agent is administered in doses that are lower than the doses commonly employed when

such agents are used as monotherapy for the treatment of cancer.

[00267] In another embodiment, the compound of the invention and other
anticancer agent act synergistically and are administered in doses that are lower than the
doses commonly employed when such agents are used as monotherapy for the treatment
of cancer. The dosage of the compound of the invention or other anticancer agent
administered as well as the dosing schedule can depend on various parameters, including,
but not limited to, the cancer being treated, the subject's general health, and the
administering physician's discretion. A compound of the invention can be administered

prior to (e.g., 5 minutes, 15 minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 4 hours, 6
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hours, 12 hours, 24 hours, 48 hours, 72 hours, 96 hours, 1 week, 2 weeks, 3 weeks, 4
weeks, 5 weeks, 6 weeks, 8 weeks, or 12 weeks before), concurrently with, or subsequent
to (e.g., 5 minutes, 15 minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 4 hours, 6 hours,
12 hours, 24 hours, 48 hours, 72 hours, 96 hours, 1 week, 2 weeks, 3 weeks, 4 weeks, 5
weeks, 6 weeks, 8 weeks, or 12 weeks after) the administration of the other anticancer
agent, to a subject in need thereof. In various embodiments a compound of the invention
and the other anticancer agent are administered 1 minute apart, 10 minutes apart, 30
minutes apart, less than 1 hour apart, 1 hour apart, 1 hour to 2 hours apart, 2 hours to 3
hours apart, 3 hours to 4 hours apart, 4 hours to 5 hours apart, 5 hours to 6 hours apart, 6
hours to 7 hours apart, 7 hours to 8 hours apart, 8 hours to 9 hours apart, 9 hours to 10
hours apart, 10 hours to 11 hours apart, 11 hours to 12 hours apart, no more than 24 hours
apart or no more than 48 hours apart. In one embodiment, a compound of the invention
and the other anticancer agent are administered within 3 hours. In another embodiment, a
compound of the invention and the other anticancer agent are administered at 1 minute to

24 hours apart.

[00268] In one embodiment, an effective amount of a compound of the invention
and an cffective amount of other anticancer agent are present in the same composition. In
one embodiment, this composition is uscful for oral administration, in another

embodiment, this composition is useful for intravenous administration.

[00269] In one embodiment, the compositions comprise an amount of a compound
of the invention and the other anticancer agent which together are effective to treat or

prevent cancer.

[00270] In another embodiment, the compositions comprise an effective amount of
temozolomide, procarbazine, dacarbazine, interleukin-2, irinotecan, or doxorubicin, a
physiologically acceptable carrier, diluent, excipient, or vehicle, and an effective amount

of a compound of the invention.

[00271] In one embodiment, the amount of a compound of the invention and the
other anticancer agent is at least about 0.01% of the combined combination

chemotherapy agents by weight of the composition. When intended for oral
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administration, this amount can be varied from about 0.1% to about 80% by weight of the
composition. Some oral compositions can comprise from about 4% to about 50% of
combined amount of a compound of the invention and the other anticancer agent by
weight of the composition. Other compositions of the present invention are prepared so
that a parenteral dosage unit comprises from about 0.01% to about 2% by weight of the

composition.

[00272] Cancers that can be treated or prevented by administering a compound of
the invention and the other anticancer agent include, but are not limited to, the list of

cancers set forth above in Table 1.

[00273] In one embodiment, the cancer is brain cancer. In specific embodiments,
the brain cancer is pilocytic astrocytoma, astrocytoma, anaplastic astrocytoma,

glioblastoma multiforme or a metastatic brain tumor.

[00274] In one embodiment, the cancer is melanoma. In a specific embodiment,

the melanoma is metastatic melanoma.

[00275] The compound of the invention and other anticancer agent can act
additively or synergistically. A synergistic combination of a compound of the invention
and the other anticancer agent, might allow the use of lower dosages of one or both of
these agents or less frequent administration of the agents to a subject with cancer. The
ability to utilize lower dosages of one or both of the compounds of the invention and
other anticancer agent or to administer the agents less frequently can reduce any toxicity
associated with the administration of the agents to a subject without reducing the efficacy
of the agents in the treatment of cancer. In addition, a synergistic effect might result in
the improved efficacy of these agents in the treatment of cancer and/or the reduction of

any adverse or unwanted side effects associated with the use of either agent alone.

[00276] In one embodiment, the administration of an effective amount of a
compound of the invention and an effective amount of another anticancer agent inhibits
the resistance of a cancer to the other anticancer agent. In one embodiment, the cancer is

a tumor.
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[00277] Suitable other anticancer agents useful in the methods and compositions of
the present invention include, but are not limited to temozolomide, a topoisomerase |
inhibitor, procarbazine, dacarbazine, gemcitabine, capecitabine, methotrexate, taxol,
taxotere, mercaptopurine, thioguanine, hydroxyurea, cytarabine, cyclophosphamide,
ifosfamide, nitrosoureas, cisplatin, carboplatin, mitomycin, dacarbazine, procarbizine,
ctoposide, teniposide, campathecins, bleomycin, doxorubicin, idarubicin, daunorubicin,
dactinomycin, plicamycin, mitoxantrone, L-asparaginase, doxorubicin, epirubicin, 5-
fluorouracil, taxanes such as docetaxel and paclitaxel, leucovorin, levamisole, irinotecan,
estramustine, etoposide, nitrogen mustards, BCNU, nitrosoureas such as carmustine and
lomustine, vinca alkaloids such as vinblastine, vincristine and vinorelbine, platinum
complexes such as cisplatin, carboplatin and oxaliplatin, imatinib mesylate,
hexamethylmelamine, topotecan, tyrosine kinase inhibitors, tyrphostins herbimycin A,

genistein, erbstatin, and lavendustin A.

[00278] In one embodiment, the other anticancer agent is, but is not limited to, a
drug listed in Table 2.
Table 2.

* Alkylating agents, including but not limited to:

Nitrogen mustards: Cyclophosphamide Trofosfamide
Ifosfamide Chlorambucil

Nitrosoureas: Carmustine (BCNU) Lomustine (CCNU)

Alkylsulfonates: Busulfan Treosulfan

Triazenes: Dacarbazine Temozolomide
Procarbazine

Platinum containing complexes: Cisplatin Aroplatin
Carboplatin Oxaliplatin

* Plant alkaloids, including but not limited to:
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[ 00181] I n anot her

f ol | owi ngwbanruisas3Xl | :

t hereof, wherein
-aral kyl,

- C( 0) NH2,

[ 00180] I n one enbodi nent,

-heteroaryl, -
-C(0) NH(al kyl), -

enbodi nent ,
For mul a Xl

each RO is independently -H,
het er ocycl yl ,

C(0) N(al kyl ) (al kyl), -

N(al kyl ) C(0) (al kyl ), or - SO2NHZ;

“NH2, - NH(al kyl )

- N(al kyl) (al kyl),

a conmpound of Fornmula Xl
the i nvention provides conpounds of the

has the structure:

and pharmaceuti cal lpgTasc@padIBe salts

- C(0) 0(al ky

each R1L is i
hydr ocar byl ,

-0-al kyl,

- hydrocar byl , -
1), -0C(0)(al kyl)
NHC( 0) (al kyl ),
ndependently -H,

aryl, -0-%ingsalkagpisiy| | - 0- aral ykYincidingr oaryl , - 0- Vivdesdioar yl |

het erocycl yl ,

N( al kyl )
OC( 0) N( al

-S-heteroaryl,

-0- heterocycl yl,
C(0)NH2, -C(0)NH(al kyl), -C(0)NaY
0) (al kyl),

Jeal kyl ),
-S-heterocycle,

-0C(0) 0(al kyl)
- CHNH, - CH

hal o

iROksts! Ky

e

or -S-

-0CF3, -C(0)0

) s
. -0C(O0)NH2, -0
iRyl) | - SC2NH2,
hydr ocar byl ;

NHC( Byre

(al kyl),
i o- al kyl )
0) NH(al kyl ), -

aryl,

- OH,

- 0- al kenyl ,

-0C(0) (al kyl),

%égxﬁﬁﬁkl, -S-aryl

each of Q1, Q2,

i s i ndependent |y CREN4fopRisomerage inpyRitorsginclydingbupmeg -limjfed to:

Epipodophyllins: Etoposide 9-aminocamptothecin
Teniposide Camptothecin
Topotecan Crisnatol
Mitomycins: Mitomycin C Anti-metabolites
* Anti-folates, including but not limited to:
DHFR inhibitors: Methotrexate Trimetrexate
IMP dehydrogenase inhibitors: Mycophenolic acid EICAR
Tiazofurin Ribavirin
Ribomiclotide reductase Deferoxamine hydroxyurea

inhibitors:

Uracil analogs:

Cytosine analogs:

Purine analogs:

DNA anti-metabolites:

* Pyrimidine analogs, including but not limited to:

5-Fluorouracil

Fluoxuridine

Cytarabine (ara C)

Cytosine arabinoside

Fludarabine

Mercaptopurine

3-HP

2’-deoxy-5-fluorouridine

5-HP

alpha-TGDR
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Doxifluridine
Ralitrexed
Gemcitabine

Capecitabine

Thioguanine
beta-TGDR
cyclocytidine
guanazole

inosine glycodialdehyde

and 3



each mis independently an integer fromO0-3. [00182]In sone enbodi nents,
t he conmpounds of Fornula XIl are those wherein RO is H or hydrocarbyl. In
ot her enbwoi2oenisgs35R9 is H I n other enbodi nents, R9 i sPaydrse@anbs/Bo | n
ot her enmbodinents, RO is alkyl. In other enbodinents, RO is nethyl. In
ot her enbodinments, RO is ethyl. In other enbodinments, RO is phenyl.
[00183] I n sone enbodi nents, the conpounds of Fornula XIl are those wherei
Rl is H -OH, or hydrocarbyl. In other enbodinments, RL is H 1In other
enbodi nents, RL is -OH In other enbodinments, RL is -OMe. In other

embodi ments, RL is -OEt. |n ot heraPBigkoHN ghistnste R1 jmacekppn Il n ot her
enbodi ments, RL is -NHMe. In other enbodinents, RL is -NWe2. In other
enbodi nents, RL is hydrocarbyl. 13®-6ther embodi nent@raﬁi%ml(&azﬁllekyl In
ot her enmbodi nents, R10 is nethyl. In other enbodiments, RL is ethyl. In
ot her enbodi nents, Rl is phenyl 5I'fﬁzao?t H@leécr}”ﬁé’&ﬁrents R10 is -S-al kyl
[00184] I n anot her enbodi nent, IS and RL is - [00185] In sone

n

embodi ments, the conpduteranasel tb@@?r‘ﬁ én%‘qm%'l?‘énf’h]é@ée%ﬁ’erel n each of Ql, @,
and @B is_N In other enbodinents, each of QL, @@, and @B is CRl. In other
embodi menRECePgRENagNISS, Q@ is N and Q3 is CRI. [00186] In some enbodi nents,

t he conmpounds of Fornula XIl are those wherein X is CH2. Ln ot her

embodi mentRI-CHAZEN0. | n ot her enboEMEREs, X is NH MPEesHP enbodi ment s,
is NMe. In other enbodinments, X is N enzyl. [00187] I n sonme enbodi nents,
t he corrpounds of Formul a X | areFteﬂ‘B%‘ Dfherein each mis independently an
i nt eger fﬁxﬁ In ot her enbodi g

from1-3 (f‘tgﬂ‘é‘? enbodi ment s, (?S§r° " I'n other 68 js 1. In
ot her enb dlrrets mis 2. In other enpodi nents, 0188] I n ot her
enbodi ment&I-RYOEHY Qe are are NIT¥ME CR and R1 lig’galutaﬁ{ g kyl) (al kyl ).

ot her enbodi nents, and RL is - N(H)(al kyl).
I n ot her enbodi ments, Q%eﬂ’%d%ﬁg@r‘% ’&P‘é‘dﬁéb@n?té Ynd RL is - N(CH3) 2.

ot her enbodi nent s, Ql_ and 3 areﬁg_ N Qd% s CRL0 and RO is -N(H) (CH3).
[00189] I n ot her enbodiments, eac woie is NRO and RO is H In other

Vitamin A derivative: All-trans retinoic acid
(ATRA-IV)

Vitamin D3 analogs: EB 1089 KH 1060
CB 1093

* Photodvnamic therapies, including but not limited to:

Vertoporfm (BPD-MA)  Demethoxy-hypocrellin
A

Plithalocyanine (2BA-2-DMHA)
Photosensitizer Pc4
* Cytokines, including but not limited to:
Interferon-a Tumor necrosis factor
Interferon-f3 Interleukin-2
Interferon-y
* Angiogenesis inhibitors, including but not limited to:

Angiostatin MoAb IMC-ICI 1
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enbodi nent s,

CHR19 CRMWOCRDRAERE9 Xl 1-2 S CRi

each mis 1 and X is O.
and X of the conpounds of Fornula Xl

(plasminogen fragment)

antiangiogenic
antithrombin 111

Angiozyme
ABT-627
Bay 12-9566

Benefin

Bevacizumab

BMS-275291

cartilage-derived
inhibitor (CDI)

CAI

CD59 complement
fragment

CEP-7055
Col 3
Combretastatin A-4

Endostatin (collagen
XVIII fragment)

Fibronectin fragment
Gro-beta
Halofuginone
Heparinases

Heparin hexasaccharide
fragment

HMVE33
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[00190] I n sonme enbodi nents,
are the foll ow ng:
PCT/US2011/056780

QL,
X Q@ @8 Q

Neovastat

NM-3
Panzem
PI-88

Placental ribonuclease
inhibitor

Plasminogen activator
inhibitor

Platelet factor-4 (PF4)

Prinomastat

Prolactin 16kD fragment

Proliferin-related protein
(PRP)

PTK 787/ZK 222594
Retinoids
Solimastat

Squalamine

SS 3304
SU 5416
SU 6668
SUI 1248

Tetrahydrocortisol-S

Tetrathiomolybdate

@
X
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Human chorionic Thalidomide
gonadotropin (hCQ)

IM-862 Thrombospondin-1
(TSP-I)

Interferon o/B/y TNP-470

Interferon inducible Transforming growth

protein (IP-10) factor-beta (TGF-B)

Interleukin-12 Vasculostatin

Kringle 5 (plasminogen  Vasostatin (calreticulin

fragment) fragment)

Marimastat ZD6126

Metalloproteinase ZD 6474

inhibitors (TIMPs)

2-Methoxyestradiol farnesyl transferase
inhibitors (FTI)

MMI 270 (CGS 27023A) Bisphosphonates

* Antimitotic agents, including but not limited to:

Allocolchicine Maytansine
Halichondrin B Rhizoxin
Colchicine Thiocolchicine
colchicine derivative trityl cysteine

dolstatin 10

* Others:
Isoprenylation inhibitors:
Dopaminergic neurotoxins: I-methyl-4-
phenylpyridinium ion
Cell cycle inhibitors: Staurosporine
Actinomycins: Actinomycin D Dactinomycin
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Bleomycins: Bleomycin A2 Peplomycin
Bleomycin B2

Anthracyclines: Daunorubicin Pirarabicin
Doxorubicin Zorabicin
(adriamycin)
Idarubicin Mitoxantrone
Epirubicin

MDR inhibitors: Verapamil

Ca’"ATPase inhibitors: Thapsigargin

[00279] Other additional anticancer agents that are uscful in the compositions and

methods of the present invention include, but are not limited to: acivicin; aclarubicin;
acodazole hydrochloride; acronine; adozelesin; aldesleukin; altretamine; ambomycin;
ametantrone acetate; aminoglutethimide; amsacrine; anastrozole; anthramycin;
asparaginasc; asperlin; azacitidine; azetepa; azotomycin; batimastat; benzodepa;
bicalutamide; bisantrene hydrochloride; bisnafide dimesylate; bizelesin; bleomycin
sulfate; brequinar sodium; bropirimine; busulfan; cactinomycin; calusterone; caracemide;
carbetimer; carboplatin; carmustine; carubicin hydrochloride; carzelesin; cedefmgol;
chlorambucil; cirolemycin; cisplatin; cladribine; crisnatol mesylate; cyclophosphamide;
cytarabine; dacarbazine; dactinomycin; daunorubicin hydrochloride; decitabine;
dexormaplatin; dezaguanine; dezaguanine mesylate; diaziquone; docetaxel; doxorubicin;
doxorubicin hydrochloride; droloxifene; droloxifene citrate; dromostanolone propionate;
duazomycin; edatrexate; eflornithine hydrochloride; elsamitrucin; enloplatin; enpromate;
epipropidine; epirubicin hydrochloride; erbulozole; esorubicin hydrochloride;
estramustine; estramustine phosphate sodium; etanidazole; etoposide; etoposide
phosphate; ctoprine; fadrozole hydrochloride; fazarabine; fenretinide; floxuridine;
fludarabine phosphate; fluorouracil; flurocitabine; fosquidone; fostriecin sodium;
gemcitabine hydrochloride; hydroxyurea; idarubicin hydrochloride; ifosfamide;

ilmofosine; interleukin-2 (including recombinant interleukin-2, or rIL2), interferon alfa-
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2a; interferon alfa-2f3; interferon alfa-nl ; interferon alfa-n3; interferon beta-lIo; interferon
v-1B; iproplatin; irinotecan hydrochloride; lanreotide acetate; letrozole; leuprolide acetate;
liarozole hydrochloride; lometrexol sodium; lomustine; losoxantrone hydrochloride;
masoprocol; maytansine; mechlorethamine hydrochloride; megestrol acetate;
melengestrol acetate; melphalan; menogaril; mercaptopurine; methotrexate; methotrexate
sodium; metoprine; meturedepa; mitindomide; mitocarcin; mitocromin; mitogillin;
mitomalcin; mitomycin; mitosper; mitotane; mitoxantrone hydrochloride; mycophenolic
acid; nocodazole; nogalamycin; ormaplatin; oxisuran; paclitaxel; pegaspargase;
peliomycin; pentamustine; peplomycin sulfate; perfosfamide; pipobroman; piposulfan;
piroxantrone hydrochloride; plicamyciii; plomestane; porfimer sodium; porfiromycin;
prednimustine; procarbazine hydrochloride; puromycin; puromycin hydrochloride;
pyrazofurin; riboprine; rogletimide; safingol; safingol hydrochloride; semustine;
simtrazene; sparfosate sodium; sparsomycin; spirogermanium hydrochloride;
spiromustine; spiroplatin; streptonigrin; streptozocin; sulofenur; talisomycin; tecogalan
sodium; tegafur; teloxantrone hydrochloride; temoporfin; teniposide; teroxirone;
testolactone; thiamiprine; thioguanine; thiotepa; tiazofurin; tirapazamine; toremifene
citrate; trestolone acetate; triciribine phosphate; trimetrexate; trimetrexate glucuronate;
triptorelin; tubulozole hydrochloride; uracil mustard; uredepa; vapreotide; verteporfin;
vinblastine sulfate; vincristine sulfate; vindesine; vindesine sulfate; vinepidine sulfate;
vinglycinate sulfate; vinleurosine sulfate; vinorelbine tartrate; vinrosidine sulfate;

vinzolidine sulfate; vorozole; zeniplatin; zinostatin; and zorubicin hydrochloride.

[00280] Further anticancer drugs that are useful in the methods and compositions
of the invention include, but are not limited to: 20-epi-1,25 dihydroxyvitamin D3; 5-
cthynyluracil; abiraterone; aclarubicin; acylfulvene; adecypenol; adozelesin;
aldesleukin;ALL-TK antagonists; altretamine; ambamustine; amidox; amifostine;
aminolevulinic acid; amrubicin; amsacrine; anagrelide; anastrozole; andrographolide;
angiogenesis inhibitors; antagonist D; antagonist G; antarelix; anti-dorsalizing
morphogenetic protein-1; antiandrogen, prostatic carcinoma; antiestrogen;
antineoplaston; antisense oligonucleotides; aphidicolin glycinate; apoptosis gene
modulators; apoptosis regulators; apurinic acid; ara-CDP-DL-PTBA; arginine deaminase;

asulacrine; atamestane; atrimustine; axinastatin 1; axinastatin 2; axinastatin 3; azasectron;
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azatoxin; azatyrosine; baccatin III derivatives; balanol; batimastat; BCR/ ABL
antagonists; benzochlorins; benzoylstaurosporine; beta Lactam Derivatives; beta-alethine;
betaclamycin B; betulinic acid; bFGF inhibitor; bicalutamide; bisantrene;
bisaziridinylspermme; bisnafide; bistratene A; bizelesin; breflate; bropirimine;
budotitane; buthionine sulfoximine; calcipotriol; calphostin C; camptothecin derivatives;
canarypox IL-2; carboxamide- amino-triazole; carboxyamidotriazole; CaRest M3; CARN
700; cartilage derived inhibitor; carzelesin; casein kinase inhibitors (ICOS);
castanospermine; cecropin B; cetrorelix; chlorlns; chloroquinoxaline sulfonamide;
cicaprost; cis-porphyrin; cladribine; clomifene analogues; clotrimazole; collismycin A;
collismycin B; combretastatin A4; combretastatin Analogue; conagenin; crambescidin
816; crisnatol; cryptopliycin 8; cryptophycin A derivatives; curacin A;
cyclopentanthraquinones; cycloplatam; cypemycin; cytarabine ocfosfate; cytolytic factor;
cytostatin; dacliximab; decitabine; dehydrodidemnin B; deslorelin; dexamethasone;
dexifosfamide; dexrazoxane; dexverapamil; diaziquone; didemniii B; didox;
diethylnorspermine; dihydro-5-acytidine; dihydrotaxol; dioxamycin; diphenyl
spiromustine; docetaxel; docosanol; dolasetron; doxifluridine; droloxifene; dronabinol;
duocarmycin SA; ebselen; ecomustine; edelfosine; edrecolomab; eflornithine; elemenc;
emitefur; epirubicin; epristeride; estramustine analogue; estrogen agonists; estrogen
antagonists; ctanidazole; ctoposide phosphate; exemestane; fadrozole; fazarabine;
fenretinide; filgrastim; finasteride; flavopiridol; flezelastine; fluasterone; fludarabine;
fluorodaunorunicin hydrochloride; forfenimex; formestane; fostriecin; fotemustine;
gadolinium texaphyrin; gallium nitrate; galocitabine; ganirelix; gelatinase inhibitors;
gemcitabine; glutathione inhibitors; hepsulfam; heregulin; hexamethylene bisacetamide;
hypericin; ibandronic acid; idarubicin; idoxifene; idramantone; ilmofosine; ilomastat;
imidazoacridones; imiquimod; immunostimulant peptides; insulin-like growth factor-1
receptor inhibitor; interferon agonists; interferons; interleukins; iobenguane;
iododoxorubicin; ipomeanol, 4-; iroplact; irsogladine; isobengazole; isohomohalicondrin
B; itasetron; jasplakinolide; kahalalide F; lamellarin-N triacetate; lanreotide; leinamycin;
lenograstim; lentinan sulfate; leptolstatin; letrozole; leukemia inhibiting factor; leukocyte
alpha interferon; leuprolide+estrogen+ progesterone; leuprorelin; levamisole; liarozole;

linear polyamine Analogue; lipophilic disaccharide peptide; lipophilic platinum
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complexes; lissoclinamide 7; lobaplatin; lombricine; lometrexol; lonidamine;
losoxantrone; lovastatin; loxoribine; lurtotecan; lutetium texaphyrin; lysofylline; lytic
peptides; maitansine; mannostatin A; marimastat; masoprocol; maspin; matrilysin
inhibitors; matrix metalloproteinase inhibitors; menogaril; merbarone; meterelin;
methioninase; metoclopramide; MIF inhibitor; mifepristone; miltefosine; mirimostim;
mismatched double stranded RNA; mitoguazone; mitolactol; mitomycin Analogues;
mitonafide; mitotoxin fibroblast growth factor-saporin; mitoxantrone; mofarotene;
molgramostim; monoclonal antibody, human chorionic gonadotrophin; monophosphoryl
lipid A+myobacterium cell wall sk; mopidamol; multiple drag resistance gene inhibitor;
multiple tumor suppressor 1 -based . therapy; mustard anticancer agents; mycaperoxide
B; mycobacterial cell wall extract; myriaporone; N-acetyldinaline; N-substituted
benzamides; nafarelin; nagrestip; naloxone+pentazocine; napavin; naphterpin;
nartograstim; nedaplatin; nemorubicin; neridronic acid; neutral endopeptidase;
nilutamide; nisamycin; nitric oxide modulators; nitroxide antioxidant; nitrullyn; 06-
benzylguanine; octreotide; okicenone; oligonucleotides; onapristone; ondansetron;
ondansetron; oracin; oral cytokine inducer; ormaplatin; osaterone; oxaliplatin;
oxaunomycin; paclitaxel; paclitaxel Analogues; paclitaxel derivatives; palauamiiic;
palmitoylrhizoxin; pamidronic acid; panaxytriol; panomifene; parabactin; pazelliptine;
pegaspargase; peldesine; pentosan polysulfate sodium; pentostatin; pentrozole;
perflubron; perfosfamide; perillyl alcohol; phenazinomycin; phenylacetate; phosphatase
inhibitors; picibanil; pilocarpine hydrochloride; pirarubicin; piritrexim; placetin A;
placetin B; plasminogen activator inhibitor; platinum complex; platinum complexes;
platinum-triamine complex; porfimer sodium; porfiromycin; prednisone; propyl bis-
acridone; prostaglandin J2; proteasome inliibitors; protein A-based immune modulator;
protein kinase C inhibitor; protein kinase C inhibitors, microalgal; protein tyrosine
phosphatase inhibitors; purine nucleoside phosphorylase inhibitors; purpurins;
pyrazoloacridine; pyridoxylated hemoglobin polyoxyethylene conjugate; raf antagonists;
raltitrexed; ramosetron; ras farnesyl protein transferase inhibitors; ras inhibitors; ras-GAP
inhibitor; retelliptine demethylated; rhenium Re 186 etidronate; rhizoxin; ribozymes; RII
retinamide; rogletimide; rohitukine; romurtide; roquinimex; rubiginone Bl; raboxyl;

safingol; saintopin; SarCNU; sarcophytol A; sargramostim; Sdi 1 mimetics; semusting;
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senescence derived inhibitor 1; sense oligonucleotides; signal transduction inhibitors;
signal transduction modulators; single chain antigen binding protein; sizofiran;
sobuzoxane; sodium borocaptate; sodium phenylacetate; solverol; somatomedin binding
protein; sonermin; sparfosic acid; spicamycin D; spiromustine; splenopentin; spongistatin
1 ; squalamine; stem cell inhibitor; stem-cell division inhibitors; stipiamide; stromelysin
inhibitors; sulfinosine; superactive vasoactive intestinal peptide antagonist; suradista;
suramin; swainsonine; synthetic glycosaminoglycans; tallimustine; tamoxifen
methiodide; tauromustine; tazarotene; tecogalan sodium; tegafur; tellurapyrylium;
telomerase inhibitors; temoporfm; temozolomide; teniposide; tetrachlorodecaoxide;
tetrazomine; thaliblastine; thiocoraline; thrombopoictin; thrombopoictin mimetic;
thymalfasin; thymopoietin receptor agonist; thymotrinan; thyroid stimulating hormone;
tin cthyl etiopurpurirt; tirapazamine; titanocene bichloride; topsentin; toremifene;
totipotent stem cell factor; translation inhibitors; tretinoin; triacetyluridine; triciribine;
trimetrexate; triptorelin; tropisetron; turosteride; tyrosine kinase inhibitors; tyrphostins;
UBC inhibitors; ubenimex; urogenital sinus-derived growth inhibitory factor; urokinase
receptor antagonists; vapreotide; variolin B; vector system, erythrocyte gene therapy;
velaresol; ver amine; verdins; verteporfm; vinorelbine; vinxaltine; vitaxin; vorozole;

zanoterone; zeniplatin; zilascorb; and zinostatin stimalamer.

[0028&1] In another embodiment, the other anticancer agent is interferon-a. In
another embodiment, the other anticancer agent is interleukin-2. In one embodiment, the
other anticancer agent is an alkylating agent, such as a nitrogen mustard, a nitrosourca, an
alkylsulfonate, a triazene, or a platinum-containing agent. In one embodiment, the other
anticancer agent is a triazene alkylating agent. In one embodiment, the other anticancer
agent is O-6-benzylguanine. In another embodiment, the other anticancer agent is O-6-
benzylguanine and temozolomide. In another embodiment, the other anticancer agent is
0-6-benzylguanine and procarbazine. In still another embodiment, the other anticancer

agent is O-6-benzylguanine and dacarbazine.

[00282] The compounds of the invention can be administered to a subject that has

undergone or is currently undergoing onc or more additional anticancer therapics
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including, but not limited to, surgery, radiation therapy, or immunotherapy, such as

cancer vaccines.

[00283] In one embodiment, the invention provides methods for treating or
preventing cancer comprising administering to a subject in need thercof an effective
amount of (1) a compound of the invention and (2) another anticancer therapy including,
but not limited to, surgery, radiation therapy, or immunotherapy, such as a cancer

vaccine.

[00284] In one embodiment, the other anticancer therapy is radiation therapy. In
another embodiment, the other anticancer therapy is surgery. In still another

embodiment, the other anticancer therapy is immunotherapy.

[00285] In a specific embodiment, the present methods for treating or preventing
cancer comprise administering an effective amount of a compound of the invention and
radiation therapy. The radiation therapy can be administered concurrently with, prior to,
or subsequent to the compound of the invention, in one embodiment at least an hour, five
hours, 12 hours, a day, a week, a month, in another embodiment several months (e.g., up
to three months), prior or subsequent to administration of the compound of the invention.
Where the other anticancer therapy is radiation therapy, any radiation therapy protocol
can be administered depending upon the type of cancer to be treated. For example, but
not by way of limitation, X-ray radiation can be administered; specifically, high-energy
megavoltage (radiation of greater that 1 MeV energy) can be administered for deep
tumors, and electron beam and orthovoltage X-ray radiation can be administered for skin
cancers. Gamma-ray emitting radioisotopes, such as radioactive isotopes of radium,

cobalt and other elements, can also be administered.

[00286] Additionally, the invention provides methods of treatment of cancer
comprising administering a compound of the invention as an alternative to chemotherapy
or radiation therapy where the chemotherapy or the radiation therapy results in a negative
side effect in the subject being treated. The subject being treated can, optionally, be
treated with another anticancer therapy such as surgery, radiation therapy, or

immunotherapy.
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[00287] The compounds of the invention can also be administered in vitro or ex
vivo, such as for the treatment of certain cancers, including, but not limited to leukemias
and lymphomas, such treatment involving autologous stem cell transplants. This can
involve a process in which the subject's autologous hematopoictic stem cells are
harvested and purged of all cancer cells, the subject's remaining bone-marrow cell
population is then eradicated via the administration of a compound of the invention or
radiation, or both, and the resultant stem cells are infused back into the subject.
Supportive care can be subsequently provided while bone marrow function is restored

and the subject recovers.
B. Treatment or prevention of a Neurodegenerative Disease

[00288] The invention provides methods for treating or preventing a
neurodegenerative discase, comprising administering an effective amount of a compound
of the invention to a subject in need thereof. In one embodiment, the compound is

present in a composition that further comprises a pharmaceutically acceptable vehicle.

[00289] Examples of neurodegencrative diseases include, but are not limited to,
Alexander's disease, Alper's disease, Alzheimer's discase, Amyotrophic lateral sclerosis
(“ALS”), Ataxia telangiectasia. Batten discase (also known as Spielmeyer-Vogt-Sjogren-
Batten disease), Bovine spongiform encephalopathy, Canavan disease, Cockayne
syndrome, Corticobasal degeneration, Creutzfeldt-Jakob disecase, Huntington's discase,
HIV-associated dementia, Kennedy's disease, Krabbe's disease, Lewy body dementia,
Machado-Joseph disease (Spinocerebellar ataxia type 3), Multiple sclerosis (“MS”),
Multiple System Atrophy, Narcolepsy, Neuroborreliosis, Parkinson's disease, Pelizacus-
Merzbacher Disease, Pick's disease, Primary lateral sclerosis, Prion diseases, Progressive
Supranuclear Palsy, Refsum's discase, Sandhoff's disease, Schilder's discase, Subacute
combined degeneration of spinal cord secondary to Pernicious Anaemia, Spinocerebellar
ataxia, Spinal muscular atrophy, Steele-Richardson-Olszewski discase, and Tabes
dorsalis. In one embodiment, the neurodegenerative disease is Alzheimer’s disease.
Other examples of neurdegenecrative diseases include, but are not limited to, diffuse Lewy

body disecase, multisystem degeneration (Shy-Drager syndrome), motor neuron diseases
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including amyotrophic lateral sclerosis, degenerative ataxias, cortical basal degeneration,
ALS-Parkinson's-Dementia complex of Guam, subacute sclerosing panencephalitis,
Huntington's disease, synucleinopathies, primary progressive aphasia, striatonigral
degeneration, Machado-Joseph disease/spinocerebellar ataxia type 3 and
olivopontocerebellar degenerations, Gilles De La Tourette's disease, bulbar and
pscudobulbar palsy, spinal and spinobulbar muscular atrophy (Kennedy's disease),
primary lateral sclerosis, familial spastic paraplegia, Werdnig-Hoffmann discase,
Kugelberg-Welander disease, Tay-Sach's discase, Sandhoff discase, familial spastic
discase, Wohifart-Kugelberg-Welander disease, spastic paraparesis, progressive
multifocal leukoencephalopathy, prion diseases (including Creutzfeldt-Jakob, Gerstmann-
Straussler-Scheinker disease, Kuru and fatal familial insomnia), age-related dementia and
other conditions with memory loss, such as vascular dementia, diffuse white matter
discase (Binswanger's disease), dementia of endocrine or metabolic origin, dementia of
head trauma and diffuse brain damage, dementia pugilistica and frontal lobe dementia,
cerebral ischemia or infaction including embolic occlusion and thrombotic occlusion as
well as intracranial hemorrhage of any type (including, but not limited to, epidural,
subdural, subarachnoid and intracerebral), and intracranial and intravertebral lesions

(including, but not limited to, contusion, penetration, shear, compression and laceration).

[00290] In one aspect, the present methods for treating or preventing a
ncurodegenerative discase can further comprise the administration of another anti-

ncurodegenerative discasc agent.

[00291] In one embodiment, the present invention provides methods for treating or
preventing a neurodegencrative disease, comprising the administration of an effective
amount of a compound of the invention and another anti-neurodegencrative disease agent
to a subject in need of treatment or prevention of the neurodegencrative disease. The
compound of the invention and another anti-neurodegencrative disease agent can be
administered separately. The compound of the invention and another anti-
neurodegenerative disease agent can also be administered concurrently. In this
embodiment, the compound of the invention and another anti-neurodegenerative discase

agent can be administered within the same composition, or can be administered from
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[00191] I n sone enbodi nents, a conmpound of Fornula XIl exists as a single

t aut omer WO 2aR/B4385xt ure of tautonmers. One of skill in Phe/tsee11wsd780
recogni ze structures possessing tautoneric fornms, and will understand that
the illustration of a single tautomer inplies the structure of all possible

tautoneric forns. In sone enbodinents, R is OH and the conpound of
Formula XI| exists in one, two, or three tautoneric forns of Fornmula Xl I,

as illustyated éo'fhp%giﬁaﬁé., QM3 thd same or different routes of administration. In another

embodiment, the compound of the invention is administered during a time when the other
anti-neurodegencrative disease agent exerts its prophylactic or therapeutic effect, or vice

versa.

[00292] In another embodiment, the compound of the invention or other anti-
neurodegenerative disease agent is administered in doses commonly employed when such

agents are used as monotherapy for the treatment of a neurodegencrative discase.

[00293] In one embodiment, the compound of the invention or other anti-
ncurodegenerative discase agent is administered in doses that are lower than the doses
commonly employed when such agents are used as monotherapy for the treatment of a

ncurodegenerative discase.

[00294] In another embodiment, the compound of the invention and other anti-
neurodegenerative disease agent act synergistically and are administered in doses that are
lower than the doses commonly employed when such agents are used as monotherapy for
the treatment of a neurodegenerative discase. The dosage of the compound of the
invention or other anti-neurodegencrative disease agent administered as well as the
dosing schedule can depend on various parameters, including, but not limited to, the
ncurodegenerative discase being treated, the subject's general health, and the
administering physician's discretion. A compound of the invention can be administered
prior to (e.g., 5 minutes, 15 minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 4 hours, 6
hours, 12 hours, 24 hours, 48 hours, 72 hours, 96 hours, 1 week, 2 weeks, 3 weeks, 4
weeks, 5 weeks, 6 weeks, 8 weeks, or 12 weeks before), concurrently with, or subsequent
to (e.g., 5 minutes, 15 minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 4 hours, 6 hours,
12 hours, 24 hours, 48 hours, 72 hours, 96 hours, 1 week, 2 weeks, 3 weeks, 4 weeks, 5
weeks, 6 weeks, 8 weeks, or 12 weeks after) the administration of the other anti-
neurodegenerative disease agent, to a subject in need of treatment or prevention of the
ncurodegenerative discase. In various embodiments a compound of the invention and the
other anti-neurodegencrative disease agent arec administered 1 minute apart, 10 minutes

apart, 30 minutes apart, less than 1 hour apart, 1 hour apart, 1 hour to 2 hours apart, 2
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enbodi nents, a conpound of Fornula XlI has the structure of forrmula Il, and
i 1l ustratwoeonospssands of Fornmula XI1 include conpounds PCirais201iof§780 or
pharmaceutically acceptable salts thereof. [00193]1n some enbodi nents, a
conpound of Forrmula XIl has the structure:

hours to 3 hours apart, 3 hours to 4 hours apart, 4 hours to 5 hours apart, 5 hours to 6
hours apart, 6 hours to 7 hours apart, 7 hours to 8 hours apart, 8 hours to 9 hours apart, 9
hours to 10 hours apart, 10 hours to 11 hours apart, 11 hours to 12 hours apart, no more
than 24 hours apart or no more than 48 hours apart. In one embodiment, a compound of
the invention and the other anti-neurodegencrative discase agent are administered within
3 hours. In another embodiment, a compound of the invention and the other anti-

neurodegenerative discase agent are administered at 1 minute to 24 hours apart.

[00295] In one embodiment, an effective amount of a compound of the invention
and an cffective amount of other anti-neurodegenecrative discase agent are present in the
same composition. In one embodiment, this composition is uscful for oral administration.

In another embodiment, this composition is useful for intravenous administration.

[00296] In one embodiment, the compositions comprise an amount of a compound
of the invention and the other anti-neurodegenerative disease agent which together are

effective to treat or prevent a neurodegencrative discase.

[00297] The compounds of the invention and other anti-neurodegencrative discase
agent can act additively or synergistically. A synergistic combination of a compound of
the invention and the other anti-neurodegenerative disease agent, might allow the use of
lower dosages of one or both of these agents and/or less frequent administration of the
agents to a subject with a neurodegenerative disease. The ability to utilize lower dosages
of one or both of the compound of the invention and other anti-neurodegenerative discase
agent and/or to administer the agents less frequently can reduce any toxicity associated
with the administration of the agents to a subject without reducing the efficacy of the
agents in the treatment of a neurodegencrative disease. In addition, a synergistic effect
might result in the improved efficacy of these agents in the treatment of a
ncurodegenerative discase and/or the reduction of any adverse or unwanted side effects

associated with the use of cither agent alone.

[00298] In one embodiment, the administration of an effective amount of a

compound of the invention and an effective amount of another anti-neurodegenecrative
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C. Combination Therapy

[00300] Additional agents that can be used in combination with compounds of the
invention for the treatment or prevention of a Condition, for example, a disease
associated with y-secretase activity or prevention of discases associated with y-secretase
activity, include, but are not limited to, a small molecule, a synthetic drug, a peptide
(including a cyclic peptide), a polypeptide, a protein, a nucleic acid (e.g., a DNA and
RNA nucleotide including, but not limited to, an antisense nucleotide sequence, a triple
helix, RNAI, and a nucleotide sequence encoding a biologically active protein,
polypeptide or peptide), an antibody, a synthetic or natural inorganic molecule, a mimetic
agent, and a synthetic or natural organic molecule. Specific examples of such agents
include, but are not limited to, an immunomodulatory agent (e.g., interferon), anti-
inflammatory agent (e.g., an adrenocorticoid, a corticosteroid (e.g., beclomethasone,
budesonide, flunisolide, fluticasone, triamcinolone, methylprednisolone, prednisolone,
prednisone, hydrocortisone), a glucocorticoid, a steroid, and a non-steriodal anti-
inflammatory drug (e.g., aspirin, ibuprofen, diclofenac, and a COX-2 inhibitor), a pain
reliever, a leukotreine antagonist (e.g., montelukast, a methyl xanthine, zafirlukast, and
zileuton), a beta2-agonist (e.g., albuterol, biterol, fenoterol, isoctharie, metaproterenol,
pirbuterol, salbutamol, terbutalin formoterol, salmeterol, and salbutamol terbutaline), an

anticholinergic agent (e.g., ipratropium bromide and oxitropium bromide),
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V. Therapeutic or Prophylactic Administration and Compositions of the Invention

[00301] Due to their activity, compounds of the invention are advantageously

uscful in veterinary and human medicine.

[00302] When administered to a subject, the compounds of the invention can be
administered as a component of a composition that comprises a pharmaceutically
acceptable carrier, diluent, excipient, or vehicle. The present compositions, which
comprise a compound of the invention, can be administered orally. The compounds of
the invention can also be administered by any other convenient route, for example, by
infusion or bolus injection, by absorption through epithelial or mucocutaneous linings
(e.g., oral, rectal, or intestinal mucosa) and can be administered together with another
biologically active agent. Administration can be systemic or local. Various delivery
systems are known, e.g., encapsulation in liposomes, microparticles, microcapsules and

capsules.

[00303] Methods of administration include, but are not limited to, intradermal,
intramuscular, intraperitoneal, intravenous, subcutaneous, intranasal, epidural, oral,
sublingual, intracerebral, intravaginal, transdermal, rectal, by inhalation, or topical,
specifically to the ears, nose, eyes, or skin. In some instances, administration will result

in the release of a compound of the invention into the bloodstream.

[00304] In one embodiment, the compounds of the invention are administered
orally. In other embodiments, it can be desirable to administer the compounds of the
invention locally. This can be achieved, for example, and not by way of limitation, by

local infusion during surgery, topical application, ¢.g., in conjunction with a wound
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dressing after surgery, by injection, by means of a catheter, by means of a suppository or
enema, or by means of an implant, the implant being of a porous, non-porous, or

gelatinous material, including membranes, such as sialastic membranes, or fibers.

[00305] In certain embodiments, it can be desirable to introduce the compounds of
the invention into the central nervous system or gastrointestinal tract by any suitable
route, including intraventricular, intrathecal, and epidural injection, and enema.
Intraventricular injection can be facilitated by an intraventricular catheter, for example,

attached to a reservoir, such as an Ommaya reservoir.

[00306] Pulmonary administration can also be employed, e.g., by use of an inhaler
of nebulizer, and formulation with an acrosolizing agent, or via perfusion in a
fluorocarbon oar, synthetic pulmonary surfactant. In certain embodiments, the
compounds of the invention can be formulated as a suppository, with traditional binders

and excipients such as triglycerides.

[00307] In another embodiment compounds of the invention can be delivered in a
vesicle, specifically a liposome (see Langer, Science 249:1527-1533 (1990) and
Liposomes in Therapy of Infectious Disease and Cancer 317-327 and 353-365 (1989)).

[00308] In yet another embodiment, the compounds of the invention can be
delivered in a controlled-release system or sustained-release system (see, e.g., Goodson,
in Medical Applications of Controlled Release, supra, vol. 2, pp. 115-138 (1984)). Other
controlled or sustained-release systems discussed in the review by Langer, Science 249:
1527-1533 (1990) can be used. In one embodiment a pump can be used (Langer, Science
249: 1527- 1533 (1990); Sefton, CRC Crit. Ref. Biomed. Eng. 14:201 (1987); Buchwald
et al, Surgery 88:507 (1980); and Saudek et al., N. Engl. J Med. 321:574 (1989)). In
another embodiment polymeric materials can be used (see Medical Applications of
Controlled Release (Langer and Wise eds., 1974); Controlled Drug Bioavailability, Drug
Product Design and Performance (Smolen and Ball eds., 1984); Ranger and Peppas, J.
Macromol. Sd. Rev. Macromol. Chem. 2:61 (1983); Levy et al, Science 228:190 (1935);
During ct al, Ann. Neural. 25:351 (1989); and Howard et al, J. Neurosurg. 71:105
(1989)).
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[00309] In yet another embodiment a controlled- or sustained-release system can
be placed in proximity of a target of the compounds of the invention, e.g., the spinal
column, brain, skin, lung, or gastrointestinal tract, thus requiring only a fraction of the

systemic dose.

[00310] The present compositions can optionally comprise a suitable amount of a
pharmaceutically acceptable excipient so as to provide the form for proper administration

to the subject.

[00311] Such pharmaceutical excipients can be liquids, such as water and oils,
including those of petroleum, animal, vegetable, or synthetic origin, such as peanut oil,
soybean oil, mineral oil, sesame oil and the like. The pharmaceutical excipients can be
saline, gum acacia, gelatin, starch paste, talc, keratin, colloidal silica, urca and the like. In
addition, auxiliary, stabilizing, thickening, lubricating, and coloring agents can be used.
In one embodiment, the pharmaceutically acceptable excipients are sterile when
administered to a subject. Water is a useful excipient when the compound of the
invention is administered intravenously. Saline solutions and aqueous dextrose and
glycerol solutions can also be employed as liquid excipients, specifically for injectable
solutions. Suitable pharmaceutical excipients also include starch, glucose, lactose,
sucrose, gelatin, malt, rice, flour, chalk, silica gel, sodium stearate, glycerol
monostearate, talc, sodium chloride, dried skim milk, glycerol, propylene, glycol, water,
cthanol and the like. The present compositions, if desired, can also comprise minor

amounts of wetting or emulsifying agents, or pH buffering agents.

[00312] The present compositions can take the form of solutions, suspensions,

emulsion, tablets, pills, pellets, capsules, capsules containing liquids, powders, sustained-
release formulations, suppositories, emulsions, acrosols, sprays, suspensions, or any other
form suitable for use. In one embodiment, the composition is in the form of a capsule (see
e.g. U.S. Patent No. 5,698,155). Other examples of suitable pharmaceutical excipients are
described in Remington 's Pharmaceutical Sciences 1447-1676 (Alfonso R. Gennaro eds.,

19th ed. 1995), incorporated herein by reference.
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[00313] In one embodiment, the compounds of the invention are formulated in
accordance with routine procedures as a composition adapted for oral administration to
human beings. Compositions for oral delivery can be in the form of tablets, lozenges,
aqueous or oily suspensions, granules, powders, emulsions, capsules, syrups, or elixirs
for example. Orally administered compositions can comprise one or more agents, for
example, sweetening agents such as fructose, aspartame or saccharin; flavoring agents
such as peppermint, oil of wintergreen, or cherry; coloring agents; and preserving agents,
to provide a pharmaceutically palatable preparation. Moreover, where in tablet or pill
form, the compositions can be coated to delay disintegration and absorption in the
gastrointestinal tract thereby providing a sustained action over an extended period of
time. Selectively permeable membranes surrounding an osmotically active driving a
compound of the invention are also suitable for orally administered compositions. In
these latter platforms, fluid from the environment surrounding the capsule is imbibed by
the driving compound, which swells to displace the agent or agent composition through
an aperture. These delivery platforms can provide an essentially zero order delivery
profile as opposed to the spiked profiles of immediate release formulations. A time-delay
material such as glycerol monostearate or glycerol stearate can also be useful. Oral
compositions can include standard excipients such as mannitol, lactose, starch,
magnesium stearate, sodium saccharin, cellulose, and magnesium carbonate. In one

embodiment, the excipients are of pharmaceutical grade.

[00314] In another embodiment, the compounds of the invention can be formulated
for intravenous administration. Typically, compositions for intravenous administration
comprise sterile isotonic aqueous buffer. Where necessary, the compositions can also
include a solubilizing agent. Compositions for intravenous administration can optionally

include a local anesthetic such as lignocaine to lessen pain at the site of the injection.

[00315] Generally, the ingredients are supplied either separately or mixed together
in unit dosage form, for example, as a dry lyophilized-powder or water- free concentrate
in a hermetically sealed container such as an ampule or sachette indicating the quantity of
active agent. Where the compounds of the invention are to be administered by infusion,

they can be dispensed, for example, with an infusion bottle containing sterile
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pharmaceutical grade water or saline. Where the compounds of the invention are
administered by injection, an ampule of sterile water for injection or saline can be

provided so that the ingredients can be mixed prior to administration.

[00316] Compounds of the invention can be administered by controlled-release or
sustained-release means or by delivery devices that are well known to those of ordinary
skill in the art. Examples include, but are not limited to, those described in U.S. Patent
Nos. 3,845,770; 3,916,899; 3,536,809; 3,598,123; 4,008,719; 5,674,533; 5,059,595;
5,591,767; 5,120,548; 5,073,543; 5,639.476; 5,354,556; and 5,733,556, each of which is
incorporated herein by reference in its entirety. Such dosage forms can be useful for
providing controlled- or sustained-release of one or more active ingredients using, for
example, hydropropylmethyl cellulose, other polymer matrices, gels, permeable
membranes, osmotic systems, multilayer coatings, microparticles, liposomes,
microspheres, or a combination thereof to provide the desired release profile in varying
proportions. Suitable controlled- or sustained-release formulations known to those skilled
in the art, including those described herein, can be readily selected for use with the active
ingredients of Formula I to XI. The invention thus provides single unit dosage forms
suitable for oral administration such as, but not limited to, tablets, capsules, gelcaps, and

caplets that arc adapted for controlled- or sustained-release.

[00317] Controlled- or sustained-release of an active ingredient can be stimulated
by various conditions, including but not limited to, changes in pH, changes in
temperature, concentration or availability of enzymes, concentration or availability of
water, or other physiological conditions or compounds. The amount of the compounds of
the invention that is effective in the treatment or prevention of a neurodegenerative
discase can be determined by standard clinical techniques. In addition, ix vitro or in vivo
assays can optionally be employed to help identify optimal dosage ranges. The precise
dose to be employed can also depend on the route of administration, and the seriousness
of the Condition being treated and can be decided according to the judgment of the
practitioner and each subject's circumstances in view of, e.g., published clinical studies.
Suitable effective dosage amounts, however, range from about 10 micrograms to about 5

grams about every 4 hours, although they are typically about 500 mg or less per every 4
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hours. In one embodiment, the effective dosage is about 0.01 mg, 0.5 mg, about 1 mg,
about 50 mg, about 100 mg, about 200 mg, about 300 mg, about 400 mg, about 500 mg,
about 600 mg, about 700 mg, about 800 mg, about 900 mg, about 1 g, about 1.2 g, about
1.4 g, about 1.6 g, about 1.8 g, about 2.0 g, about 2.2 g, about 2.4 g, about 2.6 g, about
2.8 g, about 3.0 g, about 3.2 g, about 3.4 g, about 3.6 g, about 3.8 g, about 4.0 g, about
4.2 g, about 4.4 g, about 4.6 g, about 4.8 g, and about 5.0 g, every 4 hours. Equivalent
dosages can be administered over various time periods including, but not limited to,
about every 2 hours, about every 6 hours, about every 8 hours, about every 12 hours,
about every 24 hours, about every 36 hours, about every 48 hours, about every 72 hours,
about every week, about every two weeks, about every three weeks, about every month,
and about every two months. The effective dosage amounts described herein refer to total
amounts administered; that is, if more than one compound of the invention is

administered, the effective dosage amounts correspond to the total amount administered.

[00318] Compositions can be prepared according to conventional mixing,
granulating or coating methods, respectively, and the present compositions can comprise,
in one embodiment, from about 0.1% to about 99%; and in another embodiment from

about 1% to about 70% of the compound of the invention by weight or volume.

[00319] The dosage regimen utilizing the compound of the invention can be
selected in accordance with a variety of factors including type, species, age, weight, sex
and medical condition of the subject; the severity of the Condition to be treated; the route
of administration; the renal or hepatic function of the subject; and the specific compound
of the invention employed. A compound of the invention can be administered in a single
daily dose, or the total daily dosage can be administered in divided doses of two, three or
four times daily. Furthermore, a compound of the invention can be administered in
intranasal form via topical use of suitable intranasal vehicles, or via transdermal routes,
using those forms of transdermal skin patches well known to those of ordinary skill in
that art. To be administered in the form of a transdermal delivery system, the dosage
administration can be continuous rather than intermittent throughout the dosage regimen.
Other illustrative topical preparations include creams, ointments, lotions, acrosol sprays

and gels, wherein the concentration of compound of the invention ranges from about
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N NN [00202]In certain enbodi ments, a conpound of Forrmula Xl || has the
structure of formula VIIl, and illustrative conpounds of Fornmula Xl ||

i ncl ude cwopolamdss3yilla VIIIc, or pharmaceutical |y acceptCahiseoizmabdrso
thereof. In some enbodi nents, a conpound of Formula Xl Il has the structure:
pharmaceutically acceptable salts thereof. I1l.Treatnment or prevention of a
Condition with the conpounds of the invention [00203]1In accordance with the
i nvention, the conpounds of the invention are useful for treating or

prevent i ng;Qnge affus T8%EwHP BRI, T0S corhQRRAHH e RREnEIIRAH bEBRLy cd il itventi on

provi des methods for the treatment or prevention of one or nore Conditions
conpri si ng iadvordpsthe desigd therapestidgrgrophytache edivithigrieoto vaa ireffnemsi ve anount

of a comppund, of .t.he i nvention.,[00205].ln anqgt he nbodi ment, the invention
ot ovi des GuBFogh B i R SBe SRAORN: FRRY ELHATER" 1" he manuf acture
of a medi canment useful for the treatnent or prevention of one or nore

Condi t i on©0320] In certain embodiments, a compound of the invention or pharmaceutical
composition thereof is administered to a human that has an age in a range of from about 0
months to about 6 months old, from about 6 to about 12 months old, from about 6 to
about 18 months old, from about 18 to about 36 months old, from about 1 to about 5
years old, from about 5 to about 10 years old, from about 10 to about 15 years old, from
about 15 to about 20 years old, from about 20 to about 25 years old, from about 25 to
about 30 years old, from about 30 to about 35 years old, from about 35 to about 40 years
old, from about 40 to about 45 years old, from about 45 to about 50 years old, from about
50 to about 55 years old, from about 55 to about 60 years old, from about 60 to about 65
years old, from about 65 to about 70 years old, from about 70 to about 75 years old, from
about 75 to about 80 years old, from about 80 to about 85 years old, from about 85 to
about 90 years old, from about 90 to about 95 years old or from about 95 to about 100

years old.

[00321] In some embodiments, a compound of the invention or pharmaceutical
composition thercof is administered to a human infant. In other embodiments, a
compound of the invention or pharmaceutical composition thereof is administered to a
human toddler. In other embodiments, a compound of the invention or pharmaceutical
composition thercof is administered to a human child. In other embodiments, a
compound of the invention or pharmaceutical composition thereof is administered to a
human adult. In yet other embodiments, a compound of the invention or pharmaceutical

composition thereof is administered to an elderly human.

[00322] In certain embodiments, a compound of the invention or pharmaccutical
composition thereof is administered a subject in an immunocompromised state or
immunosuppressed state or at risk for becoming immunocompromised or

immunosuppressed. In certain embodiments, a compound of the invention or
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[ 00206] I n anot her enbodi nent, the invention provides one or nore conpounds
of the invention for the treatnent or prevention of one or nore Conditions.
[ 00207] Nowel2orvasu3sg exanpl es of Conditions that are treaCahiSeo10/056780
prevent abl e by adm nistering one or nore conpounds of the invention
include: (i) a disorder of |ipoprotein netabolismincluding, dyslipidem a,
dysl i poproteinem a, |ipoprotein overproduction or deficiency, elevation of
total cholesterol, elevation of |ow density |ipoprotein concentration,

el evat | Oniffmddel Y EGRbARIOGRGENL AlrhiRRicrdd Bl duGbbIRANAOS LloRliRE
met abol i ¢ di sorder, phospholipid elimnation in'bile, oxysterol elimnation
in bile, famdipewossugpiessiyertbéeper at or acti vated recept or-associ at ed

di sorders; (ii) a disorder of glucose netabolismincluding insulin

resi stanc jypai r - r ' i ] | evel s in
bl ood, di@gé%ﬁg neﬁﬁf§h§%8ﬁﬁ%%§§§fﬁgb f?&ggﬂ?§§1e&%%é#Eﬂ?%%ggﬁ%ﬁ%ra

| i poat r opdvoyposiitiaty dteravf segplntinp@atedyo a gatainetvhe iy bdepoplatdiydverse madctichssease, and

septicema; (iii), a.cardiovascul ar disorder, qr a rel ated vascul ar di sorder
el ud ng ORTHEPY RS BereSs DR Al Sy eaid . fy PSP A cat | on.
ar r hyt hm gharddeb@dal Eddpdsttloatth@eof iedhihiskad 8 aPafi@A o HASFdlved ai | Ur e,

cardi onyopat hy, pericarditis and inpotence; and (iv) a disorder involving
abnor mal APt epfi-gHcactawdberpies &B@tthaw-wcreaasr%émla i, QUEHE dedongat| udi ng

i nfl ammat | S I Co N85S BSdcShati G aad.a.thro S ol §gr der;
and (v) a%‘?[ﬁés;e Afgz][ﬁggi'rrer&gé II)?A‘S(,3 gs}glﬁé i%grrﬁl nsog%ps%sé%ad;% 1'3%3#0?533%%& s,

pancr eat i Yaung forandveabne thedrapésl e pr oducti on. [ 00208] The i nvention further
provi des nethods for identifying a bionmarker for one or nore Conditions,
conpri si i ni sterin ffectiyv n a. oun f i nvention
Con suby 0P E e BB F e b SR b Sy By R R b e

chol est eriabention bhphstbieddtal oinbadtibn thereoftes anbeddiveinthertpepi@andiic on is a
cardi ovascul.ar-rel ated di sorder. |n anot her enbodi nent the bigmarker is the
presence bl Gtos e F ORGP R thy HN YO PRYFRACFHEICA BIPPS oY ge@F-s to the
liver or cholesterol elimnation in the bile acids, or both. [00209] The

i nvent i onypf ur tRVar Cokwibas Compotgef e ikveRgochol esterol as a bi omarker of
the P2Y13 activation having as consequence the functionalisation of the
HDL, i.e., its increased potency of. a reverse chol esterol trapsport agent.
Accor di ngi®)32X he i iR CBHOR ReYidet klb%%%ﬁC&%éWé@h@l&ﬁW“ﬁ@%P ni ng the
extent of ;BeH¥had Cthl HREARIN to @QUBELSI Ng adm ni stering an effective anount of
a conmpound of the invention to a subject in need thereof and nmeasuring the
anount of free cholesterol in the subject's blood. [00210] The conpounds of
the inventP&fland dohpisal kit ehde inyentéasrcoprisee caarionns lthegnveptian {or The
compou ndsexgté‘lpt)ebﬁl dﬂ?tvcﬁ)%ge%m% Nfh GRUBRS RN $hd (7 94 ecf?#?n A SQnlher,
adm ni stered by any other convenient route, for exahple, by intravenous

i nf usi on which odnus: sterjlecbntemingnn dissovgxmant ofa cugivuedpf thelinvghtior and

nmucocut anequs linj.ngs (e. or al cosa, .rectal and intestinal nucosa,

ot oy ana airmiss e b Sl it THERS Srcitiey SrisBey TBY SR FERIyThcts ve
agent . Addoiniprist b ddbeldt peiatediastSiy8éBThdructing M6 e of VB¢ écdnisoud@bfthery systens
are known, e.g., encapsulation in |iposomes, mcroparticles, mcrocapsules,
capsul es, MEFEON tfizat OPrCht ﬁgéﬁdlﬁlﬁn-agh’? kit sanetlsoyfugtBerRseomEsoItE i nventi on.
In certai I r h eql Wela |

i i st el ra G CE el ek R OISR oy [rm el B S e o
limted teoniamingaeeffictiyc amoyrdelithewihar prophyleetperrithaparsatic agont. dmvenous,

subcut anegue, ;1 TA0RS Al 201 Ut iy OLaLini SUB LAQURL o b LANAS Rk ung
i ntracerebral, T ntravagi nal’, ransdermal, rectally, y I'nhalation, or

t opi cal | yof thpmktntidulaad by cffectivh @me et anaba, prephgiictiO6r thidapeutit Agentode of

adm nistration can _be left to the discretion of the practitiaqgner, and
depends i F3FHHEs Q?ﬁaﬁr Pleahypgte %th%u%%ﬁeéﬁlln‘gbq?dp‘t‘tiaéf‘nr.mtlhﬂuﬁﬂé‘f’ﬂi‘%ﬁt ances,
adm ni strgidpPipotesults in the rel ease of the conpounds of the invention
into the bloodstream [00211]In specific enbodinents, it may be desirable
to adm ni ster one or nore conpounds of the invention locally to the area in
need of treatnent. This may be achieved, for exanple, and not by way of
limtation, by |ocal infusion during surgery, topical application, e.g., in
conjunction with a wound dressing after surgery, by injection, by nmeans of
a catheter, by neans of a suppositoryil4or by nmeans of an inplant, the

i npl ant being of a porous, non-porous, or gelatinous material, including
menbr anes, such as sial astic nenbranes, or fibers. In one enbodinent,

adm nistration can be by direct injection at the site (or former site) of
an at herosclerotic plaque tissue.



[00212]In certain enbodi nents, a conpound of the invention can be

i ntroduced into the central nervous system by any suitable route, including
i nt raventwoaoi2ars4s3snt rat hecal and epi dural injection. | RCTAWRNM NS ar
injection can be facilitated by an intraventricul ar catheter, for exanple,
attached to a reservoir, such as an Omuaya reservoir. [00213] Pul nonary

adm ni stration can al so be enployed, e.g., by use of an inhaler or
nebul i zer, and fornmul ation with an aerosolizing agent, or via perfusion in
a fluoroc@pbon or 3ok RELkfccRk RGNS BUEHPREARb ratciby GEfERALDinGRDOdI ment s,
t he conpounds "of the i1 nvention can be forrulated as a suppository, wth
tradi ti onaltirddy.nder s and vehicles such as triglycerides. [00214]1n anot her
enbodi ment, the conpounds and conpositions of the conpounds of the

inventio be del. i wer i I i Jcular a |iposone (see
Langer, ﬁgggg]Scie%§3ﬁ§ﬁ§g¥§g$¢2§§§Pﬁ#$ggbpgpﬁgﬁb? in Liposones in the
Therapy of Infectious D sease and Cancer, Lopez-Berestein and Fidler
(eds.), Li08329INew Yawmkpoupgs of358#8461 ( 1989) ; Lopez-Berestein, ibid., pp.
317-327; see generally ibid.). [00215]1n yet another enbodi ment, the
conpoundsg and.Gonmposi tions of the conpounds of the invention can be
deIivererln a controlled rel ease system In one enbodi nent, a punp nay be
used (see Langer, supra; Sefton, 1987, CRC Crit. Ref. Bionmed. Eng. 14:201;
Buchwal d et al., 1980, Surgery 88:507 Saudek et &l ., 1989, N Engl. J. Med.
321:574). In another enbodi ment, polyneric nakﬁghsls can be used (see

Medi cal  Applicat fons of €3trol | egpRel ease, L GeP" and Wse (eds.), CRC
Pres., Boc&hRé?o#}<%1ori@a @1974E;f%§@;r%¥?e8i5§zg Bi oavai l ability, Drug
Product Design and Performance, Snol'en and Ball (eds.), Wley, New York
(1984); Ranger and Peppas,2 1983, J. Macronol. $ci. Rev. Macronol. Chem
23:61; see also Levy et al., 1985, Science 228:19¢ During et al., 1989,
Ann. Neurol. 25:351; Howard et al., 1989, J. surg. 71:105). In another
enbodi nent, a controll ed-rel ease systemcan b | aced in proximty of the
target area to be treated, e.g., the liver, thusfrequiring only a fraction
of the systemc dose (see, e.g., Goodsaom,nup Medical Applications of
Control |l ed Rel ease, supra, vol. 2, pp. TMEEBI88 | 1984)). O her

controll ed-rel ease systens discussed in the review by Langer, 1990, Science
249: 1527-1533) may be used. [00216] The present conpositions conprise a
therapeutically effective amount of a conpound of the invention, optionally
nore than onecegmpound of the inyention, tagether with a suitable amunt of
a phar maceut Hg P\gé%cceptableFW Hi%l e so@p N0 provide a form for

adm ni str at3 to e 3ol ect . [00217] pf%ééﬁ%/se ositions can take the
formof saydi on&; Reuspensi otk el si ) tal®ets, pills, pellets,

capsul es, capsul es contai ni nges bruBds, prywders, sustai ned-rel ease
formul ati ons, guppositories, emnulsions, aerosols, sprays, suspensions, or
any other formsuitable for use. In one enbodi ment, the pharmaceutically
acceptabl e vehicle is a capsule (see e.g., U S. Patent No. 5,698, 155).

O her exa#dml €t of suitabl e pharnmaceutical vehicles are described in

" Remi ngt oA 3 Phar paceuti cal Sciences" by E.W Martin, incorporated by
reference inits entirety for teachings of pharnmaceutical conpositions and
nmet hods of adm nigtering the sanme. [00218] I n sone enbodi nents, the

conmpounds and conposPyi f the conpounds of the invention are formulated
i n accordance thh rofit i ne” pr ocedures as a pRarmaceutical conposition
adapted for i (f{'P4vendu.adm ni st rat i 6H?3 0 s. Compounds and

conposi tions of the onpounds of the inventikn for intravenous

admi ni stratg solutions iny e b Rsot oni ¢ aqueous buffer. The
conposi tiong, alggdi ncl ude a so (M zilggdagent. Conpositions for

i ntravenous admi ni strafion optional]y includB a | ocal anesthetic such as
| i gnocai ne. The iggredi ents can be suppli’ed either separately or nixed
together in unit dosage form for exanple, as a dry |yophilized powder or
water free concentrate in a hernetically seal ed container such as an
anpoul e or sachette. \Were the conpound of the invention is to be
adm ni stered by intravenous infusion, it can be dispensed, for exanple,
with an infusion bottle containing sterile pharmaceutical grade water or
saline. Were the conmpound of the inveamstion is adm nistered by injection,
an anpoul e of sterile water for injection or saline can be provided so that
the ingredients may be m xed prior to adm nistration.




[ 00219] Conpounds and conpositions of the conpounds of the invention for
oral delivery can be in the formof tablets, |ozenges, aqueous or oily
suspensi oNO20rEmisses, powders, emul sions, capsul es, SyPUpAIS2a/08478Xi rsS.
Conmpounds and conpositions of the conpounds of the invention for oral
delivery can also be fornulated in foods and food mxes. Oally
adm ni stered conpositions can conprise one or nore optional agents, for
exanpl e, sweetening agents such as fructose, aspartane or saccharin;
flavori ngo @Wt S Sygh, AsteREPRHE Ricoh be Bﬂebar@é bWe’%ﬁ{ggcfo?lﬁ%und%rZ GRRFEYE
coloring agents; and preserving agents, to proyid

phar maceus a(saﬂtdwelpa\tlag giobp, Vpltfemmundﬁrﬂ Wmslmﬁnpdsliit dropsddamdibe coated to
del ay di nt egr an d absor tion in the stro a ract thereby
o ovi df ngt AR SRR SR A RRRE b Db bR IR PR RE A P el y
per neabl esumeamlﬂ@ﬁfe Biobtidd) aad fodid@Nargs P hikeRbllfyhyddyi stmstdmedl ng conpound are
al so SU|tabIe fo |1y adntnlstered conpounas and. co tions of the
conpounds¥isu t&H’é( qXp{ 1 SR OXK of mpay geY) asrongtie aty gt femylowy Gigy’cer ol

monost earl?atl@allailsugﬂo ﬁ@)&}g' (@52@?165?&&&1@51 @(1@6 @ylbb%ﬁgnd Qy?dx C%&IR)@S' tions can
i ncl ude standard vehi cl'es such as mannit |"act’'ose, sStar magnesi um
st ear at e, Ceoplunds %awaﬂahtﬂecormetfrp@llbé@g éwailctxé?@n@mah@@ cMtilysnkace [ 00220] The
amount of i e treat nent of
a particula FS%gﬁéHpgaﬁi Egﬁf %ggvﬁnggﬁdgﬂﬁL gﬁ&o%%hh&%%?ure of the
CbnditiOﬁmﬁhﬂdmmaﬁbb@nﬂhﬂe(hmmﬁdhhﬂkﬁéabdawﬂhbkmlmﬁ&hnﬂbﬂb@LQUéﬁdlIn vitro

or in vivQ ass ed to he i de 0 mal dosage, r anges.
The preci CETHEEE - ‘ﬁﬁf;@ ST OfﬂtéYEgﬁffagq%d%el-@wweg Jetlhd on the
route of AdRdsBISka i LQchlQCo h%%@@r"gblm@fm}rﬂj%rr@@ftgdst WoRy-\arg gan be

deci ded according to the gnent of the practitioner and each subject's

ci r cunst aheEs19¥%eneép4- lﬁftﬁ gl 765 ddgayew rangetation of eyted obent hilsgivet i on are
general | y f‘PR}fﬁlzeQnQ@ém hERiv2 a0 FOfc R n S ATRRMh B0 0 P&ghrﬁé{?ﬁd&&ﬂa per kg
body mass.” I'n sone embodi ments, tne orat 0doSe s 0.01 ng to 100 ng per kg
body nmassl996, dp. 48161 &Ql exgmplary kmtheoid pravadises 0r Eeanting @)nﬁ‘@um@ Ipeith kg body

18" g o ou AR or b YA SO gt BBty magume FR ARG Amount <

descri bedeher giMed €henh. 199511 ab0RNMHERE S tiafl BAdhrE R @lthetph@tndedfai f nore than
one conpound of the invention is admnistered, the dosdges can correspond

to the tompblafegntn eftthembasimeiindsutyble base il bite opKed rsatcs thved. O al
conposi ti oR Rt 99%.Rkt 1 o] £ $S 0221] In
certain e%%gdgﬁehﬁg &hégggﬁgedﬁtsggﬁﬁgdﬁ%gg}?@%ﬁstﬁggt%%mggnp%ﬁ%gs of the
i nventi orB(hrSeutablmbmestre:t@d bus are ot bjreted to, slkyhmad basdswndgs ldlsium prophyl acti c
or prevent.ative ure i.nst S cribed, he

Cormost ¢ 1 SpsP P TRERE PELSARRR, o Rk P SamFARGL SFhSIR: event at i ve
measur e tIﬂleaylsumreqtheﬂ;a\sbmgmaalgeptehquaowsedmsﬁe&t ttmma bhagesaudbonrditiiu@n, such
as cardiovascul ar di sease, a dysl.ipidem a, a dysl |popro inem a, a disorder

of gl ucosdMidersatiym amide. otaspmamide. difhiwn ddramsghylpipgrid Y»Vy13 - associ at ed
di sor der dlgtﬁﬂtain?cﬁ:”hﬁtur@dfc?él@ﬁ@%?fahﬁdéj kécﬁﬁﬂ%'éxan%%ﬁﬁﬂﬁsﬂam&aﬁﬁﬂ%ﬁlh{ i's,
hypertenS|on a renal disease, "cancer, inflammation, or iInpotence. Exanples
of such glmxemﬁtbykdrseldzlé@élydltldmbﬁseﬂ ch exfedbun hydrisle nod potassinebydrisiet he c4

all el e of rote| E ch-inerease t he |ho zheinmer's
Di sease; Ma?‘oss 0 uncnlll %gnhtﬁl*r{|1 &fspprnﬁt’ on { rtﬁhar:ly usSpro ecleﬁlll i pase gene
codi ng r eghtdimentPpsfahoingent{od, @.readtrutrapmmﬁslmmhtdompcmdismga scalgn@mf resul ting
in the su stlfutlons DgN@ﬁ@, 9 i%ﬂ or a e%#$§/ g{ C. nmutations in
the |i poptPStiel 1o abPpaseiig@irats Harsuitals By gan R‘”b?“ E4saiUH9%scul ar

di seases, cohiptisinRicgerd amdanditshis bighRR kot ShiN@McAS 1n§§§tn‘f(‘%ﬁﬁl§@ tghd Ma, 1992,
Mol . Cell Biochém 113:171-176); and famiial conbined erllpldenta and
fam |ial soypenarontagedatcl wnptant tf@@@@ﬂ]@(%ﬁp@ﬂﬁd@ngﬁrof@bmogg {¢ &mzbogt t he
conpounds 0f, ¢ gerhtﬂ}’eeﬂ}ée%m e%o%ﬁnegﬁ’s“at'&b&{te%?de t’osab% Przgt‘b%ml&&éﬁ{@ measure to
a subject aving a non-genetic predisposition o Coridi t7 on, “'such as

car di ovasauboaimdlits glasiese aadpsihpediarn sajtalde dtjgahiicpolpemtbefdneaﬂcht;orﬁ Idi sor der of
gl ucose netabolism Al zheiner's D sease, Syndrome X, a P2Y13 -associ ated

di sorder, septicema, a thronbotic disorder, obesity, pancreatitis,
hypertensi on, a renal disease, cancer, inflanmation, or inpotence. Exanples
of such non-genetic predispositions inel ude but are not limted to cardiac
bypass surgery and percutaneous translum nal coronary angi opl asty, which
can lead to restenosis, an accelerated form of atherosclerosis; diabetes in
wonen, which can | ead to polycystic ovarian di sease; and cardi ovascul ar

di sease, which can lead to inpotence. Accordingly, the conmpositions of the
conpounds of the |nvent|on may be used for the preventlon of one dlsease or

.




[ 00225] Dysl i pidem as include but are not limted to: hyperlipidema and | ow
bl ood I evel s of high density |ipoprotein (HDL) cholesterol. In certain
enbodi menwe,20tns433gper | i pidem a is famlial hyperchol esteralsestiase7Bam | i al
conbi ned hyperlipidem a; reduced or deficient |lipoprotein |ipase |evels or
activity, including reductions or deficiencies resulting fromlipoprotein

| i pase nmutations; hypertriglyceridem a; hyperchol esterolem a; high bl ood

| evel s of ketone bodies (e.g. 3-OH butyric acid); high blood |evels of

Lp(a) chalgRt&filimdbd thetaQ0dnlg gl £h rhiOWF 5081 &¥nditARPHGIEIT}{d:DL)

chol esterol; high blood |levels of very Iow density |ipoprotein (VLDL)

chol est erwlveatdutibdhfob theodadtien ef sonafoundnl wath éhrd donpauhdet2 yelade.dst arf00226] The
present invention further provides t hods, for.alteri ipid . metabolismin
B ub ect ol Hgled . LlthlaMhe iR WO TR B8 (o, Bl o Bl PP e

tri gl ycerdifhetyl sulfoRilc benochepioli@ns W) cae thydicaabeasslngntd (. rpghiage,of HDL to LDL
in the blood of subj ect, and inhibiting saponified or non-saponified
fatty acilzfxglgﬁmﬁq*@%qp&ne} fi! YRS E e e HG TRa Hie & Hg°1%°8 subject in
need thergakyrdRafhd fllwed %o ATFTHNIboRE 1 B HOBIPOKASLS, @hd & BEmpaMant WAlh chit one
enbodi ment, the conmpound of the invention is present in a conposition that

further compssobed ima phiablewegantd sobichy issrsideptinpireiverhbadimenty gOXT]sTHe pr esent
| nvent| Onth?trtﬁé/ LH&F &H&Q%@%Fmﬁég?el{l-({i&f\wﬁiﬂtab&t oRt ‘%‘o"%tdeg&e%ftﬁe

dysl i poprotelnema, conprising admnistering to a subject 1Tn need thereof
an ef f ectinitial aetiontmdura tebqrepowund Adkr dduétidnofenimpounds Rntho neacesboditoent , t he

conpound of the invention is present in a conposition_that further
conpri sesCEPHARFnERRTAdbief {0 @Eﬁl@ﬁtt%wa%@nﬁae G0t aﬁv%tzé@] %}% PRWORO8t ei nemi a
are di sorg@gpsratub@tindi@ish Qbot ras:8 temptdiest 8 Ry rabei BRturt eMedes of

circul ati ng i poproteins. To the extent that |evels of |ipoproteins in the
bl ood ar eallgwisd tovefirluptiking Feactiorcis siphstandalb cantidete ay éfeingped by wagian stered to a

subj ect t ] : e v that |evels of

| i popr ot e%ﬁgo%?ltﬁ%? %relﬁgilrléogg eJfa?r%}e{’ Agg%% F‘gafdggﬁmﬁg%%o@%vgﬁ h%ﬁe i nvention

i s adm nistermeahce biqaidshiynetdgraghyr(E$1.0N e Thor the teakbanehscturblor quehchedwvad s of

| i popr ot ei ns ar%s.‘\é\el l, known 1Et)o those of skill in the art. WO

2012/ 0545 5B BSGIPFOREF S0P B8258] Dys! i popr ot ei neni as i ncl ude but are not
limted to: high blood |Ievels of LDL; high blood | evels of apolipoprotein B
(apo B); [00881]bl ood ukthyietemefuntipd adn bdicghedivibsubsewelduldhy@éndya) ; hi gh

bl ood | evel. s of VLDL; lfwdgqlloogg | evel s of HDL; rgduc d or deficient

| i popr ot ePTighargEaeiqnd) afferdslcodelsidy ifoy cxsmplany grergdwienios Grisnardgractens ci enci es
resul ti ngsct Ve, i PARLRLE O¥glih PIIEmITWY aRERLASHs MYPRAsPRAlIBoRERLEUREM &;

| i poprotein abnormalities associated with diabetes; |ipoprotein

abnor mal i @.d99299081P2 Iniceiteip babpdipents; gpomovrdsi ara brgedraith Zines Mg soci at ed
with Al zheimer! j ; ! ' yper i p ha. 230] The

pr esent 1 Tt S0 SRR S A ATeHc bR E RDRE Y DR RS R, Pibrers

t he bl oodCaf. Jal 90MP43 1406 r Hdlidis Sgaapo syihdsized by elvsridty of methbloadtiof a

subj ect; gl evat| the | evels of HDL associate roteins,. i ncluding but not
limted t o gohelf 4 2’68Hﬁﬂ}oﬁ,m‘&%esﬂ9?‘(?r%%°§b%g]€&?°ﬁ_“1 %E@aﬁlpggwfsuﬁf subj ect ;
el evat i Ngystah@ifhMy eltsr, dichal Buthdt Nintilde td QA a@blcatos bk S5bsy1 A8, iPRRE | NY

cl earance of triglycerides fromthe blood of a subject, the nethods

conpr i si ny reevtai Shisintpgnadiiaeantbyreba trqatpdyede sosacad X anhesingeii e anount
of a conpgng d?fintaré?lvkﬁ’c‘éﬁ&{ AOFHF bichge ﬁe]%ﬂggtirﬁ%ﬂ%d f(’iﬂ%n&é?ﬂi?é%ﬁ?l £f the

invention iI's present 1n a conposition er conprise
phar mac euthicogl dlgohals ¢e piidbingolvehingtiably cpO@2B 1] tht elcplicd semtcarving grtupdagpr ovi des

nmet hods for the treatnent .or prevention.of _a glucose t abol | sm di sor der,
the et hotlosgREHPER A i SPURF REF O PiSs FR Rt oo aus: vRSPaoPecn

ef f ecti veinawadt OOR ; GreMR @ Fd.J.ofm tdven. B¥ERDOINT 27 | 148NEOAIBUOWITERFE), t he
conpound of the invention is present in a conposition that further

conpri sesnd Forsehicetitlicusgn, p- g{Ec,TéfWWIF@-#é%ilg%eﬁ‘g{@@?‘s@?%ﬂﬁ@é%oﬁét abol i sm

di sorders can involve aberrant glucose storage and/ or
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utilization. To the extent that one or nore indicia of glucose netabolism
(i.e., blood insulin, blood glucose) are abnornally high, the conpound of
t he i nverwoDan2s48dm ni stered to a subject to restore necmals201ewsd7so
Conversely, to the extent that one or nore indicia of glucose netabolism
are abnormally | ow, the conpound of the invention is admnistered to a
subject to restore nornmal |levels. Normal indicia of glucose netabolismare
wel | known to those of skill in the art. WO 2012/054535PCT/U82011/056780
[00233] G HERRE s Tt Qtp&lubﬁ:@\ﬁfhsx%rﬂﬁg ﬁetérﬂ@;’cﬂg% Pf'&)tdu@cr &idR04. éﬂe@]ffc

i npai red gl ucose tolerance; diabetic retlnopathy, di abetic nephropathy,
insul i n r&&6Jtamdwdrdtnisnd[3.3- Q]Bmdstt%mdezreSanémm%snn@rofpstamuras br east ,

col on or rost at e en bete ngt | i dto

non- |nsuV?n Be5ehdE %%ﬁ ]bgP&ﬂFE)S¥1%ﬂqi?ﬂﬂ , |h§JP|nn%%§éndent di abet es
mel litus thﬂaw,,J oRabdSloR ®uresll 42, £%. me84d. i Tousro (€dMpmpands wather i ty onset

di abetes of the y ancreatiti hypertensi on; .pol ycystic

ovari an cREEHOE WY m%%%? Sreoued o .6n§&1thHr<b?Hdﬁ)ﬂ>c¥8§<§ne- 7 bot h.

[ 00234] The,Rx§RERd hVRB bR GatileM. PVNdRGs PRI DRAEERT 1940, 85 539- gl ucose
nmet abolismin a subject, for e¥a mpl'e to increase insulin'sensitivity or

oxygen cdﬁ@uﬂbﬂﬂ@hwéﬁﬁaﬁ§uﬁﬁe€ O hdideef liertlse waetpt WehAg.@dni ni stering to a
subj ect i t of angy nventi on.
T one. erboHP Aol Eingiod of SELNEARMN AT PR kb IE 1.

conposi t II(nlud HatNikhing, rSerTstumiqu désted Spharﬁmmﬁm%ﬁ% y198¢c<§pmadn~ll}e vehi cl e.

[ 00235] The . present. inventi es met. or the. tre or

prevent i Ol S e el tr el dr ot 9?%%0%%61 fé@?ﬂig’f §¥ifig

adm ni st edds@1beli®n RrishRABEE. KN Aﬂ@l@@exlahEFMOf G?a'iilkefvf ecinvg. & ?&Z of a
conmpound of the i nvention. In one enbodi ment, the conpound of the invention

is presed@”ﬂﬁié9$%ﬁ%@%ﬂ%ﬂ%ﬁﬂ@ﬁ@#ﬁﬁemPWéﬁs@Bﬂﬁﬂﬂﬁﬁgmawﬁhgfnﬁ%eut|calIy
accept abl i ncl ude,
Bt ar o oAy e yni e AL R i e R A RO ECL.

psori asi sk.; GnillaeenRatogynib Ghethisdy,SMdeSes;-HBY &a@tca/EoginemngVMptﬂlo& tditien cancer ;

| ow | evel ; low.Level s of erebrosplna
1 ui o apo 200 ChstSi sl s RioF omISnr s B ey T Hant S bShtdlo A |

hi gh | eVeﬁﬁlr&fxs@d)ﬂlﬁQesVér@muﬂ@|11§the|p@éé@ﬂlc»‘é oFhotalsngdl hi-dbxidd(Bha bewells of bl ood
trlglycerlde gaﬁjevels of blood apo B; high |evels of blood apo CI1

and r educlaef hedsged age! PO ARYHC ﬁéﬁﬁlﬁ% Ath n: bongnpidpet BEW Yarkase
activity.g éﬂﬁﬁ,be el evated in | ynph or cerebral fluid, or both.
[00237]The presen 2 i nvention provides nethods for the treatnent or
prevention of a hepatic steatosis, includig alcoholic and non-al coholic
hepatic steatosis , the nethod conprising adm nistering to a subject in
need thereof an effective amount of a conpound of the invention. In one
enbodi ment, the conmpound of the invention is present in a conposition that
further conprises a pharmaceutically acceptable vehicle. [00238] The present
i nvention provides nethods for the treatnent or prevention of a renal

di sease, the nmethod conprising adm nistering to a subject in need thereof
an effective anount of a conpound of the invention. In one enbodinent, the
conpound of the invention is present in a conposition that further

conpri ses a pharnaceutically acceptable vehicle. [00239] Renal di seases

i nclude: a glonerular disease (including but not limted to
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acute and chronic gl omerul onephritis, rapidly progressive

gl onerul onephritis, nephrotic syndrone, focal proliferative

gl oner ul ovephrzaskss gl onerul ar | esions associ ated wi th P¢stusric/osé’sease,
such as system c | upus erythemat osus, Goodpasture's syndrone, mnultiple
nyel oma, di abetes, neoplasia, sickle cell disease, and chronic inflanmatory
di seases), a tubul ar disease (including but not limted to acute tubular
necrosis and acute renal failure, polycystic renal diseasenedullary sponge
ki dney, nggudlLary cystic disease, nephrogenic diabetes, and renal tubular
acidosis), a tubulointerstitial disease (including but not limted to

pyel onephritis, drug and toxin induced tubul ointerstitial nephritis,
hyper cal cem ¢ nephropat hy, and hypokal emi ¢ nephropﬁﬂhﬁ) ute and rapidly
progressive renal failuh chroni c nenal fallureo 6 r Reasis, or

tunors (|nclud|m@H ut I|m (ﬁnal fel cayjci noma {nd
nephr obl ast ona) . no
di sease, |nclud|ﬁ@ﬂbut n '

nal di sease Ny a vascul ar
3] hyperten5| , _pephroscl erosi s,

m croangi opat hi ¢ henol ytic anenla at her oenbol i c Len di sease, dlffuse

cortical necrosis, and a renal infarct. [00240] Th re€ént invention

provi des net hods for ‘' he treatnent or prevention of, a neurodegenerative

di sease or disorder, Parkinson's Disease, Al zheiner's Di sease, Syndrone X,

septicem a, thronbotic disorders, obesity, pancreatitis, hypertension,

i nfl anmati on, or inpotence, conprising adninisterwn )to a subject in need

thereof an effective anount of a conpound of the iynvention. In one

enbodi nment, the conpamnd of the invention is present in_a conposition that

further conprlse%EG aé |C&JI accept aly e (véilcl eXe WO

2012/ 054535PCT/ US20114{ 0 ﬂ@%( Tr eat ment preventxon of Al zheinmer's
Di sease can al so i nclQde freat neny_ or pngventl n of one ox, nore |ipoprotein
abnornalities associate N h Al ZI Sey. [00242} reat nent or
prevention of Syndrone ﬁ\\aiabo”ic Syndr o ral so include treatnent
or prevention of a synp €of , including nbt limted to: inpaired

gl ucose tol erance, hypertension and dyslipidem a or dysli poproteinem a.
[ 00243] Treat nent or prevertion of septicen a cart al so include treatment or
prevention of septic shock. [00244] Treatnent or prevention of a thronbotic

di sorder can al so include|try, ntz,@r prevention of high blood | evels of
fibri nogen or pronotiondb i bfli noljysis. [00245] The conpounds of the
invention are al so useful Yt ozpr e wei ght reduction of the subject.

[ 00246] The conpounds of the |£yent|on are useful i n nedical appllcatlons

for = 2
P n(HzC)KR ; / (CH,) \kRz
2
Z \x
N —

2N ~ 3
\\R1 \ NR'I
5 6

a) CuCN, LiBr, THF, -78 to -10 °C; b) NaBH4, MeOH; c) methanesulfonyl chloride, CH2CI2;d) Et3N,
THF, DMAP

[00332] Scheme 2 outlines a general method of synthesis for the compounds of the
invention. Rieke metals 1 are commercially available, or can be prepared and subjected

to the reaction with substituted benzaldehydres as described in Zhu L., Wehmeyer R.M.,
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treating or preventing a variety of diseases and di sorders such as, but not
limted to, cardiovascul ar di sease, stroke, and peripheral vascul ar

di sease; wp2bipisasai a; hyperchol esterol em a, at her oscl erogitso0ipeséirs@ascul ar
di sease (PVD), stroke, TIA, fulgurant atherosclerosis Organ G aft

at heroscl erosis; dyslipoproteinema; a disorder of glucose netabolism

di abeti ¢ nephropat hy, diabetic retinopathy, insulin resistance, netabolic
syndronme di sorders (e.g., Syndrone X); a peroxisone proliferator activated

receptor I@i%}%é)ﬁ'ﬁtﬁ‘brg' ERHerg91 Sﬁdf’tlh&f}e M ﬁetkgfoﬁm&h&dgtesp&qqfe’ obesi ty;
pancreatitis; hyperténsion; renal disease; inflanmation; inflammatory
muscl e dr@émsé9Mh§u¢hndsm¢0wydyka@naahhbuﬂ&tIbaakﬁeﬂymybsmwn@IWmWQpathy
3‘{]26: :’;ttttjlr Szlltta‘tl)le I’le[avmg g%r{tg)at pre\f)aratlcéa{odtﬁe bsgqgu%{%t COHPIa% ngés%be%c éfwe for

se
gr anul omethesyShes{sAterivyist 61 ScHetfeus Suityblb eamingucupk Si:eE)fell At ip |t1&

scl erosis ), and aut oi mmun tltls arthri suc
r heurmat oi'ﬁt( QAP but,nableﬁrtrdgtoﬁﬁé%%a%i? Ipdq, prognid %ﬁﬂé slidenapy H)Irl tis:
ost eopor ogkAsul ®Aflox?, Isﬁeétm&hayrtatfb@raxysw em;@rtqqmswoaty) Bitsstukdds ;

aut oi nmune di sease, such as system'c I'upus and érythematosus; scleroderng;

anlkyl osi negkréeéf@@ylrorcy (e, pderlkylpdiendoyoutCo)anplaxy glswbﬁlﬁlt@’e(ﬁe}mém};, dnfalbet Fs
L LR BRARS SRR PR BER 13 Lo

| i popr ot etremtddrm&smetﬂaidsalrf@ryd: tldssidesatddw asneyqpats, sugi zy;c()erﬁ Wei the
hypoal phal i popr ot ei nem. and h erchole te Iem otein
abnor mal | RFESC SOt At R &Y ey e A BF BEsY e 4% fqupled
associ at eglitftcRppdpsitt Yeterbd Pl BYROMIAL $n RAH vERAXCEss QN Fictfyldnie tohvent i on
are useful for treatnent or prevention of high |evels of blood
triglycerforagerivitiyn S| &Vilesdestvativw Saengibisptaditp spnsdersiationtiolveseuwsrather hi gh
| evel s of ¢ ' terol,
i gh 1 evelaopo ROy b Reh B Bhe dr OB Bl B R B G
frbrrnogennlhnghnwﬂvels of |nsuI|n hrgh | evel s of glucose, and | ow | evels
of high density |ipoprotein cholesterol. The conpounds and conpositions of
the invention also have utility for treatnent of non-insulin-dependent
di abetes nellitus (NIDDM w thout increasing weight gain. The conpounds of
the invention may al so be used to reduce the fat content of neat in
| i vest ockj08s38 | r edudempvandhef BEswadoll cont ent of eggs. [00247] The i nvention
provi des novel conpounds particularly useful for treating or preventing a
variety drs ases and conditions, which include, but are not limted to
agi ng, r's Dg.sease, and Irpoprotein abnornmalities associated with
Alzheiner s D sease rki nson's Di sease, cancer, cardioyascuPar di sease,
di abeti c nephrgpat hy X\ di aletic retinopathy, a dlsorder cose
met abol i sm dysliprdema; dysli peprRh&iinenm a, e i
hypertension,| i npofence, inflammation insulin
ellntnatlg A e, ﬁbdulatlng C reactive prot
elimnation in bilegrpasakgatitis, pancreatPErﬁs
gastrointestinal disease; irritable bowel syndrone lanﬁ%tory bowel
di sease; a peroxisome proliferator activated receptor assocrajgf iasorder
ab

5¢tion,

esi stlance, lipid
i besbty oxyst er ol

phospholipid elimnatoon i@ bile, renal disease, septicem a lic

syndrone di sorders (eflg., $yndrone d a thronbotic disor

[ 00248] Car di ov I S s/é%ch at erosclerosrs can requrmeé surgica
procedures sudh as Jangi opl ast§. Angi | astly cafPE ”ﬁ’@bnpanred by the

pl acenent of rei forcrng a nEUalllc er%haped structure kn S a
"stent" ire a gedZcoronary artery For nore serious condijti ong, open
heart surgery such as coronary bypass rgery can be required.| The

surgi cal procedures Bgnalemt ai | usi ngNTnvasiHye surgi cal
and are associated with a high risk of ;restenosis and
Accordingly, the conpounds of the invention are usefuylNas aaings on
surgical devices (e.g., catheters) or inplants (e.g%, stenhts) to reduce the
risk of restenosis and thronbosis associated with invasive procedures used
in the treatnment of cardiovascul ar di seases. Accordingly, the present

i nvention further provides surgical devices or inplants that have a coating
t hat conprises an effective anmount of128 conmpound of the invention. [00249] A
conpound of the invention can be admnistered to a non-human aninmal for a
veterinary use for treating or preventing a disease or disorder disclosed
herein. [00250]1n a specific enbodi nent, the non-human animal is a
househol d pet. In another specific enbodi nent, the non-human animal is a
Irvestock anrnal In another enbodrnent t he non- hunan ani mal |s a nannal

r I o [ o I o, I o - L, I




conpounds of the invention disclosed herein are useful for treating or
preventing include, but are not limted to, the cancers disclosed belowin
Tabl e 1 awo 20et&si3ases thereof. Table 1. Solid tunors, pcmalsediifoge7eut not
limted to: fibrosarcoma nyxosarcona |iposarconma chondrosarcoma osteogenic
sarcoma chordoma angi osarconma endot hel i osar coma | ynphangi osar coma

| ynphangi oendot hel i osarcoma synovi oma nesot hel i ona Ewi ng' s tunor

| ei omyosar coma r habdomyosar coma col on cancer col orectal cancer ki dney
cancer paggLtgabl c cancer bone cancer basal cell carcinoma adenocarci nona
sweat gl and carcinong sebaceous gl and carcinongg papillary carcinonma

. . . X
papi | I ary adenocafg] nones cystadenocar ci no nesul | ary carci noma (T
bronchogeni ¢ carcilnona |renal cell carcinoma pafoma bil e duct carciinoma
choriocarci noma s 'S enbryonal carcino W lsmgn  t unor " 'm
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cervical cancer uterine cancer testicular cancer small cell lung carcinom
WO 2012/ 054535PCT/ US2011/ 056780 breast cancer bl adder carci noma ovari an
cancer | unyocarosis3pr ost at e cancerepi thelial carci nona esophmg@aloseancer ski n
cancer stonmach cancernel anoma oral cancernetastatic nel anonma nasal
cancer neur obl astoma t hroat cancerretinobl astoma squanous cell carci nona

[00334] Scheme 1 illustrates a synthesis of pyrimidines of formula 4. The
synthesis can be accomplished by condensation of ketoesters of formula 2 and amidines
of formula 3. The condensation reaction can be conducted as described in Hull R. et al.,
1946, Journal of the Chemical Society pp. 357-362. The ketoesters of formula 2 can be
prepared from the commercially available esters of formula 1 (¢.g. Matrix Scientific,
Columbia, SC) by the methods described in Raimundo, Brian C., et al., 2004, Journal of
Medicinal Chemistry 47(12), pp. 3111-3131, or the corresponding acid (e.g. Sigma-
Aldrich Corp., St. Louis, MO) by the method found in Bashford K. E. et al., 2003,
Tetrahedron Letters 44, pp. 1627-1629 and Oikawa Y. et al., 1978, Journal of Organic
Chemistry 43(10), pp. 2087-2088. The amine present can be commonly protected with
but not limited to a t-Boc, CBZ, or benzyl protective group. The amidines of formula 3
(with m being an integer from 0 to 3) arc generally commercially available (¢.g. Sigma-
Aldrich Corp., St. Louis, MO) but also can be prepared from the corresponding amine by
reaction with 2-methyl-2-thiopseudourea sulfate, which is also commercially available
(e.g. Sigma-Aldrich Corp., St. Louis, MO). One such nonlimiting procedure is described
in Bonafoux D. et al., 2009, Bioorganic & Medicinal Chemistry Letters 19(3), pp. 912-
916.

[00335] Scheme 2 describes the transformation of pyrimidines of formula 4 to the
corresponding halogenated compounds of formula § by the use of a halogenating agents
including but not limited to PCls, PBrs, phosphorus oxychloride, and phosphorus
oxybromide. An example of this transformation is described by Altenbach R. J., et al.,
2008, Journal of Medicinal Chemistry 51(20), pp. 6571-6580. The halogenated
compounds of formula § can be reacted with a series of carbon, nitrogen, oxygen or
sulfur neucleophiles to displace the halogen and generate more the complex pyrimidine
analogs of formula 6. The agents used for displacement are commercially available (e.g.
Sigma-Aldrich Corp., St. Louis, MO) and generally require the presence of additional
base including but not limited to tricthylamine, diisopropylethylamine, potassium or
sodium tert-butoxide, potassium or sodium carbonate, and sodium hydride. Examples of
these type of displacement reactions with nitrogen neucleophiles (as in Ghoneim K. M. et
al., 1986, Journal of the Indian Chemical Society, 63(10, pp. 914-917), oxygen
neuclophiles (as in Dubey P. K. et al., 2006, Indian Journal of Hetercyclic Chemistry
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Bl ood- borne cancers, including but not limted to: acute |ynphoblastic

| eukem a ("ALL") acute |ynphoblastic B-cell |eukem a acute |ynphoblastic
T-cel | | ewbenizsasat e nyel obl asts | eukem a ("AM.") acut eCcpruseyieloscrge e

| eukemi a ("APL") acute nonoblastic | eukem a acute nyel ononocytic | eukem a
acut e nonl ynphocyctic | eukem a acute undifferentiated | eukem a chronic

nmyel ocytic | eukema ("CM.") chronic |ynphocytic | eukema ("CLL") hairy cell
| eukemi a acute erythrol eukem c | eukemi amul tiple nyel oma acute

megakar YOH(@%IB.QLOBQL%)? RhBon neuclophiles (as in Gillespie R.J. et al, 2009, Bioorganic &
Medicinal Chemistry 17(18), pp. 6590-6605), and sulfur neucleophiles (as in Backer H.J.
et al, 1942, Recueil des Travaux Chimiques des Pays-Bas et de la Belgique 61, pp. 291-
298) arc well known in the literature.

[00336] Scheme 3 describes the transformation of pyrimidines of formula 4 to the
corresponding O-carbonyl pyrimidines of formula 7. The O-carbonyl pyrimidines of
formula 7 can be prepared from pyrimidines of formula 4 by addition of the
corresponding acid chloride in the presence of base including but not limited to
tricthylamine, diisopropylethylamine, potassium or sodium tert-butoxide, potassium or
sodium carbonate, and sodium hydride. The acid chlorides are commercially available
(c.g. Sigma-Aldrich Corp., St. Louis, MO) or can be prepared by heating a commercially
available acid with chlorinating agents which include but are not limited to thionyl
chloride or oxalyl chloride. One example of the carbonylation of pyrimidines is

described in Shabbir S. et al., 2010, Tetrahedron 66(35), pp. 7204-7212.

[00337] Scheme 4 illustrates the transformation of pyrimidines of formula 6 and
formula 7 to the final structures of formula (IT). The protective group can be first
removed to generate pyrimidines of formula 8 using standard methodologies for the
protective group that was used (see Greene T. W. and Wuts P. G., 1999, Protective
Groups in Organic Synthesis 3" edition, Wiley-Interscience, New York for removal of
common protective groups). The pyrimidines can then be alkylated with commercially
available agents (e.g. Sigma-Aldrich Corp., St. Louis, MO) in the presence of a base
including but not limited to tricthylamine, diisopropylethylamine, potassium or sodium
tert-butoxide, potassium or sodium carbonate, and sodium hydride. Procedures described
in Levy D. E. et al., 2008, Bioorganic & Medicinal Chemistry Letters, 18(7), pp. 2395-
2398 can be used in these types of alkylations. The second commonly methodology that
can be used in the transformation of pyrimidines of formula 8 the final structures of
formula (II) is reductive amination. Pyrimidines of formula 8 can be treated with a
commercially available aldehydes or ketones (e.g. Sigma-Aldrich Corp., St. Louis, MO)
in the presence of a weak acid (including but not limited to acetic acid, trifluoro acetic

acid, or hydrochloric acid) and a reducing reagent (including but not limited to sodium
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Acute and chronic | eukem as, including but not limted to:
| ynmphobl asti cl ynphocytic nyel ogenousnyel ocytic | eukemas CNS and brain
cancers, woebidismgpsbut not |imted to: gl i oma pil ocyt iPCTASRI100FE780TR
astrocytoma anapl astic astrocytonma glioblastoma nmultiforne nmedul | obl ast oma
crani opharyngi oma ependynonma pi neal ona hemangi obl ast oma acousti ¢ neuronma
ol i godendr ogl i oma neni ngi oma vesti bul ar schwannoma adenona

borohydride, sodium cyanoborohydride, and sodium triacetoxyborohydride) to produce

the desired final structures of formula (IT). The procedures provided in Taibakhsh M. et

al, 2011, Synthesis, pp. 490-496 and Abdel-Magid A. F. et al., 1996, Journal Organic

Chemistry, 61, pp. 3849-3862 outline methodologies which can be in the reductive

amination reactions.

[00338] Additionally the compounds of Formula II can be synthesized by methods
disclosed in: Abdel-Magid A. F. et al., 1996, “Reductive Amination of Aldehydes and
Ketones with Sodium Triacetoxyborohydride. Studies on Direct and Indirect Reductive
Amination Procedures(1)”, Journal Organic Chemistry, 61, pp. 3849-3862; Altenbach R.
J., et al., 2008, “Structure-Activity Studies on a Series of a 2-Aminopyrimidine-
Containing Histamine H4 Receptor Ligands”, Journal of Medicinal Chemistry 51(20), pp.
6571-6580; Backer H. J. et al, 1942, “Several Sulfanilamido-4-
methylpyrimidines”,Recucil des Travaux Chimiques des Pays-Bas et de la Belgique 61,
pp. 291-298; Bashford K. E. et al., 2003, “The Bohlmann-Ratz Route to Functionalised
Pyridine Scaffolds and Their Use in Library Synthesis’, Tetrahedron Letter, 44, pp. 1627-
1629; Bonafoux D. et al., 2009, “2-Aminoimidazoles Inhibitors of TGF-Beta Receptor
17, Bioorganic & Medicinal Chemistry Letters 19(3), pp. 912-916; Dubey P. K. et al.,
2006, “Synthesis of Threobromine Incorporated Pyrimidine”,Indian Journal of
Hetercyclic Chemistry 15(4), pp. 405-406; Ghoneim K. M. et al., 1986, “Synthesis and
Evaluation of some 2-, 4- and 2,4-di-substituted-6-Methylpyrimidine Derivatives for
Antimicrobial Activity”, Journal of the Indian Chemical Society, 63(10, pp. 914-917;
Gillespie R. J. et al, 2009, “Preparation of Pyrimidine Carboxamides as Purine Receptor,
Particularly Adenosine Receptor Antagonists”, Bioorganic & Medicinal Chemistry
17(18), pp. 6590-6605; Greene T. W. and Wuts P. G., 1999, Protective Groups in
Organic Synthesis, 3t edition, Wiley-Interscience, New York; Hull R. et al., 1946,
“Synthetic Antimalarials. III. Some Derivatives of Mono- and Dialkylpyrimidines”,
Journal of the Chemical Society pp. 357-362; Levy D. E. et al., 2008, “Aryl-indolyl
Maleimides as Inhibitors of CaMKII-Delta. Part 2.: SAR of the Amine Tether”,
Bioorganic & Medicinal Chemistry Letters, 18(7), pp. 2395-2398; Oikawa Y. et al.,
1978, “ Meldrum’s Acid in Organic Synthesis. 2. Q General and Versatile Synthesis of
Beta-Keto Esters”, Journal of Organic Chemistry 43(10), pp. 2087-2088; Raimundo,

124



metastatic brain tunor neningi oma spinal tunor nedul | obl astoma [00253] 1 n
one enbodi nent, the cancer is lung cancer, breast cancer, col orectal
cancer, pwvovetes4ssancer, a | eukem a, a | ynphona, non- Hoaghius2eiilogérphong,
skin cancer, a brain cancer, a cancer of the central nervous system
ovarian cancer, uterine cancer, stomach cancer, pancreatic cancer,
esophageal cancer, kidney cancer, |iver cancer, or a head and neck cancer.
I n anot her enbodi nent, the cancer is netastatic cancer. [00254]1n anot her

enbodi Mengyi,d A&t GAREES, “Infe PAtfe T HANGE A s UmbFEALRNSBhy stddl ORG8TRAHE Ment, the
brain cancer 1s netastatic brain cancer or a gliond. In one enbodi nent, the

gl i oma i sClyinhiod ytdvenestenoaf\inmiaMokestle doyagonnts dblapt AstAppreash facyt oma or

| i obl ast muld i for 1N one enbodi nen the cer.is
Romol ogou RuTE s R EE T Sirny TRy Rl Lyl PR A D et i ent, or
i s deficigndllilB100eShibbing. et 411, 00 1), MByirhidieeBdsanCadbxflRM diy Tetniingied®
enbodi nent, the deficjency. is cause a genetic tatjon. |In another
enbodi nen%\r,ontaﬁé abqﬁé%wtw@@ﬁﬁw f4 ot e geps kg sia8d caused by
abnor mal | ghdrQreXR6:2S $Eiedhe @on BRGA), |pp0r208RGA2 2 Thibakigh M. d Bl apot her
enbodi nent, the phenotype resulting fromthe deficiency is caused by
abnor nmal | Yatdystdxgsr@asPaRedpctyn et loylatmr of Bsmeare prsSespndane AFgnesend fani | y.
V0 2012/ OQAoBRReAlbRaCHIA Q28 70001008281l i MAKgebogb et Lhe cancer s
| eukem a, Such as’ but no Pmte , acute [eukem a, "@cute | ynphocytic

| eukem a, Trftwrectimnel o8 yrithasisl ppulddmid@6, such as, nyel obl astic, pronyel ocytic,
nmyel ononocyti c, nonocytic, and erythrol eukem a | eukem as and

nyel odyspl asti ¢ syndrone; chronic |eukem a, such as but not limted to,
chronic nyel ocytic (granulocytic) |eukem a, chronic |ynphocytic |eukem a,
hairy cell |eukem a; polycythem a Vera; |ynphoma such as but not limted to
Hodgki n' sjod33®dase, Guapodedglf Foraudi fidase; mul tiple nyel oma such as but not
limted to snoldering nultiple nyel oma, nonsecretory nyel ona,
osteosclﬁﬁ%ticlnyelona, pl asma cell |eukem a, solitary plasmacytonma and
ext ramedu? &Py 'pi asmacyt oma; Wl denstromi s nacrogl obul i nem a; nmonocl ona
gammopat hy of undeterm ned significance; beni gn nonocl onal gammopat hy;
heavy chai n di gpase; dendritic cell cancer, including plasmacytoid
dendriticgeel | Jcancegs NK blastic | ynphona (al so known as cutangous
NK/ T-cel | | otg-and agranul gr(ClidD4+/ CD56+), desmat ol ogi xe VR
basophi lic | eukemi a; bohe andalConnea ve tissue sarconmas as But not
linited to b®he sarconm, osteosarconm, chondrosarcong, Ewi'ng gy par cona,
mal i gnant gi ant ¢ell tunor, fi br6sar coma of bone, chordoms, ge€|Q§teaI
sarcoma, soft-tissue sarcomas, angi osarcoma (henmangi osar comaHa
fi brosarcoma, Kaposi's sarcomm, |eionyosarcona, |iposarcoma,

| ynphangi osarconma, neuril enmoma, rhabdomyosarcoma, synovial sarcoma; a
brain tunor such as but not limted to, glioma, astrocytoma, brain stem
gl i oma, ependynoma, oligodendroglioma, nonglial tunor, acoustic neurinona,
crani opharyngi oma, nedul | obl ast onma, neni ngi onma, pineocytoma,p pi neobl ast oma,
primary brain | homa; breast cancer including but not lim|ted to ductal
car ci noma, padendgar ci gone, |obul ar (sRphéentesd 1) carcin } trgﬂﬁbtal
car ci nong, I breast c ng r, _mici nous breast can , tuBul ar breast
cancer, papdTlary breast danc %, Paget's di sease, and Rnf @gnatory br east
cancer ; adrgnaHgmancer such as but not limted to pheoch# %yton1and
adrenocorti@lcal carcinoma; thyroid cancer such as but makt.ppyyited fo
papillary or follicular thyroid cancer, nmedullary thyroid cancer @ndial=Br
anapl astic thyroid cancer; pancreatic cancer such as but not limted to,

i nsul i noma, gastrinona, glucagononm, vipoma, somatostatin-secreting tunor,
and carcinoid or islet cell tunor; pituitary cancer such as but limted to
Cushi ng's di sease, prolactin-secreting tunor, acronegaly, and di abetes

i nsi pius; eye cancer such as but not |limted to ocul ar nel anona such as
iris nelanoma, choroidal nelanona, and cilliary body nel anoma, and
retinobl astoma; vagi nal cancer such as squanous cell carcinom,
adenocar ci noma, and nel anonma; vul var cancer such as squanous cel

carci noma, nel anoma, adenocarci noma, basal cell carcinoma, sarconma, and
Paget's di sease; cervical cancer such as but not limted to, squanous cel
carci noma, and adenocarci noma; uteringscancer such as but not |limted to
endonetrial carcinonma and uterine sarcoma; ovarian cancer such as but not
limted to, ovarian epithelial carcinoma, borderline tunor, germ cel
tumor, and stromal tunor; esophageal cancer such as but not limted to,
squanous cancer, adenocarci noma, adenoid cystic carcinoma, nucoepi dernoid
carci noma, adenosquanous carci noma, sarcoma, nelanoma, plasmacytons,

N 1 o, N B 7 1 I B Y - o, o
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cl eavage of notch by y-secretase including, but not limted to, |eukem a,
non small cell lung cancer, ovarian cancer, breast cancer, or brain cancer.
[ 00257] | weane/@wi3edi mrents, the cancer is col on cancer. PCH/USQM®/056780

enbodi nents, the cancer is colon, breast, |lung cancer or nel anona.

[ 00258] I n anot her enbodi nent, the subject in need of treatnent has

previ ously undergone or is presently undergoing treatnent for cancer. The
treatment includes, but is not limted to, chenotherapy, radiation therapy,
surgery or inmunotherapy, such as adm nistration of a cancer vaccine. In
sonme enbodi nents, [fhe conmpounds of t inventions are used for th
prevention ofrqetastasiks and i ' [ OM a,pfa¥h ous cancerr? [ 00R59] Rhe
conpounds of thg invention ar usef ul for treafing or pr,
cancer caused byug, Vvirus. Suc ses include human papil | ofm
can lead to cer\ical cancer (se€e, e.g., Hernandez- Avila et al. (CHAndhives

of Medi cal REsedPh (1997) 28:265-272); Epstein-Barr virus (EBV), which can
| ead to | ynphoma (see, e.g., Herrmann et al., J. Pathol. (2003
199(2):140-5); hepatitis B or Cvirus, which can lead to Ii car ci noma

(see, e.g., El-Serag, J. din. Gastroenterol. (2002) 35(5 Suppl. 2):572-8);
human T cell |eukema virus (HTLV)-1, which can lead to T-ceHf heuken a
(see, e.g., Mrtreux et al., Leukem a (2003) 17(1):26-38);
her pesvirus-8 infection, which can | ead to Kaposi's sarcomm RE, €e.g.,
Kadow et al., Curr. Opin. Investig. Drugs (2002) 3(11): 1574-9)r' and Human
| mmune deficiency Virus (H'V) infection, which can |lead to cancer as a
consequence of inmmnodeficiency (see, e.g., Dal Maso et al., Lancet Oncol
(2003) 4(2): 110-9). Each of these references is incorporated herein by
reference. WD 2012/ 054535PCT/ US2011/ 056780 [ 00260] The conpounds of the
invention are al so useful for preventing cancer, or preventing progression
of a cancer, incfuding but not limted to the carfters listed in Table 1.
Such prophykactif usegsncludes that in which,non-|peoplgstic cell growth
such as hype //netammﬁgkﬁonor nost spB P! byﬁadysplasia has
occurred. APte(natively or in addjtion to tRe presence of abnormal cell
growt h charact }%%gﬁ as hyperpl asia, net@pl asi@m,)®r dysplasia, the presence
of one or nore characteristics of a transfo d phenotype, or of a
mal i gnant phenof ype, displayed in vivo or dilsplayed’in vitro by a cel
sampl e frgm ubject, can indicate the degFrability of prophylactic or

t herapeutic adm ni stration of a conpound i nvention. Such
characteristics of a transformed phenotypRk_i ncl ude norphol ogy changes,

| ooser su um agtachnment, |oss of cont hnhibition, | oss of anchorage
dependenc pr gt ease rel ease, increased sugar Riransport, decreased serum
requirene pression of fetal antigens, disappearance of the 250, 000

e
dalton cell B%Jace protein, etc. In a specific enbodinment, |eukoplakia, a
beni gn- appearing hyperplastic or dysplastic | esion of the epithelium or
Bowen' s di sease, carcinoma in situ, is treatable or preventable according
to the present netjnods. [00261] 1 n anot her enbodi ment, fibrocystic disease
(cystic hypempl asjfa, mmemary dyspl asia, specifically adenosis (be

epi thelial hy pl asba)) is treatable or preventabl cordi tol{ he Rgs

pr esent nﬁgh % H[n()0262]ln er enbodi nents, a subjec or
nore of the ¥ ng predi/sposi ng fact@&ﬁm;£$tnall treated by
adm ni stration of an effect#iy unt a_conpound o bn: a

chr onosonal nsl ocation asspciated wth a nalignancy

Phi | adel phifa chjonosone for cheonyC nyel ogenous | eukem a; 1 8) for

follicular oma); famlial polyposis or Gardner's syndr
nonocl onal ¢ pathy; a first elegree kinship with persons g a cancer
or precancerou§*diggaﬁg_ﬁpomﬁng a Mendelian (genetic) inheri ce pattern
(e.g., familial pol'yposis of the colon, Gardner's syndrone, herffeditary
exostosi s, polyendocrine. adenomatosis, nedullary thyroid carcinoma with
anyl oi d production and pheochronocytom, Peutz-Jeghers syndrone,

neur of i bromat osi s of Von Reckl i nghausen, retinoblastoma, carotid body
tunor, cutaneous nel anocarci noma, intraocul ar nel anocarci nom, xeroderm
pi gnent osum ataxi a tel angi ectasi a, Chedi ak- H gashi syndrone, al binism
Fanconi's aplastic anem a, and Bl ooml ®esyndrone); and exposure to
carcinogens (e.g., snoking, second-hand snoke exposure, and inhal ation of
or contacting with certain chemcals).



[00263] I n one aspect, the present nethods for treating or preventing cancer
can further conprise the adm nistration of another anticancer agent.

[ 00264] | rworre12asws3di nent, the present invention provi degCraShad®s54780
treating or preventing cancer, conprising the adm nistration of an
effective anmount of a conpound of the invention and anot her anticancer
agent to a subject in need thereof. The conpound of the invention and

anot her anti cancer agent can be adm nistered concurrently. In this

embodi menposdfje corppiind Bhuihbe LBNENLL MR AL REInARLLRARAGY agent can
be adm nistered within the sane Conposition, or can m ni stered from
di f f er entcongopodi dfi thml§0rrrmiaalﬂt r@mmlaby amllfabler(euSlgmaﬂ’éérldfcwrrﬂhl stration.
I n anot h of . the in st.ered during
2"t et AR iR SRR YEf et} bR YRR By sy TR AR

t her apeutndt hﬁﬁffe&cd thhﬁrm &1mpro\p9raﬁade E&Eﬁﬁi}:tmeﬂmﬂlb@ﬂarﬁmbogddm&n t he

conpound of the |n entio ot her ti cancer age agm n| ered in
doses comRHFYMERTILY gpéuieaﬂg{ﬂ%x}atﬁd &’&BHP@H}EF%a Lysaaaﬂ%t&e%&\g B&wc or the
treat mentc@t, sanesls; MR RateN KA ot fonR0ta 2. tTTHE éﬁ?w%@:%@&’es@ﬁbédhﬁ

i nvention or other anticancer agent is adm nistered in doses that are | ower

t han t he Moeléss Re ehatoHi0¢, lonplabgldcdipianl @Jmfrnstagéﬁ%) apebQiedIq suthivpat her apy

for Fhe t Eﬁl\t%‘% %ac?lo CFE la{egggo%zllzés%f [5 ca%rgg%gﬁ ﬂlttP? %&ge gQHPOU“d of
t he |nve I‘on an her a 1 SnEErF"s en synergls

adm ni st etriphenyiphdgshirse tb padpasrtle blm&@hiormhasaltshﬁf@iﬁmw mhemrahlyererrpl oyed when

ot ho UL P Tia K18 EPOh BT S5PHEH a1 @ SHEEF Mt aek Pi-df or ed ag.
wel | as therlosiotshos feehuk 8f ﬁﬁﬁuﬁ%ﬁ%e%aﬂé@wltﬁlﬂﬁsa%{cﬁ{&{ge&ﬁ nof Ncl udi ng,
but not limted to, the cancer being treated, the subject’s general health,

and the aémited t@tsedlmg)rmwéﬁil@némdr@mlﬁsmﬂéﬁmmrpr SAdlé@lrfp@@m@thiﬁ RASSiUAVent i on
can be ad e i nut es, 45
m nut es, %131%11 Jag[% %rés?{d EI&H 1d%)qﬁour s&%ﬁ%e ﬁ%ﬁﬁg&% Eﬁh%\;égsm 48 hour S,
72 hour s al%lytim(esg, S].’grrwe‘élldmcliZCmelS& LapispyBERf fdrmudek &, gdhecmaeal sfins®@fweeks, 8

it es. BB R0t B agerah e s St Seet 1o RL PRI B hours. o

hours, 121d50urosz a24 nhu@m&éofasfﬂadaqwng isom@rsh e Snix Qe Maﬁmdtﬂany\@ﬁfﬁers%f\/\eeks 3
weeks, 4 weeks, ks, 6 weeks, 8 weeks, or 12 weeks after) the

adni ni st rigtmya 6&r=m bﬁbaleg%kdémcpwﬁéaélpna@@rﬂnhwireu%h@meé@ﬁ 1¢ergaﬁé% t her eof .
In vario t r anticancer
ngent. ar aNSRRASIIHRAL oo RIS o o' Bifpt RN pRaR e RIS 20 part.

| ess t hancoinpooud ofafoamula 71intbemaapadescribedhiorrispoG2ethb UP 82, fyathesis 2, frour s to 3

h h 5 5 h
6 hour aPatdnst. Ao el Rod DU SRR s b RTo A , BalYE pERES EE ° Dohour &°

to 9 hourferapart(c.ghbbtbnsdé @fﬂa@nhmuﬁosesamarofbaswmhmdrng bhOndtlmh&drt(s apart, 11
hours to 12 hours apart, no nore than 24 hours apar no nore than 48

hours apaiodiun of RORSSIEMIYAraRAe: OSSR PGIRHIT, ferte X @?ﬁaism«lin ahdiue ot her

ant i canceg, [R@eft ar@rs%dﬁﬁ{‘ﬂyfahﬁd)e\{rﬁgcd%ﬁl&'cﬁll 3 aPAHBR-(c LNABNCLDSFatiSTIRdI ment . a
conmpound of the inventionn and the other anticancer agent are adm nister ed
at 1 m nuPege SAmdiFQ@n§capnﬁct, Mt 5192@8] $@) orebe ecrmmndfenﬁforramia&f flbeti ve
armunt Ofdlg‘ 152 er?tundducts ca % I r}gent as descr%eg?ores}cn]:u a(%tclor\rlle & ttheOf ot her
anti cancer pagen dre resenf‘ b npatr%e sane conp PP Sne €nbodi ment

t hi s conplitsiatur©(e.d. thsgbud:t al.pzoosrehme@r@h’enﬁctaﬂ aéuteﬁsnw(ﬁn pRNE%hE2) enbodi ment :

this conposition is useful for i nt ravenous administration. [00269]1n one

enbodi ne e co Ltign a of a ¢ d of t
i nvent i oﬁb%@qt he %‘ﬁ@t}on&ﬁ)(ﬁ]f %dgé?ﬁFO mf?:ﬂif tﬁz‘nﬁ?egi%é’fl?‘gh?(rve to
treat or Qk@WRAtn:CERERID. df 91022?)0$ I ‘Byﬁtﬂ@gl@@fd mms;hmemmod TS oaRMPeSL ti ons
conprise an _effective anou ) )

Derivatives of 4,5,6,7- Tetrahydroth10no[3 2-c]-pyridine”, Chinese Chemical Letters

19(6), pp. 689-692; Crispi G. et al, 1982, “Enamine; 42. A simple Synthesis of 3,4-

Diaminobiphenyls”, Synthesis (9), pp. 787-788; Le Bigot Y. ct al., 1988, “Reactions in a
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t enozol om de, procarbazine, dacarbazine, interleukin-2, irinotecan, or
doxorubi cin, a physiologically acceptable carrier, diluent, excipient, or
vehi cl e, woadomwsefstecti ve anmount of a conmpound of the i meentsean/05¢780271] 1 n
one enbodi nent, the anount of a conpound of the invention and the other
anticancer agent is at |east about 0.01% of the conbi ned conbination
chenot herapy agents by wei ght of the conposition. Wen intended for oral
adm ni stration, this anmount can be varied fromabout 0.1%to about 80% by

wei ght  of gt iy RAPAS $d1RM:i t%ﬁ'i%t&t;@énoﬁsoﬁ@&%hlt t}fér\%nﬁgﬁe&%ﬁﬁﬂ Afafihom about
4%t o about 6960f conblne8 anount” of a conpound the i nvention and the

ot her antﬂﬂknmé¢A@gﬁmﬁhgwnwépbhmﬁh$wnheT@Uwp@snﬂﬂ@mImCﬂH@rNH@npOS|t|ons of
the pr esel{)lil 1'1 n\f{ent Iloﬂ)(gﬁ %991% E)O%g b%g@% Ke%o arlggt ﬁlgld%gl 2PPS Votrri)

conpri ses' I'tom about V Wef § oS
[ 00272] CankeafdpilEtordanibeivor datuedl oi‘rM@i@mﬁrmﬁduslmy amtmt)nppt&)snmg%a corrpound

of the inventign and e ot her ntlca cer _age |nclud but are not
linited t%"“ki‘ﬁg el 2P & EarREu ST Ar SHomby kortsrand Nqsbz#3] | n one
embodi ek jky 8@ rGRNEA It)dtéqsb@éﬂ@teﬁﬁ]%ﬁﬁ{al ofl MrgaRe eihbinu§ o) speniss, the brain
cancer 1S pl | ocytlic astrocytonmnm, ast I‘OC% oma, anap | astic ast rocyt onma,

by

gl i obl astGhaaghulet #lf. 3P “Synthesrrﬁe‘ctnés"tcéwz alaatwntqfr%@me Noobbajvatvesd

enbodi nmen ol mel anona

s et astat (0 TG alhidB 5 B o Rl LERRO SO BR ah: ctoat e

ant i canceCriggentt ai,alr98ap‘tEnaﬁhd1et 42/64 ylmpﬂe Syniiesgios 8 4ellamynobipheyylet, gi sti ¢

conbi nati gn of apd the ot ancer agent,

i ght  al | St (s e b@gt b 19 *Bfaciginor tghﬂgﬁyg s or |ess
frequent wmmq&hmér@gbn@ﬁs 1R&iuag et Witli© R3acHdR i€ Alkalthd Hy@t@ﬂfé@prratlﬂﬁ ability
to utilize |lower dosages of one or both of the conmpounds of the invention

and ot herOwanicSaheat Syatsant Tefrahedroadi i é957tH?,52aéé‘#ftﬂ§r Redgl.2P¥Quent |y can
reduce anio%gﬁ[ﬁlh;c 31 %‘ﬂﬁh%&&'%}‘f{% Mhd IB%@QF?aPFNoFa%N Rﬂerﬁﬁgfdhﬁs@rggx@t s toa

subj ect wt UCIn the erficac agents in treatment of
cancer. hn\addiﬂmmmﬂoﬁhk@ummgCthsuEﬁﬂ@bb mJgﬁ%z6@§MntumkaKhﬁainproved

efficacy these agen in.t treatnent. o er r t he. reducti on of
any adver S0or B TS a5 heBd R TP RaRweorgrof | her
agent al oMgatdnPOBEAIttR Jon@aesTondidieChemishe, RMippl st5r ation of an effective
anount of a conpound of the invention and an effective anount of another
anti cancer agent inhibits the resistance of a cancer to the other

anti cancer agen I n one enbodi nent, the cancer is a tunor. WO
2012/ 054588 /USZ&WMG#%@T‘UU’Z’W{’éw tabl e other anticancer agents usef ul

in the nethods and conpositions of
Scheme 1:
=
Z1
P
o H = z2
71 / condensation N\ //N
+ + N
7 | 22 N N
N
AN
N

2 3 \\l

[00343] Scheme 1 describes a synthetic route for the preparation of compounds of
Formula IV. In certain embodiments, the preparation involves stirring commercially

available (e.g. Sigma-Aldrich Corp., St. Louis, MO) aldehydes of formula 1,

128



t he present invention include, but are not limted to tenozol om de, a

t opoi sonerase | inhibitor, procarbazine, dacarbazi ne, gentitabine,

capeci t abvoep12msu3set r exat e, taxol, taxotere, nercapt opurCmais2aihiosgya@ni ne,
hydr oxyur ea, cytarabi ne, cycl ophospham de, ifosfam de, nitrosoureas,
cisplatin, carboplatin, mtonycin, dacarbazine, procarbizine, etoposide,

t eni posi de, canpat hecins, bl eonycin, doxorubicin, idarubicin, daunorubicin,
dacti nomycin, plicanycin, mtoxantrone, L-asparaginase, doxorubicin,

epi 1 ubi ¢i fymmsrcibli P W HUPREL b ALRXAPS G Gl B AL LAKR  arfRGLrRGE] 1t axel

| eucovorin, levam sole, irifnotecan, estranustine, etoposide, nitrogen

must ar ds, P16, SGlicy eloswmmeasdssaf dormada 2.andashydneisdaozdtiaralst3 inghe vi nca

al kal oi ds_such. as vinbl astin vi.ncr. st.i ne_and, vi nor el bi ne | at i num

coml exesgiER Aol P iRty Kb O RP St RO PhI%in, BoRbch

mesyl at e, anldexiase! Mheredcaohsw@n bt opaiverdwithtynd edihoet Hoafias e ieRpbribidnr S,
tyrphostins herbinycin A genistein, erbstatin, and | avendustin A

[00278] | rﬁn&ﬁ% gwifaaliah%ﬁ‘fe,s cB¥lg b o e EARERe @éﬁ? repglion i eipééf@s&s i nited
to, a drug thinghied chl mkAe§udficd BPIRurdtion, crystallization, or columfl Kyl ating agents,
including but not limted to: Nitrogen . '

must ar ds: @yehdperepipheith the Pppioosfta sirhert|(f-gsfikes g¢b ahilemmab lapmples of the

Ni t rosour Car i (: hgn}gs i.pe QCWE

Al kyl sul f%ﬁgetdgf} :agyhé{’rjslcﬁger?‘ll E%s% an’ éfralp"alz9(e8nés: er&%?]bhélgﬁh%%#oerrtr%ezol om de
Pr ocar bazPmparfRiat dfiiem- A enicakEders’y SgothpdiedOs :ppl -2l nAr opl ati n
CarboplatinOxaliplatin Plant al kal oids, including but not limted to:

Vi nca al kﬁb?ﬁlﬁl& Vi rlco%ps()tllllnge(%pg’,ensdlgg Vi nbl asti neVi nor el bi ne

Scheme 1:
i 0
R R ,
e CH R R
O /( 2)\n alkylation O/
* Hal Hal o 3
R3 > R
1 2 (CHy)n
| 3
R=Me, Et Hal R Me, Et
0O 0
R _R displacement R2 O/R
R3 © + Pth > R3
_(CHgn (CHo)n
Hal i _ _
3 Hal +PPh, 4a: Hal = Br
R=Me, Et R=Me, Et
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Taxoi ds: Pacl i t axel Docet axel DNA t opoi sonerase inhibitors,
including but not limted to: Epipodophyllins: Etoposi de9-am nocanpt ot hecin
Teni posi dwGantosedseci n Topot ecanCri snatol M tonyci ns: M POTUS2011/056780
CAnti-netabolites Anti-folates, including but not limted to: DHFR

i nhi bitors: | MP dehydrogenase inhibitors: Ri bom clotide reductase
inhibitors: Uacil anal ogs: Cytosine anal ogs: Purine anal ogs: DNA
anti-netabolites: Methotrexate l\/ycophenol ic acid Tiazofurin

O
I 2
})‘\ olefination R /R
s O
CH2)n R

Br- +PPh3

R=Me, Et
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Def er oxam ne 5- Fl uorouraci| Fluoxuridine Cytarabine (ara C) Cytosine

ar abi nosi de Fl udar abi ne Mercaptopurine 3-HP 2'-deoxy-5-fluorouridine 5-HP
al pha- TGDRO 20rz7oseissexat e El CAR Ri bavi ri n hydroxyur ea Doprfriuseeidioseso

Ral i trexed Centitabine Capecitabi ne Thi oguani ne beta- TGR cycl ocyti di ne
guanazol e i nosi ne gl ycodi al dehyde

Scheme 2:
O
R2 R R2 R2
o~ OH Hal
Rs R3 R3
(CHu)n-1 (CHy)n-1 (CHu)n-1
Reduction
6 - . halogenation
H H —  Ha A~
R= Me, Et
| s
R1 R‘1 R1

\ hydrolysis
alkylation _ displacement
or carbonylation
\ coupling
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WO 2012/ 054535PCT/ US2011/ 056780 aphi di col i n gl yci nat emacebecin |1

ar a- CPyr azol oi m dazol e 5-aza-2 '-deoxycytidine Hornonal therapies,

i ncl udi ngwbub12ms8s3si mted to: Receptor antagonists: PCT/US2011/056780

Anti - estrogen: Tanoxi f enMegestrol Ral oxi fene LHRH

agoni sts: GoscrclinLeuprolide acetate Anti-androgens: Fl ut am deBi cal ut am de
Reti noi ds/deltoids, including but not limted to: Cs-retinoic acid Vitamn
A derivative:All-trans retinoic acid (ATRA-1V)

Scheme 3:
R? R*
R3>< RZ R4
(CH,)n-1 3X
halogenation R
~  Hal (CHz)n
Ho, &~
= 9 ~ | 10
| N
\ \ R1
R1
R2>( a ] R2 R4
R3 0] X
(CH)n displacement R®
Hal 2 (CHa)n
+ 2
Z
~ | Z 12
XN 10 11 ’
\R1 7Z2=N Z*=N ~ X
R1
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Ver t opor f m ( BPD- MA) Denet hoxy- hypocrel lin A Plithal ocyani ne( 2BA- 2- DVHA)
Phot osensi ti zer Pc4 Cytokines, including but not limted to:

| nt er f er oNo20L2m34538ecr osi s factor I nterferon-13lnterl eulcmAR20M0e678B@r ON- 7
Angi ogenesi s inhibitors, including but not limted to: Angi ostati nVMbAb

| MC-1 C11 (plasm nogen fragnent) antiangi ogeni cNeovastat antithronmbin |11
Angi ozynmeNMm 3

R2 R* RA
T - =

R4
(CHy)n
2 (CHzn alkylation z ’
Z
7 | 12 | 14
N X

R R’

Y

halogenation
displacement
0]
R2 R4
Hal R3
b2 (CHa)n
7 | 13
X
¢
0]
Q 2 4
R R R7O \ R2 R4
RS R3 olefination
V2 _(CHyn - R® R?
72 (CHz)n
Z
14
| ~ v
AN |
\R1 \ \
R']
[00345] Scheme 1 outlines a general synthetic sequence for the preparation of

compounds of the formula V. Commercially available (e.g. Sigma-Aldrich Corp., St.
Louis, MO) esters, amides, or acids of formula 1 can be treated with base (including but
not limited to lithium diisopropylamide, sodium hexamethyldisilylamide, sodium or

potassium tert-butoxide) and alkylated with commercially available (e.g. Sigma-Aldrich
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ABT- 627Panzem Bay 12-9566PI - 88 Benefi nPl acental ribonucl ease inhibitor
Bevaci zumabPl asm nogen activator inhibitor BMS- 275291P| atel et factor-4
(PF4) carwolapasdsssi vedPri nomast at i nhi bitor (CDI) CAl PPoTiisedtilnsdz8k D
fragnent CD59 conplenentProliferin-related protein fragnment(PRP)

CEP- 7055PTK 787/ ZK 222594 Col 3Retinoids Conbretastatin A-4Soli mastat
Endostatin (col | agenSqual am ne

Corp., St. Louis, MO) dihalogenated alkanes of formula 2. The procedures described in
Mueller R. et al, 2004, Journal of Medicinal Chemistry, 47(24), pp. 6082-6099 outline
the alkylation reaction. The alkylated products of formula 3 can be heated in the
presence of triphenylphosphine to prepare the phosphonium salts of formula 4 in the
manner described in Parikka K. et al., 2009, Beilstein Journal of Organic Chemistry,
5(22), pp. 1-5. The phosphonium salts of formula 4 can be treated with base (including
but not limited to sodium or potassium hydroxide, potassium or sodium tert-butoxide,
potassium or sodium carbonate, and sodium hydride) in the presence of commercially
available aldehydes (e.g. Sigma-Aldrich Corp., St. Louis, MO) of formula § to generate
olefins of formula 6 in the manner described in Le Bigot Y. et al., 1988, Tetrahedron

44(4), pp. 1057-1072, as a mixture of cis and trans isomers.

[00346] Scheme 2 illustrates a conversion of esters of formula 6 to halogenated
compounds of formula 9. The alcohols of formula 7 can be prepared by reduction of the
ester group in compounds of formula 6. A wide variety of reagents are available for
reduction of such esters to alcohols, e.g., see M. Hudlicky, Reductions in Organic
Chemistry, 2nd ed., 1996 pp. 212-217, hereby expressly incorporated herein by reference.
In certain embodiments, the reduction can be performed with a hydride type reducing
agent, for example, lithium aluminum hydride, lithium borohydride, lithium tricthyl
borohydride, diisobutylaluminum hydride, lithium trimethoxyaluminum hydride, or
sodium bis(2-methoxy)aluminum hydride. For exemplary, but non-limiting, procedures
for reducing esters to alcohols, see Nystrom et al., 1947, J. Am. Chem. Soc. 69:1197; and
Moffet et al., 1963, Org. Synth., Collect. 834(4), lithium aluminum hydride; Brown et
al., 1965, J. Am. Chem. Soc. 87:5614, lithium trimethoxyaluminum hydride; Cerny et al.,
1969, Collect. Czech. Chem. Commun. 34:1025, sodium bis(2-methoxy)aluminum
hydride; Nystrom et al., 1949, J. Am. Chem. 71:245, lithium borohydride; and Brown et
al., 1980, J. Org. Chem. 45:1, lithium triethyl borohydride. The alcohol present in
compounds of formula 7 can be converted to the halide to prepare compounds of formula
8 (for an illustrative discussion of various methods for conversion of alcohols to halides
see March, J. Advanced Organic Chemistry; Reactions Mechanisms, and Structure, 4th
ed., 1992, pp. 431-433). Compounds of formula 9 can be directly prepared from the ester
6 by hydrolysis of the ester with base followed by standard coupling techniques (using
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XVI11 fragnment) Fibronectin fragnentSS 3304 G o-betaSU 5416 Hal of ugi noneSU
6668 Hepari nasesSU11248 Heparin hexasacchari deTetrahydrocortisol-S fragnment
HW833Tetwatzhizoswdsgbdat e Human chori oni ¢ gonadot ropi n PRTES2011086'80
Interferon ci/13/7 Interferon inducible protein (IP-10) Interl eukin-12
Kringle 5 (plasm nogen fragnment) Mari nast at

DCC (N,N'-Dicyclohexylcarbodiimide), EDC (1-Ethyl-3-(3-
dimethylaminopropyl)carbodiimide), HBTU (O-(Benzotriazol-1-yl)-N,N,N’,N'-
tetramethyluronium hexafluorophosphate) (for example) with commercially available
alcohols, amines, and thiols. Compounds of formula 9 could also be prepared form
compounds of formula 7 by alkylation or carbonylation with commercially available
alkylating and acylating reagents. Compounds of formula 9 can also be prepared by
displacement of the halide present in compounds of formula 8 with commercially

available alcohols, amines, and thiols.

[00347] In scheme 3, the mixture of cis and trans isomers of formula 9 can be
halogenated by condensation with anhydrous hydrogen halide gas (e.g. hydrogen bromide
gas) in acctic acid at low temperature to prepare the halogenated compound of formula
10, in the manner described in Crispi G. et al, 1982, Synthesis 9, pp. 787-788.
Compounds of the formula 11 (Z> = N) can be prepared as described in Taillier C. et al.,
2007, Tetrahedron 63(21), pp. 3589-3592 can coupled with the halides of figure 10 in the
presence of base (including but not limited to sodium or potassium hydroxide, potassium
or sodium tert-butoxide, potassium or sodium carbonate, and sodium hydride) to form
compounds of formula 12. The displacement products can be prepared as described for
similar compounds in the literature (¢.g. Cheng D. et al., 2008, Chinese Chemical Letters
19(6), pp. 689-692). The ketones of formula 12 could be treated with base and alkylated
with a series of commercially available alkylating (or acylating) reagents to form
compounds of formula 14. The ketones of formula 12 could also be halogenated to form
formula 13 compounds by the methods described in Newman M.S. et al., 1945, Organic
Synthesis 25 and Mellegaard-Waetzig S. R. et al., 2006, Tetrahedron, pp. 7191-7198.
The halogenated compounds of formula 13 could then be displaced with commercially
available compounds containing nitrogen, oxygen, or sulfur necuclophiles to prepare the
ketones of formula 14. The target compounds of formula V can be prepared by
olefination of the ketones of formula 14 with commercially available phosphonates or

phosphonium salts in the presence of base.

Additionally the compounds of Formula V can be synthesized by methods disclosed in:
Cheng D. et al., 2008, “Synthesis and Activity Evaluation of Some Novel Derivatives of
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Met al | oprotei nase inhibitors (TIMPs) 2-Methoxyestradiol MM 270 (CGS

27023A) Thal i dom de Thronbospondin-1 (TSP-1) TNP-470 Transform ng grow h

fact or - bewe 202@543B3) Vascul ostatin Vasostatin (calreti cecirruskoiagsesas )

ZD6126 ZD 6474 farnesyl transferase inhibitors (FTI) Bi sphosphonates

Antimtotic agents, including but not Iimted to: Isoprenylation

i nhi bitors: Allocol chicine Halichondrin B Col chicine
4,5,6,7-Tetrahydrothiono[3,2-c]-pyridine”, Chinese Chemical Letters 19(6), pp. 689-692;
Crispi G. et al, 1982, “Enamine; 42. A simple Synthesis of 3,4-Diaminobiphenyls”,
Synthesis (9), pp. 787-788; M. Hudlicky, Reductions in Organic Chemistry, 2nd ed.,
1996 pp. 212-217; Le Bigot Y. ct al., 1988, “Reactions in a Slightly Hydrated Solid-
Liquid Heterogenous Medium: the Wittig Reaction in Alkaline Hydroxide-Aprotic
Organic Solvent System”, Tetrahedron 44(4), pp. 1057-1072; March, J. Advanced
Organic Chemistry; Reactions Mechanisms, and Structure, 4th ed., 1992, pp. 431-433;
Mellegaard-Waetzig S. R. ct al., 2006, “Sclenium-Catalyzed Oxidative halogenations”,
Tetrahedron, pp. 7191-7198; Mueller R. et al, 2004, “Long Hydrocarbon Chain Keto
Diols and Diacids that Favorably Alter Lipid Disorders in Vivo”, Journal of Medicinal
Chemistry, 47(24), pp. 6082-6099; Newman M.S. et al., 1945, “2-chlorocyclohexanone”,
Organic Synthesis 25; Parikka K. et al., 2009, “An Expedient Synthsis of 5-n-
Alkylresorcinols and Novel 5-n-Alkylresorcinols Hapatens”, Beilstein Journal of Organic
Chemistry, 5(22) pp. 1-5; Taillier C. et al., 2007, “Synthesis of 3-Oxooxa and 2-
Oxoazacycloak-4-enes by Ring-Closing Metathesis. Application to the Synthesis of an
Inhibitor of Cathepsin K”, Tetrahedron 63(21), pp. 3589-3592.

[00348] Compounds of Formula VI
Scheme 1:
0 0]
deprotection
—_—
Z /22
pa”” H
1 2 72=N
Br Br
Cl acylation R®
\ . \
| ! | !
A s A,
R R

136



col chicine derivative dolstatin 10 Ohers:
cysteine

Thi ocol chicine trityl
phenyl pyrwaizniansizen Cel |

Mayt ansi ne Rhi zoxin
Dopam ner gi ¢ neur ot oxi ns: 1- net hy1- 4-
cycl e inhibitors: Staurospori n@CT/US2011/056780

Act i nonyci ns: Acti nonyci n DDacti nonmycin

WD 2012/ 054535PCT/ US2011/ 056780

Bl eonyci ns: Bl eomycin A2 Bl eomycin B2 Ant hracycl i nes: Daunor ubi cin

Doxor ubi ci n

O Br 0 R5
R5
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| * | 0
2
/Z / / /
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(adriamnmycin) ldarubicin Epirubicin MDR inhibitors: Verapanm | Ca2ATPase

i nhi bitors: Thapsi gargi n Pepl onycin Pirarabicin Zorabicin Mtoxantrone

[ 00279] Owenormddusissonal anticancer agents that are usef BCTIUS2¢1W®56780
conpositions and net hods of the present invention include, but are not
limted to: acivicin; aclarubicin; acodazol e hydrochl ori de; acronine;
adozel esi n; al desl eukin; altretam ne; anbonycin; anetantrone acetate;

am nogl ut et hi m de; amnsacrine; anastrozol e; anthramycin; asparagi nase;
asperlin; azacitidie; azgtepa; azotonycin; batimstat; benzodepa

bi cal ut ani de; bi santkgpe~hydrochl oride; bisnafide di mesyDgte; Bzel esin;

bl eonycin sulfate; brefuinar sodiunm bropirimne; busulfan]yCacti nonyci n;
cal ust erone; caracem de¢; carbetlneroh%%ﬁﬁgplatln carnusting; carubicin
hydrochl ori de; &Sy cedef ngol oranbucil; cirole in;, cisplatin;
cl adri bi ng; N cy6T65ﬁ6§ﬁﬂan1de bazi ne;
dacti nomyci nm; pchl ori de;. dec
dezaguani ne; .-1d|a2|8
doxor ubi ci n hy i de; ot oxi f ene; drol
propi onate; duazonycin; edatrexate; eflornithtgrie hydrocC Iorlde
el samitrucin; enlopdatinf enpronate; epipropidine; epirlbiciny
hydrochl ori de; erbul ozol e; esorubicin hydrochl oride; estamusti ne;
estranusti ne phosphate sodi um etani dazol e; etoposide; etoposide phosphate;
etoprine; fadrozole hydrochl oride; fazarabine fenretinide; floxuridine;

f 1 udar abi osph C triecin
sodi um ﬁc ab,n§%ﬁ6g§%§%%§§§%lé%ﬂwﬁ F OX J%é%gp&3§¥ﬁ%§%¥hqﬁ€g?g%§ ori de;
ifosfanid@mnnMﬁﬂfahepenxﬁmtﬂmmeukbheaxmﬂﬂmwmﬂnﬁ@om@cmﬁbmn&nbnnmherIeukin-2,
or rlL2), terferon alfa- : |nterf fa-243; in n_ al fa-nl
interfer oaﬁld;*Prfr%ﬂ%é aP‘Pi‘P%‘:“’fdéPgWet’f%th VS as ffeﬁar@?ﬁﬁi Fin;

i ri not ecayifi¢dCoghl. OZOOdeTetfaﬁEﬁr&Q%Bﬁi@) qﬁﬁg%gezsdzaﬁmzpécepmdemrg%we
acetate; |iarozole hydrochloride; |onetrexol sodium |onustine:

| osoxant rHﬁfeMW@tﬁ\@c%@W%dé)e reraeNsE by BITingrn i fiesoasetic apid el nsenarhidai ne
hydroch! ofhdBundBERShARY. ARELAREouTELPARRTLLL. AGEL Bl fmcIRIRNRLERI
menogaril ; rcapt opuri ne; rexat 6. et hot Fexate o nmet opri ne;
neturedenag ﬁ@hwndﬁnnﬁ@pqﬂﬁhdaan$Bﬁ?)mnhmbepnmmpdﬂhhn@mhhmmmﬂw1tonalcin

et dr” nocbaEAr gt AR 3 R R oRreDRan. Al BREreE O ©

pegaspar g@sepropakih mfﬁlhd) ER&RoAUEUME of e RbAPYEide oisulleff@tnﬁna peid osf am de;
pi pobroman; pi posulfan; |roxantrone hydr ochl ori de; ciii;

pl orrestan@rm%r"fqaﬁﬁ?h i pplapaprpiie éﬂhﬁﬁts{ﬁe gpPé/éﬁwwﬂopﬁ@le) rfoemilisazi ne
hydrochl of ch rj.boprine;
rogl eti md é gceg}gwn& H%/&ltsrbfff ?Ilrll%g hy rlg%:ld[{ ori (Jgﬁlhgg S?Ya{c%égﬁtglédﬁtﬂ?rgzder%e

spar f os at@sadadmmheémamwr(ygl ﬁher@d]) red gler20ah. Chmdsy dhoofhbl¢tites 1%6) ponust i ne;
splroplaté reptonlgrln streptozocin; sulofenur; talisomycin; tecogal an
sodi um E%é} t el oxantrone hydrochl oride; tenoporfin; teniposide;
terOX|rone testolactone; t hi am prine; thioguanine; thiotepa; tiazofurin;

ti rapazaniongso]t or erichane?2 dedcribtsed ptelpaatlmi ommcgebﬁfoanultaﬂi feari tHei ne

phosphate; trinetr trinmetre ucu onat e; ptorelin; .tubul ozole

hydr ochl Sampeundyofdoip s Aplo 08¢ a@aa ﬁ%wfpad so@fﬁt%ﬁ%ﬂfdﬁ?% ion

vinbl asti grgofilrAhIR; aailiNgE b&ﬁlsdiﬁdﬂél g; glgﬁna-xldaféﬁ@ofw stvisdenog sul fate;

vi nepi di ne sul fate; vinglycinate sulfate; vinleurosine sulfate; vinorelbine
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zi nostati C ] er drugs
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that are d conpositions o i'nvention include,
but are nadditiomilly etic tenp@ddepf foim@d Sdiohiddredwlogetaad by tb3methodeltdryibyd ur aci | ;
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an nol evud.i TheCeodspotndsdTTotingd 6 candBEIREfe RWEth o@ﬁﬂlgarrahmﬂmﬂamas@mmh@
andr ogr aphol i de; angi ogenesi s inhibitors; antagonist D, antagonist G

antarelix; anti-dorsalizing nnrphogenetlc protein-1; antiandrogen,
prostatic carcinoma; antiestrogen; antineopl aston; antisense

ol i gonucl eoti des; aphidicolin glycinate; apoptosis gene nodul at ors;
apoptosis regul ators; apurinic acid; ®g8a-COP-DL- PTBA; argi ni ne deamni nase;
asul acrine; atanestane; atrinustine; axinastatin 1; axinastatin 2;

axi nastatin 3; azasetron; azatoxin; azatyrosine; baccatin Il derivatives;
bal anol ; batimastat; BCR/ ABL antagoni sts; benzochl ori ns;
benzoyl st aur ospori ne; beta Lactam Derivatives; beta-al ethine; betaclanycin
B betullnlc aC|d bFGF |nh|b|tor blcalutanlde bisantrene;
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conpl exes; lissoclinam de 7; |obaplatin; |onbricine; |onetrexol

| oni dam ne; | osoxantrone; |ovastatin; |oxoribine; lurtotecan; lutetium
t exaphyriwo 2012906583851 i ne; |ytic peptides; naitansine;, maRrQDAS2411/056%80
mar i mast at; masoprocol; maspin; matrilysin inhibitors; matrix

nmet al | oprotei nase inhibitors; nenogaril; merbarone; neterelin,;

net hi oni nase; netoclopram de; MF inhibitor; mfepristone; mltefosine;
mrinostim msnatched doubl e stranded RNA; nitoguazone; nmitol actol;
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pl ati num co | at orflne odj um

por f i r omyBf? Hgéspcfﬂ(@%ff@aheé gbp ﬁb?@% ?ﬁ@% é§f1¥6¥ Erilifios ot SpPt easone
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protein kinase C i nhi bitors, mcroa ein rosi ne phosphat ase

i nhi bi t orlsettepubd(@epn 98P 6821 el @h@%&ihgﬂw rpWhYebIntdW%l AzycYlphpdlns;

pyrazol o r \Y/
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Fogl et 1 m G| FORPABLS FoiHE ik pliitey MR Y GonaUBe r aboxy!
saf i ngol ; csamhiepidhs &8I §PNuk3-368;CORMYE. of alA19§ﬁF‘ﬁrSi'ﬂ9§tatho§%mellt m metics;
senusti ne; senescence derived inhibitor 1; sense ol 1 gonucleotides; S|gnal

t r ansduct Pesheskii Betediade Kstogash Tetrahedion 30 BrmbaRd- ki Laillsrigicealohai n

anti gen i r ne. sodi um
phenyl acgitdg? e%nﬁ{e\%%? Oxgtc))%r%{dgrre Xoa%gwéﬁl%r%g' %lre %tﬁfe?\%&é%slg%%gw&ﬂéss%ar fosic
aci d; spi&prheeiion 0O;thesfintimmsst am&hilgpr enOptbepsimK” SiptragdsorméI(A1)1 ;ppsqual am ne;
sten1cell%%gggpktor; stemcell division inhibitors; stipiamde; stronelysin
i nhi bi tor 3 i nosi ne; superactive vasoactive intestinal peptide

ant agoni st; suradi sta; suram n; swainsonine; synthetic glycosam nogl ycans;
tal | i nust[ion&s53]t anox@dnepeunes bf Bslnddq VIkuUr onusti ne; tazarotene; tecogal an
sodi um tegafur; tellurapyrylium telonerase inhibitors; tenoporfm

t enozol om de; teniposide; tetrachl orodecaoxi de; tetrazom ne; thaliblastine;
t hi ocoral i ne; thronbopoietin; thronbopoietin mnetic; thymalfasin;

t hynopoi etin receptor agonist; thynotrinan; thyroid stimnmulating hornone;
tin ethyl etiopurpurirt; tirapazam ne; titanocene bichloride; topsentin,;
torem fene; totipotent stemcell factor; translation inhibitors; tretinoin;
triacetyluridine; triciribine; trinmetrexate; triptorelin; tropisetron
turosteride; tyrosine kinase inhibitors; tyrphostins; UBC inhibitors;

ubeni nex; urogenital sinus-derived growth inhibitory factor; urokinase
receptor antagonists; vapreotide; variolin B; vector system erythrocyte
gene therapy; velaresol; ver am ne; verdins; verteporfn vinorelbine;

vi nxal ti ne; vitaxin; vorozole; zanoterone; zeniplatin; zilascorb; and
zinostatin stimalanmer. [00281]1n anot her enbodi nent, the other anticancer
agent is interferon-a. In another enbdi nent, the other anticancer agent is
interleukin-2. In one enbodi nent, the other anticancer agent is an

al kyl ati ng agent, such as a nitrogen mustard, a nitrosourea, an

al kyl sul fonate, a triazene, or a platinumcontaining agent. In one

enbodi nent, the other anticancer agent is a triazene al kylating agent. In
one enbodlnent the other antlcancer agent i's 0 6 benzylguanlne I n anot her
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WD 2012/ 054535PCT/ US2011/ 056780 [ 00287] The conmpounds of the invention can
al so be adm nistered in vitro or ex vivo, such as for the treatnent of
certai n capeerzs4isacl udi ng, but not limted to | eukem agcani$201ynpiTenas,
such treatnent involving autol ogous stemcell transplants. This can involve
a process in which the subject's autol ogous hematopoietic stemcells are
harvest ed and purged of all cancer cells, the subject's remaining
bone-marrow cell population is then eradicated via the admnistration of a
conpound @f,.i,Bg. i nvention or radiation, or both, and the resultant stem
cells are infused back into the subject. Supportive care can be
subsequent |y provided while bone marrow function is restored and the
subj ect recovers. B.Treatment or preventioff \¢f—a Weur odegenerative Di sease
[ 00288] The i nvention provides thods for tr i i
neurodegeggrative di sease, conyri sing adm ni i ffect\i ve anount of
a conpound\\ \\pe iyaventi on SUbJ%ﬁem&Bnnee —
enbodi nment hesfConpound. i s |present ositi t her conpri ses

a pharmacejfticaljl y acceptable vehjcle. [00289]EvaZéE;gobbneurodegenerative
S

di seases i are not ited to, Al exand Mi sease, Alper's

di sease, Alzhelner S Rase, $nyotroph|c | at er al erosis ("ALS"), Ataxia

t el angi ect asi a. BaL&gg)Uiseasepéal§o known as Spi el neyer-Vogt - Sj ogrenBatten

di sease), BoVi ne spowdi f orm encephal opat hy, Canavan di sease, Cockayne

syndronme, Corticobasal degeneration, Creutzfeldt-Jakob disease,

Huntingtomkgcdtsgsse Hl V- associ at ed denentkg Kennedy' s di sease, Krabbe's
bo eas

di sease, denentia, Machado-Joseph ( Spi nocerebel | ar at axi a
type 3), tipl @ scr® "MB"), ddMsletiiopl e rcol epsy,
Neur obor r el iNasi di sgase, Peljza Di ssase, Pick's
di sease, i rosis, Prion diseases i veH

Supr anucl ear Pal s di sease, Sandhoffs dis
di sease, Subacut

HR®&d degeneration of spinal c rd’,gggndary to
Per ni ci ous Anae i nocer ebel | ar ataxia, Spinal é%igylar atr ophy,
St eel e- Ri chardson- @'szewski di sease, and Tabes dorsaN I n one enbodi nent,
t he neurodegenerative disease is Al zheiner's di sease. gxher exanpl es of
neur degenerati ve di seases include, but are not Iimted'to, diffuse Lewy
body di sease, nultisystem degeneration (Shy-Drager syndronme), notor neuron
di seases including anyotrophic lateral sclerosis, degenerative ataxias,
cortical basal degeneration, ALS-Parkinson's-Denentia conplex of Guam
subacut e scl erosi ng panencephalitis, Huntington's disease,
synucl ei nopat hi es, prinmary progressive aphasia, striatonigral degeneration,
Machado- Joseph di sease/ spi nocerebell ar ataxia type 3 and
ol i vopont ocer ebel | ar degenerations, Glles De La Tourette's di sease, bul bar
and pseudobul bar pal sy, spinal and spi nobul bar nuscul ar atrophy (Kennedy's
di sease), primary lateral sclerosis, famlial spastic paraplegia,
Wer dni g- Hof f mann di sease, Kugel ber g- Wl ander di sease, Tay-Sach's di sease,
Sandhoff di sease, fam lial spastic di sease, Whifart-Kugel berg- Wl ander
di sease, spastic paraparesis, progressive nmultifocal |eukoencephal opathy,
prion diseases (including Creutzfeldt-Jakob, GerstmannStraussl er-Schei nker
di sease, Kuru and fatal famlial insomia), age-related denentia and ot her
conditions with nenory | oss, such as vascul ar denentia, diffuse white
matter di sease (Bi nswanger's di sease), denentia of endocrine or netabolic
origin, denentia of head trauma and diffuse brain danage, denentia
pugilistica and frontal | obe denentia, cerebral ischema or infaction
i ncl udi ng enbol i ¢ occlusion and thronbotic occlusion as well as
i ntracranial henorrhage of any type (including, but not limted to,
epi dural, subdural, subarachnoid and intracerebral), and intracranial and
intravertebral lesions (including, but not limted to, contusion,
penetration, shear, conpression and |aceration). [00290]In one aspect, the
present nethods for treating or preventing a neurodegenerative di sease can
further conprise the adm nistration of another antineurodegenerative
di sease agent. [00291]1n one enbodi nent, the present invention provides
nmet hods for treating or preventing a neurodegenerative di sease, conprising
the adm nistration of an effective anpwnt of a conpound of the invention
and anot her anti-neurodegenerative di sease agent to a subject in need of
treatnment or prevention of the neurodegenerative di sease. The conpound of
the invention and anot her anti-neurodegenerative di sease agent can be
adm ni stered separately. The compound of the invention and anot her
antlneurodegeneratlve dlsease agent can also be adnlnlstered concurrently.
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[ 00293] I n one enbodi nent, the conmpound of the invention or other anti-

neur odegener ati ve di sease agent is admnistered in doses that are | ower

t han t he wozer/sessronl y enpl oyed when such agents are u®ew/us01moOsT8MeEr apy
for the treatnment of a neurodegenerative di sease. [00294]1n anot her

enbodi nent, the conpound of the invention and other anti- neurodegenerative
di sease agent act synergistically and are adm nistered in doses that are

| ower than the doses comonly enpl oyed when such agents are used as

nonot her agpy t he treatment of a neurodegeneraive di sease. The dosage of

t he corrpounhe anventi on or ot her anti/-ne odegener ati ve di sease agent
. =
1

adm ni st eré€ / e\dosi ng schedul e can depend on vari ous

paraneters,\ //ding, but nyy limted to, the\neurodegenerative disease

bei ng treated, tXe suppect’ gl

physi ci an' s di scrietign.

prior to (e.qg., i 8%, 15 minutes, 30 m ’ﬁutes, 1 hour, 2
s, 12 hours, 24 hours,

hours, 4 hours, gurs, 72 bogse 96 hours,
1 week, 2 weeks, 3“Weeks, 4 weekg, 5 weeks, 6 week®, 8 weeks, or 12 weeks

before), concurrently with, or sybsequent to (e.g., 55mnutes, 15 m nutes,
30 m nutes, 45 minutes, 1 hour, hog@f&°" 4 hours, 6 hours, 12 hours, 24
hours, 48 hours, 72 hours, 96 hoyrs, 1 week, 2 weeks, 3 weeks, 4 weeks, 5
weeks, 6 weeks, 8 weeks, or 12 eks after) the adm nistration of the other
antineurodegenerah&ye di sease agent, to a subject in need of treatnment or
prevention of the h&drodegenerative disease. In various enbodi nents a
conmpound of the inv@ntion her ant- neurodegenerative di sease
agent are administered 1 i nutes apart, 30 mnutes apart,

i'stering
e adm ni stered

M nut

| ess than 1 hour apart, hour ur to 2 hours apart, 2 hours to 3
hours apart, 3 hours to 4} S , hours apart, 5 hours to
6 hours apart, 6 hours t;(;vgggrﬁbapart, 78 hour s apart, 8 hours
to 9 hours apart, 9 hour o] hours ayart, houg)s to 11 hours apart, 11
hours to 12 hours apart, n re than 2 t or no nore than 48

hours apart. In one enbodi merRf;, a conpou the invention and the other
anti - neurodegenerative di sease agent are adm Ai stered within 3 hours. In
anot her enbodi nent, a conpound of the invention and the other

ant i neur odegeiner at iS¢Berfé $ ARBRaRYLRintlsB oRdshpdmidebetec 8rmblavnute to 24
hours apart. [00295]1n one enbodi nent, an effective anount of a conpound of

t he i nverft9BRCHHAY avaigblede viemendlidreh 6prrotShdrovinMQlreglogue@her at i ve

di sease r R : Ll Lpent, this
conposit?%ﬁﬁﬁgqd%%?iﬁﬁgg%wg&g%ngd nig%?ﬁﬁ?@ﬁ&bggog%%Fﬁgﬁwgﬁg%%%%Ent, this
conposi t i pperidone ged. igrhaAldrivhavenduboasiviQ) st thapicsmee p0@2@dytin one

enbodi ment, the.coppositions ri s n, amount of cO und of, t.he

Cvent ottt s ERRRE P AR ARG AR RO oo B SOTRRHT SR oget her
are eff ecihiRagnck S. &trabat 9761 JquieN efiHc@rosedl fcatiegansr E3(4)y pp.dilsgaseThE 00297] The
conpounds of the invention and other-apti-neurodeggnerative di sease agent
can act aJaCEHNFeIguRsy cayhgdrgPd;aceripelyAsesprerng SiWY candoBisdali-di’af a

conpound wbthig d}%\éﬁﬂni BBaR0 by h&i O3 NEitiH) Wit [RLRIBONRS Yk 0} sease
agent, mght allow the use of | ower dosages of one or both of these agents
and/ or | esgofzledyemmondnitentise geouporio dirm dreingrgefrfornuloda Theabhwet oi t h a

neur odege IV i €. i ilize .. do eg, of one or
bot h_of g 5GBS SRR Rk bt S S e e Ve

di sease ageiid, MOoidt chlarided i thic pEedenck: o€ addignias base simcluddgbanidtYinded té educe
any toxicit ssociated with the adm nistrati.on of the agents to a subject
wi t hout rtélafﬁ%fiaﬁﬁn% H_em%%&%%mm&sgg@rﬂr §0¢1Hmttﬁé-bwéléﬁfr@mwaﬁ A

neur odegeR@fat éafBorflicS 8RR divnhRfic] df00rm@a $ YO R8BS {afechihiRISt oMogftilar esul t
in the |n§roved.eff|cacy of these agents in the treatnment of a

neur odegeYiBr a&ddifendiys wderggiramides affernude Yk qap he pfepaisg badviag sendwrd unwant ed

side effegt: i i . ith . ]In one
arbod; men o EERLEERe i b A R DEL LAl AORR Bl BB L of “The
i nvent i on(1ditbylah(3edifredtylanenemopyijcadb damatchend &RXTU (@(Bodegendrlayl)ve

di sease agent inhibits the resistance of a neurodegenerative disease to the

ot her anti neurodegenerative di sease agent. [00299] Suitabl e ot her
anti - neur odegenerative di sease agentsi4seful in the nethods



and conpositions of the present invention include, but are not limted to:
anti-Al zheiner's agents, such as cholinesterase inhibitors (e.g., tacrine,
donepezi Iwbydrosksssri de, rivastigm ne, or gal antam ne) ecTasealilabe7gé ut anat e
antagoni sts (e.g., nemantine); anti-Parkinson's agents, such as | evodopa,
car bi dopa, tol capone, bronocriptine, pergolide, pram pexole, ropinirole,
sel egiline, or amantadi ne; anti-ALS agents, such as riluzole; and anti-NMs
agents, such as interferon beta-la, interferon beta-lb, glatiramer acetate,
m t oxant QREN: QLichFhhi EHIFAR hG.HBRERRKAD) ThEN ALK 005} Add ithenal
agents that ‘can be used I n conbination wth conpounds of the invention for
t he tr eatdoemeropl @rixght hads @©fg. élgmn/élldrlpbﬁprﬁ dit. leovasrp @) offodidedse
associated with y-secretase activity or prevention of diseases associ ated
wWith y-s se ac snal

nol ecul e%b%@nt het%dchtjg)%lgy s nggun %E‘FS’J@&%%I Jah%g P%&ng ide), a

pol ypept i dethods qiscbdsed im; @reemacT eV caralcWdts (Pe Gg.199%, betécmd}ﬂh@s indokaot i de

includin ut. § |.im an an cIe i d u cep atriple
hel i x. Siaeditih S0 atee Bl N D GRS ST R B Mo et Lo
prot ei n mlcm%psw@esmofmesobu@abopyﬁalopm-la}zfad%xalaleam,m,snre@rawdrmﬂur al
inorganic nolecule, a mnetic agent, and a synthetic or natural organlc

mol ecul e. Pysiodi £l lebdigpininss ard 30dhudiepyreolold et aibiedIberodarapingst. |inited to,
an i mmun t anti-inflammatory agent

(e.qg., aﬁ“@ﬂ}£ﬁ§%§¥$§%§,§?& rtF@b@%Z?g?gé(e g., becl onet hasone,
budesoni de, fl uni solide, qutlcasone, triancti nol one, nethyl predni sol one,

pr edni sol Gerepounds dfiFexwde Vldr ocorti sone), a gl ucocorticoid, a steroid, and
a non-steriodal anti-inflammatory drug (e.g., aspirin, ibuprofen,

di cl of ena$chemnd: a COX-2 inhibitor), a pain reliever, a |eukotreine

ant agoni st (e.g., nontelukast, a nethyl xanthine, zafirlukast, and
zileuton), a beta2-agonist (e.g., albuterol, biterol, fenot |,

i soetharie, metaproferenol, pirbuterol, salbutanmol, terbu
sal mreterol, and sal afol t i i
i pratropi ¥de and oxitro i de), sul phasal az
dapsone, @gn antifhi stam ne, an anti-falarial agent (e.g.,
hydroxychlloroquilne), an anti-viral agent &g, ™a nucl eosi de [anal og (e.g.
zi dovudi ne clovir, gangcyclovirg vi daradémaioni doxuri diney trifluridine,

and ribaviYin), foscarnet, amantadine, rinmantadine, Nnat N i, ndi navir,
ritonavir, and AZT) and an antibiotic (e.g., dactinonycin \{for |y
actinonycin), bleomycin, erythomycin, penicillin, mthrany& n, /and

ant hranycin (AMC)). V. Therapeutic or Prophylactic Adm nistration and
Conpositions of the Invention [00301]Due to their activity, conpounds of
the invention are advantageously useful in veterinary and human nedi ci ne.

[ 00302] When admi nistered to a subject, the conpounds of the invention can
be adm ni stered as a conponent of a conposition that conprises a

phar maceutical ly acceptable carrier, diluent, excipient, or vehicle. The
present conpositions, which conprise a conpound of the invention, can be
adm nistered orally. The conpounds of the invention can al so be
adm ni stered by any other convenient route, for exanple, by infusion or

bol us injection, by absorption through epithelial or mucocutaneous |inings
(e.g., oral, rectal, or intestinal mucosa) and can be adm ni stered together
wi th anot her biologically active agent. Adm nistration can be system c or

| ocal . Various delivery systens are known, e.g., encapsulation in

| i posones, mcroparticles, mcrocapsules and capsul es. [00303] Met hods of
adm ni stration include, but are not limted to, intradermal, intranuscular,
intraperitoneal, intravenous, subcutaneous, intranasal, epidural, oral,
sublingual, intracerebral, intravaginal, transdermal, rectal, by

i nhal ation, or topical, specifically to the ears, nose, eyes, or skin. In
sonme instances, administration will result in the rel ease of a conpound of
the invention into the bl oodstream [00304]1n one enbodi ment, the conpounds
of the invention are adm nistered orally. In other enbodinents, it can be
desirable to adm ni ster the conpounds of the invention locally. This can be
achi eved, for exanple, and not by way of limtation, by |ocal infusion
during surgery, topical application, e2g., in conjunction with a wound
dressing after surgery, by injection, by neans of a catheter, by neans of a
suppository or enema, or by nmeans of an inplant, the inplant being of a

por ous, non-porous, or gelatinous material, including nenbranes, such as

si al astic nenbranes, or fibers. [00305]In certain enbodinents, it can be
desirable to introduce the conpounds of



the invention into the central nervous systemor gastrointestinal tract by
any suitable route, including intraventricular, intrathecal, and epidural

i nj ecti onyvoan/amssa. | ntraventricular injection can beplaaisketiasedo by an
intraventricul ar catheter, for exanple, attached to a reservoir, such as an
Omraya reservoir. [00306] Pul nonary adm ni stration can al so be enpl oyed,
e.g., by use of an inhaler of nebulizer, and forrmulation with an
aerosolizing agent, or via perfusion in a fluorocarbon oar, synthetic

pul monary surfggtant. In certain enbodi nents, the conpounds of the

i nvention can formul ated as a suppository, with traditional binders and
exci pients suc i glycerides. [00307]1n another enbodi nent conpounds of
the invention elivered in a vesicle, specifically a |iposone (see

Langer, Sciencg 249:1p27-1533 (1990) and Liposones in T | nf ecti ous
D sease and Cahkger -327 and 35 [ 00308] In anot her
enbodi nent, the C ounds of the | i an be delivered|in a

control |l ed-rel eas system or sust ai system (see, e.g., Goodson
in I\/bdica%2 plicgtions of Controll supra, vol p. 115-138
(1984)). ntxol,| ed or sustain ase systens di d in the
revi ew by Langdt, Scj®nce 249: 1527-15 (1990) can be u I nl one

enbodi nent a pu be used (Langer, //[Sci ence 249: 1527 1533%?1990)
Sefton, CRC Cri t—Rdf Bioned. Eng. 14'@01 (1987): Buchwal d~et al, Surgery
88:507 (1980); and Saudek et al., N Engl4 J Med. 321:574 (1989)) I n
anot her enbodi nent polyneric materials can be used (see Medi ¢al
Applications of Controlled Rel ease (Langer and Wse eds., 1974); Controlled
Drug Bioavailability, Drug Product Desidgn an Perfornance (Smol en and Bal
eds., 1984); Ranger and Peppas, J. MacrdmSPRde8ptioRey  Macronol . Chem 2: 61
(1983); Levy et al, Science 228:190 (1935); During et al, Ann. Neural.
25:351(1989); and Howard et al, J. Neurdsurg. 71:105 (1989)). WO
2012/ 054535PCT/ US2011/ 056780 [ 00309]In yet another enbodi ment a controll ed-
or sustained-rel ease systemcan be plaged in proximty of a target of the
conpounds of the invention, e.g., the gpinal colum, brain, skin, lung, or
gastrointestinal tract, thus requiringlonly a fraction of the systenmc
dose. [00310] The present conpositi camgptionally conprjse a suitable
anount of a pharmaceutically acceptjabl e excli pi ent B provide the form
for proper admnistration to the subject. |[00311] { ar meceut i cal
exci pients can be |iquids i
petrol eum ani mal, veget Ble,
soybean oil, mneral oil]| sesa
exci pients can be salineQZgum &n, starch paste, talc, keratin,
colloidal silica, urea and e like. Iy addition, auxiliary, stabilizing,
thi ckening, lubricatihg, and coloring agents can be used. In one
enbodi nent, the phari.ceutlcally acceptabl e excipients gre sterile when
adm nistered to a suljj ect. Water is a useful excipient en the conpound of
the invention is aegm nbghered intravenouglimionSal i ne s 'Rnﬁ and agueous
dextrose and glyc sgl uti ons=€z %Jsgﬁte_esployed as liqguid e ;ﬂﬂs,
j 2 i Of ient s
al so incl ade

chal k, sillica gel, SOolunystear‘ ; egceroI”nDno t ear at\e, éﬁlc, HIm
chloride,Qqri g ski m Q' glycerol, propyl ege, ycol, s, ethanol and
the like. The present conpositions, if desiredia’can alsmmconprise m nor
anmopunts of wetting or enulsifying agents, or pH buffering agents.

[ 00312] Theopsegsent Sebemesillisanss £ aticikef uialch of FarafulSvilut Indider to
suspensions, enulsion, tablets, pills, pellets, capsules, ca sul es

cont ai ni ngjenarthedaternsdiniesd Or%%ucﬁ@&lef‘é? byaailatls (ag Sigemaldricinnosi t or i es,
el i OnSeoBEKPIAh: MR aﬁwﬁﬂé&ﬁhﬁﬁézln&rof%}%uﬁtﬁ@in HeQbHuchid @k e for
use. In one enbodi nent, the conposition is in the formof a capsule (see
e.g. U S.2- Bldbwaery Noitrik, 2i9eherBay In ik hessenex ahpl esewsfol sdil {ap!selfpharadiceut i cal
exci pients are described in Rem ngton 's Pharnaceutical Sciences 1447-1676
(Al fonso R Gennaro eds., 19th ed. 1995), incorporated herein by reference.

as peanut oil,
i ke. phar maceuti cal
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WD 2012/ 054535PCT/ US2011/ 056780 [00313]In one enbodi nent, the conpounds of
the invention are formulated in accordance with routine procedures as a
conposi tiwo 2tbaptssd for oral administration to human beiPogdaiS2@Ganparse t i ons
for oral delivery can be in the formof tablets, |ozenges, aqueous or oily
suspensi ons, granul es, powders, emulsions, capsules, syrups, or elixirs for
exanple. Orally adm ni stered conpositions can conpri se one or nore agents,
for exanple, sweetening agents such as fructose, aspartane or saccharin;

flavori norRIEHES W GBn-fithiRRPBERR R bf (N fypObt WnBERLMER Me QirchNEN 1Y
coloring agents; and preserving agents, Po provi de a pharnmaceutically

pal at abl dlitpragpaimatvidong. thivinoewslney desqufeden Ege Gattlabt 192, faural bdrm  t he

conposi tigns can. coat o d isintegratio nd .aRsorption in the
Gastrof ntdepror il hef RIS E0" T8 e PR B APPSR B er " an

ext ended qadémed ®ith comBerchlyestilabdd (¢.go Sigealldeichewhyy. afielsoisd MOuNndi ng an
osnotically actjve driving a caonmpou of the in tjon are al so _suitable
for oral IVl firsiddrad ceﬁlﬁ%%?lwﬁﬁgbl? g &@-Xg{ﬁ% OBt betts MP) ui d from
the envi rQmmeats TUSMANS tGcHNE aGRRS BF RrhslaleTR ReHad¥r §d36rikkdiiNi ng conpound,
which swells to displace the agﬁnt or agent‘COQ§£§|t|on through an

apert ur e. QUineed. ¢aill.j 1398yJqurnad pbHetsroeralicirhoviidey e P4l Yhoer o or der
delivery pr.of i d Yol [ j ' .r el ease

For mi a1 SHAC o TP REREE wktalb TSRl SRE Sl s TRRELEL Syl

gl ycer ol Aldeial &oep..Can_alis ¢ Oealkdeting agefds &.g.ctkyp bslides,ciogl ahdoridenicl ude
standard exci pients such as mannitol, ctase, starch, nesi um st ear at e,
sodi um ;a%é%aﬁilﬁ}mew CRERNRY _lbﬁsédﬁ’é?L‘i%ﬂ’r%Q@éP%@H%ﬂf@.to FHIBRET embodi ment ,
the exci pprRtBmAyRreXidd PathSRee bt dodalm ereslRoxidDBSthdidm orGR e EarBitRRd i ment ,

t he conmpounds of the invention can be fornulated for intravenous

adni ni st righivendiisgpieprlamide, andoyedsn kydsis) oarenars theteegrd gemaeividmnpSt r at i on
conpri se ﬁhﬁﬁﬁhgﬂisotonic aqueous buffer. Were necessary, the conpositions
can al so include a solubilizing agent. Conpositions for intravenous

admi ni stration can optionally include a | ocal anesthetic such as |ignocaine
to | essen0pAi at thAdslitginpBy the componmis of Fommila VOO 8ar6hGanthesikddby t he

i ngredi ents, are,.s i ed. ei t her rately or m x 0 h i,nh unit dosage
form 1 orap Bl EHRGL S T o N SRR A e N AR e a0
in a her nEtpgaidny of ealtedyponkalNaningtdbuasl cHadiptiiclc CheraRaheded, ppndi cat i ng
the quantjty of actjve agent. \Mere the coqgounds of the invention are to
be adni ni S0erlef0pRuirgals Figh; 1{HeyReasHorer dr s pas eary -PIPCBYBRBFYSS with an

i nfusi on gk Bk&yﬁ@&k@?&ivﬁﬂvé%@[\dél&un&h@&ﬁﬁ s kahd @gﬁ%@teﬁﬁa&i‘éﬁ ofr saline.

Where the conpounds of the invention are adm nistered by injection, an

ampul e of Pxsezsia[B 4-blpyradindngs”, eijrea of Blateencyelid Clremistan3He), ppoAdddd. so t hat t he
i ngredients can be mxed prior to adm nistration. [00316] Conmpounds of the
inventio } nJ d by controll ed-rel ease or sustained-rel ease
means ormﬁ§%ﬁgpﬁ52?§%@@§?g§§ that are well known to those of ordinary skil
inthe art. Exanples include, but are not limted to, those described in
U.S. Pat e¥rhemod: 3, 845, 770; 3,916, 899; 3,536, 809; 3,598,123; 4,008, 719;
5,674, 533; 5KQ59, 59§, 5, 591, 767; Akykaldn 548; 5,073, 543; 5, 639, 476;

- NN : . . !
5, 354, 556 and 556, each of which is in po cdNQerein by reference
inits entirety dosage forns can be usdful fo di ng controll ed-
or sustailed-reg one or noréTactive ingredie ng, for exanple,
hydr opr opy| e 88, Ot hegqup@leymer maty] ges, ~\geks’ “Rer neabl e
menbr anes, osnotic systems, nultiaénsesn coatings,* microparticl¥s, |iposones,
m cr ospheres, or "a conbi nati on thetreefto provide thé desired rel ease
profile in varying proportions. Suitable controlled- or sust®& fied-rel ease
formul ati ons known to those skilled in the art, including those described
herein, can be readily selected for use with the active ingredients of
Formula Ito XI. The invention thus provides single unit dosage forns
suitable for oral adm nistration such as, but not limted to, tablets,
capsul es, gel caps, and caplets that are adapted for controlled- or
sust ai ned-rel ease. [00317] Control |l ed- or sustained-rel ease of an active
i ngredi ent can be stimulated by various conditions, including but not
limted to, changes in pH, changes in tenperature, concentration or
availability of enzynes, concentration4or availability of water, or other
physi ol ogi cal conditions or conpounds. The anount of the conpounds of the
invention that is effective in the treatnent or prevention of a
neur odegenerati ve di sease can be determ ned by standard clinical
techniques. In addition, in vitro or in vivo assays can optionally be
enployed to help identify optimal dosage ranges. The precise dose to be

I S 1 o T o, N o, I T




granul ating or coating nethods, respectively, and the present conpositions
can conprise, in one enbodi nent, fromabout 0.1%to about 99% and in

anot her ewbadizxsmi3sfrom about 1% to about 70% of the comrpoarsdoiafsd7he

i nvention by weight or volune. [00319] The dosage reginen utilizing the
conmpound of the invention can be selected in accordance with a variety of
factors including type, species, age, weight, sex and nedical condition of
the subject; the severity of the Condition to be treated; the route of

adm nistration; the renal or hepatic function of the subject; and the
specific powpd t he inventijpn enployed. A c (o]¥) ¥ he i nyention

~

can be adm ni st ¢ n a singlejdaily doseelfén the totjn | y dogage can
be admi ni sger eg \(i ded dQs€S two, three ok fo dai Hal

Furt her morexxd congoundnef the inventon can be admwni st®¥fed I'R”i nt tefhasal
formvia topical use of|suitab|§ intranasal vehicles, q@r via t {ansder mal
routes, using t Hose formécof transdermal skin pat ches wel | kno@®f to those
of ordinary skill in that art. To be adm nistered in the formof a
transdernmal delivery system the dosage adm nistration can be continuous
rather than igiermtfent throughout the dosage reginen. Qther illustrative
topi cal pr r as | ude ¢yeans, ointnents, |otions, aerosol sprays and
gel s, wherg¢in thelconcentratign of conpound of the A'fvention ranges from
about 0.1%to abput 15% w wjjor w v. The conpounds| of the invention can be
assayed in WIre i fhsiredt herapeuti c rgph&%actic
activity prio% to use in hymans.' Am mal nodel systens n beodsed to
denonstrate safety and effilcacy. [00320]In certain embod{"ment's, a compound
of the invention or pharmaBeutical conposition thereofsis adninistered to a
human that has an age in a range of fromabout O nonths to about 6 nonths
old, fromabout 6 to aboyt 12 nonths old, fromabout 6 to about 18 nonths
old, fromabout 18 to ab uh.égmgggths old, fromabout 1 to about 5 years
ol d, fromabout 5 to aboyt “1 years old, fromabout 10 to about 15 years
old, fromabout 15 to abaqut 20 years old, fromabout 20 to about 25 years
old, fromabout 25 to about 30 years old, from about 30 to about 35 years
old, fromabout 35 to about 40 years old, from about 40 to about 45 years
ol d, from about 4 year s+l d, from about 50 to about 55 years
old, fromijabout | about yearq old, from about 60 to about 65 years
ol d, fromjabout ¢ gbout year% old, fromapput 70 to about 75 years
old, from about-7t Peut e’s m-gbout 80 to about 85 years
ol d, from abolt dt 90 yeams ol dlmfroth about 90 to about 95 years
old or from aboutD®5 to abgut 100 years old. [00321]In sonme enbodi nents, a
conpound of the invention fr pharmaceutical conposition thereof is

adm nistered to a human infant. In other enbodi nents, a conpound of the

i nvent i onSdhemphar maceuti cal conposition thereof is adm nistered to a human
toddl er. I n other enbodinents, a conpound of the invention or

phar maceuti cal conposition thereof is.admnistered to a human child. In

ot her enbodi nents, a conpound of the |invention or pharnmac Gti cal

conposi tign theregof is adpbmitst ered tip a huygan adekylationn viet ot her a
enbodinentsf\ﬁqﬁgﬁpgund QL_Lng,jnventfbﬁﬁgg\pq%{n&eeabic Nﬁynﬂ$§¢ixm$

thereof is adm'fistered to an elderly h . [00322]In certa nhmnbéhinents,
a conpound of gthe invention or pharmaceytical conposition thereof is

adm ni stered a subject in an i mmunoconprom sed state or i mMmunosuppressed
state or at risk for becom ng i mMmunoconprom sed or i munosuppressed. In
certain enbodi nents, a conpound of the invention or pharmaceuti cal
conposition thereof is adm nistered to a subject receiving or recovering
from i nmunosuppressi ve therapy. [00323]1n sone enbodi nents, a conpound of

t he invention or pharmaceutical conposition thereof is admnistered to a
patient who is susceptible to adverse reactions to conventi onal
anti-y-secretase therapies. In sonme enbodi nents, a y-secretase inhibitor or
pharmaceutical conposition thereof is admnistered to a patient who has
proven refractory to anti-y-secretase therapies other than y-secretase
inhibitors, but are no |l onger on these therapies. Anrong these patients are
refractory patients, and patients who are too young for conventi onal

t herapi es. [00324] 1 n sonme enbodi ment sj45t he subj ect being adm nistered a
conmpound of the




i nvention or pharnmaceutical conposition thereof has not received therapy
prior to the adm nistration of the conpound of the invention or

phar macewocal2/msessposi tion thereof. [V.Kits Conprising aCCaspausnss7sd t he

i nvention [00325] The invention provides kits that can sinplify the

adm ni stration of a conpound of the invention to a subject. [00326] A
typical kit of the invention conprises a conpound of the invention, for
exanple, in unit dosage form In one enbodi nent, the unit dosage formis a
cont ai ner,pgvhi ch can be sterile, containing an effective anount of a
conpound ;L the invention and.otigs maceutically acceptable carrier,

di | uent, cipient, or wehicle. The kit can further gomprise a |abel or
printed ins?gugf?ﬁh%/rhstructing t he u§é\&&/kﬁé\q93ﬁound of the invention
to treat or prevent a Condition. The kit chnlral so’ further c nMpredsivenot her
prophyl actic or therapeutic agent, for exagple, in unit dosayeathioatiop such
as a container containing an effective anount of t\elkdbtwerorpr §phyl actic or
t herapeutic agent. In one enbodi nent, the kit conpryses a contai ner
containing an effective anount of a conpound of the'invention and an

ef fective amobunt of another prophylactic or therapeutic a&j&nt. Exanpl es of
ot her prophylactic or therapeutic agents include, but are/ not limted to,

those |isted above. WD 2012/ 054535PCT/ US2011/ 056780 [0 /] Ea relgm@ﬂce
cited herein is hereby incorporated by reference in its ent ty. ~o

[ 00328] Synt heses of the Conpounds of the Invention [00329] Corp8unds of
Formula | Schene 1: 5

[00358] Scheme 1 illustrates a synthesis of amides of formula IX. Commercially
available (e.g. Sigma-Aldrich Corp., St. Louis, MO) amines of figure 1 can be reacted
with cither alkylating agents (e.g. alkyl halides, acyl chlorides, chlorocarbamates, or
chlorosulfonates) to prepare amines of figure 2. The amines of figure 2 can also be
prepared by stirring the amines of figure 1 with commercially available aldehydes (c.g.
alkyl halides, acyl chlorides, chlorosulfonates) in the presence of a reducing reagent
(including but not limited to sodium borohydride, sodium cyanoborohydride, and sodium
triacetoxyborohydride). The reductive amination procedure described in Levy D. E. et
al., 2008, Bioorganic & Medicinal Chemistry Letters, 18(7), pp. 2395-2398 is commonly
used. Amides of formula 4 can be prepared by acylating structures of formula 1 or
formula 2 with commercially available halides (e.g. Sigma-Aldrich Corp., St. Louis, MO)
of formula 3 in the presence of a hindered base (e.g. triethylamine,
diisopropylethylamine, diphenylethylamine) as described in Renzi L. et al., 1956,
Gazzetta Chimica Italiana 86, pp. 1362-1366. The target compounds of formula IX can
be prepared by displacement with amines of formula 5 with the compounds of formula 4
in the presence of base including but not limited to triethylamine, diisopropylethylamine,
potassium or sodium tert-butoxide, DMAP, potassium or sodium carbonate, or sodium
hydride in the manner described in Demchenko A. M. et al., 2003, Russian Journal of
Organic Chemistry 39(7), pp. 1025-1028. Amines of figure 5 can be purchased from
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123 +0 ---//, I NR Zn, NWP1 TMSCl, THF 54+ W
2012/ 054535PCT/ US2011/ 056780 [ 00330] Hal o-esters of type 3 can be prepared
by react iwgQ 20mseisnds 2, wherein E PCT/US2011/056780

commercial sources (¢.g. Sigma-Aldrich Corp., St. Louis, MO) or prepared as illustrated

in scheme 2.

[00359] Scheme 2 illustrates a general method for the synthesis of amines of
formula 5. Commercially available (e.g. Sigma-Aldrich Corp., St. Louis, MO) amino-
alcohols of formula 6 can be selectively protected on nitrogen with a suitable protective
group (boc, benzyl, or CBZ) using common literature procedures. The oxygen present in
the formula 7 intermediates can be alkylated with a suitable (e.g. alkyl halides, acyl
chlorides, chlorocarbamates, or chlorosulfonates) and commercially available (e.g.
Sigma-Aldrich Corp., St. Louis, MO) alkylating agents to form intermediates of formula
8. The protective groups can then be removed using standard methodology (see Greene
T. W. and Wuts P. G., 1999, Protective Groups in Organic Synthesis, 3rd edition, Wiley-
Interscience, New York) to prepare intermediates of formula 9. The amines of formula 5
can be prepared form the amines of formula 9 by cither alkylation or reductive amination

from commercial available reagents as previously described.

[00360] Additionally the compounds of Formula IX can be synthesized by
methods disclosed in: Demchenko A. M. et al., 2003, “Synthesis of N5-
(Arylcarbonyl)methyl Derivatives of Spinaceamine and 2-Azaspinacacecamine”, Russian
Journal of Organic Chemistry 39(7), pp. 1025-1028; Greene T. W. and Wuts P. G., 1999,
Protective Groups in Organic Synthesis, 31 edition, Wiley-Interscience, New York;

Levy D. E. et al., 2008, “Aryl-indolyl Maleimides as Inhibitors of CaMKII-Delta. Part 2.:
SAR of the Amine Tether”, Bioorganic & Medicinal Chemistry Letters, 18(7), pp. 2395-
2398; and Renzi L. et al., 1956, “The 1,4-Benzodioxan Series V. Some Derivatives of 7-
Aminobenzodioxan”, Gazzetta Chimica Italiana 86, pp. 1362-1366.

[00361] The invention is further defined by reference to the following examples.

Examples

EXAMPLE 1. 5-(2-Chlorophenyl)-5-(6,7-dihydro-4H-thieno[3,2-c]pyridin-5-yl)-2,2-
dimethylpentanoic acid, hydrochloride. (Compound Ia Hydrochloride)
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is a suitable [eaving group, wth conpounds 1, wherein R2 and R3 are as
defined in Fornmula |I. Suitable | eaving groups are well known in the art,
but not IWwoizbexbssssshal i des, such as chloride, brom de, a@nu/tsediidss7saryl - or
al kyl sul fonyl oxy, substituted arylsul fonyloxy (e.g., tosyloxy or nesyloxy);
substituted al kyl sul fonyl oxy (e.g., hal oal kyl sul fonyl oxy); (C6)aryl oxy or
subsituted (C6)aryl oxy; and acyl oxy groups. Conpounds 2 are avail abl e
cormercially (e.g., Aldrich Chem cal Co., MIwaukee, Wsconsin) or can be
prepared by well-known net hods such as hal ogenati on or sul fonation of

but anedi ol . Conpounds 1 are also avail able cemmercially (e.g., Aldrich
Chem cal Co., M Iwaukee, Wsconsin) or way be preared by well -known

met hods, such as those listed in Laro€k Xonprehensive O ganic
Transformati ons; W/ ey-VCH New Yorck, .°99 pp. 1754-1755 and 1765. A

revi ew on aIkyIatlon of esters qf t AJds~given by J. Milzer in

Conpr ehensi ve Organi ¢ Functi on ran for at 1"pns, Perganon, Oxford 1995,

pp. 148-151 and exenplary synthg ocedures for reacting conpounds 1

Wi th conmpounds 2 are described in Unitéd States Patent No. 5,648, 387,
colum 6 and Ackerly, etal., J. Med. Chem 1995, pp. 1608. The reaction can
proceed iStep AeSyiteesisred §-@fchiprenhicndbla-dimethyi-pentdeanpisi asideatd@btaent s, a
suitable base will have a pKa of greater than about 25, in yet anot her
enbodi ment a suitable base will have a pKa of greater than about 30.
Sui t abl e bases i ncl ude, A not limted to, alkylnmetal bases—such as
l'ithiumdiisopropylam d lithium n-butyllithium ter—Rutyllithium
sec-butyl i hi @m phen phenyl sodlu%é and phenyl potagsium neta

am de basesssuel as ity |un1a pot assi unyami de, |ithium
tetranet hper fdi de, h| u die arfi de, T hi um dj cycd ohexyl am de,
sodi um he %v=thyldisil.,/-eBrand i hlunthex@HEMhyldl fzi de; hydride

bases such as sodi um hydri de and potassi um hydri de. ¥ am de bases, such
as lithiumdiisopropylam de are particularly useful. In certain enbodi ments
of the invention, to react conpounds 1 with conpounds 2, a solution of

about 1 t®33Hout 2 Tegwhoshemius skt (k5.Q ai I0shmaobzand 2cehtorpbenagldeyde 643 stirred
sol ution r I nder an inert
s phor & Ot FedElohch (FORNB AR Coh ORI RS VEB TR, 7 e
range of Sdiowh hy@bxide sduddo@t gr 6@ wenpkledtiwpeyise over Smiautas.€ftimodi ment s at
about -78 C to about enbodi nent s, uted in
2o t abl GG TR 567 GRS AHIPT BT RIS LB d e ihe. base
can be adg@dh@fayés kdtsePdra@BOThe dichlofiPhddifanp Siactiiilas deddNEGo8RIMV ENt S
suitable for the reaction of conmpounds 1 with the conpounds_2 include, but
are not |julpiceliltered. agd epncenteied: h?iﬁéemammgmngétoﬁﬁ 3 g stap aWYiaRddDUr an,

di et hyl f o ]HEgF
hydr ocar bon so }ggﬁﬁgg{(ggﬁ 8111 Slﬁw %&ﬁ%egan§ g*h%@ﬁelé ane%té(yIJ 1’?‘%‘Eﬁr’lﬁextt)ur es
t her eof . pAbvide Sfiadhtomphemﬂ) £ IﬁeiubatbeL panhd- ernelacamdcerth}dmstt:nméngaﬁS%e allowed to

f b h d j be di | ved
T o su canrkoor g rEn s Pl ufR BT BRNES, T pMREUERR S, T e e

such t hatChOgyTe§L8 ©NniijoftiratQort; 80O Mk tFEtrdrR ¥R ifsmdM ¥ B (dBOQWL fone to two
degrees of the initial reaction-m xture tenperature. After addition of

conpounds’-2, 1.3 Ha). 7 Saddd.Sitthi/xt -4 - X ldap éBatUBdms 4R e’ Ad; déHed= 1D5wi thin a
t enper at (o) 0 u r I ing to
about T oait S S A e L R e P A R e [ o v
until the7.5 &gt dn(ni, §H3, b4 @ni2ig) 1 216 ¢dfrp§tne9H) A% NMR (TS Mdte, by using an

appropri anal cal ne hod as thin-layer chromato phy (TLC) or
hi gh- perfépﬁ%éﬁ Sﬁ%iﬁa%eh Wo@%@ﬁ‘&f‘“ﬂrﬂﬁ@@ﬁ CISWEWQ)tlﬂgq%eh%tﬁon mxture is
quenched gycssCPIMEUNYS 63 13aROPE 05301 85 631 1By 38\01&'9‘3@ 119%31132151 Ffslﬁbl?%é
conmpounds 3 can be reacted with substituted al deh g gnard

f

reaction 128.13f 14182, dPecdhd26.24. 60k, 4éxen) & ¢2 ﬁﬁoi&;%?-éé 2(5r08914 ¢mar d
reactions n m chani sns,
and st ructir e M{GOsp: 4GB0 S IR0 IR S Vias AT RS

conpounds 3 are treated W th Zn or My in diethyl ether or tetrahydrofuran,
as described in Drake, N. L.; Cooke, G B. Og. Synth. Coll. Vol. 11, 1943,
406. Halides 5 can be synthesized by a variety of nethods starting from

al cohol s 4. One net hod invol ves conver4si on of the al cohol to a |eaving
group such as a sulfonic ester, such as but not limted to, for exanple,
tosyl ate, brosylate, nesylate, or nosylate. This internedi ate can then be
treated with a source of X-, wherein X- is |-, Br-, or cr in a solvent such
as THF or ether. A general nethod for converting vinyl and phenyl al cohols
to th|ols |nvoIves |n|t|aIIy convertlng the alcohol to a |l eaving group

oy I Y .




Rieke RD., J. Og. Chem, 1991, 56, 1445-1453. The ketone intermedi ate 2
can be reduced with sodi um borohydride to form al cohols 3. The al cohol can
be treat estownidnsasasui t abl e | eavi ng group i n preparati onpro/ush@19sdrs@quent
coupling, as described above for the synthesis of derivative 6 in Schenme 1.
Sui tabl e | eaving groups are well known in the art, for exanple, but not
limted to halides, such as chloride, bromde, and iodide; aryl- or

al kyl sul fonyl oxy, substituted arylsul fonyloxy (e.g., tosyloxy or nesyloxy);
subst i t ut el 3l kyhsii{ Onb3K-£ 6 BnloroPALRRLI isH £ B seid BRVRLY] Xy o
subsituted ?CB yaryloxy; and acyl oxy groups. In cer n enbodi nents of the

i nvention, a conpounthf type 4 is treated with nethanesul_gﬁyl chl ori de at
| ow t enper at ur es, as 0 - 5 Cin the presence of dxcegss triethylam ne
to forma nesyl The mesylate 4 is further coupl édwiyh the appropriate

reactions or via
] Conpounds of
R= Hor alkyl 2 PGRL =

i nterconv
Formul a |
al kyl

ons of carboxylic acid derlvatlv
henme 1: 0 ,R condensation R1 Cr

[0376] 5-(2-Chlorophenyl)-2,2-dimethyl-pent-4-enoic acid ethyl ester (4.0 g, 15.0
mmol) was dissolved in acetic acid (40 mL). The flask was cooled in an ice-water bath
and hydrogen bromide gas was bubbled through the solution for five hours as the flask
warmed to room temperature. After five hours, the hydrogen bromide gas was stopped
and the flask was stored in a freezer overnight (0 °C). After 20 hours at 0 °C, the solution
was poured in to a mixture of ice and water (200 g). The product was extracted with
dichloromethane (2 x 75 mL). The dichloromethane fractions were combined and
washed with saturated sodium bicarbonate solution (200 mL) and water (100 mL). The
dichloromethane was dried over sodium sulfate, filtered, and concentrated. The
remaining oil (5.13 g) was purified by flash column chromatography on silica gel (200 g),
cluting with 5% cthyl acetate in heptane, to provide 5-bromo-5-(2-chlorophenyl)-2,2-
dimethylpentanoic acid ethyl ester (3.31 g, 63.5% yield) as a colorless oil. '"H NMR (300
MHz, CDCL/TMS): 6 = 7.57 (dd, 1H, J= 7.5, 1.5 Hz), 7.34-7.16 (m, 3H), 5.39 (t, 1H,
J= 7.5Hz),4.11 (q, 2H, J= 7.2 Hz), 2.29-2.04 (m, 2H), 1.77 (dt, 1H, J=12.0, 4.5 Hz),
1.52 (dt, 1H, J=12.0, 4.2 Hz), 1.23 (t, 3H, J= 7.2 Hz), 1.18 (s, 3H), 1.17 (s, 3H). *C
NMR (75 MHz, CDCL/TMS): 6 =177.05, 139.06, 132.67, 129.65, 129.31, 128.70,
127.43, 60.49, 50.25, 41.87, 38.78, 34.85, 25.64, 25.08, 14.42. HRMS (CI-TOF):
Calculated for C;5H00,BrCl (MH"): 347, found 267.1146. (climinates in MS).

Step 3: Synthesis of 5-(2-chlorophenyl)-5-(6,7-dihydro-4H-thieno[3,2-c]pyridin-5-yl)-
2,2-dimethylpentanoic acid ethyl ester. (Compound Ib)
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[0377] 4,5,6,7-Tetrahydrothieno[3,2-c]pyridine (0.65 g, 4.61 mmol) and 5-

bromo-5-(2-chlorophenyl)-2,2-dimethylpentanoic acid ethyl ester (1.42 g, 4.08 mmol)
were dissolved in THF (5 mL) and tricthylamine (3 mL) with a few crystals of DMAP.
The solution was heated overnight to 85 °C using an oil bath. After 20 hours, the solution
was cooled to room temperature and sodium bicarbonate solution (20 mL) was added.
After mixing, the product was extracted with dichloromethane (2x 25 mL). The
combined dichloromethane fractions were dried over sodium sulfate, filtered, and
concentrated. The remaining yellow oil was purified by MPLC on a Companion
Chromatography station using silica gel (40 g), eluting with a gradient of 100% heptane
to 10% cthyl acetate over 20 minutes followed by a second gradient to 100% ethyl
acetate at 40 minutes. The second broad fraction was collected and concentrated to
produce 5-(2-chlorophenyl)-5-(6,7-dihydro-4H-thieno[3,2-c]pyridin-5-yl1)-2,2-
dimethylpentanoic acid ethyl ester (Compound Ib, 1.11 g, 67.2% yicld) as a light, yellow
oil. '"H NMR (300 MHz, CDCL/TMS): 8 = 7.46 (dd, 1H, J=7.80, 1.5 Hz), 7.38(dd, 1H,
J=17.80, 1.5 Hz), 7.30-7.15 (m, 2H), 7.04 (d, 1H, J= 5.1 Hz), 6.70 (d, 1H, J= 5.1 Hz),
4.18 (dd, 1H, J=8.7,4.5 Hz), 4.08 (q, 2H, J=7.2 Hz), 3.79 (d, 1H, J= 14.4 Hz), 3.45 (d,
IH, J= 14.4 Hz), 2.90-2.62 (m, 4H), 2.0-1.85 (m, 1H), 1.82-1.68 (m, 1H), 1.49 (dt, 1H,
J=13.5,4.2 Hz), 1.30 (dt, 1H, J=13.5, 4.5 Hz), 1.20 (t, 3H, J= 7.2 Hz), 1.10 (s, 6H). *C
NMR (75 MHz, CDCL/TMS): 6 =177.59, 138,99, 134.95, 134.25, 133.59, 129.64,
129.11, 128.07, 126.73, 125.43, 122.61, 63.81, 60.38, 50.63, 47.95, 42.22, 36.43, 28 .22,
26.17,25.52,25.38, 14.47. MS (MMI-TOF): Calculated for Co,H,sNO,CIS (MH):
406.1602; found 406.1576.

Step 4: 5-(2-Chlorophenyl)-5-(6,7-dihydro-4H-thieno[3,2-c]pyridin-5-yl)-2,2-
dimethylpentanoic acid, hydrochloride.
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P&AA PG WD 2012/ 054535PCT/ US2011/ 056780 [ 00334] Schenme 1 illustrates a
synthesis of pyrimdines of formula 4. The synthesis can be acconplished by
condensatwonomoskssoesters of formula 2 and am di nes of pConsadia/o36780rhe
condensation reaction can be conducted as described in Hull R et al.,

1946, Journal of the Chemi cal Society pp. 357-362. The ketoesters of
formula 2 can be prepared fromthe commercially available esters of fornula
1 (e.g. Matrix Scientific, Colunbia, SC) by the methods described in

Rai mrundo, Brian C et al., 2004, Journal of Medicinal,Chemstry 47(12),

pp. 3111-3131, or the g{gespondi ng acid (e.g. Sigma-ANdri Corp., St.
Louis, MO by thesgethod Yound in Bashford K E. et &/ ,~02Z003, Tetrahedron
Letters 44, pp. 162A7-1629 and O kawa Y. et al., 1978 ournal of Organic
Chemistry 43(10), <pp. 2087-2088. TH&Hami ne preseny- can be conmonly

protected w t u 0 imted te—a—t=Boc, CBZ or Hehzyl protective group.
The am di gesjJof For B (Wi th mybetng an igfeger Nfom0 T 3) are
general ly i a 2vai l able (e.g. Sigma- i ch Codp St. Louis, M)

but al so can bé pfepared fromthe correspondi r?g am né&€lby Feaction with
2-met hyl - 2-t hi opseudourea sulfate, which is also conmerciall % avai l abl e

(e. g Si gRAZHI dri cR-@drpororkinyDiy(fi. & dihyetyo-4bHeenolidR-cliytdin D2 pr ocedur e
= el i Bl g 200 RO, i g o =

Letters 1 escri bes the ormati on
of pyri m dhanes(5ohLf thamohteintdtpotashrembydoasip@hd). nthchaixogewat kaitalonpounds of
formula 5 he .use of. a hal ogenat i agents, ingluding but not.limted to
pcns. persibs RS ER,Sask st g BEm BwREe Ihe AU S Eraialohogs canp! e
of this thansl@rditire.oWats (ZEaL) ivaesiday aMd theRbiatibn Ras skidified toadH=5 3@08,

Jour nal of Medicinal Chemstry 51&20), pp. 6571-6580, The hal ogenat ed
conpoundsWét carsertite! by deachlosis apidadie arafuetivas cxBrqiesWEk dichlopgrcthaict r ogen,
oxygen oro g fih PRUGHARN di8FobhcHanPl ekttt hdlLafPsRdy gapeL ate nore
the conplex pyrimdine anal ogs of fornmula 6. The agents used for

di spl acentétrrecaped cowemragidal The avdd pradict (.86 g wai iymbicAbd colomnCor p. , St.

Loui s, MO, _an eneral l.y requ.re the presence dditi gnal -hase including
but ot 1 L aaSFRR S Wl RRaT e B ey P OB a B8 i or

sodi um t efrbdurtitantiididg fpofi@s Svdiert@nbisal] conteadtbhnad dissovud isodi um hydri de.
Exanpl es of these type of displ.acenent reactjons wth. nitrogen )

neucl eoprfﬁflégm(%lapﬁ o Hegicigroe e SO §88Yas S AV B IIReh| i an
Chem cal a%ﬁpeg@%yn 486 18heRB mIF1 4 IdihentO¥¥LGBmPRUGINABN LIRS d bRSsUr® Dubey P.
K. et al., 2006, Indian Journal of Hetercyclic Chem stry 15(4), pp.

405- 406) , Thearmamingsgb oigh driedto(aaonitantGrdighs gpioemRemperatureindepligd,  Bi oor gani ¢

& Medi ci ng| ] 13( 8590- e |5 1eUGl gophi | es (as
in Bac ke;\%ﬂ“%l?ﬁl%g{d% S%éf%%ﬂ)eh(%gel? Sgtggsaq@?dg%/gﬁiﬂ%ﬁ?ﬁizqﬁé%@(ﬁg? ﬁggg Bas et
de | a Bel dimgthglBitanqap acid Hydri2@Byidasdt (@inipokindVarhyidrochloeidb.i (L Blr atoQreds

[ 00336] Schene 3 scribes the transformation of pyrimdines of fornula 4 to

the corre¥pghdh Zh‘gf? hitg selghyH NVIR P4 VL% WST%P?’MEE 57 lzlf%%a@-sclﬂ)bonyl

pyri m di ngs I r-OA_ fiprmul a 4 by
e e R e UL S T R e

i ncl udi ngt-biz).6ct! (i HiLLEd§ Bz, Hi9eh i @i Ind]), 4l <o Op YL EDhy Il B,
pot assi u r i tert:b i t I sodi um Ggar te nd
Sod um hydit d00 kg c o g B g oot ear el i Ty HUatDapra (e 4

Si gma- Al dr.2&tim,dat)p1.04 & 3H),AW2S(s, WD) 090 (BATH D&t tefraofestatiyhahBainkRy a
commercially available acid with chlorinati ng a%ents whi ch_include but are
not 11 mi t e MR SHNE. RMSct tISsr0 DX AT-01- 1ehPBrides. Bies%etdiphe of the

car bonyl a4 rhah gl i i iHN i ) 10,
oy s taaoh, pie @b IS DG, EAAR B KR0S EREI, Rrsklurds 178
t ransf or 7208581, 330 (), @t T8s24037, o7t 1a3 16(dand o MEL(MMI-TQFx:he fi nal

structures ,of f ({:5) r Y I n first. renoved to
gener at e §§?¥ﬂ$§ﬁﬁ§%38¥*béﬂﬁgﬂﬁﬂgl32?ﬁ%ﬁg§%ﬁ8§?§1§€&ﬁ%ﬁ%ﬁg@#g% for the
protective group that was used (see Geene T. W and Wits P. G, 1999,
Protective Goups in Organic Synthesis 3rd edition, WIley-Interscience, New
York for renoval of common protective groups). The pyrimdines can then be
al kylated with comrercially avail able agents (e.g. Signma-Aldrich Corp., St
Louis, MD in the presence of a base isicluding but not limted to
triethylam ne, diisopropylethylam ne, potassiumor sodiumtert-butoxide,
pot assi um or sodi um car bonate, and sodi um hydri de. Procedures described in
Levy D. E. et al., 2008, Bioorganic & Medicinal Chem stry Letters, 18(7),
pp. 2395- 2398 can be used in these types of alkylations. The second
commonl y met hodol ogy that can be used in the transformati on of pyrim di nes

Y r a o ~ 1 1 o o Y r o e



bor ohydri de, sodi um cyanoborohydri de, and sodiumtriacet oxyborohydride) to
produce the desired final structures of fornmula (Il1). The procedures

provi ded wo 20vdsadshsh M et al, 2011, Synthesis, pp. 490Cc4AB2@NM56780

Abdel -Magid A F. et al., 1996, Journal Oganic Chem stry, 61, pp.

3849- 3862 outline methodol ogi es which can be in the reductive am nation
reactions. [00338] Additionally the conpounds of Formula Il can be

synt hesi zed by net hods di sclosed in: Abdel-Magid A. F. et al., 1996,

" Reducti ve, AhB@t 508y ef ¢ 6% ﬂie?)é@@@ 1814 d?%eﬁkﬁ%\wt@ 6284 WN2 N, 18.55 CI,

Tri acet oxyborohydride.” Studies on Direct and Indirect Reductive Am nation
Pr ocedur eld¢st1Fit forJN hxita: CodisCleNChe 05 H0 60.055°1 3849- 3862; Al tenbach R
J., et al., 2008, "Structure-Activity Studies on a Series of a

2- Am nopyri m di neCont ai ni ng Hi stam ne H4 Receptor Ligands”, Journal of

Medi ci nal Chemi stry 51(20), pp. 6571-6580; Backer H J. et al, 1942,
"Sever al EXAMIMLE amaa-@hlomﬂlhyylpﬁf('ﬁmcﬂhm -4 HReltieno [B, Z@perdiamzﬂb)a,Ehi m ques

des Pays- ase de |a Bel 61, p 29 8 K E. et al.,
2003, TrinshanoRarit fsdhosn Briaell oninaf 1S b aRpb G sch £ of de. and
Their Use |n Li brary Synthesis', Tetrahedrn Letter, 44 pp. 1627- 1629,
Bonaf oux D. et al., 2009, "2-Am noim dazol |[|1hi bi tors of TG Beta
Receptor 1", Bioorganic & Medicinal Chem stry Letters 19(3), pp. 912-916;
Dubey P. K et al., 2006, "Synt hesi ¥ obr om ne | ncor porat ed

Pyrim dine", I ndian Journal of Heterdyg¢lic Chem stry 15(4), pp. 405-406;
Goneim K. M et al., 1986, @s sty Eval uati on of sonme 2-, 4- and
2, 4-di - substit ut ed- 6- Met hyl pyriumdi sle Derjwvati ves for Antim crobi al
Activity", Journal of the Indian Chefcal” Society, 63(10, pp. 914-917;
Gllespie R J. et al, 2009, "Preparation of Pyrim dine Carboxam des as
Puri ne Re%‘ébtlo$ynﬂF@¥Stqf%Emoﬁycaﬂlmﬁbémpéh&%@ﬁ}wﬂﬂ)hm@gmlb§‘Pf§lde Bi oorganic &
Medi ci nal Chemistry 17(18), pp. 6590-6605;, Greene T. W and Wits P. G,
1999, Protective Groups in Organic Synthesis, 3rd edi

Wl ey-Intersci New_Yor k @?‘5 R_et al., 19/6\ ! \ .Ph
Antimal arfal © I orreBDerl v&tafes of Mono- and DIQil yr| m ﬁi nes",
Jour nal of the ical Society pp. 3%ugB?; Levy D. E et al.ph20%8,

"Aryl -indolyl Ml ei m des as Inhibitors of CaMKII-Delta. Part 2.: SAR of the
Am ne Tet[l0879], BI od?rgnam;dp}&splﬁdé(ﬁmg,lzsmaniosb wys heketl 6r 8 soldBMAL,5- pp.

2% eondiraronipkim oo ik el pas bl Say pSe Bl it oeS'

Organi ¢ Claaitios tway héé’cécﬂ-@&)reﬂ@pﬁoﬂ?lﬁﬁﬂrzao’@ forRali HTIRE @luenBriad By fpordd ld, 2004,
"Integrating Fragnent Assenbly and Bi ogh ysi.cal Methods in the Chem cal

Advanceneft fofduspgs wamsdedth hepiane fonl-sad dsthyljether (Anmpy pFlsaemamgre

| nhi biti f,_Medi ci nal Chemi stry,
47(12), B%hg%‘%%%%gﬁ&y ﬁfggghmﬁ{ﬁg{rb‘gﬁé(&eﬂ%%w% ni di ne Based Car boxylic

Aci d Ter ninethyletdiplenyihpioshoaiudh Bemiider (0 gt 8763 Wy prea bif-avicta edwBol (yen24fe- est er s:

Synt hesi s, an i zaflon: efrah p 7212;
Tai bakhsh? 5@1 8&%@%@%_@% 5@1]91517375?}" gng%)%F@BHﬁ 73%%/5@%%% ation of
Primary arsinSeoo(flany. A 9as),and (N, dbiimatdy e ion @i, 28m neo Usi ng
Sodi um Bororzydrl (gltfei % 2,2,2 -) Tri f( horget ha(no Hl) Synéthﬁlegps &ﬁ 915)0 496.
[ 00339] Cone NMB(Fésld:-Fisy Ml zaSelyvent SEREETMS) Gappm)>1 183 9rE34. %10&@3 A9 0d,
J=10 Hz), 130.22 (d, J= 12 Hz), 117.79 (d, J= 85 Hz), 60.14, 41.94, 40.60 (d, J= 16 Hz),
24.95,22.98 (d, J= 50 Hz), 18.37, 14.09. MS (FIA-ESI-TOFM): Calculated for

Cy7H3,BrOP (MH)": 419.2134; found 419.2138.

Step 2: Synthesis of 6-(2-chlorophenyl)-2,2-dimethylhex-5-enoic acid cthyl ester.
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[0380] (4-Ethoxycarbonyl-4-methyl)triphenylphosphonium bromide (7 g, 14
mmol) and 2-chlorobenzaldehyde (1.96 g, 14 mmol) in CH,Cl, (21 mL) were stirred as
vigorously as possible and 50% NaOH solution (8 mL) was added drop-wise. After the
process, continue stirred for 1.5 h. The mixture was transferred to a separator and
dichloromethane (70 mL) and water (70 mL) were added. After mixing the aqueous
layer was removed and was extracted with dichloromethane (3 x 70 mL). The combined
organic extracts were washed with brine (50 mL), dried over Na,;SOs4, concentrated, and
purified by column chromatography (silica gel, ethyl acetate/heptane = 1/10 to 1/6) to
provide 6-(2-chlorophenyl)-2,2-dimethylhex-5-enoic acid ethyl ester (2.81 g, 72.2%) as a
yellow oil. '"H NMR (Field: 300 MHz, Solvent: CDCly/TMS) & (ppm): 7.35-7.08 (m,
4H), 6.46 (d, 1H, J=11.7 Hz), 5.76-5.68 (m, 1H), 4.04 (q, 2H, J=7.2 Hz), 2.23-2.08 (m,
2H), 1.74-1.61 (m, 2H), 1.20 (t, 3H, /= 7.2 Hz), 1.13 (s, 6H). (mixture of cis and trans
isomers, the major/cis isomer is listed). *C NMR (Field: 75 MHz, Solvent:
CDCL/TMS) 6 (ppm): 177.34, 135.54, 133.49, 130.34, 129.30, 128.03, 126.40, 126.14,
60.32, 42.13, 40.53, 29.06, 25.33, 14.30. (mixture of cis and trans isomers, the major/cis
isomer is listed). MS (GC-CI): Calculated for C;6H,,C10, (MH)": 281.1303; found
282.1324

Step 3: Synthesis of 6-bromo-6-(2-chlorophenyl)-2,2-dimethylhexanoic acid cthyl ester.

Oi\/\><n/0\/ HBr ( gas O\j\/\><"/
Cl © HOAC

[0381] 6-(2-Chlorophenyl)-2,2-dimethylhex-5-¢noic acid ethyl ester (15 g, 53.6
mmol) was dissolved in glacial acetic acid (150 mL). The solution was cooled in an ice-
bath (ca. 15 °C) while dry hydrogen bromide was passed into the solution for 8 h. The

reaction mixture was poured into ice-water (250 mL) and extracted with ethyl acetate (3
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x 100 mL). The combined organic extracts were washed with saturated NaHCOs solution
(100 mL), dried over Na,SOy4, and concentrated under reduced pressure. The crude
product (18 g) was purified by column chromatography (silica gel, cthyl acetate/heptane
=1/20 to 1/10) to provide 6-bromo-6-(2-chlorophenyl)-2,2-dimethylhexanoic acid ethyl
ester (15.5 g, 80.14%) as a yellow oil. "H NMR (Field: 300 MHz, Solvent:
CDCL/TMS) 8 (ppm):7.58 (d, 1H, J= 7.8 Hz), 7.34 (t, I1H, J=7.8 Hz), 7.27 (d, IH, J =
7.2 Hz), 721 (t, 1H, J=7.2 Hz), 5.45 (t, 1H, J= 8.1 Hz), 4.09 (q, 2H, J = 6.9 Hz), 2.19
(m, 2H), 1.55 (m, 2H), 1.24 (t, 3H, J= 6.9 Hz), 1.14 (s, 6H). *C NMR (Field: 75 MHz,
Solvent: CDCL/TMS) & (ppm): 177.45,139.25, 132.64, 129.64, 129.27, 128.75, 127.43,
60.36,49.97,42.17,39.84,39.51, 25.41, 25.20, 23.67, 14.43. MS (GC-CI): Calculated
for C16H,BrC10, (MH)': 361.0564; found 361.0547.

Step 4: Synthesis of 6-(2-chlorophenyl)-6-(6,7-dihydro-4H -thieno[3,2-c]pyridin-5yl)-
2,2-dimethylhexanoic acid ethyl ester. (Compound I¢)

oQ [
0
r
o
(j:\/ll\]H . Cg\/\>§( \/ KZCO3 {D
0
S cl DMF S cl

[0382] 4,5,6,7-tetrahydro-thieno[3,2-c]pyridine hydrochloride (2.5 g, 8.8 mmol)

was mixed with sodium hydroxide (2.7 g) in water (80 mL). The corresponding free
amine was extracted with dichloromethane (3 x 20 mL), which was dried over Na;SQOy,
filtered, and concentrated to provide 4,5,6,7-tetrahydro-thieno[3,2-c|pyridine (1.22 g).
4,5,6,7-Tetrahydro-thieno[3,2-c]pyridine (1.22 g, 8.8 mmol) and 6-bromo-6-(2-
chlorophenyl)-2,2-dimethylhexanoic acid ethyl ester (2.5 g, 8.8 mmol) were combined in
DMF (90 mL) and potassium carbonate (1.82 g, 13.2 mmol) was added. The mixture
was heated to 70 °C for 1 h and then 60 °C overnight. The mixture was cooled to room
temperature and water (100 mL) was added. The product was extracted with diethyl
cther (3 x 150 mL). The combined cther extracts were washed with water (3 x 80 mL),

dried over Na,SOy filtered, and concentrated under reduced pressure. The crude product
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(CH2)n-1 6 0 WD 2012/ 054535PCT/ US2011/ 056780 [ 00340] Schene 1 outlines
a general synthetic sequence for the preparation of conpounds of the

Formul a IWOD.200msw33s5ci al |y avail able (e.g. Sigma-Al dri chPConys201186678d0uUi S,
MO) esters, ami des, or acids of fornula 1 can be treated with base
(including but not limted to lithiumdiisopropylam de, sodium

hexanet hyl di sil yl am de, sodi um or potassiumtert-butoxide) and al kyl at ed
with comrercially available (e.g. Signma-Aldrich Corp., St. Louis, M)

di hal oge | b I\/Uel ler R
el oacriak A BOESh 5 IH s e, 80 SGR UL SacRERER D8dg) 8 el o R
a al kyI atprovide 642 chlorphingd)- é—l(‘k%ddtyédb ﬁHoﬂhmD@ bt]pffodlmﬂyé) B2can be heated in
the presence.of tri n osphjhe to epaj.e 0s ni u | ts of
formul a 45|| ﬁthtyLexarPé)ncnaec%é/%}&] eFt%BQGO mpouﬁgiei kkg nggélopg?s ](5)3‘3’9({71 g@l | stein
Journal oM Q&Bld%@’lMHzﬂS'bbﬁenﬁmjlg/TMS) Slpph): 7TvedpHRSPhORIHMN Baf t's of
formula 4 can be treated wth base (including but not limted to sodi um or

pot assi undniidr-ox Bddi2)pbeed ditum 8H). JeHi (dmH e’ﬁ 5B de(d. h8t-As Sidutder sodi um
car bonat g, d_u hy dr erpr o i ai l abl e

al dehydes %@&ﬂ £n§17A|¥§ Hzg Zb(go&p%[ Jsgﬁ%s_lg%l g‘??%q é¥ %r%{%y3avt 0

gener at e (@l Eflj.frs 1&# H2rhel-2.66 (inpd il he SfelinAeim,débct.fbédoi(m, Lid),Bildott, Y. et

sorors. e i atie bt o S A Flone R i R bl ™ O

hal ogenat@ﬂclmmme §:110m.691 139 @NDYAIRUS4 by d3aggn 43 dey 982926039-
hydr ogen brom de 8 in acetic acid at low te erature to prepare the

hal ogenat 5] f i ispi G et
B6.d d25P5 @b @3F S0i73, thed. dadhet . eS8 AR bl 4. A5 OF

al, 1982,, i n afy, la 11l can

be prepar %a jl;%% I?ll ngl\ﬁzg}%ﬁ g:u})agﬂiffofb Fﬂéo ?%gm? 2 E?Z?néude of 7a) in

t he preseﬁoumdmo b&ase (including but not limted to sodium or potassium

hydr oxi de, potassium or sodiumtert-butoxide, potassiumor sodium
carbonate, and sodium hydride) with commercially available (e.g. Acc

Cor poration, San Diego CA and Ryan Scientific, M. Pleasant SC) cyclic
corrpoundsstei) 5f Synthbas 8 6-Dhehl choidngd eEsITL- dimy@dtm thia(B, be|ppridipesyed as
described for simlar conpounds in the literature (e.g. Cheng D. et al.

2008, Chihesimethdhexanpic peidy Bdsochlrisly. pp. 689-692). [00341] Additional Iy the
conpounds of For rrul a Ill can be synthesized by methods descrijbed in: Cheng

D. et al.[038Y " Syt e gopheyd-outt T-diby Jroet/ar thigpeld B -dpy shmey Novael
Derivat i (ﬁ?ﬁg?ﬁfylh%mﬁloﬁz quil' &yl%ggﬁ E'%ﬁm% s agé{éd tg'a@%lu’tlo%f Hfsf Chem cal

Letters 19 ‘G et a "Enam ne; 42. A sinple
Synt hesi (106 n@,)4nad Bdaurn h@cﬂnopllde(lyt%g 43. ?Symdh)emw@tf(r%z mpby.. Th?faﬂlxmwaﬂ_e Bi got

Yot or onertsaE TN POt P Saion H Fap ke Rt R ot 1 o

Olganl c SOiltVle(ﬂt)O Sb[gt\xeiﬁhd%e'ﬂ&b gh@ﬁd@:ﬂ "1414(\741)? sp]ﬁltlcaﬂ.%g cxl%?’%d r\;Mlh%t}i}&r Rb| et
a 2004, "Long Hydrocar bon ain Keto Diols and D acjds that Favorably
Al ter Li preatatstepianerd/iH100 ¢d). The preanic layersvicie dispadedandihsiqugousaz( 24) | pp.

6082- 60991 PR% ik %djiﬁste@tmtﬁllo N g gchlorﬁ'hc@%ﬁgioﬁ% pE¥AL Rl ﬁro@ﬁct was

5-n- Al kyl resorci nol’s and | resorcinol s Hapatens”, Beilstein
Jour nal ofxtr@rtgdmiith d(dhkmmt:thyne (5(><212)0 Ipb) whidh; weShieiad oBir N S@I, filte@008,

SyntheS|s and A it uation of Sor vel rivt' of

e HRsraioie bk st B b b e a8 s 10(6)
pp. 689 G2 thi€XJ[ 3,Ric @rldﬁi—S}a 1-2,.21882th hERAEIRid @ g, Agszmkay&w besd-s of
3,4-Di am nobi phen | s nt hesi s 788; Le Bi et al.

PRI Tl AR WP M laxoéggshmﬂénﬁdh%a HperbatheEs Wed, um

the Wtt t tenm',
(0 he B a0 ey et A P,

Chai n Ketamrig)foslandmmcsamedlsuwmasolﬁamnwaiﬁxyraﬁbd enthleitpyi ebetat@/bfmﬂmes | n Vi vo"

J | dj ci 1 2-6099; .P kk | .,
2000, A EXBeHOURE) TRRATY S i AlseoRPu aBT B g metigaue e’

SE 22 )AI Kyl dreglas piovles-(deghadrepteny 1)Baiocl 7sdiy dro-Aelthitab[ 30f-c fpy gainl 1)Cham stry,
5 pp. 1-5.
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[ 00342] Conpounds of Fornula IV Schene 1: [ 00343] Schene 1 describes a
synthetic route for the preparation of conpounds of Formula IV. In certain
enbodi mrenwe,20ts4335epar ati on i nvol ves stirring commerci aCiryusavaiosebé e (e. g.
Sigma-Aldrich Corp., St. Louis, MJ) aldehydes of fornmula 1, comercially
avai l able (e.g. Ace Corporation, San Diego CA and Ryan Scientific, M.

Pl easant SC) cyclic conpounds of fornula 2, and anhydrous benzotriazole 3
in the appropriate solvent, including but not limted to diethyl ether,

tetr ahydr&l&%’(h?rﬂyexﬂio@cxa%ﬂ? hy@r%@'hl%ﬁ!lé%%ﬂ?Coﬂ]B@urfd%‘ﬁ%h%El?lox‘f@c” 308 Lcondycted wth

and wi thout héating the experinents and dry nol ecul ar si eves coul d be used
to renoveyitldedwdt enrifyrbyt L€ emat Wigte. Soiﬁﬁmebmdlud:ﬁ@-l%ﬁ"@ oHMIMR @ieldn t hen be

purified% r éllza % phy with the
appropri a %Hﬁp‘g‘fla 68&3&@%@ ( B%Béi 3&?‘) J/Jg%%g ?@EH?& Ehpr ocedur e
are descrjybeg Hza (K&IXl 1 Eky =A. 9%Iz)a|l92, (nlﬂ@ﬂ;4§ﬁ4@$mﬁr@ﬂ{) NEitsbnghs (n@r t he
Preparation of Beta-Am no Esters nt hesi s IJ 85) 747-751.
[ 00344] CotipoaAts’. bk (F3H-&/- v3@&me¥@ 1:08¢). @@@R2 ), 0.99 (scpld). r(ppstupgen f
al kyl ati ORtation isomers in NMR). *C NMR (Field: 75 MHz, Solvent: CDCL,/TMS) 8 (ppm):

181.10, 137.13, 132.80, 132.77, 132.04, 131.79, 130.48, 129.73, 128.73, 126.62, 126.14,

66.14, 51.52,42.87,40.92,32.04, 25.88, 25.47, 23.45, 22.50. MS (FIA-ESI-TOF):

Calculated for C,1HaCINO2S (MH)': 392.1446; found 392.1453. CHN analysis:

Calculated; 58.87 C,6.35H,3.27 N, 16.55Cl, 748 S, found; 57.80 C, 6.44 H, 3.15 N,

16.14 Cl1, 7.15 S, Best fit for CHN Data: C,;H»;CI;NO,S + 0.55 H,0

EXAMPLE 3.1 2-(2-Chlorophenyl)-2-(6,7-dihydro-4H-thieno[3,2-c|pyridine-5-
vDethanol. (Compound Is)

OH

o
S

[0384] To a solution of clopidogrel hydrosulfate (10 g, 23.8 mmol) in deionized

Cl

water (300 mL) was added sodium bicarbonate (4 g, 47.6 mmol) in small portions. After
mixing, 7-butyl methyl ether (200 mL) was added and the solution was stirred for one
hour. The layers were separated and the aqueous layer was extracted again with z-butyl
methyl ether (2x100 mL). The combined organic extracts were washed with brine (100
mL), dried over sodium sulfate, filtered, and concentrated under reduced pressure. The
remaining brown oil was dried under high vacuum to a constant weight to afford
clopidogrel free base (8.24 g, 106% yicld which includes a trace of MTBE). While under
a nitrogen atmosphere, a solution of lithium aluminum hydride (0.46 g, 12 mmol) in
anhydrous dicthyl ether (8 mL) was added drop wise to a solution of clopidogrel free
base (3.22 g, 10 mmol) in anhydrous dicthyl ether (4 mL). The lithium aluminum
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hydride was added at a rate to keep the ether refluxing gently. The addition was
completed and the mixture was stirred at reflux temperature for an additional 30 minutes.
After 30 minutes, the solution was cooled to 0 °C in an ice/water bath. The excess LiAlH,
was decomposed with ethyl acetate (2 mL, added slowly), followed by 6N HCIl solution
(20 mL added slowly with vigorous stirring). The mixture was transferred to a separatory
funnel. The aqueous fraction was separated and extracted with ether (30 mL, which was
discarded). The aqueous fraction was adjusted to pH =7 with 6 N NaOH solution (20
mL) and extracted with ether (4 x 15 mL). The combined cther extracts were washed
with brine (20 mL), dried over MgSQOs, and concentrated under vacuum to yield 2-(2-
chlorophenyl)-2-(6,7-dihydro-4 H-thieno[3,2-¢]pyridine-5-yl)ethanol (Compound Is, 2.12
g, 75.4% vield) as a white solid. "H NMR (Field: 300 MHz, Solvent: CDCL/TMS) &
(ppm): 7.45-7.40 (m, 2H), 7.23 (m, 2H), 7.04 (d, 1H, J=5.1 Hz), 6.70 (d , 1H, J=5.1
Hz), 4.47 (dd, IH, J=6.9, 5.8 Hz), 3.97-3.91 (m, 1H), 3.81-3.74 (m, 2H), 3.62 (d, 1H,J
= 14.4 Hz), 3.01-2.95 (m, 1H), 2.84 (m, 2H) 2.76-2.68 (m, 1H). *C NMR (Field: 75
MHz, Solvent: CDCI:/TMS) & (ppm): 135.31, 134.92, 133.81, 133.26, 130.03, 129.35,
128.85, 126.72, 125.34, 122.82, 64.53, 61.55, 50.20, 47.67, 26.15. MS (HR, DIP-CI):
Calculated for C;sH;7CINOS (MH): 294.0714, found 294.0715

EXAMPLE 4. 4-(2-Chlorophenyl)-4-(6,7-dihydro-4H-thieno[3,2-c]pyridine-5-
yD)butan-1-ol. (Compound Id)

a8
S

Step 1. Synthesis of 5-[2-chloro-1-(2-chlorophenyl)ethyl]-4,5,6,7-tetrahydrothieno[3,2-

OH

Cl

c]pyridine.
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[0385] To a solution of 2-(2-chlorophenyl)-2-(6,7-dihydro-4 H-thieno[ 3,2-

c]pyridine-5-yl)ethanol (9.7 g, 33.1 mmol) in THF (280 mL) was added thionyl chloride
(7.9 g, 66.2 mmol) drop-wise. The solution was stirred at room temperature for 1.5 h
(monitored by TLC). The excess thionyl chloride was evaporated under reduced pressure.
The residue was dissolved in CH,Cl, (200 mL), washed with saturated NaHCOj3 solution
(to pH = 7), dried over Na,SQO,, and concentrated under vacuum to provide 5-[2-chloro-1-
(2-chlorophenyl)ethyl]-4,5,6,7-tetrahydrothieno[3,2-c]pyridine (10.1 g, 98.1%) as a light
yellow oil. 'H NMR (Field: 300 MHz, Solvent: CDCly/TMS) & (ppm): 7.63 (d, J=6.3
Hz, 1H), 7.36-7.22 (m, 3H), 7.05 (d, J=5.1 Hz, 1H), 6.70 (d, /= 5.1 Hz, 1H), 5.62 (t, J
= 6.3, 1H), 3.71 (s, 2H), 3.10-3.07 (m, 2H), 2.95-2.91 (m, 2H), 2.86-2.84 (m, 2H). **C
NMR (Field: 75 MHz, Solvent: CDClLy/TMS) & (ppm): 137.72, 133.43, 132.79, 129.56,
129.47,129.00, 127.43, 125.31,122.70, 64.37, 56.60, 53.24, 50.98, 25.24. MS (HR, GC-
CI): Calculated for C1sH;sCINS (MH)™: 312.0375, found 312.0349.

Step 2. Synthesis of 2-[2-chlorophenyl)-2-(6,7-dihydro-4H-thieno[3,2-c]pyridin-5-
yl)ethyllmalonic acid dicthyl ester.

CO2Et

CO2Et
@ Ahon o 0y
EtOH S

[0386] To ethanol (38 mL) under a nitrogen atmosphere was added sodium (1.03
g, 44.9 mmol) in small picces. The resultant sodium ethoxide solution was cooled and
diethyl malonate (7.4 g, 46.2 mmol) was added drop wise. The reaction mixture stirred
for 5 minutes at room temperature and then 5-[2-chloro-1-(2-chlorophenyl)ethyl]-4,5,6,7-
tetrahydrothieno[3,2-¢]pyridine (14 g, 44.9 mmol) in cthanol (30 mL) was added drop

wise. The mixture was heated to reflux for 2 hours. After two hours, the solvent was
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removed under reduced pressure and water (100 mL) was added. The product was
extracted with CH,Cl;, (3 x 200 mL) and the combined extracts were dried over Na;SOs,
filtered, and concentrated under reduced pressure to provide crude 2-[2-chlorophenyl)-2-
(6,7-dihydro-4H-thieno[3,2-c]pyridin-5-yl)ethylJmalonic acid dicthyl ester (17 g, 86.7%)
as a brown oil. "H NMR (Field: 300 MHz, Solvent: CDCL/TMS) & (ppm): 7.36 (d, J =
7.8 Hz, 1H), 7.15 (m, 3H), 7.02 (d, J=5.1 Hz, 1H), 6.69 (d, J= 5.1 Hz, 1H), 4.45-4.37
(m, 1H), 3.96-3.74 (m, 5H), 3.6 (d, /= 14.4 Hz, 1H), 3.48 (d, /= 14.4 Hz, 1H), 3.00-2.95
(m, 1H), 2.81-2.60 (m, 4H), 1.05 (t, J= 7.2 Hz, 3H), 0.94 (t, J= 7.2 Hz, 3H). *C NMR
(Field: 75 MHz, Solvent: CDCl/TMS) § (ppm): 168.01, 167.77, 138.09, 134.28,
133.92, 133.34,129.81, 127.98, 127.76, 126.88, 125.05, 122.38, 61.57, 61.50, 61.23,
56.56, 53.25, 50.72, 40.02, 25.21, 13.88, 13.81. MS (HR, GC-CI): Calculated for
C2H,7,CINO,S (MH) ": 436.1344, found 436.1318

Step 3. Synthesis of 4-(2-chlorophenyl)-4-(6,7-dihydro-4H-thieno[3,2-c]pyridine-5-
t)butyric acid ethyl ester. (Compound If)

EtO2C, o
COzEt
O
S
S cl DMSO, H,0 cl
[0387] A mixture of 2-[2-chlorophenyl)-2-(6,7-dihydro-4H-thieno[3,2-¢]pyridin-

5-yl)ethyl]lmalonic acid diethyl ester (17.5 g, 40.2 mmol) and lithium chloride (6.8 g,
161.9 mmol) in DMSO (230 mL) and water (3.9 mL) was heated to reflux (oil bath,
ca.190 °C) with stirring for 4 hours. The reaction mixture was cooled to room
temperature, diluted with water (150 mL) and extracted with ethyl acetate (3 x 150 mL).
The combined organic extracts were washed with water (3 x 80 mL), brine (80 mL), and
dried over MgSQOs. The product was filtered, concentrated under reduced pressure, and
dried under high vacuum. The procedure generated a crude product (15.4 g). The crude
product was purified by column chromatography (silica gel, ethyl acetate/heptane 1:3) to
provide 4-(2-chlorophenyl)-4-(6,7-dihydro-4 H-thieno[3,2-c]pyridine-5-tl)butyric acid
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[ 00345] Schene 1 outlines a general synthetic sequence for the preparation
of conpounds of the fornmula V. Comercially available (e.g. Sigma-Aldrich
Corp., Stwololz/s453M0) esters, am des, or acids of fornulpaTSe@n/obesereat ed
with base (including but not limted to lithiumdiisopropylamde, sodium
hexanet hyl di si |l yl am de, sodi um or potassiumtert-butoxide) and al kyl at ed
with comercially available (e.g. Sigma-Aldrich Corp., St. Louis, M)

di hal ogenat ed al kanes of formula 2. The procedures described in Mieller R
et al, 200dy MO poRhd i\fbﬁf Plg”f’é 19@%”&)5&% 3{11gh1437e(11%6b)011 ‘ﬁPNnﬁ@gﬁ ieR09f0 out | i ne
t he aI kyl atmon reacti on. | ated products of formula 3 can be heated
in the prMibnSelveit: CDCBMEMS)FSKQBWI)J he4 CCbthr7e$)HrzelH)hé 2pHodplho3Hn.@hl t s of

formula 4 .int er cyi in r' K. I ,20, eil stein
Journal of gr:ggﬁﬁgﬂ%%ﬂ?ay}: g?%ﬁ ngh §f§2 (r?hﬁ&)pﬁg%é‘ﬂrdo: lts of
formul a hpap.ched ir-epf 2eizMlf) 33age (+ nehvgi g), but-ned (dll4rH)t,@d512csssodl um or
pot assi um hydroxi de, potassi um or sodi um tert - but oxi de, BOt assi um or sodi um

car bonat e(m, &R, seflituhT Aydiz 38). T6 NVMR (5redd i Has Sefernie€ BCH TYISNai | abl e

al dehydes g r r , ) f o]
gener at o GPEPPRZTRISLISIO8 (S Br o leieP haar P o VB se .

al ., 1988122']2135t cabg 032, IN431)5]. lpp38 4038492005259, a8.26. MSXHR, §EN)eCslcand trans
i somers. il lustrates nversion of esters of fornmula 6 to
hal ogenat'ed ééﬁ%gﬁézﬁb%%dﬂﬁ fr%u@%f'ﬁeggl cohols of fornula 7 can be
prepared by reduction of the ester group in conmpounds of fornula 6. A w de
variety of reagents are available for reduction of such esters to al cohols,
e.g., seegi 4HYGhihEHYor SOAUIEHLANS Y- @ LERL Go DLW Sh[¥2-BRHdfd-5- 1996 pp.
212- 217, hereby expressly 1 ncorpofated herein by reference In certain
enbodi mentlbutanhleok educt i on can be performed with a hydride type reducing
agent, for exanple, lithiumalum num hydride, |ithium borohydride, lithium
triethyl borohydride, diisgbufylalum num hydride, |ithium

tri met hoxyal um num hydri deP or sodi um bi s(2- et hoxy) al um num (g)(dri de. For
exenpl ary, but non-limAing, procedures for reducing este al cohol s,
see Nystromet al., 194 Am Chem Soc. 69:1197; ang Mffet et al.

1963, Org. Synih. 834(4), | it hium al ugn d Brown et

al ., 1965, J. Cheth S 37: 5614, HAHi um t ) me m hydri de;
Oerny et al., 4 | 1€ Czech. Chem Comuis~ 3% : 6di um

bi s( 2- met hoxy) al um nurf'hydri de; Ny§ietyheter al ., 1949, J Am Chem 71: 245,

| it hium borohydride; and Brown et al., 1980 Chem 45:1, lithium
triethyl B8FEhydr i de2-GHeroahershol-(pr-dibait- 4Hrﬂé@w&)8ﬁ&i§/r@fnef%ﬂ}]?m}’@07 can be

Conve”e‘jacﬁcf’etfgﬁheesﬁaﬁ 1'&' 485 RESPah Qn}%@ﬂﬁ&gféﬁfyrgfhé iy @a@adﬁ}&’a 0
illustrative SCcus of vari1'ous or co Version o ohols to
hal i des seseMadety nlﬁogeﬁmmdreﬂogaemlmloﬁ:béhihm ylumiRemc hydnls (088 lgani sns, and

Structure, ,4th 1- ound of f a9c n, be

i rect |y b bipeSinip g Sy e (DpLh RROR et e B SY A ER pase

fol | owed by rat andasd t&%ﬂ]ﬁﬁrlaﬂggérﬁl%hé‘ﬂlﬁiu%eﬁlﬂl% z{lﬁltlo@%s completed, the

(N, N -Di cycl ohexyl car bodi i m de), EDC (1l-Ethyl-

di net hy| afiXaEp Pap syt BRI %ree)ddltrqerlr}()(rommeﬁ%trrrca%Waacgpif)dwON N,N -
Lot ramet i o s otsalosplal 6l Aonpami L, commeLe ol Ly
be prepareided ﬂbwly()dﬁpowmﬁ)lloﬁvedbyﬂm HCsthytml (k¢ hdt)iaddedodovelgathiny| ati on wit h

comerci al.ly avaj l. abl latin | ati re ounds of
formil a 9Vl%<§rﬁu%ﬁt%%ﬁw Wéasrri'?‘ dsaaﬁ%féﬁférr%r T?"%eahérflr gagggresem in
COWpoundelwardfe@)" muk aqitowd hdHicOWaIBh&GI@likad v@M% NQ@A(%%IGQ&Q{I% m@hh pas, and
thiols. [00347]1n scheme 3, the mxture of cis and trans 1somers of formula

9 can be $al aj@em‘a”@@eld With cthnd@rrs%ﬁ mbn Wha @né;rr\mﬂdrrmc hyds dgenwirdtd de gas

(e.qg. hydr m a etr acid rature to prepare

t he halog%na %n lgnﬂguﬁgcﬁ%’ ta %G?anU%ﬁ%uﬁg%ﬁgppgl LePH5dQ i n Crispi

G et aIqn&9824($¥thg&m@d94(@prEﬂirlﬁﬁhwﬁﬂBpQQQﬁﬁhmf5@meannmla 11 (22 =
N) can be prepared as descrrbed in Taillier C e 2007, Tetrahedron
63(21), ﬁﬁg@@g@l@ég% TEant coapled MRl He 1171 o chNMrR diield: 30 i n the
presence of base (including but not limted to sodium or potassium

hydr oxi de, potassium or sodiumtert-butoxide, potassiumor sodium
carbonate, and sodium hydride) to formoconpounds of fornula 12. The

di spl acenent products can be prepared as described for simlar conpounds in
the literature (e.g. Cheng D. et al., 2008, Chinese Chem cal Letters 19(6),
pp. 689-692). The ketones of formula 12 could be treated with base and

al kylated with a series of comrercially available alkylating (or acylating)
reagents to fornrconpounds of fornula 14 The ketones of fornula 12 could

o - o o o o, M a o A~ o o,
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[ 00349] Schene 1 describes a synthetic route for the preparation of
conpoundswofofarsusssa VI. The prerparation can invol ve centdrssatiossTsof
conmpounds with fornula 2 and fornula 4. Conmpounds of the fornula 1 (Z2 = N)
can be prepared as described in Taillier C et al., 2007, Tetrahedron
63(21), pp. 3589-3592 with a boc protective group. The protective group can
be renoved by stirring in trifluoroacetic acid to prepare the conpound of
formula 2 f eijL 0 ICi vahd abl e
S A e A o Sl RS el sl

commer ci aldl YHavai 4. aHke 6d@rpolthds= 2 Hzpronid ¢@r 8 1b1), Z83-Bati(onSHp 3the 1pr esence

compoundsi b VHET gt it £ ARd T oF e oo I B ot bt ) pBF AR ot
sol vents 11g, §C MR OFic@C €5 SILL, [Sohhr: (DERQTMS ) E(pPndPI £CEITBBE 1pr oduct s of
formula 5. Simlar, but not limting, displacenent reactions are described

in the |it38r et U32%03.42970.0ReNG§. B7.6% 1221.28, 12008, 128Hilnes 80, GRdM Tatl.Let ters
19(6), pp. 89  de i r L f. anal ogs of
formula 7 (?10r%n9't§ a? 9(:“0%%%‘3%‘%%?@?%% é%%cu%?% f?bs”ﬁ?@@?ﬁﬁ&a&? can be

prepar ed 322.1d27 gotndcin2d@dsat i on of commercially avail abl e conpounds (e.g.
Sigma-Aldrich Corp., St. Louis, M) containing sulfur and nitrogen

neucl eophil es, as described in Kall A et al., 2010, Synthetic

Communi cati ons 40%12), E:ﬁ 1730-1735 wth the conmpqunds of fornula 5.

Addi t i onaXK4MRIE Se dntsihiprophenyhir (g frdihpdrosdfilihispold Z-¢Jgeridina Yy t he met hod
descri bedyfyviYEKbdnzottiale. (CdRPdund P¥4)2hedron 39(9), pp. 1529-1531 to form
conpound of 1yor mul a 6. The conpounds of formula 6 can be heated with
commerci ally avail abl e conpounds (epng. Sigma-Aldrich Corp., St. Louis, M)
containing sulfur, nitrogen, o xygen\neucl eophiles to form conpounds of
formula 7 by displacenent. [0C Schefie Eldescribes a transformation of

t he conpounds of fornula 7 to ke fardet cohppounds of fornmula VI by

ol efination. Comrercially avail abl e acy phpni um sal ts or

acyl - phosphonates (e.g. Sigma-Al Louis, MD can be treated
wi th base (including but not I|jgm #h or pot assi um hydr oxi de,

pot assi um or sodi umtert-but o de assi um or sodi um carbonate, lithium
di i sopropyl am de, and sodium h [ in the presence of conpounds of
formula 7 to formthe final conpounds of fornula VI. A non-limting exanple

of a sim proce i i i R har , 1987, Synthetic
Conmmuni callt()?%gr]s 8(7%%%1%3%@%%%@9 g‘%&%@ﬁiﬁ%ﬁ???é%ﬁ% l-“?#Oel)’corrpounds of

For mul a \Mene@riatode QR RNipe 3152 atindly, amd R hubitsolttingdidsde (304 mECBex9gnidol)et al .,
2008, "Synthesis anpd Activit val ugti on,of . Sone Novel .Derivati.ves of

2.5, 6, 7- TanF gy ol bty et By nbas i SRR SH PO RB s 10 6)
pp. 689- 6Q2) df@kd anfarg & at@bspherQt Goom M@%ﬁh\ﬁﬁ&eﬂteﬁyé ,heahM whael reaction
in Water. A Renmakably Sinple Procedure”, Synthetic nmuni cati ons 40(12),

pp. 1730-filkzs! andorashediwith satgmated [sodiumdgcarbonate spiwpn (Kompt. obledtires Wagr t he
Conver si op.. af Bat a- tur lic
no e aeoyPRBB RIS Snd ROt ORI EOL AR TR Y | {5
"“A Si npl edissotyeCombeptrinentictiBy rthee s L dinIBand stdeddon Keétcorre $-10 *Trovealgldr on
39(9), p

SS(5) o SR T Ve 45t DDA R BT G A BT
Synt hesi shigh vaumHkddint @mpefatfeati@psdofstint welgt hab eeiierd 63pdd)de 1P1R2-
3589- 3592Chlorophenyl)-(6,7-dihydro-4H—thieno[3,2-c]pyridin-5-yl)-methyl]- 1 H-benzotriazole

(Compound IVa, 0.84 g, 61.7% yield) as a colorless foam that appeared to be an 80:20

mixture of isomers by NMR. "H NMR (300 MHz, CDCL/TMS): & = 8.08 (d, 1H, J=

8.1 Hz), 7.91-7.79 (m, 2H), 7.55 (d, 1H, J= 8.4 Hz), 7.53-7.24 (m, 4H), 7.11 (s, 1H),

7.04 (d, 1H, J=5.1 Hz), 6.61 (d, 1H, J= 5.1 Hz), 3.90 (d, 1H, J= 14.4 Hz), 3.69 (d, IH, J=
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[ 00353] Conpounds of Fornmula VII WD 2012/ 054535 Schene 1: Rla 1
PCT/ US2011/ 056780 ) C NH N1 deprotection / \R b 4 [00354] Schene 1
i 11 ustratwe 2a1220pmi38esi s of conpounds of the fornula VII PCT/US2011/056780

14.4 Hz), 3.21-2.95 (m, 2H), 2.88 (m, 2H). (major isomer). *C NMR (75 MHz,
CDCL/TMS): & = 145.48, 133.78, 133.45, 132.94, 132.65, 130.10, 129.40, 127.50,
126.98, 126.56, 124.97, 124.00, 122.79, 119.80, 110.39, 84.85, 49.59, 47.28, 25.50.
(major isomer). MS (HR, DIP-CI): Calculated for (MH"): 379.0779, found 379.0752.

EXAMPLE 6. 7-(2-Chlorophenyl)-7-(6,7-dihydro-4H-thieno[3,2-c]pyridin-5-yl)-2,2-
dimethylheptanoic acid, hydrochloride. (Compound Ig Hydrochloride)

_—

S -
= Cl

N
/ 0]
H

Cl HO

Step 1. Synthesis of (5-Ethoxycarbonyl-5-methylhexyl)-triphenylphosphonium bromide.

e O e RO
O oes Mb

[0390] 6-Bromo-2,2-dimethylhexanoic acid ethyl ester (38.0 g, 0.15 mol) and
triphenylphosphine (40.0 g, 0.15 mol) were dissolved in toluene (100 mL) and heated to
reflux for 24 hours under an argon atmosphere. After 24 hours of heating, the flask was
allowed to cool to room temperature and stirred for an additional 24 hours at room
temperature. After 48 hours, the toluene was removed under reduced pressure. The
remaining material was dissolved in dichloromethane (100 mL) and added drop-wise to -
butyl methyl ether (600 mL). The cther was decanted away from the precipitate, which
was dried to a constant weight under high vacuum to provide (5-cthoxycarbonyl-5-
methylhexyl)-triphenylphosphonium bromide (71.5 g, 93.1% yield) as a light yellow
foam. "H NMR (300 MHz, CDCLy/TMS): & = 7.87-7.57 (m, 15H), 4.05 (1, 2H, J=7.2
Hz), 3.67 (m, 2H), 1.78-1.45 (m, 6H), 1.20 (t, 3H, J= 7.2 Hz), 1.12 (s, 6H). *C NMR (75
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Commercially available (e.g. Sigma-Adrich Corp., St. Louis, M) anal ogs of
the formula 1 can be condensed with an appropriately protected,

comer ci avbyomvesiizabl e 4- pi peridone (e.g. Sigma-Al dri clrCCarspo11/088780 Loui s,
MOD) in the presence of a catalytic amount of acid (e.g. p-toluenesulfonic
acid) while heating, as in the procedure described in Raines S. et al.,
1976, Journal of Heterocyclic Chem stry 13(4), pp. 711-716. The protective
groups can be renoved accordingly (see Geene T. W and Wits P. G, 1999,
Protectiv i ani 11S23r it ' I atgrsgience, New
A L e L
The am neRIdP (HosCwkd 24 danl bedL@Eupl et 6.4 Hzy 6oaTer4li4l, BYy.12\281.44adl e (e. g.

Si gma- Al dy i ch . i S, ) i | or | i h r nce of

addi ¢ onalC Hade M bl g MUl tor Fhrfedol | FFE iR RE o

di i sopr opydieiiyd &sF(NE): 48903%IS ifsiimdos33smdpum t er t - but oxi de, pot assi um or

sodi um car bonate, and sodi um hydride) of formula 5 to formthe target

am des of forrmula VII. Additionally, the target am des of forrmula VIl can
be prepared by using standard am de couplings (using but not limted to DCC
(NN -Di Oyt@‘() ohexythea! brodid. ahidRphel5P2,2-dimethylhept-6-enoic acid ethyl ester.

(1- Et hyl - 3-(3-di net hyl am nopr opyl )Ycarbodi i ni de), and HBTU

(0-(Benzotriazol -1-y N, N, N , N -tetranet hyl uroni um hexaf | uor ophosphat e))
with the am nes of |l a 4 and commerci al carboxylic acids (e.qg.

Si gma- Al drixch Lorp., Sf. uis, MO} of! formula 5~ [0Q0355] Additiagnally the
conmpounds of° AR be ed by nethdds.discl ose "in: Greene
T. W and Wit \P. G, 29 Protecti oups in O i s, 3rd
edition, WIley-Int ef's ce, New York;” Raines S. et al., 1976, nni ch

7\

Reactions. Synthesis o , 5- Di hydropyrrol o[ 1, 2- a] qui noxal i nes,

5 6. 0 hydDSHlr ol ofd ey b SrogaN et Hebe g uRa b romie35 8y ol i o
Chem sty B364) mdPPwas/dkoikddin @am&%ﬁﬁn@pda odtaMlihd 2-Schene 1: 3

[ 00356] Schene 1 illustrates a synthesis of am des of Fornmula VIII. In order

t o prepar@lqrpecnzaidelryde -0 0. ¢ O menlud olgtio ofmed gl ydrexids/dIzaBle (e. g.

Si gma- Al drj &k ‘ . 1Sy ; - ami e | f formul a
T San be RRANRER gy whaE MR R PR THE AR, cence
of an exclesiss afroac taahpceatge. Adilef twd louas tiat)layersTwercac@ar@cdarfdae non-1 i m ti ng

exanpl es af this t of condensation in th urrent litergture including
the pr ooclthromEtP Fadiondgisesd i gpter g5y i avesediugt Wkycli o
Chem st 1 Y4B lind BhcorkRASr kABeddddl SFABRAL AT RScRhidiay BhA o ($a00 be condensed
wth comercially available (e.g. Sigma-Adrich Corp., St. Louis, M)

Mel dr umi sW@cﬁlt!?r@t%/ threaigh st edi(200 ), dvang with ethykacgtategicgtaae A:9x ildle Corp., St.
Louis, M) . 0 | a 5 . par.e ] f | in the
manner aebetieb St eurh ok Wl iR PEBRE I SR R Lo B M Bube)

Chem st r yTI25¢@hiningpellé0Dil41Q.5 gJ has adhtaeimaodl withr2aehl@obenzaldeele g3tkyl at ed wi t h

a series of ¢ rcially avail ab e.q.. Sigma-A.drich Cor St. Louis,
MO al kyﬁfi}/r)n&[@&@ﬁ?r ll@é? &PY%FWWII By tha@%h@efﬂalwm ad(100 _H{L_)

chl or osul {RMNadESInal phdsPieonRing $8NQE 200.0ba8R1)( Iseaﬂuﬁphyago@w%og 0b5Moted to
sodi um or_ potassi um hydroxi de, potassi umor sodiumtert-butoxide, potassium
or sodi unndetdsdhamé,) viap addednin Bortigepind lhe mritere wasalowestio gt foy dhode)at t o
prepare t t 0 f I . iL ly the
corrpoundsljag t%g%ﬁugle' %%ﬁ%gsn&%g S%ﬁ%&nl\ézdé%dlﬁ%lg%e%ﬁ%ﬁggﬂélgﬂéogjlqgéssed in: Ege
G et al.wash88%ith WAter (DO aZI0)| éSed dviet sodNa el 0¥ €HiEted sdadRIoegmirated ons  of
1=Phenyl pyrazol - 3-am ne", Journal, of Heterocycl.i.c CherP' stry 19(6), pp.
1265- 1266 e ieAege Piesswe- Bhe rempguee bropa ol yasiarigpd by column.

5- Ami no- le@éfdio SaplRE ydiRosr @!o@%t),wlﬁtnlg%ﬁ%efhyl%aaeﬁ%eﬁtmy@(t11.95.6_%91‘ Mel drum s
Acid: Synthesis and Characterization of Pyrazol of 3, 4- b]CPyrl di nones",

Jour nal afrodyst-eowepigi fracBimsiveare pgmi3B¢dInd qopcentro@d gmder reduced pressure to

provide 7-(2-chlorophenyl)-2,2-dimethylhept-6-enoic acid ethyl ester (12.0 g, 60% yicld)
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Compounds of Fornula I X WD 2012/ 054535PCT/ US2011/ 056780 Hal RL I b I
+HNR1la | nD 5 displ acenent
WO 2012/054535 PCT/US2011/056780

as a light, yellow liquid. "H NMR (300 MHz, CDCL/TMS): 8 = 747 (d, 0.4 H, J= 7.5
Hz), 7.36-7.07 (m, 3.6 H), 6.74 (d, 0.4 H, J=15.6 Hz), 6.50 (d, 0.6 H, /= 11.4 Hz), 6.16
(dt,0.4H, J=15.6,7.2Hz),5.75(dt, 0.6 H, J=11.4,7.2 Hz), 4.10 (m, 2H), 2.26-2.12 (m,
2H), 1.61-1.34 (m, 4H), 1.29-1.17 (m, 3H), 1.14 (s, 6H). (mixture of cis/trans isomers).
3C NMR (75 MHz, CDCL/TMS): 8 = 177.59, 135.63 (2 peaks), 133.67, 133.45,
133.31, 132.38, 130.31, 129.41, 129.19, 127.84, 127.73, 126.57, 126.47, 126.24, 126.00,
60.16,42.12,42.07, 40.22, 33.56, 28.83, 25.21, 25.16, 24.69, 14.30. (mixture of cis/trans
isomers). HRMS (MMI-TOF): Calculated for C2,H,0CLNO,S (MH"): 406.1202, found
406.1594.

Step 3. Synthesis of 7-Bromo-7-(2-chlorophenyl)-2,2-dimethylheptanoic acid ethyl

ester.
© _— 7 _\O Br ClI
+ HBr —_—
AcOH
[0392] 7-(2-Chlorophenyl)-2,2-dimethylhept-6-enoic acid ethyl ester (11.75 g,

0.040 mole) was dissolved in acetic acid (80 mL) under an argon atmosphere. The flask
was cooled in an ice-water bath. Hydrogen bromide gas was passed slowly through the
solution for 3 hours while the solution slowly warmed to room temperature. Ice (250 g)
was added and after mixing, the product was extracted with ethyl acetate (2x100 mL).
The cthyl acetate extracts were combined and washed with saturated sodium bicarbonate
solution (3x75 mL) and water (100 mL). The solution was dried over sodium sulfate,
filtered, and concentrated under reduced pressure. The remaining oil (14.06 g) was
purified by column chromatography on silica gel (250 g), cluting with 3:1 (followed by
2:1) heptane/ethyl acetate. The product-containing fractions were combined and
concentrated under reduced pressure to provide 7-bromo-7-(2-chlorophenyl)-2,2-
dimethylheptanoic acid ethyl ester (12.9 g, 86% yicld) as a clear oil. "H NMR (300
MHz, CDCL/TMS): 6 = 7.57 (d, 1H, J="7.50 Hz), 7.33-7.15 (m, 3H), 5.43 (t, |H, J=
6.9 Hz), 4.08 (q, 2H, J= 7.2 Hz), 2.30-2.21 (m, 2H), 1.55-1.42 (m, 3H), 1.34-1.19 (m,
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N..RlLla 1 Ric IX Scheme 2: WD 2012/ 054535PCT/ US2011/ 056780
deprotecti on H2ZNRll a O
WO 2012/054535 PCT/US2011/056780

5H), 1.13 (s, 6H). *C NMR (75 MHz, CDCL/TMS): 8 = 177.72, 139.41, 132.69,
129.67, 129.28, 128.92, 127.48, 60.36, 50.17, 42.26, 40.57, 39.19, 28.59, 25.38, 25.34,
24.45, 14.50. MS (HR, DIP-CI): Calculated for (MH"): 375.0726, found 375.0726.

Step 4. Synthesis of 7-(2-Chlorophenyl)-7-(6,7-dihydro-4H-thieno[3,2-c]pyridin-5-yl)-
2,2-dimethylheptanoic acid ethyl ester. (Compound Th)

w

)
s/ ) NH _\O Br ¢ —\O N ¢
1
[0393] The hydrochloride salt of 4,5,6,7-tetrahydro-thieno[3,2-c]pyridine (3.2 g,

18.9 mmol) was dissolved in water (120 mL) and 50% sodium hydroxide solution (10
mL) was added. The corresponding free base was extracted with dichloromethane (2x25
mL), which was dried over sodium sulfate, filtered, and concentrated. The remaining oil
(2.58 g, 18.9 mmol) was dissolved in DMF (10 mL) under an argon atmosphere.
Potassium carbonate (5 g) and 7-bromo-7-(2-chlorophenyl)-2,2-dimethylheptanoic acid
cthyl ester (7.0 g, 18.63 mmol) were added and the mixture stirred for 44 hours at 75 °C.
The flask was cooled to room temperature and water (50 mL) was added. The product
was extracted with dichloromethane (2x75 mL), which was dried over sodium sulfate,
filtered, and concentrated. The remaining brown oil (8.94 g) was purified by column
chromatography on silica gel (140 g), cluting with heptane-cthyl acetate (4:1 to 2:1). The
product containing fractions were combined, concentrated, and dried to a constant weight
under high vacuum at room temperature to provide 7-(2-chlorophenyl)-7-(6,7-dihydro-
4H-thieno|3,2-c]pyridin-5-yl)-2,2-dimethylheptanoic acid ethyl ester (Compound Th, 3.85
g, 49% vield) as a clear oil. '"H NMR (300 MHz, CDC1ly/TMS): & = 7.53 (dd, 1H, J=
7.5,1.2 Hz), 7.40 (dd, 1H, J=7.8,1.2 Hz), 7.31-7.18 (m, 2H), 7.08 (d, 1H, /= 5.1 Hz),
6.74 (d, 1H, J= 5.1 Hz), 4.22 (dd, 1H, J=8.7, 4.5 Hz), 4.12 (q, 2H, J= 7.2 Hz), 3.83 (d,
1H, J=14.1 Hz), 3.49 (d, 1H, J=14.1 Hz), 2.92-2.68 (m, 4H), 2.08-1.73 (m, 2H), 1.46
(m, 2H), 1.30-1.19 (m, 7H), 1.15 (s, 6H). *C NMR (75 MHz, CDCl/TMS): & = 178.00,
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reductive am nation 9 al kylation or 8

WO 2012/054535 PCT/US2011/056780

139.41, 134.99, 134.26, 133.62, 129.53, 128.13, 128.03, 126.87, 125.51, 122.67, 63.69,
60.37, 50.79, 48.15, 42.33, 40.84, 33.11, 26.19, 25.40, 14.55. HRMS (DIP-CI):
Calculated for (M+H"): 434.1921, found 434.1871.

Step 5. Synthesis of 7-(2-chlorophenyl)-7-(6,7-dihydro-4 H-thieno[3,2-c]pyridin-5-yl)-
2,2-dimethylheptanoic acid, hydrochloride.

e——

S\ A
N o 1KOH.H0
W — o
Cl
O 2) HCI Cl
O\H
[0394] 7-(2-Chlorophenyl)-7-(6,7-dihydro-4H-thieno[3,2-c]pyridin-5-yl1)-2,2-

dimethylheptanoic acid ethyl ester (2.80 g, 7.23 mmol) was dissolved in ethanol (40 mL)
and water (25 mL) containing potassium hydroxide (10 g, 250 mmol). The mixture was
heated to reflux for 24 hours. After 24 hours, the flask was cooled to room temperature
and concentrated. Water (50 mL) was added and extracted with 10% ecthyl acetate in
heptane. The aqueous fraction was acidified (to pH= 6) with concentrated hydrochloric
acid and the product was extracted with dichloromethane (2 x 100 mL). The
dichloromethane extracts were combined, dried over sodium sulfate, filtered and
concentrated. The remaining tan oil (3.0 g) was purified by flash column
chromatography on silica gel (100 g), eluting with heptane-cthyl acetate (2:1) to provide
7-(2-chlorophenyl)-7-(6,7-dihydro-4 H-thieno[ 3,2-c]pyridin-5-yl)-2,2-dimethylheptanoic
acid as a white solid (2.1 g, 71.6% yicld). The product was dissolved in water (ASTM 1,
200 mL) containing hydrochloric acid (1%) and acetone (25 mL). Most of the acctone
and excess hydrochloric acid was removed under reduced pressure. The remaining water
(200 mL) was freeze-dried to provide 7-(2-chlorophenyl)-7-(6,7-dihydro-4 H-thieno[3,2-
c]pyridin-5-yl)-2,2-dimethylheptanoic acid, hydrochloride salt (Compound Ig
hydrochloride, 2.2 g, mp 97-100 °C, 99.47% purity by HPLC) as a white solid. "H NMR
(300 MHz, DMSO-de): 6 = 12.25 (brs, 0.5H), 12.12 (br s, 0.5H), 8.24 (br s, 1H), 7.60-
7.38 (m, 4H), 6.94 (d, 1H, J=4.5 Hz), 6.77 (d, 1H, J= 4.5 Hz), 4.90-4.68 (m, 1.5H), 4.38
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5 [00358] Schene 1 illustrates a synthesis of am des of fornula I X
Comrercially available (e.g. Sigma-Aldrich Corp., St. Louis, M) am nes of
figure 1 wenotesessacted with either al kylating agents (ecgusadiupbors@l i des,
acyl chlorides, chlorocarbanmates, or chlorosul fonates) to prepare am nes of
figure 2. The am nes of figure 2 can also be prepared by stirring the

am nes of figure 1 with comercially avail abl e al dehydes (e.g. al kyl
hal i des, acyl chlorides, chlorosulfonates) in the presence of a reducing

reagent (ignc. 5'ﬂlﬁg1zb4lt5 QY hiomdedy, 8 s9qdi, wfb%quwrsu%) 56340 (m,

cyanobor o ydri de, d sodi'umt r| acet' oxyborohydri de). The 'reductive
ami nati onl. ﬁﬂbée?@u?r% et ibéﬁ(mnlfl)e?/)BDn B, ét408]l 0 (m20308,1. (Bl(&cﬁf@anl c &

AP SR 0SS S BB SRS RSP L3, O

fornul a 21m41h1xzpmm54:5@ﬂ1|3y 8§VI351|@b|1§1 balizdes, 109.99, 1;&mz$ksir1agb500rp ,
St. Louis in the presence of a hindered base

(e.
triet hyI afrﬁ8rﬂé); l%ﬁ 435655 8W|2ét8ﬁy1?é1ﬁ6né4 3%i09nen g8 1 7QntH). 4&s}3d‘élskfr i bed in
Renzi L. gf7@hkq 301 fzz%tdzazﬁm 51CR 3§ | gtu§e6 eriIQnoJa"Pﬁs%mjet?s 6. The
t ar get corrpounds of 6rrru a [ X can 'be pfepare di spl acenent th am nes
of fornmul HRMS\(MMIt-T]@FQ:qu}mhatd@fomCzj‘fbb(hbeN@zSd(MH )t Heo. pias bruoe 404.1 Bes e
including but not limted to triethylam ne, diisopropylethylam ne,
pot assi um or sodiumtert-butoxide, DWVAP, potassiumor sodium carbonate, or

Russi an JoSANGTLB7 AatropkaRDaH P oapdy o TR S ot Sl of 11 gur e

S can be g@HieeasRandié Y, IHAFTEIIGHM. (EOMpORSd [EHYdroeh¥RreN drich Corp., St.
Louis, MO or prepared as illustrated in scheme 2. [00359] Scheme 2

illustrates a general nethod for the synthesis of am nes of formula 5.
Commercially available (e.g. Sigma- A|dI’ICh St. Louis, M)

am no-al cohols of fornula 6 can be sglg Y protected on nitrogen with a
suitabl e protective group (boc, bengyl, or CB) using comon literature

procedures. The oxygen present in the fQrmula i nternedi ates can be

al kylated with a suitable (e. ariyl i dedi~ Cétcyl chl ori des,

chl orocar bamat es, or chl oros ,{f na e d commercially avail abl e (e.g

Si gma- Al drich Corp , St. Loui ) Ch kyI ating agents to formi nterrredl at es

of formula 8. The protective groups can then be renoved using standard

et hodol oGy, S ESndEEENS - P niMbviaPELayhs P. G, 1999, Protective Goups in
Organi c Syn?he3| s, 3rd edition,” Wleylnterscience, New York) to prepare

i nt ermedi at es of forrrulao9 The anines of formula 5 can be prepared form
the amines of formfild 9 /by either al kyl"8t406f or /T &ducyive anination from
commercial availa ?) eagent's @HsN$revi ousl y des [NSR360] Addi tionally
t he conpounds of Formul a IX can be synthesi zed by net hods di scl osed i n:

Denthenk M et v1edYNidesi s, of . No- b t hyl
Derivati 3[8?95(% Spi r%gl%:lggl%eh d% A?tzbaspl lr%ac%cear% lt]ilmyace%u @Qéh 6g%ur nal of
O gani ¢ Gagil)sidry a®iR( 1) nltlﬁﬁlethllﬂaﬁﬁﬁ(ﬂﬁa anGttean&tufe wiY handl thdfluxHor 43 , 1999,

Protective G.oups in Organic nt h 3rd edition WIe-Intersmence
New Yor k; Mifedye plutpon s cg Pcentrgéégnf 31@%@%%?%50'\@%%& d-aLhq nhi bitors

of CaMKI Idlaﬁbﬁoﬁletfﬁé Eol@tion \%RVE%LC& Weh Me??z IQB'(I)‘ﬁﬂL) drﬁ'd%@é%aiu?n & Medi C' nal
Chem stry Letters, 18(7), pp. 2395- 2398; and Renzi L. et al., 1956, "The

1, 4- Benz ouilfatcaimdddicraskto\gbtagutire cvde proaiupty Berifedatign b)bmlnmb @hlmdlitqumhy

Gazzetta I p 6]

furt her d@m%@ t%ﬁl?ae tg‘t:_é?glﬁﬁtgn? Ol:f/t'lr(])jtg ?%l') ;rlﬁ?fgr%ed E)Qr%% n(é rﬂ?&hﬁ)’ﬁﬂ&ﬂ aq
53.0%) as a yellow powder (M.P. 71-74 °C). '"H NMR (Fleld 300 MHZ, Solvent:
CDCIL/TMS) 6 (ppm): 7.78 (d, 1H, J=13.2 Hz), 7.59 (m, 1H), 7.52 (d, 1H, J=13.5
Hz), 6.90 (d, 1H, J = 3.6 Hz), 6.58 (m, 1H). *C NMR (Field: 75 MHz, Solvent:

CDCL/TMS) 6 (ppm): 146.90, 146.67, 134.93, 125.51, 120.12, 113.46.
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Exanpl es EXAMPLE 1.

5-(2- Chl orophenyl) -5- (6, 7-di hydro-4H-t hi eno[ 3, 2-c] pyri di n-5-y1)-2, 2-

di et hyl peotareaisessaci d, hydrochl ori de. (Conmpound | a Hydrothisesiigeq7so St ep 1:
Synt hesi s of 5-(2-chl orophenyl)-2, 2-di net hyl - pent-4-enoic acid ethyl ester.
[ 0375] The phosphoniumsalt (15.0 g, 30.9 mmol ) and 2-chl orobenzal dehyde
(4.3 g, 30.6 nmol ) were dissolved in dichloronethane (100 nL) and m xed

vi gorously. Sodi um hydroxide solution (24 g, 50% was added drop-w se over

5 m nut esgiedhe ThAEYE 6f WaTaRblyPBRGhEnStir for 2 hours at room tenperature.
Water (100 nL) was added and the ayers wer e separated. The dichl or onet hane

fraction was dried sodi um suI f filtered and concentrated. The
remai ni ng orange O'ZVM by ol §mm r omat ogr aphy on
silica gel (150 g), & uting w fh 5% acet hébeane, to provide
5- (2-chl or ophenyl) - 2, 2- di net hyl - pent'- en0| c acid ethyl ester (4.02 g, 55%
yi el d) as acolorless oil that was a mxture of trans/cis jsoners. 111 NWR

(300 MHz, (0828137 TVE)o: 2 gixture ghitFung ?1%%%11%6164%)3 fexiVrmmeP am el i somer )

7.46 (dd, mn nitrev n
7 3o (7 08(4@0%\|Y§S‘adaed éro? vgisesodé?)ﬂﬁ) Zlﬁgsi@d tlg iﬁﬂg iz ?142g, lal Jﬂzgl%_l 7 H)

6. 13 (dt,in0HH100mI18.05C, nn@er lalzg)on aﬁnmh(rdtThemotlhhg Was stapped and Beayk 4. 11

(m 2H), 13/ TVS): 8

(maj or f r\g%sﬁ} onH]r%%wAfBr ‘gdd%?onlj‘ é?r ans grgsacflé%%é %%RW?% 135. 55,

133. 82, 1Bdpedturd 32013 hBPwadslowR0addd] witk 9igd8yus 32Qing 1 Aftk2 the2mter k2. 15,
added, 15% sodium hydroxide solution (13 mL) was added, followed again by water (36

mL). After stirring vigorously for 10 min, the solids were filtered and washed with
diethyl ether (3x150 mL). The combined filtrates were dried over Na,SQOy, filtered, and
concentrated under reduced pressure to yield 2-furan-2-yl-ethylamine (11 g, 85.6% yicld)
as a brown oil. "H NMR (Field: 300 MHz, Solvent: CDCl/TMS) & (ppm): 7.31 (m,
1H), 6.29 (d, 1H, J=2.1 Hz), 6.05 (d, 1H, J=2.1 Hz), 2.96 (t, 2H, J= 6.6 Hz,), 2.76 (1,
2H, J= 6.6 Hz), 1.84 (br, 2H). *C NMR (Field: 75 MHz, Solvent: CDCL;/TMS) &
(ppm): 153.82, 141.21, 110.15, 106.00, 40.79, 32.35.

Step 3: Synthesis of 6,7-dihydro-4H-furo[3,2-c]pydridine-5-carboxylic acid tert-butyl

ester.

NH j\ )L
[\ l +(Boc),0 — w
0 o

[0397] Formalin (37% aqueous formaldehyde, 4 g, 49.2 mmol) was added drop-

wise to 2-furan-2-yl-cthylamine (5.5 g, 43.3 mmol, neat) and the mixture was allowed to
stir for 30 minutes at room temperature. The crude intermediate 1 was extracted with
diethyl ether (3x80 mL). The dicthyl ether extracts were combined, dried over sodium
sulfate, filtered, and concentrated. DMF (35 mL) was saturated with hydrogen chloride

gas by passing hydrogen chloride through the solution for one hour. The remaining oil
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128.59, 128.15, 126.82, 126.75, 126.22, 60.52, 44.12, 42.79, 42.40, 38.66,
25.19, 25.08, 14.46, 14.34. M5 (CC- EI) Cal cul ated for C15H1902C1( MH) :
267. 1146,wbaored)s287. 1143. Step 2: Synthesis of PCT/US2011/056780

5- br onp- 5- (2- chl or ophenyl) - 2, 2- di et hyl pent anoi ¢ acid ethyl ester.

was dissolved in DMF (10 mL) and added to the DMF/HCI solution. After mixing at
room temperature for 3 hours, the DMF was removed under high vacuum. Methyl #-butyl
cther was added and the traces of DMF were removed by extraction with water (100 mL)
that had been adjusted to pH = 11 with saturated sodium bicarbonate solution. The cther
solution was dried over sodium sulfate, filtered, and concentrated. The remaining crude
intermediate 4,5,6,7-tetrahydrofuro[3,2-c]pyridine (0.87 g, 7.1 mmol) in dichloromethane
(50 mL) was added drop-wise to di-tert-butyldicarbonate (1.6 g, 7.4 mmol) in CH,Cl, (50
mL) at room temperature. The reaction mixture was stirred at same temperature for 1.5
hours, monitored by TLC. The solvent was evaporated by reduced pressure and the crude
product was purified by column chromatography (silica gel, ethyl acetate/heptane = 1/9)
to afford pure 6,7-dihydro-4H-furo[3,2-c]pydridine-5-carboxylic acid terz-butyl ester
(0.56 g, 35.4%) as a yellow oil. '"H NMR (Field: 300 MHz, Solvent: CDCL/TMS) &
(ppm): 7.19 (s, 1H), 6.13 (d, 1H, J= 1.5 Hz), 4.25 (s, 2H), 3.63 (m, 2H), 2.59 (d, m),
1.44 (s, 9H). *C NMR (Field: 75 MHz, Solvent: CDCly/TMS) & (ppm): 154.78,
146.85, 141.23,108.19, 85.03, 79.82, 41.58, 40.05, 28.52, 23.90.

Step 4: Synthesis of 4,5,6,7-Tetrahydrofuro[3,2-c]pyridine hydrochloride.

= N © HCI NH
— [ N/ e
o MeOH o)
[0398] To 6,7-dihydro-4H-furo[3,2-c]pydridine-5-carboxylic acid zert-butyl ester

(0.56 g, 2.51 mmol) in methanol (50 mL) was added concentrated hydrochloric acid
solution (37%, 1.4 mL). The mixture stirred at room temperature for 5.5 hours,
monitored by TLC. The methanol was evaporated under reduced pressure to yield
4,5,6,7-tetrahydrofuro[3,2-c]pyridine hydrochloride (0.5 g, 100% yield) as a yellow
powder. '"H NMR (Field: 300 MHz, Solvent: CD;OD/TMS) & (ppm): 7.47 (s, 1H), 6.42
(s, 1H), 4.20 (s, 2H), 3.57 (m, 2H), 3.03 (m, 2H). "*C NMR (Field: 75 MHz, Solvent:
CDCL/TMS) 6 (ppm): 147.23,143.89, 112.23, 109.50, 43.10, 42.37, 21.70.
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[ 0376] 5- (2- Chl or ophenyl) - 2, 2-di net hyl - pent -4-enoi c acid ethyl ester (4.0 g,
15.0 mmol ) was dissolved in acetic acid (40 nL). The flask was cooled in an
i ce- wat erwbabte/@msshydr ogen brom de gas was bubbl ed t hr eaghustdig/osaBut i on
for five hours as the flask warnmed to roomtenperature. After five hours,

t he hydrogen brom de gas was stopped and the flask was stored in a freezer
overnight (0 C. After 20 hours at 0 C, the solution was poured into a

m xture of ice and water (200 g). The product was extracted with

di chl oro n | t wer e conbi ned
and mashg%£€?t§(gé?ggégggkggé§2§?@$§§ﬁ%§%§ﬁgagﬂﬁﬁgﬁgg)Hggg m.) and water
(100 nl) .dimathylictinbigraontethyinsemb(sonpouad Imver sodi um suI fate, filtered, and
concentrated. The remaining oil (5.13 g) was purified by flash col um
chromat ography on silica gel (200 g), eluting with 5% et hyN/a tein

hept ane, to provide 5-bronp-5-(2-chlorophenyl)-2,2- di ntanoi c acid
ethyl ester (3.31 g, 63zp%yielq) as a col orl ess oiI 111 NVR (300 MHz,

CDC13/ TMS): 8-="7.57 (d 1 5dHz) (m 3H), 5.39 (t,
1H, J= 7. )y 4,1 Hz) 229 04 (m ., 1.77 (dt, 1H,
J=120 )1. 1HJ—120 ofhe 2 a t,3HJ—72Hz)

1.18 (s, , 1.17 (s, . "C NWR (75 MHz, CD&lS/TNB = 177. 05, 139. 06,

25 6d. zé[%é%ﬁ514li%§éaﬁéﬁ?‘a¥d?%f&%%? Bty gt S Tk 347

found 267chldrdphenyied2i XvdingttgdocitamoldSkcid @h}dmst& (1857@, B§§Irﬁm®11) in DMF (36

5-(2-chl or pphe 6, 7-di h H-th| 3 |n5 1)-
> 52 mer YL AEn e St Pai iy 7 2 S5k pmingl fefindinSrgon
[0377] 4, Satﬁoiphx@tart edbyldfeﬁ{ﬂafaﬁﬂ@[ﬁ}eamﬁi@wmhdmd(@665cgor Fdd ufdBRlajgoand 5-
br ono- 5- (2- chl or ophenyl) - 2, 2- di net hyl pent anoi ¢ aci d et hyl ester (1 42 g,

4.08 mm|e)tm»m:rhéredn@§6q>r9@hy| hCTﬁﬂneWﬁws aY@Otaﬁqdeltqdyq rafRGee PEasHEIdni th a few
crystals i N g an oi

bat h. Afﬁggfghﬁﬁgﬁgggyﬁ %Héo tloneggs co %%?%q?%gﬁg?ggpgpat re and
sodlun1bﬂmammamaﬂazmdmutdowx@Qﬁsaiij%mMQMﬂmeqﬁmﬁbdbmnaMng, t he product

Fract onc haPUCKP DB B B o0 U meaeas 1Py b aafa P ea. The

remai ni Ngy-ye-dpwde-4H\as| 3p24f:]p§/h@1€i W)W@nﬁﬂlyﬁ)cﬁtﬁmaiﬂid%ﬁlaﬁt@ﬂmt ogr aphy
station u5|ng silica gel eluting wi radi ent of 100% heptane to

10% et hyl (Ceewedrting(ep g2 %mlé)sasweﬂ@m& @ngémlfe 300 M enoltest:100%
et hyl t h f I d and
Congengfg@ d@nﬁ‘mgg@ 858 (M1 SECPRYR PR HACTL O MAS §9k BqhLEd an

5- (2- chl 03H))pheﬁiy§,)1H5 4(@ @dd Hiyth 04448 tHx) entt] @, ZH;:hayrzi Tt )n3.62 yd, L H2./ 2-

ant BT o3 Al G (1360 i 2 S aBRT s Thitsosel 20 o aaB koA 5L 540
1.5 Hz), (gn 12@1()0'}130 1|d(mjl fsﬁ) 8’% NMI5 Smu 78 Wz,@ol@d rGD@i;BFM@) S’(’pp(n? OlH, J=

5.1 Hz), d, TH, J= 8. 8 (g,
2H, J= 7. 12781-%) 14%01794Q &4, IBPi50JB51()1) 3129—&3 12%041,512(8(!)3 1.1.}6 85Ji15_Lﬁ2 40842

2.90-2. 62 ( 8 : 1H J=
135, 4. 240y bt sl ora S dy Reg T Hbs of 4074 % )’

1.10 (s, BRMS B INVRT (TR )VEZlculeidd T3/ (M) 4852231[)(371906&1431238169 134. 95,

134. 25, 133.59, 129.64, 129.11, 128.07, 126.73, 125.43, 122.61, 63.81,

60. 38, 50.63, 47.95, 42.22, 36.43, 28.22, 26.17, 25.52, 25.38, 14.47. M5
(MM -TOF): Calcul ated for C22H28NO2C1S (IMH): 406.1602; found 406.1576. Step
4: 5- (2- Gep 6O BHaIMY ob8-( ﬁemoﬁﬁhe@m}mHmyma{fﬁﬁaoplmy]byﬁdlﬁ =5Byly-2 0= 2, 2-
dlnethylpentan0|c aci d, hydroc | orid

[ 0378] 5- (@HEﬂW Bﬁﬁ@ﬁQQ)EBh@%“ﬁuﬁlhydro 4H-t hi eno[ 3, 2-c] pyri di n-5-y1)-2, 2-
di met hyl pentanoic acid ethyl ester (1.0 g, 2.46 mmvl) was dissolved in
water (5 nmL) and ethanol (5 nL) that contained potassi um hydroxide (1 Q).
The m xture was heated to reflux for 6 hours. After cooling to room
tenperature, the ethanol was renoved under reduced pressure. Water (25 nlL)
was added and the solution was acidified to pH=5 to 6 with concentrated
hydrochl ori c acid. The product was extracted w th di chl oronet hane (2x25
nit). The conbi ned dichl oronet hane extracts were dried over sodium sul fate,
filtered, and concentrated. The crude product (1.06 g) was purified by

col um chr omat ography on silica gel (20 g), eluting with heptane/ethyl
acetate (1:1). The product containing fractions were conbi ned,

concentrated, and dissolved in dichloronmethane (25 nL). The dichl or onet hane
solution was acidified with hydrochloric acid (2N) in diethyl ether (6 nL).
The sol vents were renoved under reduced pressure. The renaining solid was
dried to a constant wei ght at roon1tenperature under high vacuumto provide
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Step 1: Synthesis of (4-Ethoxycarbonyl-4-nethyl)triphenyl phosphoni um
brom de. [ 0379] Tri phenyl phosphine (6.6 g, 25 3 mmoL) was added to a
sol uti on w0 2812/d583380- 2, 2- di et hyl pent anoi ¢ aci d et hyl e®CEUSCE195678%. 3
mmoL) in toluene (55 nL). The solution was heated to reflux (oil bath 122
C) for 24 h. The toluene was evaporated and the residue was washed with
heptane (20 nL) and diethyl ether (20 nL). The remaining solid was dried
under high vacuumto provide (4-ethoxycarbonyl-4-
met hyl ) tri phenyl phosphgni u omde (11 g, 87.3% as a
(nmp. 245- 250 C). 111 {n el d: 300 MHz, Sol vent:
7.94-7.63 (m 15W53.99 §q, 2H, J-69Hz) 3.75
1.61 (m 2H), 1.]10 (m 9H). 13C NWMR (Field: 75
(ppm): 176 , 133.29 (d, plgyl0 Hz) : , J= 12 Hz), 117.79
(d, J= 85@ 41.94, 4060 (d ~J= " 22.98 (d, J= 50
Hz), 18.3 .09. M5 (FI A-ESI - TEIdM h,dCal cu ed For C27H32BrOP (MH):

419. 2134; found 419.2138. Step 2: Syn2t hesi s of
6- (2-chl enyl) - he C : .
[oaao](40%?%xycaré?%ﬁ%@%%f‘%?%ﬁ@ﬁ*ﬁ‘L’%‘g‘éﬂkon%ﬁ@?oﬁ%é2(7 g, 14
mol ) anddlmethbﬂoma@blerazdlede’rhym (05.26.1¢, mrmdl)mmhddeldmo cHECLE qf2thangl) wer e

3: IOLr Smdse 0 R}Ig Clll}{m%ggl%())(lsd%i(@g aé‘@ mm Waaers i urftt)s Q"Hc(, r"r[Ll)e WS added

ite powder
) 8 (ppm:
2H), ¢1.91 (m 2H),
Sol vent: CDC13/ TMS) 8

ess, inues e m Xt ure was

t r ansf er rigdteti@o a:ﬂslem@féaj Béura My apératel esloemuhddrecduded pﬂeasuaertdldweett@r(z(o 70 )
wer e added., Aftec{ﬁ]ﬁm Xi ng tc{;]g %ﬁueous | aver was rem)veg) and was ext{act ed
wi th di chiPb} Bawtddsh e the e § aqUPARS SOBHASN &S VR gt e RivwEe s c gl e washed

W th bri nd%e{aﬁt% e 14016 mPY &ind N2 et WRAMGLMIERNEE agfds RYEddnived by col um
chromat ogr a ny }) lica gel, ethyl acetate/ heptane = 1/10 to 1/6) to provide
o‘mﬁg Wit

6- (2-chl c@lcznteht%hmqliéxwac@ﬁoﬂobl é@n@ﬂ@tm«;/ducé\s’@sefrxtl(age@w@ 72. 2%
|1

7 35- 7 op Sy hgeT0 ). T cpth Aoy gBhile G RMRlgGPED (|

2H, J= 7.<2dHn) sulﬂteZﬂ}t&eﬂ)&ndm)nczhi)ratedl.uﬂd@f ﬂedﬁded(pttssﬁlcl)to pibviRid 8€(I2 3H J= 7.2

Hz), 1.13 i th /

WIRES M B RTENCT Ot LR

135. 54, 1(@325%946@ a?’éyelie%@orfls0Theh?1§teﬁ&wa¥%@sséi@ed haBethdl, ctiRP (ShL) 48d 13,

40. 53, 29.06, 25.3 14.30. (mxture of cis and trans isoners, the

maj or/ ci saciidg(é)wérydr@hloin@taé@)solw (BCHE! o digthylaiher: @3¢ mby. BrewEiond2 (M)

o-br omo- & {20 ERGIREryiTE B° slarePRIPR BaRaversdnd fersdrioddper.
pr0V1de 8 (2- chlorophenyl) 8-(6,7-dihydro- 4H furo[3,2-c]pyridin-5-yl)- 2 ,2-
dimethyloctanoic acid, hydrochloride salt (Compound Io hydrochloride, 0.16 g, light
yellow powder, 59.3% yield). "H NMR (Field: 300 MHz, Solvent: CD;0D /TMS) &
(ppm): 7.77 (br s, 1H), 7.63-7.48 (m, 5H), 6.37 (br s, 1H), 5.05 (m, 1H), 4.18 (m, 1H),
3.62 (m, 1H), 3.02 (m, 2H), 2.36-2.24 (m, 2H), 1.42-1.40 (m, 2H), 1.32 (m, 2H), 1.20-
1.18 (m, 4H), 1.11 (s, 6H), 1.08-0.92 (m, 1H). *C NMR (Field: 75 MHz, Solvent:
CD;OD/TMS) 6 (ppm): 181.70, 147.11, 144.55, 137.40, 132.15, 131.89, 130.08, 128.21,
129.87,112.37,109.71, 66.34, 52.10, 50.05, 43.07, 41.60, 35.10, 31.67, 30.56, 26.64,
25.85,22.31. HRMS (HR, DIP-CI): Calculated for Cp3sH3oCINO3; (M+H)": 404.1987,
found 404.2009. CHN analysis: Calculated; 62.73 C, 7.09 H, 3.18 N, 16.10 Cl, found;
59.13C,7.04 H, 3.03 N, 13.58 CI.

171



[ 0381] 6- (2- Chl or ophenyl) - 2, 2-di net hyl hex-5-enoi ¢ acid ethyl ester (15 g,
53.6 mmol ) was dissolved in glacial acetic acid (150 nlL). The sol ution was
cool ed i rwaroi2os433at h (ca. 15 C) while dry hydrogen brorcuaseas/ opassed i nto
the solution for 8 h. The reaction m xture was poured into ice-water (250
m.) and extracted with ethyl acetate (3 x 100 nmL). The conbi ned organic
extracts were washed with saturated NaHCO3 solution (100 nmi), dried over
Na2SO4, and concentrated under reduced pressure. The crude product (18 g)
was purif I f%g@ hept ane =
1/20 to 1%%%'@& g\r/q2 d%lhﬁm%ﬂn@ %Bmzin{gﬁllwcl)rsg@ JMet%ﬂmIr {)lﬁyﬁlexanm C
aci d et hydlpwddierS-yh-oc@ngic ®l, M%ocabrmey@dmmllq HMONN@II(‘F)l el d: 300 MHz,
Sol vent: CDC13/TMs) 8 (ppm:7.58 (d, 1H, J= 7.8 Hz), 7.34 (t, 1H J= 7.8
Hz), 7.27 (d, 1H, J= 7.2 Hz), 7.21 (t, 1H \¥ QH2 Hz), 5.45 (t, 1H, J= 8.1

Hz), 4.09 (g, 2H J= 6.9 Hz), 2.19 ( / 155 (m 2H), 1.24 (t, 3H J=
6.9 Hz), 1.14 (s, 6H). "C NMR (Fi el df 75 Mz, °Sol vent: CDC13/TVB) 8 (ppm:
177. 45, 139.25, 132.64, 129.6 Q- 28. 15, 127.43, 60.36, 49.097,

42.17, 39.84, 39.51, 25.41, 0,23 14243 "MB (G- C): Calculated for
Cl6H22Br C102 (MH): 361.0564; Hound 561. 0547. Step 4: Synthesis of

6- (2-chl or ophenyl)-6- (6, 7-di hydro-4H -t hi eno[ 3, 2-c] pyri di n-5y1l) -

2, 2- di met$tgp heXgnihicds alpydrodd[ B2l c]paidite- 1 -c4obopdigradidl zey-butyl ester.

[0382]4 5,6, 7-t et rahydr o- thleno[3 2- c]pyrldlne hydrochl oride (2.5 g, 8 8

mmol ) was m xed At SOdIU ox (2 7 Q) &ﬁwyater (80 N The
correspondin \pe m ne S e tra with drchlioro dP or omet (3)x 20 m.),
whi ch was dri N325 il red nd “concentrat ed vi de

4,5,6,7- tetrahydro thleno[3 2-c] pyridine (1. ZHHN
4,5,6,7- Tetrahydro-thi eno[ 3, 2-c] pyri dine (1.22 g, 8 8 qgg*;
et hyl

6- bronp- 6- (2- chl orophenyl) -2, 2- di met hyl hexanoi ¢ aci d E?gér (2.5 g,
8 Mol ) were conbined in DV (90 m.) and potassi um carbonate 82 g, 13. 2
mol ) wasjoagided. Tfmnﬁtmuﬁﬁomlmﬁwﬁpm 08Q, .5 &mdl) th RBEAnieME0 C

overnight. The m xture was cooled to roomtenperature and water (100 ni)

was addedmLirwas gidedideop wissstogxazeidpled2 Qig: ho &]m@migl in %@ﬂ@éﬁrﬂ(eﬁ&ml%et m.). The
conbi ned C i ver
S Lo e oAb e R TS ARk R L

pr oduct \\m;sadned infioetibnny s@od wmpecihure.sftodrapluys, (il solveat \gal evapdrhgd

t at e/ he =1/1
B OBy Be e YRR BRI £ e Brifics by colrmg Romy g aphy
di met hyl h(@ﬁl@ﬁl?d:lCetﬁﬂladet@ﬁehﬁébtaﬁél/@O td ngéqwmdé pyrrolo[zfz Gpyidnd4%) as a yel | ow
oil. 111 NVR (Field: 300 WMHz, Solvent: CDCl3/ q ppm : 7. 49 éﬁ 1H, J=
78 ), ool facid jr- Qe poieh (o2 & oo yiokh ot by ot ot HvR 02 s 3

12 5 ol Yt SoerZe,OnissS oot 37 G, b, £ Lk 95 65 %6

(1 m154T) 0815[2)959&((174}(, th= 2HHzZ), 1. @Zd,]lHLGf% BB H&l)j)ﬁ 6md;LBH(,1 3311;12),]1 e 2 Hz),
Coca 37 TNER B "CORMR Ui S8 MR sonigins (I lgd MSKppID: 1aesB395-150. 53, 129. 03,

128. 03, 11?4@ $1130L8%14669 ]1%3 8§5105@£% éléo@%o%3 50.73, 48.04, 42.31, 41.04,
33.48, 26.14,°25.58, 25 14.44. M8 (GC-Cl): Calcul ated for
C23H30C1LNC2S (MH): 420. 1758 found 420.1725. Step 5: Synthesis of
6- (2- chl or ophenyl) - 6- (6, 7-di hydro-4H-t hi eno[ 3, 2-c] pyri di n-5y1) -

2- di nmet$tgp BeXSanthegs alCl-ty-bhiytaryeatbvooyli dE.-(2-chlorophenyl)-7-methyloctyl]-14-

pyrrolo[3,2-c]pyridin-5-ium bromide).
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[ 0383] 6- (2- Chl or ophenyl) -6- (6, 7-di hydro-4H -t hi eno[ 3, 2-c] pyri di n-5y1) -2, 2-
di nmet hyl hexanoic acid ethyl ester (2.5 g, 7.33 nmol) was added to a

sol uti on wb 2etdmEmss (100 nl) and sodi um hydroxi de (1.8 @CTAB2@108a78) i n
water (32 mL). The m xture was heated to reflux for 6.5 hours. The sol ution
was evapor ated under reduced pressure and water (100 nlL) was added to the
resi due. The water solution was extracted with ethyl acetate/heptane = 1/10
(100 nL). The organic |layers were discarded and the aqueous sol ution was
adjusted with 10 N hydrochloric acid solution to pH=6. The product mas

extracted with dichloronethane (3 x 100 nL), which was dri r Na2504,
filtered, and concentrated under reduced pressure to prgvide 0

6- (2-chloro yl) - 6- (6 7-di hydr o4H-t hi eno[ 3, 2-c] pyrldl 1)-2, 2-di net hyl h
exanoic adi d\ (2.6 g, % as eIOI ow oil. 6-

(2-Chl orop nyl) 6- ( - r o4 henef-3—2-€] N -2, 2-di met hyl he
xanoi ¢ acj %3 7 0, & nmol ) di ssolGrgeN i n %% HCl1 (0.95 nL) and
water (59 nmL).| After stirring for 10 mnutes, th S| us sol ution was

extracted with ethyl acetate/heptane (20/80, 110 nL).! The organic extract
was di scarded and the aqueous fraction was freeze-dried to provide

6- ( 2- chl dﬁé%enyl) J’sme%urrr dipryele bl 4 Fipy Hiliserd fartexylioygiq grnbwylestep 2-

di net hyl l.orj de, 3.48
gl, m739. %% ield I3'(7881%71% urlﬁ{n)?c% 20&11&%)%25 2(£V\\ﬁl te s%itlnglé% t(l'q%}l;l eg{e 126 138
C. 111 NMR 4(4Fg 8/73:m1Bap, awﬂizcetﬁotrﬂ@@ﬁ mIQD@IB ATiGB) atd 5P Fm) S27h@®s. (&lﬁ lH)
7.47-7.38 4.92
(105 st 38 evaforfibghtacr stpedDpdistid By Jrasitdn b a0, %%

(m 2H), cthé§3 X.206mi( % aﬁb’;)d, 1- @rlg&lté)@ca@bhyl i m@tdhﬂ&oﬁlfenymahétﬁy’ﬂob@qner s in
NMVR). 13C NVR (Field: 75 (ppm : J0, 137.13,

132. 80, 1@‘?197170 0&%%Cb>xrldlﬁa&lu?9brom® (4§7 g1§@6%3we@z@ aygllo Wz@@l e‘i Ba 14,

00 1o B 8 S CHRBIN B304y o R0

392 1453. HOHN23d1¥s Vs 7.CHlzp Gl9at(ed H, 38. BYHE), 7643563 1Hm,3H)77.89 (s16Hp5 C, 7. 48

S o 0 80 Bt et 5T 1B b I 1545, S B o (OB N

2- (2- Chl or ophany:h) 8y, (1 62,17(t dehyerg iy, t hiog O &S, 2€ NNYARY (FIRETOMEV, )et hanol .
(Conpound 1s) 0384]To a solution of cl og@d&grel hydrosul fate ( g, 23 8

mol ) i n Sverni GREL ) 8 (1300): 7§ ORelst 7edd RO ti|3éel9bbﬂa&7elil44i; 47.6
nmol ) in t.er i t t I r ) was
added andfsjt?s%!e2 sﬁﬂs% |lg§%€'/\a@§s}tﬁi 1r(gle ?%;ISJr%te%%h%%m%% 1‘(?811%4 5\%92%6dg1épar at ed
and the arfuEnQs. 42,az;5ez8 D892 et 46a HRMISAEER, MIRATH Qalduletyd fom‘-i‘gomm)Cle(hgr (2x100
nit). The olgbl ne g{anlc extracts wg)ée washed with brine (100 nL), dried
over SOdI Lif 194 %‘mdf feaward oggel¥dikent rat ed under reduced pressure. The
remai ni ng brown oil was dried under high vacuumto a constant weight to
afford cl opi dogrel free base (8.24 g, 106%yield which includes a trace of
MI'BE) . W‘stkeﬁ 3“@‘§'ﬁﬂhe§s B §- ;IQ@Q&I%B%QBBﬂ &ho@c%hﬁ&ﬁlﬁﬁet‘ﬁ ok lm 4gral um num
hydride (0.46 g, I n anhydrous di ethyl €th ( was added drop
W se to ate‘@diydtqpmbi %hmldmgflaarquefbc b@ééer(lsutzlzesgr 10 mml) i n anhydr ous
diethyl ether (4 nL). The lithium alum num hydride was ad%d\/at arateto
keep the ether refl uxi ontfy. The addition was conpl epeqand the m xture
was stirred at refl herature for an addi tiona 0 mnes After 30

m nutes, the solytion was%ooled to 0 'Cin an icg/water bath. The excess

Li AlH4 was deconposed with ethyl acetate (2 adoetssl oW y), followed by
6N HCl1 SO%Q @ added sl owNfB# t h w@@ a ing). The mixture
was transfer {0 & separatory Tunnel. The otis fraction was separat ed
and extractled with ether (30 ni, B#itR® was dl scapded). The aqueous fraction
was adj usg pH 7W|th6NNaO-|squt|6n(° ) and extracted with
ether (4 Xx 15 ). The conbi ned ether extracts were washed with brine (20
m.), dried over MgSO™, and concentrated under vacuumto yield 2-(2-

chl or ophenyl) - 2- (6, 7-di hydr o- 4H-t hi eno[ 3, 2- c] pyri di ne-5-yl ) et hanol
(Compound I's, 2.12 g, 75.4%yield) as a white solid. 111 NWVR (Field: 300
MHz, Solvent: CDC13/TMS) 8 (ppm): 7.45-7.40 (m 2H), 7.23 (m 2H), 7.04 (d,
1H, J= 5.1 Hz), 6.70 (d, 1H, J= 5.1 Hz), 4.47 (dd, IH J=6.9, 5.8 Hz),
3.97-3.912 (m 1H), 3.81-3.74 (m 2H),173.62 (d, 1H, J = 14.4 Hz), 3.01-2.95
(m 1H), 2.84 (m 2H) 2.76-2.68 (m 1H). 13C NWR (Field: 75 M1z, Sol vent:
CDC13/ TVMS) 8 (ppn): 135.31, 134.92, 133.81, 133.26, 130.03, 129.35, 128. 85,
126. 72, 125.34, 122.82, 64.53, 61.55, 50.20, 47.67, 26.15. M5 (HR, DIP-Cl):
Cal cul ated for C15H17CLINGCS (MH): 294.0714, found 294. 0715 EXAMPLE 4.

4 (2 ChI orophenyl) 4- (6 7 d| hydr o- 4Ht hi eno[ 3, 2- c] pyri di ne- 5-




Step 1. Synthesis of

5-[2-chl oro-1-(2-chl orophenypet hyl ]-4,5, 6, 7-t et rahydr ot hi eno[ 3, 2-

c] pyri di n&020{208885To a sol uti on of PCT/US2011/056780

2- (2-chl orophenyl) - 2- (6, 7-di hydr o-4H-t hi eno[ 3, 2- c] pyri di ne-5-ypet hanol
(9.7 9, 331 mol) in THF (280 nL) was added thionyl chloride (7.9 g, 66.2
nmmol ) drop-w se. The solution was stirred at roomtenperature for 1.5 h
(monitored by TLC). The excess thionyl chloride was evaporated under
reduced pogoRu e. mﬁlJng%f%ﬂi\@§roﬂ{7'm | of MoPNRCIPLEA%M o rashed wi th
saturated NaHCO3 solution (to ri e§ over Na2SO4, and concentrated
under vacwlmionef pﬂdwbd@xmfoqnﬁl Mb(lchbmphenyl) 7-methyloctyl]-1H-pyrrolo[3,2-

(2-chloro hen t.h D, rah ridine 0.1 g,

56, 105 _ner Iy ol Pp £ 4 PRl ERM BB A Bkt ) 11
? H§ ppg) 70(7\’(6230 gﬁhute]s— (fnca tH'dZa,ddﬁﬂd)l wag c&ﬁpl@teZﬂle (Iﬂﬁktu%d'{)'as sém?? f(ﬁld) 5 ge_uré. 1 Hz,
3.10- 3. o7Tlterﬁ01meawa52eV930r9teé En‘é%refé‘flﬁ‘{ Prossges. azldswe(rzgo ) Wa& emvﬁ% Field: 75
Miz, Sol vigBlict GeCddfabiBlwith digRemeddre S?zx 86—&%4$h6 dotRbid &l orgAle Sbrack29. 47,
129.00, 127.43, 125.31,122.70, 64.37, 3.24, 50.98, -25.24. NB (HR,
GC-Cl): Csigre drigd ever sedingssiiitsdilEng., rraﬂonc@mteds??@ refghdicBing, ©B09. St ep 2.

Synt hesi Sw i di n-5-

yl ) et hyl] el pé%ﬁf%gggmc)il(a@g%?ﬁ%&@&h&%%&%{i q%gg‘é{sllyﬂeﬁﬁano g?%%’[) under a
The' ?25&?2“?&5‘331“3 °“28’£hi‘?*§7 SoLULLop was Conler and dl othy Tl onate (7. 4
g, 46.2 nfigiyHRYT e b o ceerbonbe FaTLbP B Tt h &) Eratoeor s

m nutes afelbRYA, lﬂmkatw:@ ﬁﬂ%ﬁ%%‘blvem CD;OD/TMS) & (ppm): 7.52 (d, 1H, J

5-[ 2- chl or o- 1- ( 2- chl or ophenypet hy1] -4, 5,6, 7-

t et r ahydro? Bilénol.3] @, ¢Hpyri7di He), {24 (TngM 9.0idp)l ¥.19 K, €hANGIS HB0742) was
added dro s ) f urs ter two
hour s, @ @‘%@eﬁqﬁag& 5 gc{r’rg\}/lgg 113233% éucfga(f pﬁ@sﬁ 98%2 wa?ezﬁf{ )100 m.)

was addeoB 3Tk IHmdueB H@sz EX-QrSaC(trledHWIt% D&B@ﬁ,ZZH)SIXS 2@9HU¢1)45andOt he
conbi ned extracts wer filtered concent rat ed under

reduced pieg fr]e2§&)16t(‘8v§%)e18rldHéH2>iz-7c%H6}»édHéWﬂ) o NN el 73

(6, 7-di hygyip; $hhvbin @ﬁ@[l?/T@ISSERﬁ!nS“ VAUV AR L2 WVEY) I?@'1(3'21'9@ 2 45 heidyl ester
(17 g, 86.7% as a brown ol l (Fiel'd” 300 Sol'vent: 'CDC13/ TVB)
8 (ppm: 12735, (260 126.30,82p4, W76, 709158 8M24363.50, BOBQ 48778, 3235, 4D.8%, 1H),

6.69 (d, = AB- 4 (.1 -3 74 5 3.6 (d, J=
Yaca v 30 o8 shis i heal Ao e sy dndbiduih (im0 (0
4H), 1. 05C{H:CIN,0h-(R1+D), - 312990 f9¢hd(331.293F 7.2 Hz, 3H). 13C NVR (Field: 75
MHz, Sol vent: CDCI3/TMS) 8 (ppn): 168.01, 167.77, 138.09, 134.28, 133.92,
133.34, 129.81, 127.98, 127.76, 126.88, 125.05, 122.38, 61.57, 61.50,
61.23, 56.56, 53.25, 50.72, 40.02, 25 21, 13.88, 13.81. MS (HR GC-C):

Cal cul at e¥ep di SeotrisychtSehipnplenydss? dmpshyl 8ol ded. 2 o8rangdrg-perelo 32-

Synt hesi Ségy“‘ﬁdﬁ( t‘/ﬁch%gmmy%%%%st@pg& ({t&z‘grhg 4H-t hi eno[ 3, 2-c] pyri di ne- 5-

tl)butyric aci ester npound
O\/ O\/
o)
N
e 1
CH,Cl, \ cl
H
o o

[0404] 5-[1-(2-Chlorophenyl)-7-cthoxycarbonyl-7-methyloctyl]-4,5,6,7-

tetrahydropyrrolo[3,2-c]pyridine-1-carboxylic acid zert-butyl ester (0.12 g, 0.23 mmol)
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[ 0387] A m xture of

2-[ 2-chl or ophenyl) - 2- (6, 7-di hydr o- 4H-t hi eno[ 3, 2-c] pyri di n-

5-yl) et hywormi2osisssaci d di ethyl ester (17.5 g, 40.2 mmolpLTarsdoiiosérsum
chloride (6.8 g, 161.9 nmol) in DMSO (230 nL) and water (3.9 nL) was heated
to reflux (oil bath, ca.190 C) with stirring for 4 hours. The reaction

m xture was cooled to roomtenperature, diluted with water (150 niL) and
extracted with ethyl acetate (3 x 150 nL). The conbi ned organi c extracts
vere washegd d’f@s%ﬂew &Eh1bAdnictBle @—)th) Wlﬂl@ﬁrrﬁé(ﬁnﬁ&)an ?@z eIQV?FAMJS 04.
The product was filtered, concentrated under reduce ressure and dried
under hi g(IQ4\8anIuLﬂrﬁ5 ﬂihel)pms@édlwte thewéln@medxf@r d:&lumeTbC@hqwcdﬂmstamrg). The
Crude P Bl RS B ik Sl e 60! TG AR APLARIS LS| dnifiea SN
4-(2-chl om}phenlysﬂdme%ha(ne (37xdx)h1ylo)r Ohé Idoinbinet ofg3dnid laglepsywmdldﬂed Gvdrlsgditinyri c
acid ethyl Conpound | f 1.1 g, ,76.1% eId ght yeIIow

oi 1. 1H Nl\ﬂiélffl'i‘irét?ieé @cmntra%véﬁ%md@séw yf d%?t e nugfficd= 7. g
i 1), B oty dtofillozihy (A%l diny Daichiedn LH>/9t61/z GfordE(@E. 1 Hz,
1H, 4 5‘t7y 0211(1mo 0g ?RYS1(1%€S y € éﬂ«?ﬂne 0 )]{o Sr (4HZ 1H)
3.51 (d, dﬂorgmhenylaﬁﬁ cll thyiz8§ ﬁ,kwtrelmdr%purrolg[%c]pysgmeﬁryl)mtanqc 06 (t J

130 37'*21%24%@1’6?%%%50%@ 365 F,T8 2 FGY B0k sl R MR ¢ 50 %

122. 46, ER0OAHZE00/Rhr: eﬁgeﬁ/ms) 3 ppi 4D (364954 26199 175 B). 7B (HR
GC-Cl): Calcd. ClL9H23 M—g ound Step 4.

Synt hesi s(do¥H=4]T§ 8(%4)07 %?fﬁéﬁﬁ'ﬂ) 7). @é%%ﬁ?ya%(%ﬂ-ﬁ@ H‘l ]e7r(6[ :%H?»‘b‘]%i)gﬂra i di ne-5-
yl ) but an-3y0l= 72 Hz), 3.75 (d, 1H, J=13.2. Hz), 3.35 (d, 1H J—132H£ 283257ém 4H)

[ 0388] 4- (2-'Chl or op enylS-4-(6 7-di hydro- 4H-t hi eno ine-5-tl)butyr
ic acid et.fil SéiltneﬂHI 1.45-1g40 Qn'ﬁfﬂ)nir@l yt, 31, hﬂﬁﬁdﬂ@u&@ﬂéﬂ Nyll, 4€).Hel (3 )

Bl am num Byti0r ok O S 38 aBi RS EIRRBAR el I EnER (7 o) The

l'i thi um ai34m5nml9 Jnydw de mas2aduerh, abs. g nab a3t1hat93kﬁm8(1 besetdoeyz, at a
gentle refl ux. When the addition was conE)I eted, the m xture was stirred at
e

reflux fofS &h48ddi4%0nd0- 9803 mn el 64 251He 2t 6hPi0s 4G 16561 EBMYMRC wi t h

i ce-wat er gpq% cetate (1 ni,
added sl o%ﬁ%%wqﬁhga%s@%ﬁgﬁggé HWQ%( %2%8? é|;Vloﬁr)l‘?\tde%ﬁ)rgiil)ﬁgladded sl ow y
with vigorous stirring. The water was separated and extracted with ether
(30 nmL, later discarded). The aqueous portion was neutralized with 6 N NaCH
sol uti on $tép SmiSynthosipbf &(27¢hlamogdhayt)r2a2 et thwil 88 1 gt hBtet(aBy deo Qo] 3,2-The
conbi ned Cﬁr)?rg{}i C Iﬂyers wer e shed wth brine (15 nL), dried over My504,
and conceHPYHIRG WHRSPPE A G OpPe to provide

4- (2-chl or opheny1) - 4- (6,,7- di hydr o- 4Kt hi eno[ 3, 2- c] pyri di ne- 5-yl ) but an- 1- ol
(Compound 1d, 0.77 g, )8 C2%/y| eld) as a yellow, viscglsoceil. 1H NMWR
(Field: 300 Mz, ~Se CDCl 3/ TM5) 8 (ppm): 7.36 1H, J= 7.5 Hz),
7.25-7.12 (m 3H 7 07 (d 1H, J= 5.1 Hz), 6.72 (d, 1H,°J: 5.1 Hz), 6.55

(br s, 1H), 3.8 4 (m 5H), 3,203 13(m 1H_2.95 (br t, 2H, J= 4.8
Hz), 2. 82@( , 2.70-2-60—{m MG 90 (m 2H). 13C NMWR
(Field: 7 , cdol'vent : CDCl 3/ EMpaH,8 (

132.63, 128.70, 127.75, 127.68, 127.28, 1¥5.16, 123.11, 63.80, 62.19,

, 133. 14, 133. 06,
53.41, 51.01, 39.78, 39.43, 24.88. M5 (HR, DIP-Cl): Calculated for
C17H21CINOF0K]VH) : 332@ @AR1Brophd VT2 diddotihABE(1 EAMRtaly &o-pyrrolo[3,2-
1-[ (2-Chl orophenyl (67d|h dro-4H-t hi eno 320%pyr|d|n5y1)-
net hyl ] - 19pB eGP )&@@ﬂn@lc 3¢ GHer (]()\}é)g 5 mmol) was added to a mixture of

benzot 11 2abS (g eaUsg! ARSIl SR RIS RE R8T 2 PR om0 1y, 5. 50

mol ) wermixgirs s«ab h@ded to refiliet (A§198 éChvelrbagm dorsttli oued Aftar cBoldeyts réam t he

emper ot up B RpFE M Sonh Y btk MRS ke R PRl SNIRGRLTR Tt oot ur at e

sodi um bi giAednat eskiak vid afjustedOo FE) = 6 The 1@tNaydroeidodd acdl Divesrodiedi um
sulfate, filtered and concentrated. The remai ning col orl ess foam was

di ssol ved in heptane/diethyl ether (5 niL/1nL) and stored in a freezer (-10
C) overnight. After 20 hours at -10 C, the heptane was decanted and the
remai ning oil was dried under high vacisum at roomtenperature until a
constant wei ght was achieved to provide 1-[(2-

Chl or ophenyl) - (6, 7-di hydr o-4H-t hi eno[ 3, 2-c] pyri di n-5-y1)-net hyl ] -1H benzotr
i azol e (Conmpound IVa, 0.84 g, 61. 7% vyield) as a colorless foamthat
appeared to be an 80: 20 m xture of isomers by NVR 111 NWMR (300 MHz,
CDCI3/TNB) 8 = 8. 08 (d 1H, J=8.1 Hz), 7.91-7.79 (m 2H), 7 55 (d, 1H, J—

N = N A o . . 1




14.4 Hz), 3.21-2.95 (m 2H), 2.88 (m 2H). (mgjor isonmer). "C NWR (75 Mz,
CDC13/ TVMS): 8 = 145.48, 133.78, 133.45, 132.94, 132.65, 130.10, 129.40,
127.50, 1M6.298/05416. 56, 124.97, 124.00, 122.79, 119. 80, PLTAIS3®,1/0867885,
49.59, 47.28, 25.50. (major isonmer). M5 (HR, DIP-Cl): Calculated for (M):
379.0779, found 379.0752. EXAMPLE 6.

7- (2-Chl or ophenyl)-7-(6, 7-di hydro-4H-t hi eno[ 3, 2-c] pyri di n-5-y1)-2, 2-

di met hyl hept anoi ¢ acid, hydrochloride. (Conpound Ig Hydrochloride) Step 1.

Synt hesi sy 0f cxtactkd t;v%mﬁ[o@&ﬂa&i&a& LS mdlﬂﬁxvﬂe)coh{m&'a%?% nEb"lQ?é?é‘%ﬂeum bromi de.
[ 0390] 6- Bronp- 2, 2- di net hyl hexanoi c acid ester 0.15 nol) and

tri phenyl\p#ﬁbs@mthwa(eml(!)mg) b@ln@_Sl(}mL) dwied evqjll‘@sﬁDzveﬁftftrrﬁltr@ﬂqmethe (100 ni)

and heated to reflux f p fter 24 hours
o heati gt BBt e Qo e i R B e B B B R E Corntlng ot r o
for an adstbdiconile cadichpostiust whs Fidid be apRmatdif@natdfrhhy (éiﬁczhg)d—l,l’@hylt he tol uene

d . di | ved
S?ih{ifﬁ%ﬁﬁeﬁ@pmeo%)wa B e PO o Sef b et Bner (600
m). The ghQed| 3065 gq R g 0-RWAYicfERNCbRBoRIEE PDE BLD.8Rigd) 0@s dried to a

const ant wei ght vacuum to provi de (5-ethoxycarbonyl-5-
met hyl hexydllpwtail. pHdﬁMlb(‘lstlﬂha)ﬁﬂ Mz Sokverdte COZODZTYMS) 63pnan:yi.¢) @) 1Hs/ a | i ght

Ih! 5 sl B ol TS IR g ST F gl 3 12
1.12 (s, @H)J=72"THNVR 67052 Mz H) X8 &, TNy = 18. 5:H;£)7§'692d 1H34=98 yHz), 3C, J=

2.4 Hz), 132,94 (d, 6C, J= 10.1 Hzil, 129.99 (d, 6C, J= 12.6 Hz), 117 44 (d,
3C, J= 852 Y- P—}é)s (M5 ey g, 00411874(7!n 249, 1.33-138 (1@42’%*&}121861 1§ afs | s 24, 62,

22.59 (d,¢ f]M%ﬂ‘ dﬂ;’\ﬁl ted for
(M): 433 ou?ﬂ 5%@3%@%tep 2 yntﬁem@?l)%oga%@?a
7-(2-Chl ors@mﬂemnoa,zsaom 13033hy1 28tk 154+ 2hadil 8.34cl1d.2dt HyA.71e65.69,.50.79,

49.81, 43.48,42.01, 33.13, 30.39, 26.74, 26.19, 25.98, 23.34.

Step 6: Synthesis of 8-(2-Chlorophenyl)-2,2-dimethyl-8-(1,4,6,7-tetrahydro-pyrrolo[3,2-
c]pyridin-5-yl)-octanoic acid, hydrochloride.

B s

[0406] 8-(2-Chlorophenyl)-2,2 dimethyl-8-(1,4,6,7-tetrahydro-pyrrolo[3,2-
c]pyridine-5-yl)-octanoic acid (0.09 g, 0.22 mmol) was dissolved in dicthyl ether (SmL)
and added to HCl solution (2N HCl in dicthyl ether). Water (5 mL) was added and after
mixing the organic layer was discarded. The aqueous solution was freeze dried to afford
8-(2-chlorophenyl)-2,2 dimethyl-8-(1,4,6,7-tetrahydro-pyrrolo[3,2-c]pyridine-5-yl)-
octanoic acid, hydrochloride salt (Compound Iq hydrochloride, 0.09 g, 86.5% yield) as a
light yellow powder. "H NMR (Field: 300 MHz, Solvent: CD;0D/TMS) & (ppm):
10.28 (br, 1H), 7.61 (br s, 1H), 7.48-7.40 (m, 3H), 6.57 (d, 1H, /= 10.8 Hz), 5.86-5.70 (2
s, 1H), 4.79-4.52 (m, 3H), 4.19-3.86 (m, 2H), 3.45-2.77 (m, 4H), 2.22-2.06 (m, 2H),
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[ 0391] ( 5- Et hoxycar bonyl- 5- net hyl hexyl ) -tri phenyl phosphoni um brom de (35.0
g, 0.0619 nol) was dissolved in dichloronethane (100 nlL) containing 2-

chl or obenwal2dengasss (8. 70 g, 0.0619 nol). A solution of eodiuspethypssexi de (10
g, 0.25 nol) in water (10 nmL) was added in portions over ten m nutes. The
m xture stirred for 2 hours at roomtenperature. After two hours, the

| ayers were separated and the dichl oronethane fracti on was washed with

wat er (2x150 nli), dried over sodiumsulfate, filtered, and concentrated
under 1 edtisee) o8I S, 907 (0% H) SRR R Al isdréhs APNDIR R N or ed
through silTica gel (200 g), eluting with ethyl acetate/heptane (1:9). The
product c@tldi THh Mdl4 SelventoPDCILTMS) drippme d3 hh@ 1831Ceh2redt €32.3(hder reduced

pressure.  Jh | Ni yel | i ) S 1N i
2-chl or ob]e?;gz@r L@H@jdgll%]g%rl%hég/c)wlO%T%eqﬁgzépggpmﬁaﬁgﬁgs%e@égg5&3‘72%5550I Vi ng
in fresh zighbkosonetvans 7¢ LA%7MHRMS (HRaDM-CotalcuRRasHonHymmsd,t (25 g,
0. 048 nmol ). Sodi um h¥droxi de (10 g, 0.25 [mle in water (10 nL) was added in
portions @) m03m414 ufpén%-%ﬂﬁﬁoaﬂﬁ anplysis: (Cal@ilated; R4 7sC at-34 Bofmd7
t enper at -« 1h r a he di chl oronet hane fracti on was
washed wylﬁﬁl6m}§h§1f ko?%ﬁ’l%)odﬁﬁéﬁgi ge'gi %éggg%i umsul fate, filtered, and
concentrated under reduced pressure. The remaining brown oil was purified
by col unm chromat ography on silica gel (200 g), eluting with ethyl
acet at e/ NERAMRLE 9. 9B-Caibexynettiylehe-Sant@apiopipetidaci tyd)rQ@-ckdsrepbanbi-ned and
concent rat ed under duce ressur.e t rovi .
P2 (s ol rehnang HehisGrmligRishfe (CoRpPind amprmiarider, (120 o, 60%
yield) as a light, yellowliquid. 1H NVR (300 MHz, CDC13/TMS): 8 = 7.47
(d, 0.4 H J= 7.5 Hz), 7.36-7.07 (m _3.6 6.74 (d, 0.4 H, J= 15.6 Hz),
6.50 (d, 0.6 H, J= 11.4 Hz), 6.16 {df, o J=15.6, 7.2 Hz), 5.75 (dt,
0.6 H J=11.4, 7.2 Hz), 4.10 (2 .12 (m 2H), 1.61-1.34 (m
4H), 1.29-1.17 (m 3H), 1.14 (% ure of cis/trans isoners). 13C
NVR (75 MHz, CDC13/TMS): 8 = 1758 (2 peaks), 133.67, 133.45,
133. 31, 132.38, 130.31, 129.41, 129. . 127.73, 126.57, 126.47,
126.24, 126.00, 60.16, 42.12, 42.0%, 40.22, 33.56, 28.83, 25.21, 25.16,
24.69, 14.30. (m xture of ci s/trans iIGoners). HRVE (MM -TOF): Cal cul ated
for C22H29C12NO2S (MH): 406. 1202, found 406.1594. St ep 3. Synthesis of
7- Bronp- 7- (2- chl or opheny1) - 2, 2- di et hyl hept anoi ¢ aci d et hyl

Step 1: Synthesis of Allyl-(1-hydroxyallyl)-carbamic acid terz-butyl ester.

OH
& + (Boc),O H\/
1 2 HN\/\

[0407] Butadiene monoxide (1, 5.0 g, 71.3 mmol) was added to allylamine (2, 16
mL) and water (1 mL) while cooling at 15 °C. The mixture was heated to reflux (100 °C)

for 6 hours. After cooling to room temperature, the volatile material was removed under
reduced pressure at room temperature. The remaining oil containing the allyl amine was
dissolved in dioxane (100 mL) and water (20 mL). The flask was cooled in a water bath
and 1M sodium hydroxide solution (80 mL) was added. Di-tert-butyl dicarbonate (17.95
g, 82.2 mmol) was added and the solution was allowed to stir overnight at room
temperature. After 18 hours, most of the dioxane was removed under reduced pressure.
The remaining water/dioxane solution (40 mL) was extracted with diethyl ether (2x100

mL). The ether was dried over sodium sulfate, filtered, and concentrated under reduced
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[ 0392] 7- (2- Chl or ophenyl) - 2, 2-di net hyl hept-6-enoic acid ethyl ester (11.75
g, 0.040 nole) was dissolved in acetic acid (80 nL) under an argon

at nospherwo 20tmsiszask was cooled in an ice-water bath. IFgadnusgen/obs7em de gas
was passed slowy through the solution for 3 hours while the solution
slowy warned to roomtenperature. lIce (250 g) was added and after m xing,
the product was extracted with ethyl acetate (2x100 nL). The ethyl acetate
extracts were conbi ned and washed wi th saturated sodi um bi carbonat e

sol ution {(3x/Q Wh%)erﬁﬂgln%tl?b 6%?@21%&65%? SR AP NES gty Gikilpaser sodi um
sulfate, filtered, and concentrated under feduced pressure.” The renmaining
oi |l (14. %1@50\1@861@!11&Wlﬂehtpbvle/@di}’hmtatﬁhﬂolnmlolg)rtapmm@rﬁlls’l -(l-ca gel (250 @),
eIutlng e 0 ceta h

or oduct - chfa il e FPAgiE St I AR ERAX SIS el AR | cquced
pressure 300 MHyI(a@cEfTrMsts £25071 (8, Qﬂm«snz;@ls 02(@ 4}@)1 mes roml H&pB@om c acid
ethyl ester (12.9 86% vyi el d) clear oil. 1H NI\/R1§Dg

CDC13/ TVS)-65 gn2H, 322( 139£s ?HSS‘ ENMRA7331Hz, GDCHTS): 8%1%352“

J= 6.9 Hz : : -A. (m BFD
1301, 1050 PoH lﬁ-'%% TR R RS A Bl b yra Lo 3
139.41, 132.69, 129.67, 129.28, 128.92, 127.48, 60.36, 50.17, 42.26, 40.57,
39.19, 28.59, 25.38, 25.34, 24.45, 14.50. M5 (HR, DI P-Cl): Calculated for
(MH): 375,07 und 726. . 4. nthesis of .. .
PO ol oy BB ALy R RER peT Ry SRR NGRS, Byt pidkey byt
2,2-dinnt&ﬁiheptan0|c acid ethyl ester. (Conpound Ih) [ 0393] The
hydrochl ori de salt of 4,5,6,7-tetrahydro-thieno[3,2-c]pyridine (3.2 g, 18 9
mol ) was dissolved in water (320 nL) and 50% sodi um bpdr oxi de sol ution (10
m.) was added. The correspondi g//ree base was extractled with
di chl oronet hane (2x25 nL), I ch”was dried over sodiftmyul fate, filtered,
and concentrated. The regminyng Qil (2.58 g, 189 ) Iwas di ssol ved in
DVFE (10 ml) under an%EE@o at mospher e. Pota§§36h1 arbohate (5 g) and
7-brono-7-(2-chl orophehyl)s 2, 2-di et hyl hept andi c id ethyl ester (7.0 g,
18.63 nmmmol ) were added and the m xture stirred for 44 hours at 75 C. The
flask wasjogegl ed t ALY GIRRINET)Watbadhiclad\@ELLbtPQs1¥L)5.0RS2 1a0@ad]) idhe
product was extracte&mﬁnt% di chl or onet hane (2x75 nL), x%?ch was dried over
sodi um sufisiipremethane G¥58mL)akas seeyigednith ateo8 gaﬁ% Srgpgieni g Tskwisoi | (8. 94
g) was pwsme‘eu%qﬁémngpgoﬂ% hmmmm %d 48 R adldA Cri@mixfhdit | Ng

wi th heptiane-ethyl acetate (4:1 to 2:1). ct containing fractions
wer e conbwmﬂmumdomuemhtmtbdmgamdndomednwnmaﬁtdﬁkﬂé&hommﬂ@huﬂmﬂmemmhlgh
vacuum at _ room t ure to
7- (2-chl o?ogﬁ?{lérﬁf% h(eger?m&fw&p&a&ff?m A3, Dromas iRy s ilict e 130 g et hyl
hept anoi cg)agiuthgei iy heateasthyl Gwme(mdtd h1). rpreducd OHixathial hctasmhs aveed ear oi | .
111 NWMR (300 MHz, CDC13/TM): = 7.53 (dd, 1H J=7.5,1.2 Hz), 7.40 (dd,
1H, J= 7.®@mpinedgoncentratefl urdilgre@?ﬁedymsurv apg dyigd t01a40n§tant57veighqzl)l 5. 74 (d,
1]3-H83J (_d5 }%Ig_illfzaouuﬁ]l azgooéﬁjfémpydturé o d]ﬁ’oglde 4. h@dfd;@ 3 64d131§d1()CQH ggﬁdlﬂe'l r7n 2 Hz),
2.08-1. 73ca€bnxy12¢-901d@rf4161t1(1r¢§t62(4)20&%%melﬂba%mhlct r0W11 0115 HNVIBIG}OO C NVR

178, gn;z 1@%?"%@@ 1;55%5%85 ffﬁ%ﬂjléé gﬁg@%ﬁ@& 9é§m’4 ’1512?12533

40. 84, 33 3d¢m, 216?1939 g@ﬂ? BAAMR-(73NYE, (D ELAMS): 62 038l gt e2k. épr (MHH)
434. 1921, found
126.79, 80.11, 67.53, 66.83, 63.60, 47.38, 43.36, 28.56.

Step 3: Synthesis of 3-Ox0-3,6-dihydro-2H-pyridine-1-carboxylic acid tert-butyl ester.
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Step 5. Synthesis of

7-(2-chl orophenyl)-7-(6, 7-di hydro- 4H-t hi eno[ 3, 2-c] pyri di n-5-y1) -

2, 2- di metWwol2nepisassei ¢ aci d, hydrochl ori de. PCT/US2011/056780

[ 0394] 7- ( 2- Chl or ophenyl) - 7- (6, 7-di hydro-4H-t hi eno[ 3, 2-c] pyri di n-5-y1) -2, 2-
di met hyl heptanoic acid ethyl ester (2.80 g, 7.23 mmol) was dissolved in

et hanol (40 nL) and water (25 nL) containing potassium hydroxide (10 g, 250
mol ). The m xture was heated to reflux for 24 hours. After 24 hours, the
flask was cooled to roomtenperature and concentrated. pMater (50 nlL) was
added and extracted with 10%@thyl acetate in heptane. [The aqueous fraction
was acidified (to pH= 6) w tpbiconcentrated hydrochl ori¥c™gcid and the
product was extracted with ic | or onet hane (2 X égo
di chl or onet hane ext;grt onbi ned, dri ed msul fate, filtered

and concentrated. Thelre |n|ng tan oil (3.0 Q)| wagy purified by flash

col um chr omat ography' on @ilica gel (100 g), eluting wth heptane-ethyl
acetate (2:1) to provide

7- (2- chl dié@pHenyl) -37H(/cﬁp>7y djokdiblydve-2H-pymidérvel -83rBexglip priddermnbtyl/dsyer 23.2- di met hy

di S50 vedt i1 VEPED Tadh Ted Bokrfingufee hirly Y BB e B (19 and

acet one (BRyiddiym chidcthmatt@@j gaczetngﬁ@l) andadides poriysl @chl le!nC T&l@' d was
renmoved under reduced pressur enmaj nlnq wat er (200

freeze- dr‘?l%lﬂortogleﬁ}%‘?/?(d‘é“op LY. féﬁr%irtbmélwilya S 6%007%)d‘?1ﬁ’§/%&\61ﬂm-|- t h| enol 3, 2-

di d |
ﬁl/é)l)r/(r)lc h: gdrl?ﬂbﬁ%}ne-alage d‘fl'IEEérﬁa’é IS}S%%‘S‘I% gz @%%ag :i&lﬁﬂﬂé’cgm ﬁfgﬁge(cg’?prgm&ﬁfgoga | dg

g,
111 NMR (@OEOSIMazqartDNWQQ)) ehﬂmg vmﬂl D% bfrpt@e f@11<54‘¢)d bylanraczel(tmf cthyl 0. 5H) ,

?_22 (5bll‘_|zscéta%:|f%:8ta£e ggto(%)]/% 'I‘ég‘})rolclil_gtﬁnta n é(fd %ftlgp? Wﬁre cfﬂ@%ﬂﬁég 46HZ )7 ( 2’ OiH,

(m 1H), &)n8é31t1(ad5d arQL(Eidd uﬂé’erlﬂg}ﬁvacﬁurﬁ fdﬂzl)houfﬁ aﬁ@oﬁ tS@pdroturclto prhvide3-20- 2. 85
(m 2H), 2.42 Fg ﬁ (m % , 1.01 (s, 6H), 0.79
(m 1H). {erke Grhérd@r Iﬁwa@m& aﬂarh%%%%(} teﬂl%@/quw 2758070 Yighdses 416) : 8 =
gg gé ie}éar%ﬁthé%éhaﬁ@ed I3starithg ak Fobw APhpeladdre 288 NVARL (300 MBZ2- 93, 129. 75,
CDCL/TMS): & = 6.95 (m, 1H), 6.08 (d, 1H, J=10.5 Hz), 4.15 (m, 2H), 4.02 (br s, 2H),
1.39 (s, 9H). *C NMR (75 MHz, CDCI/TMS): 6 = 193.11, 154.02, 147.17, 127.40,

80.89, 51.97,42.69, 28.41.

Step 4: Synthesis of 1,6-Dihydro-2H-pyridin-3-one, trifluoroacetic acid salt.

0

| O
:>T/ T H™ FF
O
[0410] 3-Ox0-3,6-dihydro-2H-pyridine-1-carboxylic acid tert-butyl ester (0.42 g,

2.13 mmol) was dissolved in dichloromethane (5 mL) under an argon atmosphere.
Trifluoroacetic acid (1.5 mL) was added and the mixture stirred for 4 hours at room
temperature. The TFA/dichloromethane solution was concentrated under reduced
pressure and dried under high vacuum for 1 hour at room temperature. The remaining

brown oil containing 1,6-dihydro-2H-pyridin-3-one, trifluoroacetic acid salt (0.44 g, 97%
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128.10, 125.43, 125.26, 124.87, 124.86, 64.35, 63.17, 49.87, 48.70, 48.00,
47.13, 41.16, 30.78, 30.30, 30.12, 25.77, 25.02, 24.14, 21.78, 21.37.

(m xture wb 2ot@sizenal i sonmers). HRMS (MM -TOF): Cal cul atedstan/056780
C22H29C12NO2S (MH): 406.1202, found 406.1594. EXAMPLE 7.

8- (2-chl or ophenyl)-8-(6, 7-di hydro-4H-furo[ 3, 2-c] pyri di n-5-y1)-2, 2-

di nmet hyl oct anoi ¢ aci d, hydrochl oride. (Conpound |o Hydrochloride) Step 1.
Synthesis of 2-(2-nitrovinyl)-furan. O0OOH r.Onr) , ,..31.1,-,2

yield) was used immediately for the next step. "H NMR (300 MHz, CDCl;-
CD;OD/TMS): 8 =7.12 (d, 1H, J=10.5 Hz), 6.8 (br, 2H), 6.32 (d, 1H, J=10.5 Hz), 4.06
(m, 2H), 3.90 (br s, 2H). *C NMR (75 MHz, CDCL-CD;0D /TMS): & = 187.85,
160.79 (q, J= 38 Hz), 132.63, 128.31, 115.71 (q, J= 284 Hz), 49.32, 41.11.

Step 5: Synthesis of Bromo-(2-chlorophenyl)-acetic acid methyl ester.

| r Cl Br
’ MeOH @)
OH . FSC e ~
O Ny toluene O
[0411] Methanol (1 mL) was added to toluene (10 mL) under an argon

atmosphere at room temperature. The flask was cooled in a water bath and 2M
(trimethylsilyl)diazomethane (5 mL, 10 mmol) was added, followed by a-bromo-2-
chlorophenyl acetic acid (2.2 g, 8.81 mmol) in portions over 5 minutes. After 10
additional minutes, the toluene/methanol was removed under reduced pressure. The
crude oil was purified by MPLC (companion) on a silica cartridge (40 g) with a gradient
of cthyl acetate in heptane (10% to 50%) over 20 minutes. The product containing
fractions were combined, concentrated, and dried under high vacuum for 1 hour at room
temperature to provide bromo-(2-chlorophenyl)-acetic acid methyl ester (2.0 g, 86%
yield) as a clear liquid that solidified at low temperatures (-10 °C). '"H NMR (300 MHz,
CDCL/TMS): 6 =7.75(d, 1H, J= 6.9 Hz), 7.39-7.26 (m, 3H), 5.91 (s, 1H), 3.80 (s, 3H).
C NMR (75 MHz, CDCL/TMS): 8 = 168.29, 133.82, 133.30, 130.93, 130.47, 129.83,
127.66, 53,80, 43.08.

Step 6: Synthesis of (2-Chlorophenyl)-(3-0x0-3,6-dihydro-2 H-pyridin-1-yl)-acetic acid
methyl ester.
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NHA0AC 3........... , NO2 O [ 0395] 2- Fur al dehyde (18.2 g, 190 nmol) and
ammoni um acetate (13 g, 169 mmol) were added to nitronethane (169 ni) and
t he m xt we 2oessksated to reflux for 45 min. The sol uti eoTAs301¢066T8Nt r at ed
and di chl oronet hane (250 nlL) was added. The dichl oronet hane sol uti on was
washed with water (2 x 250 nL), dried over sodiumsulfate, and filtered to
obtain the crude product. Purification by colum chromatography (silica
gel, ethyl acetate/heptane = 1/10 to 2/3) afforded pure

2-(2-nitrovinyl)-furan (14 g, 53.0%. as a yellow powder MP. 71-74 0. 111

NVR (Field: 300 MHg| Sgkrvent: CDCL3ATMS) 8 (ppn') ?I( 1H, J= 13.2 Hz),
7.59 (m 1H), 7.52])(d, 1HOJ— 13.5 , 6.90 (d, Hz), 6.58 (m
1H). 13C NWR (Fi e 7> Sel veint : |[CDCL3/ TI\/B) 6. 90, 146. 67,
134. 93, 125.51, H13. 46. 'ﬁ)z : Synt hesi s of
2-furan-2-yl-ethylamne. 3...... Li Al H40THF(S 20
r
[0412] 1,6-Dihydro-2H-pyridin-3-one, trifluoroacetic acid salt (1.27 g, 6.0 mmol)

and bromo-(2-chlorophenyl)-acetic acid methyl ester (1.50 g, 6.15 mmol) were dissolved
in DMF (5 mL) under an argon atmosphere at room temperature. Potassium carbonate (2
g, 14.5 mmol) was added and the mixture stirred for 3 hours at room temperature. Water
(25 mL) was added and the product was extracted with dichloromethane (2x25 mL). The
dichloromethane extracts were combined, dried over sodium sulfate, filtered, and
concentrated. The remaining oil was purified on silica gel (30 g), eluting with heptane-
cthyl acetate (3:1). The product containing fractions were combined, concentrated under
reduced pressure, and dried under high vacuum for 2 hours at room temperature to
provide (2-chlorophenyl)-(3-ox0-3,6-dihydro-2 H-pyridin-1-yl)-acetic acid methyl ester
(0.50 g, 29.7% yield) as a light yellow oil. '"H NMR (300 MHz, CDCL/TMS): § = 7.50-
7.39 (m, 2H), 7.30-7.26 (m, 2H), 7.02-6.97 (m, 1H), 6.09 (d, 1H, J= 10.5 Hz), 4.94 (s,
1H), 3.70 (s, 3H), 3.49 (m, 2H), 3.39 (d, 1H, J=15.9 Hz), 3.31 (d, 1H, J= 15.9 Hz). *C
NMR (75 MHz, CDCL/TMS): 6 = 194.81, 170.41, 148.28, 134.74, 132.10, 129.95,
129.73, 129.69, 127.44, 126.99, 66.70, 57.89, 52.14, 49.16. HRMS (GC-CI): Calculated
for (M+H"): 280.0740, found 280.0727.

Step 7: Synthesis of (2-chlorophenyl)-(3-mercapto-5-oxopiperidin-1-yl)-acetic acid

methyl ester.

0
Clé Cl
|
N . N oH
0™ ™o ™%
/ /

[0413] (2-Chlorophenyl)-(3-0x0-3,6-dihydro-2 H-pyridin-1-yl)-acetic acid methyl

ester (0.45 g, 1.6 mmol) was dissolved in methanol (100 mL) under an argon atmosphere.
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[0396] To a m xture of |ithiumalum num hydride (13.4 g, 353 mml) in dry
THF (400 M) was added drop-w se over 30 mnutes 2-(2-nitrovinyl)-furan (14
g, 101 nmwb)oiznsdddF (100 nl) at O C, under argon at nospireras2dihasesol i ng
was stopped and the flask was heated reflux for addition 3.5 hours. The
reaction mxture was cooled to roomtenperature, water (13 nL) was slowy
added with vigorous stirring. After the water was added, 15% sodi um

hydr oxi de solution (13 nL) was added, followed again by water (36 ni).

After stikfidgrg X)k 9p{rféHw?!a)fnlflé){;veljc(ﬁdmdqandta%n?% wds p¥&REEhEddoh Ml npad washed
wi th di et hyl . The conbin trates were dried over
Na2504, fﬁotﬁefnemes aT’mi: acgﬂmcmtstcmpe@anﬂm@rogeeauiﬁédwm b@réxlndéhltoaglytlel d

2-furan- 2- et:h mn 85. 6‘V ield (Fleld
500" W, GRS s Mar it ST hoRe Ryl yGlopnyrat bl

Hzg, 6. O&I((dgn anldrgon) @mdsphetdzior 3Qa&ﬁt1(ﬂﬂal matdtes) —Thlﬁeﬁcels'bzh})d,rog%nlzﬁlfﬁ;: Wa2|(-| \r]r) = 6.6
Hz), 1.84 r . 13C NVR ( F| Sol vent TMS) 8 (pp

153. 82, 1541034 bﬁl@b%sg arfe%tfrs 4@ Sféutl%l o k) myyuics. Th egg?ﬁ}aﬁgls%s of

6, 7-di hyd[reﬁloééﬂrlﬁﬂa%p{eau&dq)}&yﬁe fld a%déczcaﬂ&@ménlyg (@%éﬂcatp%ts butyl ester.
[0397] Fornal in 837% aqueous_ for nal mol ) was added drop-

W se to 2oxopipgrdip- lyyl)@mylaamm@hﬁ(lsstsré%@s 98Yrioltl, yerhlemg)lasah‘daﬂu@ed m xt ur e

't er meai Gt KRS nsef sty HOVHR G0l B LARSE B30 Har A ec nyi
et her ext4.88{3 svveH¢ 3cm*(b|3ﬁa)ds 403108 n YHEN, 253002 B UiHaL @ 5- 21‘151 teney, and

concentrated. @é was saturated with hydrogen chloride gas by
passi ng hy@rNMBrUé H?sl ChAFMSE T RS- %I”Qﬁ»rﬁﬁ&ﬁ bReA% 620-30, 18296 emai ni ng

oi | was; i &S h S (40N- Af ter
m Xi ng at12908§ Z%S?Q?W%(%Sp %%1 5??% (@&%ﬁgb’eﬁ % £5 me )U%d%gr hi gh
vacuum Mgkl HRMi®I{GC-EY) h€alcvlasd &otd bt Hand 16410618, faweis3 14f05BBF wer e r enoved
by extraction with water (100 nL) that had been adjusted to pH = 11 with
sat ur at ed sodi um bi carbonate solution. The ether solution was dried over
sodi um sul f flltergfl nd con entra eij The renmai.nin (1:; rg)dxé

i nt er medi i Synisovis per-lealene BpAmSthy {cg P SRR -YD-G- rmol ) i n
di chl oror@ﬂg}aﬂ%ngf:)gcé}k)acmﬁetﬁ dedr JeeRpYbRieviby di -tert-butyl di carbonate
(1.6 g, 74 mol) in CHRC12 (50 nmL) at roomtenperature. The reaction

m xture was stirred at sane tenperature for 1.5 hours, nonitorgd by TLC
The solvent was ev@porated by reduced pressure and the crude p%gu was

e

purified élr’m chromatogra%]\ﬁ ca gel, ethyl nes = 1/9)
to afford - N hydr o- 4H f\ur o pydridi,ne-5=Cs ic acid
tert-buty (0.56 g# 35,000 & yellow oil. 1 i : 300 MHz,
Sol vent : ' éppm: 719 (s 1H), 6.13 (d, Y Hz) 4.25

(s, 2H), ): 2.59 (d, m! 1.44 (s, 9H). (Frel BA75 Mz,
Sol vent : ) 8 (ppm): 154.78, 146.85, 141.2 g9, 85.03, 79. 82,
41.58, 40.05, 28.52, 23.90. Step 4: Synthesis of

4,5,6,7- Tetrahydrofuro[3 2-c] pyridine hydrochloride. )0 3/ ........

[0414] The crude (2-chlorophenyl)-(3-mercapto-5-oxopiperidin-1-yl)-acetic acid

3c’

W

methyl ester (0.36 g, 1.14 mmol) was dissolved in THF (5 mL, argon sparged) and added
to a mixture of tert-butyl P,P-dimethylphosphonoacetate (0.50 g, 2.23 mmol) and 60%
sodium hydride (0.075 g, 1.87 mmol) in THF (4 mL, argon sparged), at room temperature
under an argon atmosphere. After 20 minutes, dichloromethane (25 mL, argon sparged)
was added and the mixture was washed with water (25 mL, argon sparged). The
dichloromethane solution was dried over sodium sulfate, filtered, and concentrated under
reduced pressure. The remaining yellow oil was purified by column chromatography on

silica gel (15 g), eluting with heptane-cthyl acetate (4:1, argon sparged) to provide 3-tert-
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HCI NH HCI MeOH [ 0398] To 6, 7-di hydr o-4H furo[ 3, 2-c] pydri di ne-5-car boxylic
acid tert-butyl ester (0.56 g, 2.51 mml) in nethanol (50 nL) was added
concent r aveadotydussshl oric acid solution (37% 1.4 nl). Poe/ustoatwsesstirred
at roomtenperature for 5.5 hours, nonitored by TLC. The net hanol was
evapor at ed under reduced pressure to yield
4,5,6,7-tetrahydrofuro[ 3, 2-c] pyridine hydrochloride (0.5 g, 100% yield) as
a yell ow powder. 1H NMR (Field: 300 MHz, Sol vent: CD30D/ TMS) 8 (ppm: 7.47
(s, 1H), g C NWR
(31 o1t Rt AnZ8 gty Tl o Gt in Rt ]

109. 50, 48tet().2812. 97 yizld) 70a cle@t@btl@t was kept under an argon atmosphere at low

G trot iyl SEDRHBIE et e e S omRn ) ML ceibnds s
[0399] 4, 5= @6(_0"7T1‘$t(hﬁ|41‘12r53551(n@[13224 o1 pur it 887 (O 347, 3020-3.082m M), ) 41

8- br ono- 8- ( 2- | oro di net hyl oct anoi c acid ethyl ester (1.47 g,

3. 78 mmol (m,i%K) ar@ﬁbfﬁ\ﬁ)&né’&@o@ébé@@ﬁ%)glﬁw%@xhnm) wer e

conbi ned g h at 5 eqper @ty ure was
heat ed toﬂﬁgﬁctgg%ﬁ@'gg§g%gg§§ ﬁ%f%%élggﬁgé here(anggﬁég jﬁ ng%LC. The DMF
was evapaioaj,ed.28mir49-4@ ot ed, Pireis 3888 (AN dHRMS (BIA-CGle Caralatidssol ved in

di et hyl 0 th water (3 x 30 nil), brine (30 nL), and
dried ové&TQEQSéé 3qh€bE$ﬁ%QZgﬂﬁnmas purified by colum chronat ography
(silica gel, ethyl acetate/heptane 1/9) to afford pure 8-(2-chlorophenyl)-
8-(6, 7- dihydro 4H-furo[ 3, 2-c] pyri din-5-y1)-2, 2-di net hyl oct anoi ¢ aci d et hyl
ester (Conpound Ip, 0. 50 3%yield) as a yellowoil. 111 NVR (Fiel d:
300 MHz, 6P Jemyntherigofis Owrlzeﬁg#)ﬂ %ma@amaplpqwmJsflb(%Chl&Iyphenybe (d, 1H,
J=7.8 Hzgcetlgacg’@mzth%?es%p}ﬁlfgchlogrdt]: (s, 1H) 4.20 (dd, 1H, J= 9.0, 4.8 Hz),
4.08 (g, 2H, J= , 1H, J = 13.5 Hz), 3.11 (d, 1H, J = 13.5
Hz), 2.88-2.58 (m 4H), 1.95-1.70 (m 2H), 1.45-1.40 (m 2H), 1.30-1.0 (m
15H). 13C NWR (Field: 75 Splvent: CDC13/ TVMS) 8 (ppn§: 178.01, 149.01,
140. 94, 139. 50, 135 00, 1 , 9. 04, 128.03, 42185 5.92, 108.90

63.43, 60.36, 47 43. 54, 42.36, 40.91, 33. 0|57 250817, 25. 41,
25.06, 24.73, 14 HR R, DART-TOF): Cal ed (M+H) : 432. 2300,

found 432.2316. Step\G NSypthesis of
8- (2-chl or ophenyl)-8-/6, [ ro-4Hfuro[ 3, 2-c]p ) -2, 2-

di net hyl oct anoi c hydr ochl ori de

[ 0400] 8- (2- Chl or ophe y@) 8- (6, 7-di hydr o- 4FFfuroF§ oc] pyridin-5-y1)-2, 2-

di met hyl oct anoic acid ‘ethyl ester (0.5 g, 1.16 mol) was added to a mi xture
of ethanol (20 nL) and sodi um hydroxide (0.32 g, 8.0 mmol) in water (6.6
mL) . The [B#kiJur e wastehidhitteq cirbomdmethylcho®-BerbattenipsidiEVapeaiRat ed sol vent

e bus BT R B e (R T AR BS S B Lot e 17 10

(10 nl), aReurtBediebfagdhandsndlirFrarddesic alsmemamu%p@tged Wwak bigQn) hashaaci di fi ed
with concentrated hydrochloric acid to pH=6 and the product was extracted

Wi th di chPesr sprsggsiaigh grgon2bhaygojutiomistirred e i MeErsineil arapgARt AaAPhesetdf act s wer e
dried ov %oﬁlqgmgéfhﬁw fl?i%ﬁorofrﬂeltﬁaﬁé B mBNF.CARCE I ALe S gguced

pressure to provide 8
chl orop hewylm)n Bl%rbpﬂ‘&tajmhl}tdmdlm il pp&ed vaihpygandi Mh&dighlprdmeZhadic mes hyl oct ano

ic acid ( 6. e terial was dissolved in
eyt o et haRS Al Eea Ry Reben S T LS eon (on Her. 1n

di et hyl eIDf(tBl’ororﬁ)et%ef@.hlL Vigdredd witlangbs) wasdasted tﬂélﬁltaf'ds&’brrﬂiﬂ'd)ﬁyng t he
aqueous portion was separated and freeze dried to provi

8- ( 2- chl o%déﬁwe?ﬁ\p&xdr@ché%wcm gyt gther (rBF aspoteet By |aa$0r50 5A9<11}1012a12

di met hy! ogt cetﬁer@fs ﬂL éﬁé amihoarr%&? vidhiddiGaTBRUaHa PR e QR ipkide, 0.16
g, light yellow powd %yield H NVR (Field: 300 MHz, Sol vent:
CD30D / Ty dsicd ppdgr hlg'h VWut(rbfors? houpd)at r(K)n@&HE)eZP&lrém peHde (B. 37 (br s, 1H),

5.05 (m m 3.62: 3.0 oLy 2 36:2 24 (m 2H),
1 421 ey B o i ifgp il g i
1.08-0.92 (m 1H). 13C NWR (Field: 75 WMHz, Sol vent: CD30D/ TMS) 8 (ppm:
181. 70, 147.11, 144.55, 137.40, 132.15, 131.89, 130.08, 128.21,

/i
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129.87, 112.37, 109.71, 66.34, 52.10, 50.05, 43.07, 41.60, 35.10, 31.67,
30.56, 26.64, 25.85, 22.31. HRM5 (HR, DIP-Cl): Calculated for C23H30CLNG3
(MHH) :  40%020BM54830und 404. 2009. CHN anal ysi s: Cal cul at @dT/t62017856280 7. 09 H,
3.18 N, 16.10 d, found; 59.13 C, 7.04 H, 3.03 N, 13.58 d. EXAMPLE 8.

8- (2-Chl orophenyl) -2, 2-di net hy1-8-(1, 4, 6, 7-tetrahydropyrrol of 3, 2-

c] pyridin-5-yl)-octanoic acid, hydrochloride. (Conpound |Iqg Hydrochloride)
Step 1. Synthesis of pyrrolo[3,2-c]pyridine-I-carboxylic acid tert butyI
ester. hjd%ﬂﬂdr@e Rt Ja}'dn?ﬂ?;hﬂ&’%{ ﬁﬂr&%lc(rﬁé/pﬂz & 270%5y191d %@h%nt
acetonitrile ( nmL) was added dr'op w se 05aza|no 169mm|)
i n acet omolidi 1IHeNMK)(I’fﬂ!))M&lz, DMB@/tTé«@)eﬁa{hﬁfM 2Af(me4H}31517r1r(rmgH1) Glr912(nhour S,

temer ai P! SR ESAPE B ER i e Tl caBie TS b Rl anor P BB T odnced
pressur e pRKO/INIS)ES =00 605164, 99)(6 Peiks Y04 52 %&ks)cpjmwmmtp@msﬁp hy

(silica gel, ethyl” acetate/heptane 1/10 t rovi de

pyrrol o[ 3 19-56} PyrS0db meaks). 66 AN (7 oeaks). d§6t7ér4c9 IHL(tlgflpe%é@i 8B.3(2br72 g, 92. 4%

yield) a e CD30DY TVB)
8 (ppm: S'é'ﬁg?é E‘S’ﬁ‘% Ha@”ﬁ‘%d 4 d\ﬁ{*}"\’%é@bg tﬁ«z?‘?% W(%éﬂl arl]%sm 5.1 Hz),
7.60 (d, Qduldted;38DIHZ M. 886HGBS(N fohht]; 43=253C,(.06z81, 3.47 B8 ('S, 9H). 13C NMWR
(Field: 75 MHz, Solvent: CDC13/TMs5) 8 (ppm: 148.82, 143.75, 143.51,
139.50, 126.69, 109.83, 105.46, 84.60, 28.05. Step 2: Synthesis of
1-tert-butoxycarbonyl-5-[1-(2-chl orophenyl)-7-nethyloctyl]-1Hpyrr olo

[ 3, 2- c] pyEXAMPIE 10,78 42-@HI Ehenﬁlﬁ@@@%ﬁﬂfﬂd’iﬂbuﬂi ~tRfeno[3,2-c]pyridin-5yl)-
pyrrolo[3 2 c]pyridine-l-carboxylic acid tert-butyl ester (0.81 g, 3.73
nmol ), 8- %J’{Oﬂtaélﬁl%cﬁblﬁ@%‘!??“@ bm}i net hyl oct anoi ¢ acid ethyl ester
(1.44 g, 3.73 mmol ), and acetonitrile (25 nm) were stirred at 45 C for 52
hours. The sol vent was evaporated under redugetbpressure and resi due was
washed with diethyl ether (3 x 20 nL) to,a
1-tert-butoxycarbonyl-541-(2-chlorop 1)-7-net hyl octyl]-

1H pyrrol o[ 3, 2-c] pyridin-5-iumbromjde (1.37 g, 60.6%yield) as a yellow
oil. 111 NWR (Field: 300 Mizy/ viehtyy"CB30D/ TMS) 8 (ppm: 10.52 (s, 1H),
8.84 (d, 1H, J= 7.2 Hz), 8.2 : 7.8 Hz), 7.91 (t, 1H, J= 3.6 Hz),
7.54-7.31 (m 4H), 7.39 (s, , 6.95 (5, 1H), 6.42 (t, 1H, J = 7.2 Hz),
4.09 (g, 2H, J = 7.2 Hz), 267(m 1H), 1.70 (s, 9H), 1.42-1.19 (m 8H),
1.21 (t, Sep 19Systhesispho- Enhomca(ds)nybwnetm@@pmmr@mryﬂmmsm@nmbromdwent
CDC13/ TVMs) 8 (ppm): 178.00, 147.44, 140.17, 136.60, 133.19, 131.97, 131.45,

130.42, 130.0%3, 128.64, 113 10, 108.61, 88.15, {1.55, 60.84, 42.23, 40.54,
34.54, 29.69,28 + &3),28.24.02, SoOP- Q)
Cal cul ated for 0H40C1N 02 (M+H) tdnugﬁefound (d ctonposed ph anal ysis).

[0416] Triphenylphosphine (14.8 g, 56.6 mmolL) was added to a solution of 7-
bromo-2,2-dimethylheptanoic acid ethyl ester (15.0 g, 56.6 mmoL) in toluene (110 mL).
The solution was heated to reflux (oil bath 122 °C) for 24 h. The toluene was evaporated
and the residue was washed with heptane (2 x 60 mL), diethyl ether (2 x 60 mL), and
dried in high vacuum to a constant weight to provide 6-cthoxycarbonyl-6-methylheptyl)
triphenylphosphonium bromide (24.39 g, 81.8% yield) as a off-white powder (m.p. 165-
170 °C). "H NMR (Field: 300 MHz, Solvent: CDCl;/TMS) 8 (ppm): 7.88-7.82 (m,
9H), 7.75-7.72 (m, 6H), 4.06 (q, 2H, J = 6.9 Hz), 3.76 (m, 2H), 1.64 (m, 4H), 1.46-1.41
(m, 2H), 1.20 (t, 5H, J = 6.9 Hz), 1.10 (s, 6H). *C NMR (Field: 75 MHz, Solvent:
CDCL/TMS) 6 (ppm): 177.82, 134.99, 133.69 (d, /=10 Hz), 130.57 (d, /=12 Hz),
117.69 (d, J= 85 Hz), 60.29, 42.12, 40.09, 30.94 (d, /= 16 Hz), 25.26 (d, /=41 Hz),
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Step 3: Synthesis of

5-[1-(2-chl orophenyl) - 7- et hoxycar bonyl- 7- net hyl octyl1]-4,5, 6, 7-

t et r ahydrwpyonraised33, 2- c] pyri di ne- 1- carboxylic acid tert Pomtuskoiesseso WO
2012/ 054535PCT/ US2011/ 056780 [ 0403] Porti ons of sodi um borohydride (0.16 g,
4.28 mol) were added to a sol ution of

1-tert-butoxycarbonyl-5-[1-(2-chl orophenyl)-7-nethyloctyl]-1H pyrrol o 3, 2-
c]pyridin-5-iumbromde (1.3 g, 2.14 mol) in 70% EtOH (30 nL) at room

t enper at U Oyey —QQHB NYLOSHRIIS ?FIEAhESIaTJ@FM p@am&t&qept%m@rbﬁe m xture
was stirred for .5 hours. The solvent was évaporated under reduced
pressure (a«f{rtH)/véﬂé%f(B@Oumﬂ)MMé%added The product was extracted with

di chl oronet hane (3 x 80 nL). The conbi ned organic extracts were dried over
sodiumsulfate, filtered, and concentrated. The resultant tertiary am ne
was purified by colum chromatography (silica gel, ethyl acetate/heptane =
1/ 10 to 198p 2t Syyihedidof 8-(2-chlorophenyl)-2,2-dimethyl-oct-7-enoic acid ethyl ester.

5-[1- (2-chl orophenyl) - 7- et hoxycar bonyl- 7- net hyl octyl ]-4,5,6, 7-

t et rahydropyrrol o] 3, 2-c] pyri di ne-1-carboxylic acid tert-butyl ester (0.53
g, 46.9% as a yellowoil. 111 NWR (Field: 300 MHz, Solvent: CD30D/ TMS) 8
(ppm: 7.52 (d, 1H, J :Eh7.8 Hz), 7.7 (d, 1H, J= 7.8 Hz), 7.7, (t, 1H, J=
6.6 Hz), 7~-194(t ~1H J=1 A5 Hz .
3.3 H). R (M 1B g, 440 %H@ﬂiz
Hz), 2.85-2.59 (m 4H), P1.95-1. ( 2HCHAl; 55 1.45-1.40 (m 2H)
1.28-1.14 (m 6H, 1.21 (t, 3H, J=7.2 Hz), 1.11 (s, 6H). 13C NWR (Field:
75 MHz, dO6WHVAnNt : cmembima)boayl(q)pn)hyllmwl)oﬁphem@h@homa@l bromide324 90,

63,80, 60" S B Py v ISy b cdgtydtie gL

25. 38, 25t0i3d ad 4igbduslkiRMpodsHIR) andG@%INh%HQ;dluftl@ﬁ (mmaﬁlma ﬁfd}ﬁhﬁ)}s

531. 2990, 31.2933. Step 4: Synthesjs 2-chl orgphenyl) -2, 2

di met hy1- At ?rltﬂqla‘g‘miont%‘fsrcﬁﬁwgqi% ﬂﬂfﬂl rﬁf@lt@ue&(’p@ﬁ &Qﬂfﬁﬁ@u? v ‘jmb’ifWﬁnm c acid
et hyl est®fs trdnGRIPOWWschhmhtor and washed with dichloromethanc (200 mL) and water

[ 0404] 5-[ 1- (2- Chl or ophenyl) - 7- et hoxycar bonyl- 7- net hyl octyl]-4,5, 6, 7-

t et r ahydr@p§ miol Be3iqReaib pyrtiodiwre <t tracdedowitly Hickloeanathane (3 ><tiﬁf:)ytiL)eEﬂler (0.12

n ar gon SrTHRSHHERLCIOTERAE G Trer e S ST Ra L gt 0% ol Ut on.

After 1 hQasO,, ldefceftaiorthniparifit@by bdl@mﬁ’%h@fﬂa&igrég@? (gBeeael, BRI M Xt ure was
poured into ice cold water (50 nL) and extract wi t h di chl oronet hane (3 x

20 ml). THetatediepianed lovfardi® to a%#@ Sridr@lgppheay bvier digwviietsie it e,
filtered,,andn %@&P(lforgabF@%%ﬂ@lﬁ%as&??éﬂ%@«dolp“ﬁWRQerW%OWMﬁ% $oRgHCt was
purified by col um chromat ography (silica gel acet at e/ heptane = 1/9
to 1/3) tODEIFBVS) 8-(f2m): c7h460(rddpﬁerw=17 521.2 Hz), 7.36-7. 06 (m, 3H), 6.49 (d, 1H, J

o ey S B G PPl PR S Reafy 4 AP ATS)©  ©
(Fiel 3300, M mhﬁw%m@@w@m&%gﬂm ioﬁa.tmncamass;s&szl (d, 1H J=

7.5 Hz), 26-7 2H) C1H), 5.94 (s,
1H) K 17(0pm): m% A3988,(1§4 ogmsﬁa 3444239, 55 1725 9Gd126169 la&zmozsm) 3.35

2H) H 2%9(%63 4§P(§‘Z%3_14 3‘2374%85476 4505 203, f“ gt i‘iﬂf‘ jor fg%r)%%%&ﬁ%écllﬁw(l?m
(Fiel d: 7BSIMFADFNBo| vatlatedCRCTIHLMID, 8M(-ppi): 33 LT85 4ounli401 0446.134. 95,

129. 43, 129.25, 127.82, 126.79, 125.12, 116.43, 115.93, 105.80, 63. 89,
60. 37,

Step 3: Synthesis of 8-bromo-8-(2-chlorophenyl)2,2-dimethyloctanoic acid cthyl ester.
r
WO\/ HBr (gas) Wo\/
of © HOAC of ©
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48.79, 48.32, 42.37, 40.94, 33.34, 30.64, 25.55, 25.41, 25.08, 24.07,
14.56. HRVMB (HR, DART-TOF): Cal cul ated for C25H35CLN202 (M+H): 431. 2460,
found 431wDP46R/05836p 5: Synthesis of 8-(2-chl orophenyl) P2TAIS2011/056780

di ret hyl1l-8-(1, 4,6, 7-tetrahydro-pyrrol o[ 3,2- c]pyridine-5-yl)-octanoic acid
(Conpound 1q). [ 0405] 8- (2- Chl or ophenyl)-2,2

di net hyl1l-8-(1, 4,6, 7-tetrahydro-pyrrol o[ 3,2- c]pyridine-5-yl)-octanoic acid
ethyl ester (0.11 g, 0.25 mml) was added to a mi xture of ethanol (15 ni),
wat er (1 ), angdmns LOX] e xture was
heated to ?ég}ux ggi3%9%#%hﬁxﬁg?%dﬂﬁgﬁﬁf%?7%3?§aa%e?g?k%gbl%néﬂ¥o room
tenperatun@ODnh®ck$¢Wemnw¥agﬂ@map@pdué@ndﬂdéhes@d@ne@wpx@kﬁumglwvater (10
m) was adde d 4 and to 0 drochlorlc
aci d. Thgbgl%g’éuct%was e‘; Padcdep G {“n‘% i EHI B mtf’ﬁ}éens\ght“?“jforl%i’ .

conbi ned ei@@Aintixtudy®isSpoeddentvash edtevv( 130 n\ﬂ@)tzmﬂ ckttfrtotlyith &hyinectattq3 m_)

dried over Na2SO4. After filtration, the dichloronethane sol ution was

concent r at dmind&he spbipetorgrts bypis vear wathss Wi spyE g e sotHoncr ude
d | |
product Wggo EHLg &rie§%¥pryN§2@bu rgﬁgﬁ@%&?@&r@%flor ol YeduSdd %r&g %ejfhe &hdy

acet at e/ hept an to affo enyl
di met hy1-@odukt GLOQ)WVaseunémw opymn ohrop@f{o2raphpy200di nkeaze), Llwimgvaroi ¢ aci d

Co d. | | | Fi el d: 300
M Sor v eGSR, 180 e rond- ot gab iRl e SO0 .
|7-|Z )8 HZ) 56326%%&&@01@%@%}/1 cerln8.46 ¢, 8118% yle‘ld)zas7a }ldll))w 051 HQNMR FH!Jd N 13257

Hz) 2 97309 Mkiz ﬁqlvmq)CD@ls@BM(ﬁ)émm 7291)(61 1H, 4@) 718§b) (7n%4 @H)H Jf P8-1.18 (m

oo 05, 146 53@%?? B P e A R Tl A

113. 24, 1105.JA7.26%5)4926-509 14, 440 .152;1 43 @H)4P4 01,3138, 18), 1338-B (ni26. 74,

o (2- Cnt on Sl ites ST hy¥ D L. e MR et MR eop 3, 2-

c] pyridi rtﬁdlim%%mh 139igd, my@r @@2’155“1991%4 1991 21C 28 .88, 127.45, 60.28
[ 0406] 8- ( 2- Chloropheny -2,2 dinethyl-8-(1, 4,6, 7-tetrahydro-pyrrol of 3, 2-

c] pyridi n@lﬁkﬂl)ﬁo’&t%ﬂnéﬁ’ 48,2019, 20302448, 04@ HMS)(Gﬁa@l)dCslS@iWécﬁorl n di et hyl
ether (5 ggag 0 HCL in diethyl ether). Water (5
m) was a @pggﬁgﬁ %lXIé% t éagg%é%?t | ayer was di scarded. The aqueous
sol ution mas freeze dried to afford 8- (2-chl orophenyl)-2, 2

di met hy1- 8- (1 4,6, 7-tetrahydro- pyrrol o[ 3, 2- c]pyrldlne 5- y1)- octanoi ¢ aci d,

" gnt - yel VehApner ke el i O Gon TSt huoda s (opm

10. 28 (bra 2—Hh|}1@th}7lo@én(ﬁ@£c1§eth§ll|‘@ster7(C6§rp3u1ﬁpln§m 3H), 6.57 (d, 1H, J= 10.8
Hz), 5.86-5.70 (2 s, 1H), 4.79-4.52 (m 3H), 4.19-3.86 (m 2H), 3.45-2.77

(m 4H),222206(m 2H) , Q
0
s cl
[0419] 4,5,6,7-tetrahydrothieno|[3,2-¢]pyridine hydrochloride (1.30 g, 7.19 mmol)

was added to sodium hydroxide (1.38 g) in water (86 mL) and extracted with
dichloromethane (3 x 20 mL). The dichloromethane was dried over sodium sulfate,
filtered, and concentrated to prepare the free base (1.0 g). 4,5,6,7-Tetrahydrothieno[3,2-
c]pyridine free base (1.0 g, 7.19 mmol) and 8-bromo-8-(2-chlorophenyl)2,2-
dimethyloctanoic acid ethyl ester (2.8 g, 7.19 mmol) were dissolved in DMF (75 mL)
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1.26-0.65 (m 8H), 0.97 (s, 6H). (mxture of conformation isonmers in NWR).
13C NWR (Field: 75 MHz, Solvent: CDC13/TwMs) 8 (ppn) 181.66, 137.12, 132.64,
132. 39, 1O.268/054BR. 62, 119.72, 109.61, 105.95, 105.76, P6&/UBA11H1673®,
50.73, 43.06, 41.57, 37.95, 31.80, 30.52, 26.59, 25.78, 21.67. HRVE (HR
DIP-Cl): Calculated for C23H31C1N202 (MtH): 403. 2147, found 403.2158. CHN
analysis: Calculated; 62.87 C, 7.34 H, 6.37 N, 16.14 d, found; 60.04 C,
7.05 H 5.92 N, 15.88 C. EXAMPLE 9.

(3-Car bOWHFﬁ&X&sﬁiﬁ?caﬁb&lﬁE&@Q@%@%@% hgllld]{/]'TIYe]I)HX(u?l‘e Gl REARNGBY ]7)()'°Cacet ic acid

met hyl ester, hydrochlorid ound drochl ori de)
Synt hesi sovsfnight] Adter(IB-Hoydy, Beyaikivyd yacenokart cocmmtempteeimre bod Whteeét()er

[ 0407] But a no, a to allylamne (2,
o o) B BEL PSR Kb Srafi s Gl GER BT B30T L TIES Toated t o
refl ux (L%%b@)edfcﬁ’gan@c BAUES weff \Rré‘s'he&?%h'\xrhgert(g’xrsg%‘ﬂ)t ENRESRE WBumt he vol atile
mat eri al was renpoved under reduced pressure at roomtenperature. The

r emai ni ngsubfte, awimoasanimigd uhéeragduged prebstiee. Wl cmdgsmdmﬁwa&plmifm@m (100 )

and vt ot bt Dol SRR AR R B bR

t82 2 m"r;)l 9- (Mﬂ??ﬂm@@l)amhﬁ J1- hmyémLm t}ﬁ(fho\r[]\ﬁs-gﬁiylrldmﬂll@28hméthSDM6ﬂ’aﬂcblg ht azj rbgm
enper at ur er our e | oXan e readauce

pressure. okl wmr%f i b %gé‘b&awf‘ ?4%@1‘@&% 20 g(ﬁ{%d with

di et hyl ejﬁﬁént(@ﬁéi’ﬁrﬁ's% S (ThIR): ‘?‘45%&1 Wassdri £q SOH?)r7§9Q'deﬁHSny8alt €,

filtered, and concentra under duce pressure. The remaining oil (19.0
g) was pudpf 7.4 (dylidoluimd, thdbEt kfgﬁdarihyJeW 8ill.5 Ha), @é)IZ (4,250 Jg) 5.0&lzit i ng

\rllmyfj? ogiglt(?%gfig?l 3%%%2?&%%‘#9%6% ﬁ]—) éltsztolgg %?%ﬂg 2? !1%156% §1171|Z)3I3a8)2 (g’s a clear
oi | 111 P BODHM 4CACI I3/ TVE).1 182 6886 GG M6t (nﬁ 225: 1546121g m o
(75 MHz, @3@/%5 264 N (%é%zl%lgggféef ﬁﬁé&fﬁsl 1?%{761212 &M%ﬁF’eHS 58,

80.30, 7250 S%pfhur: L7702, 24 801355 8P 33: 535}’1&{865' s of

3- Hydroxy 3 6- d?ﬁ %’ro- %)I@pylrvlﬁé épnﬁcar box %c ‘acid tert-but ester.
129.06, 127. 94, 126.77,125.44, 122.60, 63.67, 60. 27 50.73, 48.08, 42.29, 40. 85 33.02,
30.52, 26.13, 25.39, 25.01, 14.51. HRMS (FIA-ESI-TOFM): Calculated for

CasH34CINO2S (M+H)'": 448.2072, found 448.2067.

Step 5: Synthesis of 8-(2-chlorophenyl)-8-(6,7-dihydro-4H -thieno[3,2-c]pyridin-5yl)-
2,2-dimethyloctanoic acid (Compound Im).

OH

0 o
(j@u NaOH, EtOH {D
S cl H,O S cl
[0420] 8-(2-Chlorophenyl)-8-(6,7-dihydro-4H-thieno[3,2-c]pyridin-5yl1)-2,2-

dimethyloctanoic acid ethyl ester (0.86 g, 1.92 mmol) was added to a solution of ethanol
(32 mL) and sodium hydroxide (0.53 g, 13.4 mmol) in water (10.4 mL). The mixturc was
heated to reflux for 6.5 hours. The solution was concentrated under reduced pressure and

water (43 mL) was added to the residue. Any starting material was extracted with ethyl
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[ 0408] Al | y1-(1- hydroxyal lyl)-carbamc acid tert-butyl ester (5.0 g, 21 9
nmmol ) in dichloronmethane (350 nL) was sparged with argon gas for 5 m nutes.
The fl askwoasipisased under an argon at nosphere and G ublpctatsaéiymse7so (0. 48
g) was added. The m xture was stirred overni ght under argon at room
tenperature. After 18 hours, the solution was concentrated and the

remai ning oil purified by columm chromatography on silica gel (150 g),
eluting with heptane/ethyl acetate (4:1 to 1:1). The product containing

f ract | ons,uEIERRD NPF43GANC AR A iSH: UAdEr v ASALGRN) PIRSRHEMinaNd dried to
a constant wel ght under high vacuum at roomtenperature to provid

3- hydroxyaqaeﬁlsmlmydmWaQ&dewmﬂméONh}@mebwylamd salpitidn teepH =$uthe ester (4 20

3 855, Lonpiet Sy St i U Ot gpmtd o ted i (1 %y

1.39 (s, db GOI'NMﬂdh?(ﬁn Ilsa{ é‘i@rh 18cctatdhoptdfs = 128 t81/3) 26. 79,
80.11, 6 §3le 62 83, 63. 602%%?)}@&1 g y2865%t glie 3: Stnt ht)aS|s of

3- Oxo0- 3, 6uEVHY dr&chlargpiend)-fré6.1- dé}a/ldﬁbilyf -ihieng %Ch?éflﬂmbi}{ﬂ)yl 'est er.
[ 0409] 3- I_ggl%% Qlct%llayl Ssgﬁﬁdgyll{ 'r(?dja %8676};198% é%eoggfyqayt cputy! ester

(3.1 g, r onet hane er an argon
at nospherlloRyaill. HHMMR(MMNZ@@OMHM&M% @DCEBI‘MS))SIpm)sl(adﬁ&d iHh), porti ons

(100 ). LFU G- i oochnT of Gatbarc-1 e T2id SFbaf) o - U k2 g) vas
puri fied @agyfle%q(@ormaf&%)ﬂzqmmedImpgueerhrzlfﬂzges §20Q1, 901, seliugong Wi th

100% hept an ol | owed radi ent of ethyl acetate/ heptane (0 to 60%.

The produ‘d’é) soht&illh. Agr 1f4'r49c Poh82-ReBdme AR 1A¥d1 -8 E oncEht ﬂéﬁéd“fl (amd dri ed

under hi % m 0 oyt r t 0

oxo- 3, 6- iy e 2t Sh bRk et BTt Fom ' | Sy ReRh Fﬁgﬁt@r@(% 6 61%

y| el d) as‘3a I\CMRa(Tzad-l 75MzItIz, S@llvem‘r CDEQ/ZJMSiBa(pﬂmmgl%toz | ©38. SSQH‘B@ﬂat ur e 111
MR (300 MHz, CDC13/ TMS Hé d, 1H,_J= 10, 4 15

(m 2H), W37 {Hr4% 12%& 129. 1§91?(8 iyl %921 &53«\}132(7 SN TS 50éﬁ>c417390r

193.11, 1@429020 7@4372 9’157 3052 h5413, 253@4 89,26234 8¢ ,Hﬁ@fsﬁ@lA 4811 EalcrlafRl ff}r

SyntheS|s of hydr o- 2H pyridin-3-one, trifluoroacetic acid salt.

[ 0410] 3- d)?BH&C@g@t&]NTH) 242 QoS0 dioned 4.2Q:h7r7l90§ZﬂN anadysiyy Cadeulatpditopl77dst er
(0.42 9, 720H,3.33N, found: 60.77 C, 6.68 H, 3.11 N. Best fit for CHN: Ca;Hs,CINO,S + HCI

EXAMPLE 11. 7-(2-chlorophenyl)-7-(6,7-dihydro-4H-furo[3,2-c]pyridin-5-yl)-2,2-
dimethylheptanoic acid, hydrochloride. (Compound Ii Hydrochloride)

@]
OH

— N Cl—H

o Cl

Step 1: Synthesis of 7-(2-chlorophenyl)-7-(6,7-dihydro-4 H-furo[3,2-c]pyridin-5-yl)-2,2-
dimethylheptanoic acid ethyl ester. (Compound Ij)
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2.13 mol ) was dissolved in dichloronethane (5 nL) under an argon

at nosphere. Trifluoroacetic acid (1.5 nL) was added and the m xture stirred
for 4 houwe 2at2/05e3m t enper at ure. The TFA/ di chl or omet han@Csalsetiilos78@ms
concentrat ed under reduced pressure and dried under high vacuum for 1 hour
at room tenperature. The remaining brown oil containing

1, 6-di hydro-2H pyri din-3-one, trifluoroacetic acid salt (0.44 g, 97%

yield) was used inmediately for the next step. 111 NWVR (300 MHz, CDC13-
CD30D) TMS): 8 = 7.12 (d, 1H, J= 10.5 Hz), 6.8 (br, 2H), 6. d, 1H, J=
10.5 Hz), 4.06 (m 2H), 3.90 (br s, 2H). 13C NWR (75 MHz, 13y CD3CD

/TMS): 8 = 187.85, 160. 79 (q, J= 38 Hz), 132.63, 128.31 , J= 284
Hz), 49. 32, 11. Step Synt hepi s of Brono- (2-chl or phenyl) acetic acid
met hyl esye{. Ui Br 0) +ofDt t okyeene [ 0411 Mt heidl (1 nl) was

added to ne (10 under ‘an argon—art—nﬁs‘phe/er purt enper ature. The

flask was cooled in a water bath and 2M pwri met hybsi T yf') di azomet hane (5 i,
10 mmol ) was added, followed by cc-bronop-2- chlorophenyl acetic acid (2.2
g, 8.81 nitdR)] i n pdkib.aiztrelveirofirafd, Awlmsidindf(046 g10.3addol),i Bramori- (ﬂut es t he

t ol uene/ h remgved under re e [

purifi edn'c&‘{}0 e&y]\é\gz%?%‘gﬁ%ﬁ}ep%ﬂoﬁ agyd %Ly ggp(f)%'ﬁ ig(%o jn %(13 gradl ent
of ethyl @Acgtad gotatidhepirbsitid 0 & a BAoDWRic EnbThéliiiSr anldigodr oduct
cont ai ni (r)lg fracti ons were conbi ned, concentrated, and dried under high

vacuum f omosiisigrat se0m @gme{agﬁge]rhq @p@uqe &y Ihgz;gif:dj‘@ 65 °C overnight under an

br ono- ( 2- ) lo < 0 as a
clear 1|i q%?%%tﬁagﬁfs%%elllﬂéfl e @ﬂt%\l/lvg?%t%ercg?tﬁg& Aﬂer C%Qf%ﬁlgﬂlelﬁ/g 300 MHz,

CDC13/ TMBpmp&aturZandofickntrathn dndebreduddr)presyur8dhd ci@ge pmdu@K@ 285)@9as (s, 1H),
3.80 (s

130. 93, | 1@%%&9 by %%]S‘III\@S“ mf?%%%ph%gcﬁ%ge %h%g"cet@%@%p%% S%?Tﬁ RN 0,
(2- Ol or ohey42-chBraphony3)-B-(6l7 hichieo- Rikfyol 3, Dickpyhididd-yBRL-i ¢ aci d ”Et hyl
ester. dime{hylheptanoic acid ethyl ester (Compound Ij, 0.26 g, 48.1% yield) as a yellow oil. '"H

NMR (Field: 300 MHz, Solvent: CDCI3/TMS) & (ppm): 7.42 (d, 1H, J= 7.5 Hz), 7.29

(d, 1H,J=7.2Hz),7.17 (t, 1H, J=8.7 Hz), 7.14 (s, 1H), 7.09 (t, 1H, J= 8.1 Hz), 6.08 (s,

1H), 4.12 (t, 1H, J=4.2 Hz), 4.01 (q, 2H,J = 7.2 Hz), 3.98 (d, 1H, J = 14.4 Hz), 3.26 (d,

1H, J=13.5 Hz), 2.79-2.53 (m, 4H), 1.90-1.73 (m, 2H), 1.35-1.32 (m, 2H), 1.20-1.06 (m,

7 H), 1.04 (s, 6H). *C NMR (Field: 75 MHz, Solvent: CDCI3/TMS) & (ppm): 177.91,

148.97, 140.89, 139.39, 134.93, 129.50, 129.00, 128.02, 126.84, 115.82, 108.84, 63.33,

60.54, 47.61,47.51,42.28,40.78, 33.21, 26.23, 25.35, 24.65, 14.50.

Step 2: Synthesis of 7-(2-chlorophenyl)-7-(6,7-dihydro-4 H-furo[3,2-c]pyridin-5-y1)-2,2-
dimethylheptanoic acid, hydrochloride.

S~
0 OH

N NaOH N

Cl cl
EtOH, H,0
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[0412] 1, 6- Di hydr o- 2H pyridin-3-one, trifluoroacetic acid salt (1.27 g, 6 0
nmmol ) and brono-(2-chl orophenyl)-acetic acid nethyl ester (1.50 g, 6.15
nmol ) werwodoeaskised in DMF (5 nl) under an argon at nosplo@rus2@it/05€780m
tenperature. Potassium carbonate (2 g, 14.5 mmol) was added and the m xture
stirred for 3 hours at roomtenperature. Water (25 nL) was added and the
product was extracted with dichl oronethane (2x25 nit). The dichl oronet hane
extracts were conbined, dried over sodiumsulfate, filtered, and
concent r ajygsh) The rﬁ&%}ﬂbﬂ%?h&i b- MR- B ifol £ FRB[-L o5 A0Sy 1139 0) . el uting
wi th hept aneet hyl acetate 7 pf oduct cont aini ng fractl ons were
conbi ned, dimothytuptantiedcid nthet est@d()@ég Q)ﬁ%egmnlhwaxmide@ltq clixyrdeolutivmgh vacuum

for 2 hour mte erat ure
(2-chl or opfﬁeéhnyil)(?§ éo undlhﬁ de@é@p%’r élml’rln(ﬁp S}’owaé%ét” Clh(? met hyl
(éS[:)tC (]Ejg/ gl' ﬁ/é’)ﬁﬁ;‘[t%@ wag hgz{(}j{a(Mb eg%l)x(fa% g hbugh\kfhc}(ﬁhb CFWCQ;IhbwedJ.ﬂie N;(Rnfgiiﬁﬁeﬂ;d'ﬂf Y

: = m
6.09 (d, 1 eone The @hw} Wagy g Ve un%aqyeduse%eisgre a@ﬁwdﬂlﬁo W@Fﬁr 3.39
(d, 1H JnLiRafadded to Be Fkidud: Thehquisu rt@oﬂ"@fﬁs wasBEd WY a (nfiRtuMBS et C13/ TMVB)
8 = 194.81, 170.41, 148.28, 134. 74 1 10, 129.95, 129.73, 129.69, 127.44,
126. 99, 68cAE/heprngd/105P0 mi), wﬂgchmas dqmgle(dc;@h@aglueomafr@qnoatv@d afligpted MrH) :

280. 0740,
(2-chl or op }5'5]%;&%8 dﬁé%zmhﬁﬁ Cngt% perl @I t‘ﬁ‘.’fls eXtratmd Wlthl d nethyl ester.
[ [0413] ((ﬂe}mﬂdoﬁredmheW]l}ﬁ-n(Ia @ho ¢3mbindd hlyﬁlromrﬂdthmﬂaﬂrsmdre dfledeetfi ¢ aci d

met hyl ester (0.45 was d solved in rret noI 100 under an
argon at nsg‘éwﬁb%fate Ry %W@Bﬁa@w Sh{RLRIRECR e 88@&S§ﬁﬂldaW%fon gas
was passeghiuiféeah & he 1%051'1!%' @mj"/%uﬁtymy'}!ﬁb@ as hRBIIGK 8aN AWRstist oRped and
hydr ogen sul fi de was bub roug/ dt he solution for 45 mnutes. The

&

hydr ogen ®#eriglde 1ngs0.38 éwéhwms$ sofligthybetheid§ i) asé dddpdde PNHClar gon

at nospher I

r ermvgd bI;I:/i eE}%E @n‘gﬁgrg%eﬁ@ gﬁ& ]feﬁxéasjslég ﬁét%%%gﬁﬁﬁ “még %deasIacré % e rret hanol
was r ermv@d:du«ndmwdeéel(aecéﬂbrpp}e:ssljﬂe(@mdihgadrudé{ furo[3,2-¢c] pyr1d1n 5-y1)-2,2-

(0,48 o, Soery Meptoari i Graingl (R Hliserh ﬁbéﬁ%ﬁ?aﬁelﬁa{@"% (e, T
NMR (1300 M‘HPL@X@?Ja'D’Mg'EW@Hoprow%r4@I'NNﬁ9 I("i@fld MMHZ Sﬁlvé:%x CD:0DMMS3. 70 (s,

3H), 3.40-3 g -2.60 (m é @53 13C NMR (75
VHz, cocfaﬁmus) 88 (lmf sz@I:J) (7461 M%)(rrz&lH);_@& @20511326 2159(5 30).30)7 (ipd H)s,

5 S S kA TP e
g?und ?%fwbgfgrzﬁfﬁ(m ﬁgt) ﬁy‘rﬂeﬁg-gl(l-ﬁ Zf?) 14t6 0. ?7 (én 6, L11 (5161_{) 1.09 (brs
chaltg;'z)pheltr@)ﬁ/ %%?P Oéf’(’iiPH ' H&t@% @%ﬂﬁpﬁﬁﬁﬂ‘v&ﬁ% %” {:éﬁ?ﬂ/%)crude
(2-chl or CEP(H?&Y)QSK@? 85 Gapi9- éé 0¥l REr bllin2 boy 3] s8CB0ISH, AGLTH eLY| ester

(0.36 g, 1. mol) ‘was di ssolved in F’'(5 nL, argon sparged) and added to
a m xt ure1Q9f69té6t20 Khﬁ th 0p, H-4), ﬁétlﬁyﬂpﬁoé@h&r?da&ﬁe%t?é 260050563, 23.893 mmol )

and 60% s argon spar ged),
at room tée)zgripééjrqlég mlx froZa% Qal lsor%etr%ng%h} (?f éﬁﬁ'fr)p—[ﬁ%l fut es,

di chl or on@gZH@gmﬁ\I()Z&\/mH) 390318305&)&1’1@89{) 1mscmdgdalg@d. ChEumexithIre was washed
wth wate %:ﬁfl argon s(%) dl)% The d| h% I%‘gmet hane sol ution was dried
over sodi @TGIIQ%Q@ 0k Feb-e ant Ne dRéhtriar 6%%€r6-§%guééél\brlé§§ure. The
remai ni ngoyell ow oil was puri fied by col um chromat ography on silica gel
(15 g), eluting with heptane-ethyl acetate (4:1, argon sparged) to provide
3-tert-

but oxycar bonyl net hyl ene- 5- mer capt opi peri di n-1-y1) - (2-chl orophenyl) - acetic
aci d net hgXAJRIE 1@072(8-(13110@9%130!1)32,@)dlmstlafl-&(édﬁ'@@ltrahfydtomsolk[épi’t under an

argon at h | 0 e t ent o n to.the disulfide.
111 NMVR ?@Bgr W%%\{ ‘H&g)o . BvltFnfogidd! @é“(%““ﬁﬁgeﬁ TRElotde) ot "4 77 (m
1H), 3.67 (s, 3H), 3.20-2.00 (m 7H), 1.41 (m 9H). 13C NWR (75 Mz,
CDC13/ TMS): 8 = 170.63 (2x), 165.26 (2x), 151.09 (3x), 134.64, 133.11 (4x),
129.83 (5x), 127.21, 118.35 (2x), 80.32 (2x), 67.57 (5x), 57.28 (6x),
52.28, 42.49-40.14 (8x), 34.54, 28.38 (2x). HRVMB (DIP-Cl): Calculated for
(MtH) : 412.1349, found 412.1312.
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Step 9: Synthesis of

( 3- Car boxynet hyl ene- 5- ner capt opi peri di n-1-y1)-(2-chl orophenyl)- acetic acid
met hyl eswenrpiamngasdschl ori de. PCT/US2011/056780

[ 0415] 3-tert - But oxycar bonyl net hyl ene- 5- mer capt opi peri di n-1-y1) - (2-

chl orophenyl)-acetic acid nethyl ester (0.18 g, 0.43 mmol) was dissolved in
a 1:1 mxture of dichloronethane and trifluoroacetic acid (6 nL, sparged

wi th argon) that had been sparged with argon. The solution stirred for 3
hours under an argon atnosphere at room tegperature. Dichloromethane (25
m.) was added and then washed w th 5% sodi upa-gicar bbonate sol ution (2x25 ni,
sparged with argon). The di chl oronet hake” was dri ed over sodi um sul f ate,
filtered, and concentrated under redliced pressure. Dichloronethane (5 ni,
sparged with argon) was addedsand the wascf or med by addi ng 2N

hydrochl oric acid in diethyl L (N sparged with argon). Additional
diethyl ether (25 nlL, spargedtwith argon) was added and the solid
precipitate was filtered and dried under high vacuum for 3 hours at room

t enper at uStep flo Spnthedidel [(-B#-butoxycarbonyl-5-[1-(2-chlorophenyl)-6-methylheptyl]-1 H-

car boxynet h - b-ney. to i peridin-l-yl)-(2-chlorophenyl)-acetic acid
met hyl e§P@¥%ﬁgﬁ95V%5%T HWBE‘@%@? (Compound VI a hydrochl oride, 0.12 g, 70%
yield) a slightly pink solid. 111 NVR (300 MHz, DMSQ TMS): 8 = 7.65-7.25

(m 4H, 5.71 (m 1H, 4.91 (m 1H, 3.66 (s, 3H, 3.40-2.00
(mxture of 8 isonmers). "C NWR (75 MHz, DMSOQ TM5): 8 =1

égig%'(s

peaks), 194. \_(4 peaks), 133.46-127.01 (13 peaks), 119(50-117.50 (6

peaks), 6 5.45 (7 peaks), 5.,74 49. 17 (12 peaks (br). HRVSB

(DIP-C): | at ed ._386,.Q723, found 3Ea§§212. N anal ysi s:
88 H 3.51 N ound, 49252 5.00 H 3.57 N

Calculate 9 1C, S

EXAMPLE 1 @-ﬁg ophenyl)-8-(6, 7- dlhyJPo 4FL;h1en [3,2-c] pyridin-5yl)-
2, 2- dlnethyloctan0|c acid. (Compound Im Step©:©° hesi s of
6- Et hoxycar bony1- 6- et hyl heptyl ) tri phenyl phosphoni um brom de.

[0423] A mixture of tert-butyl 1 H-pyrrolo[3,2-c]pyridine-1-carboxylate (0.81 g,
3.73 mmol), 7-bromo-7-(2-chlorophenyl)-2,2-dimethyloctanoic acid ethyl ester (1.40 g,
3.73 mmol) in acetonitrile (25 mL) was stirred and warmed to 45 °C. After 52 hours, the
reaction was completed. The solvent was evaporated under reduced pressure, the residue
was washed with diethyl ether (3 x 20 mL) to afford 1-zerz-butoxycarbonyl-5-[1-(2-
chlorophenyl)-6-methylheptyl]-1 H-pyrrolo[3,2-c]pyridin-5-ium bromide (1.47 g, 66.5%
yield) as a yellow oil. "H NMR (Field: 300 MHz, Solvent: CD;0D/TMS) 8 (ppm):
10.54 (s, 1H), 8.84 (d, 1H, J= 6.9 Hz), 8.23 (d, 1H, J=7.8 Hz), 7.72 (s, 1H), 7.53 (t, 1H,
J=42Hz),7.45 (t,1H,J=72Hz), 7.39 (d, 1H, J= 3.6 Hz), 7.31 (s, 1H), 6.96 (s, 1H),
6.47 (t, 1H, J= 7.2 Hz), 4.10 (q, 2H, J= 5.7 Hz), 2.72 (d, 2H, J = 6.6 Hz), 2.40 (m, 1H),
1.69 (s. 9H), 1.50-1.32 (m, 4H), 1.21 (t, 3H, J= 3.3 Hz), 1.12 (s, 6H). (crude mixture.
HRMS (DIP-CI): failed, decomposed on analysis.

Step 2: Synthesis of 5-[1-(2-chlorophenyl)-6-cthoxycarbonyl-6-methylheptyl]-4,5,6,7-
tetrahydro-pyrrolo[3,2-cJpyridine-1-carboxylic acid zert-butyl ester.
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[ 0416] Tri phenyl phosphine (14.8 g, 56 6 mMmvoL) was added to a solution of 7-
br ono- 2, 2- di et hyl hept anoi ¢ acid ethyl ester (15.0 g, 56.6 mmolL) in tol uene
(110 nl).wohei12sskassi on was heated to reflux (oil bath 1P2T@S201005240 h. The
t ol uene was evaporated and the residue was washed with heptane (2 x 60 nL),
di ethyl ether (2 x 60 nL), and dried in high vacuumto a constant weight to
provi de 6-ethoxycarbonyl-6-nethyl heptyl) tri phenyl phosphoni um brom de
(24.39 g, 81.8%yield) as a off-white powder (mp. 165- 170 C). 111 NWR
(Field: 300 MHz, Solvent: CDC13/TMS) 8 (ppm): 7.88-7.820(m 9H), 7.75-7.72
(m 6H), 4.06 (q, 2H & 6,9 Hz), 3.76 (m 2H), 1.64 ( > 1.46-1.41 (m
2H), 1.20 (t, 5H, J= #Mz), 1.10 (s, 6H. "C N d: 75 MHz, Sol vent:
CDC13/TVMs) 8 (ppmwy: 177.82, 134.99, 133.69 (d, J¥ 10 Hz), 130.57 (d, J= 12
Hz), 117.69 (d, 5 Hz), 60.29, 42.12, 40 (d, J= 16 Hz), 25.26
(d, J= 41 SN2 (d, J =41 MNeBf, 14. 40y ESI - TOFM ) :

Cal cul at ed f o A Br Q2P (M+H) 447. ?4479\ deid47.2446. Step 2:

Synt hesi s 8- (2- chl or opheny1) -BOHA met hy| - ocy-7-enoic acid ethyl ester.
[ 0417] 6- E, 5lﬁr bony1l- 6-net hyl heptyl) trp hosphonl um brom de (24 g,
45.5 mmol ) and| 2- chl or obenzal dehyde (6.38 g, 45 5 nmmml) in CH2C12 (60 ni)
were stirred as vigorously as possible and 50% NaOH sol ution (24 nL) was
added drop4d]se. AfTtoer solihiwnaddiztir-dntonpsrismypb ¢t €2-chlbephtnglipé-e continued to

stir for 3 hours nsferre a se t.o shed
B LRI A T e B TRl St okl i iy o) ol
ext r act edepintil) wHs @REQY @MRbRaBApératue, Ho@ Vr@&ous-gﬂﬁrlrﬁgoﬂﬁﬂ ingRrthnsf¥oatuairet hane

extracts were washed with brine (150 nL), dried over Na2504, concentrated,

and pur i fhcsehysyided)3the Shmnowht Yicagrepodiam hasehygerle wes pympleiebtadded. hept ane =
1/10 to enoic acid
et hyl estllltialfg%t ﬁggwaggéfggjo% 9%?3@‘@%0‘2%@?‘%%&% QAHT}:;[QKIMQ‘(Q% eafd I300 I\/IHz
Sol vent : @Wr%ed’l\xﬁder&%ec(upq:ﬂ@mssﬁre%d(v@kﬂer (A@MHML) wag added. ThSpidzpct was36- 7. 06 (m
3 6. 49 1. 5 2 m 2

T he 7 sedied iy tichbioruhilie 1At gohiied ShafiChitafs Nt e
(Field: 7&iMNzer sdaluveit fatcCREd34 TMB o chtRIdD inddrrédud®d pedSurd 8rhebddtic00,

133. 69, 130.48, 129.52 127. 94, 126.69, 126.27, 60.25, 42.26, 40,68, 33. 14,

30. 27, 2gcuduc was pgificdly ?sluwhgznatqmlm(suhsw‘éf9thylﬁmme@r-wtm THOFM -
g;lln'fﬁlaglt g&]o?ﬁr %gin-%ﬁgé?%lé glg)r?e‘ﬁyéé“%g Lot [ﬁ%g %ﬁgm (?t gtohf/)l
ester. l&rdBro-pyyady[ 3(_2|—¢ﬂ|ﬁ)em;(bne 1-carboxylic acid tert- butyl ester (1 45 g, 60.9% yield)
as a yellow oil. '"H NMR (Field: 300 MHz, Solvent: CD;0D/TMS) & (ppm): 7.50 (dd,
1H,J=7.5,1.2Hz),7.37(d, 1H,J=8.1, 1.5 Hz), 7.27-7.10 (m, 3H), 5.94 (d, 1H, J=3.3
Hz), 4.16-4.13 (m, 1H), 4.09 (g, 2H, J = 6.9 Hz), 3.62 (d, 1H, J= 14.1 Hz), 3.28 (d, 1H, J
=13.5 Hz), 2.85-2.60 (m, 4H), 1.98-1.76 (m, 2H), 1.55 (s, 9H), 1.42 (t, 2H, J = 6.9 Hz),
1.28-1.16 (m, 4H), 1.21 (t, 3H, J=7.2 Hz), 1.11 (s, 6H). *C NMR (Field: 75 MHz,
Solvent: CDCI3/TMS) 6 (ppm): 177.98, 149.49, 139.66, 134.90, 129.44, 129.15,
127.93, 127.60, 126.84, 120.92, 119.77, 109.20, 83.26, 63.76, 60.33, 48.81, 48.19, 42.30,
40.80, 33.23, 32.13, 28.31, 26.07, 25.35, 22.96, 14.52. HRMS (DART-TOF): Calculated

for CooH41CIN,O, (M+H)™: 517.2828, found 517.2833.

Step 3: Synthesis of 7-(2-chlorophenyl)-2,2 dimethyl-7-(1,4,6,7-tetrahydro-pyrrolo[3,2-
c]pyridine-5-yl)-heptanoic acid ethyl ester. (Compound I1)
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[ 0418] 8- (2- Chl or ophenyl) -2, 2-di net hyl -oct-7-enoic acid ethyl ester (7 g,
22. 8 mmolwowar/dissol ved in glacial acetic acid (60 nlL) PCThs2&i0l084780N Was
cooled in an ice-bath (ca. 15 C), while dry hydrogen brom de was passed
into the solution for 8 h. The reaction m xture was poured into ice-water
(130 nm.) and extracted with ethyl acetate (3 x 50 nL). The conbi ned organic
| ayers were washed with saturated NaHCO3 sol ution (100 ni), dried over
Na2SO4, and concentrated under reduced pressure. The grude product (10 g)
was purified by colum poOMat ogr aphy (200 g silica géy. eluting with ethyl
acet at e/ hept ane 0 1/10) to furnish 8-bro 2-Chl or opheny02, 2-

di mret hyl oct anoic|acid ethyl ester (7.46 g, 81.8foyiel'd) as a yellow oil.

111 NWMR (Fi el gy , Sol ventrFACD013/TI\/B) 8 :7.59 (d, 1H, J= 7.8
Hz) , 7.344-@, .5 Hz), He—ed, \J—6 ), 7.19 (t, 1H, J= 7.2
Hz), 5.45%p 1 32 7.5 HZ), 4%, 2 = ), 2.26-2.09 (m 4H),
152146%‘@,141131(m22ﬁ) 12${118(m2H) 1.20 (t, 3H, J=
7.2 Hz ¢ 14 6H). 13C NWR (Field: 75 MHz, Solvent: CDC13/TM5) 8 (ppm:
177. 80, 139.43, 132 65, 129.64, 129.24, 128.88, 127.45, 60.28, 50. 30,

42.25, 39 2 2 3 4.88, 14.49, -Cl): Cal cul at ed
f or ClSHZ@é%SC},lo (Eifggbrﬁgg%lygf6 %H%f‘yﬁg@f)%gme@@%pt&%é% hesi s of

8- (2-chl ore@mﬁfwlagmﬂo [68-dpeiidiye 1 @arbbk §1ki RADES, bty by (1di )13 Ihmol)

2, 2-di net hyl oct angi c aci d et hyl ester und I n)

[0419] 4, 5W§ drsspbved ihdighletomeghse &+0omE) wﬂgra}%%y&%@rﬂr%ﬁr@@%%e@@ g, 7.19

ol ) vas aedertnf 046 oA Byciexs qm Lo B8O loP2 VB Bfh@nd ext ract ed

wi t h di chl oronet hane (3 . The di chl or omet hane was dried over sodium
sul fat e, 1fduredanedee/ anidr @@mTe)rﬂnldam@mcbwpln éphko@mdibanfer(éé 2Pasle). (The0 g) .
4567Tetrah dr ot hi rldlnefr I) and
8" br om- P R BRI BRTA P ARl R R e, BRGS ghaforfrmbudr®E. § o
7.19 mol rl):dl\n&ed%rdé!;LﬁrS arh‘eedeerprcm\AEth \(d{puﬂﬁ)ed by\ncbllnnmca;haﬁﬁat%gnm;(bma@ga g 1.49 g,
10. 79 mmo The xture S ate tao 65-70 overni ter 18 ours,
Che. i xt BB EBEPERE T 5D Lombet drarblessmiendi ar EBemHET((h& Raded. The
product Wag,i4td- ﬁ}pﬂf(ﬁgb‘@ d Byl%lﬁé b—%{rs) lﬁ:&)ﬂﬁf)lc(a\%ld%t}g@ emer)(CoiﬂiS@um% ,organi c
extracts weré washed wth wat er mL), dried over sodium sultfate, and
concentr a‘tlelf/olyrﬁdtérasmadﬂmedllpﬁNMRéFle%éﬂ&Mﬂa Sphedta EIDG/I MG f i ed by

f‘j} ‘ig;‘ fg OHﬁvﬁggﬂﬁf‘YH)‘??sﬁ'(hJ GF 28 5 ) WA, it 95, R5ELasgLhert ane

8- (2-chl 02[@)96.683(51,)&18;5(.@3 @&; dihydeeddtHi, b e308 8,12 cf. py(q, 9N Sy HD, 2- di net hyl
octanoic acid et:\%‘lZ ester 91%Co ound In, 1.4 43.5% as a iel low oil. 111
NMVR (Fi el 3§75 gbdH Wﬁ@ﬁﬂ&&#m#®é%ﬂmw%%4@@h7515
Hz), 7.3 1, 41l 2 ( : Hz), 7.16
v 5%]}6)(3@'§4é1%91(_4n 2§1))1121 (t. 3}1"2 63HH°Z§J1£_H1 14 4JH)—1KE15£§§6H} ‘?ﬂ -
Hz), 4. 18NMRI(Fi¢M; 75MI$z,7S‘,oMntZGMl;,/TM$))EB(mpm)2W8 05 169.87 HB1, 9431 ®240,d, 1H, J

2y 1 aeoe b 1), fosge o i 16 eg S Baddhop g )1 0y

(s, 6H) . 433G WyRI(FB. Bl ds.1725Mdz23 .50 vent HRMPSESARVBYOB): (@udélated f - 92,
134.92, 134.21, 133.53, 129.48, 129.06, 127.94, 126.77, 125.44, 122.60,

63. 67, 60C2H:CHS,0:dM 4D G4 7.2403,247.229° fwnd33. 02, 30.52. 26. 13, 25. 39,
25.01, 14.51. HRVB (FI A-ESI-TOFM: Cal cul ated for C25H34CLINOR2S (MtH):
448.2072, found 448.2067.

Step 4: Synthesis of 7-(2-chlorophenyl)-2,2 dimethyl-7-(1,4,6,7-tetrahydro-pyrrolo[3,2-

I
(@)

c]pyridine-5-yl)-heptanoic acid. (Compound Ik)
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Step 5: Synthesis of

8- (2-chl orophenyl)-8- (6, 7-di hydr o- 4Ht hi eno[ 3, 2-c] pyri di n-5y1) -

2, 2- di metwolort@mssc acid (Conpound Im. Qa NaOH, ErOHUS2014/40566780 1N
H20Cl [ 0420] 8- ( 2- Chl or ophenyl)-8-(6, 7-di hydro-4Hthieno [3

,2-c]pyridin-5yl)-2,2- dinmethyloctanoic acid ethyl ester (0.86 g, 1.92
nmol ) was added to a solution of ethanol (32 nL) and sodi um hydroxi de (0.53
g, 13.4 mmol) in water (10.4 nL). The m xture was heated to reflux for 6.5
hours. The sol ution concentrated under reduced prgssure and water (43
m.) was added to the_r . Any starting material wids extracted with
ethyl acetate/h ng~ 1/ 10, 43 nlL). The heptane_exkfalf was di scarded.
The renmai ni ng aqueous sol uti on was adjusted w t’th 10N hydrochloric acid

solution to he produciamas extract ed i CH2C12 (3 x 40 m),
ncent r ated—ane pur %ﬁ@y

dried ove 2 mm chr omat ogr aphy
(silica gely ®ethyl acetate/hepioango= 1/ 14,8)to provide

8- (2-chl orbpheny1l) - 8- (6, 7-di hydro- 4H-t hi ého[ 3, 2-c] pyri di n-5y1)-2, 2-

di met hyl oct anoi ¢ acid (Conpound Im 0.35 g, 43.8%yield, 99.6% purity by
HPLC) as [@43@! | ow oi-(2-CHldbphNMRIFR éind:thyaUO(IM-lW t&mhy@ﬂtpyrmzl TVS) 8
(ppm : 10. H, 8.10 Hz),
7.28-7. 1551%340 345y r')#lee’san@a aé%ﬁﬂﬁ st <83|l|§)05 lmas ﬁf&ed&w BOGUESS | 4. 24
dd, 1H IdoBi0hd, Haker (37331 dn de%‘dhutﬁzh al%x&@ () @smmm) Thel, = 1440
Hz), 2.92-2.73 ﬁ 1.28-1.15 (m

6H), 1. 13myxéure maﬁnLea(tq to 3¢Hluxx Q5 ?82erzl)bathj) fq15L61hq93S (Aqﬁter%ﬂ)hou@ e flek 6H). 13C
135 g7 195 GBS popplet i S Ria s 10 sk OpRb oy dfiflerogd iy fiRey 452, 16

50. 54, 47Waty (mn}zpwgsq?mmo B2 r@hluc 30d B2 preiictibas K5addd with d&g;yl 2the06. HRVB
FI A- ESI S 420. 17 779. CHN
el st o (& e Stiseck B S deg dof 0 aayeesh mRy g dabisd PH Co “a0ad fy 3 11

N. Best fwt ﬂ@EhIMC1QWM§S é‘xtl’i@ﬂedmbﬁorfbﬂnethane (3 x 15 mL) and
7-(2- chloropheny -7-(6,7-di hydro-4H-furo [3, 2 (%rldlnSyla 2, 2-
1)

di et hyl Hepeenbined dichlgronshang 6rwedéwa§1@éffﬁ@m pydraBé Arigg (28e)

mL). The dichloromethane solution was dried over sodium sulfate, filtered, and

concentrated in under reduced pressure. The crude product was purified by column
chromatography (silica gel, MeOH/CH,Cl, = 1/9) to afford 7-(2-chlorophenyl)-2,2
dimethyl-7-(1,4,6,7-tetrahydro-pyrrolo[ 3,2-c]pyridine-5-yl)-heptanoic acid (Compound
Ik, 0.11 g, 57.9% yield) as a yellow oil. "H NMR (Field: 300 MHz, Solvent:
DMSO/TMS) & (ppm): 12.10 (br, 1H), 10.30 (br, 1H), 7.53 (m, 1H), 743 (d, IH,J=7.2
Hz), 7.36-7.25 (m, 2H), 6.50 (s, 1H), 5.71 (s, 1H), 4.10 (m, 1H), 3.39 (m, 5H), 2.75 (m,
1H), 1.14 (m, 2H), 1.34 (m, 2H), 1.23-1.07 (m, 4H), 1.03 (s, 6H). *C NMR (Field: 75
MHz, Solvent: DMSO /TMS) 6 (ppm) 178.45, 178.97, 133.83, 129.07, 128.23, 126.93,
123.97,115.83,113.99, 104.19, 63.11, 48.27, 47.60, 41.19, 40.06, 31.59, 25.84, 25.03,
24.96, 24.55, 23.34.

Step 5: Synthesis of 7-(2-Chlorophenyl)-2,2-dimethyl-7-(1,4,6,7-tetrahydropyrrolo[3,2-
c]pyridin-5-yl)-heptanoic acid, hydrochloride.
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OH/----Nlcl-HW.! 0 Step 1: Synthesis of

7-(2-chl orophenyl)-7-(6, 7-di hydro-4H-furo[ 3, 2-c] pyridi n-5-y1)-2, 2-

di met hyl heptareaisessaci d et hyl ester. (Conpound 1j) PCT/US2011/056780

[0421] 4,5,6, 7- Tetrahydrofuro[ 3, 2-c] pyridine (0.16 g, 1 3 mol),

7-bronmo-7-(2- chl orophenyl) -2, 2-di net hyl heptanoic acid ethyl ester (0.49 g,

1 3 mol) in DM (13 nL), and potassium carbonate (0.27 g, 1.95 mmol) were

conbi ned under an argon at nosphere at room tenperature. The m xture was

heated to 65 C overni ght under an argon atnosphere. The reaction continued

at 65 C for 48 hours. ANgr cooling to roomterrperatu e and concentration

under reduced pres , #S Plrified by col um

chromat ography (isilica gel, ethyl acetate/he tahe =120 to 1/5) to afford

7-(2-chl orop ~(6, 7- d| hy dcp- 4H—furo[3 sl pyi di n-5-y1)-2, 2-

di met hy| h@@.cd et hyl —ester—=( Conp g, 48.1%yield) as a

yel | ow oi I 1cNVR (Field: 300 WHz, Sol [ [TMS) 8 (ppm: 7.42 (d,

1H, J= 7.5HHz), 7.29 (d, 1H, J= 7.2 Hz), .17 (t, 1H, J= 8.7 Hz), 7.14 (s,

1H, 7.09 (t, 1H, J= 8.1 Hz), 6.08 (s, 1H) 4.12 (t, 1H, J= 4.2 Hz), 4.01

(g, 2H,JH0:27 Hz) 73(296h16phdii])- nzd&maMylem ,4,87-28rahddrodpsrobf3,23. 5 Hz) ,

2 79-2.53 2 6 (m 7
. 1.04 %éyrl 79 -yl)]cbemewrﬂfléQW %ng W%Sefﬁfwéﬁm%ﬁ%tg ]<

177 91, 14B) %hyhﬁ%eﬁ@hloﬁ@@scﬁ&lonj(gﬂ FE3 in 42%hy? Gtherd 2%s @@ded 12K Q@er 126 84

115. 82, 108. 84, 63.33 54, 47.61, 47.51, 42.28, 40.78, 33.21, 26.23,

25. 35, 2450@510n1@s5@traogtd9@1t}2watgyﬂt5}1@[3) andghe organic layer was discarded. The

& ot nyl RRE AR op Rt B i e St S B B 8 o670

[ 0422] 7- (R&Chdorpphae(pD)e] ﬁytﬁcﬁne?édfil)lﬁhedtaneléHeﬂduhw{r&hﬂ)rﬁi]emglomﬂomﬁaky1) 2, 2-

s SRR AL e 1t 28D &L 5 WGl rdr Arex Pae o HPEC S 3 ol
in water 3. %s0yp.och e VR UrigldVae0 MRBL SevbAY: C@}bWTMS) s@ppmhors when the

TLC showed t he star?| ng materi al was gone. The ethanol was renoved under
reduced plbesdihe’ 6htbraddi) 7 dhal-38xat, éH%(@S‘l -9 (vad Had2iéd (s B.5Hhe -G%elsi due. The

aqueous e 14Re 1/10 (10
o G UL 87 B ARSI SR oD FH e BATURL SRR

concent r aated 1 2y driciand, @H) cl 5&:0 65 (m MH56.96 TheH)r @dutmie sfasnfexhitighed W t h

di chl or onet hane y( 3x15 onbi ned dichl oronet hane | ayers were dried

over sodisHEd) f 4t RMR W‘F@r %%M%%GSOE’SHEQR(F%T@GSWW)H&Q etBph’essure. The
product achnes 943y '??0&36%911729979 [623 és%ﬂfb %kd1099/6 PRO0P U5 7b Y510y, HPLC) as a

yellow oi l. "A’portion of the material (0.15 g, 8rrrm)wasd|ssolved|n
di et hyl eilhEY 4258,n4_1)43aau8ad?de?($ 2DOXN2PICS, 21n78eM}%let\ﬂ)EiCB1_§3alcmhIed $olid

precipit d ter d freez drle rovi de
2 el oy oprong ey PAHT a8 Hoha Bkt s CalCimg i Gty b24°

di met hyl hept. Bndj €521, d6.6Wolnpeudcsd 13 hydooahs.o6 Ndeé 99C11 g, 68 8 %yield,
99.08% purity by HPLC) as a light yell ow powder. 1H NWVR (Field: 300 IHz,
Sol vent: CD30D/ TMS) 8 (ppm): 7.80 (br s, 1H), 7.61-7.48 (m 4H), 6.43 (s,
0.5H), 6. @)QAM?PL]@l . 4.30 (d,
0 51 1= 5% 3. El -2 ﬁﬁnétﬂ&laﬂopﬂnﬁ%n‘-guyhgetﬁﬁ) pi%rﬂ(ﬁ%-& it % o5 (m  2H.
2.40- 2. 271n()mh01lhb4-ylipwﬁn0hl&4 O(l,rﬁiomp{)undlllal (s 6H) 1.09 (br s, 1H).

(m xture of rotational isomers). 13C NWR (Field: 75 MHz, Solvent:

CD30D/ TMB) 8 (ppm): 181.47, 147™M1, 141.52, 137.12, 132.84, 132.09 131. 86,
130. 50, 129.75, 112. 35,
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109. 69, 66.20 (br), 43.03, 41.40, 33.10, 31.71, 30.18, 27.36, 25.92, 25.70,
25. 63, 23.80, 22.26, 14.50. (m xture of rotational isoners). HRMS (D P-Cl):
Cal cul at estof20r2/0823528C1INC3 ( M+H) :  390. 1830, found 390. 1P@2/USG@HW0A6Tad ySi S:
Cal cul ated for C22H29NC1203S: 61.97 C, 6.86 H, 3.28 N, 16.61 C; found
60.28 C, 6.88 H, 3.13 N, 16.24 d. EXAMPLE 12.

7-(2-Chl orophenyl) -2, 2-di nethyl-7-(1, 4,6, 7-tetrahydropyrrol of 3, 2-

c] pyridi n-5-y1)-heptanoi c acid, hydrochl oride. (Conpound |k Hydrochl oride)
Step 1. %t@f) li.esslyﬁthggis of 4- ethoxycarbonylacetyl) eridine-1- carboxyhc acid zert-butyl
1-tert-butoxycarbonyl-S-fl (2-c orophenygf 6- met hyl heptyl]-1

Hpyr r ol o[ 8te2- c] pyri di n- 5- |un1bron1de [ 0423] A m xture of tert-butyl

1H pyrrol o[ 3, 2-c] pyri di ne- 1-carboxylate (0.81 g, 3.73 muol),

7- brono- 7- (2- chl or opheny®) - 2, 2 di met hyl octanoi c acid ester (1.40 g,

3.73 mml ) in |aceto e 5 nm) was stifred a to 45 C. After 52
hours, the reactio
t he i

cofpl eted. The solveént rated under reduced
pressure, e d.esi s washed Wth dietRyl
1-t ert - but oxycanpgonyt-541- (2- chl or opheny1) ?-/ms

(3 x 20 nL) to afford
yl heptyl]-1
H pyrrol o] 3, 2-c]dpyridin-5-ium brom de (1.47 ¢ 66.5%yield) as a yellow

oil. 111 NMR (Field: 300 MHz, Solvent: CD30D) TM5) 8 (ppm: 10.54 (s, 1H),
8.84 (d, %%HJJ_ 6. q)lﬂ_%l)dmeSl 2%1&&)0)(%‘% acdd1- Yerﬁgl.‘?%l)estezil?eghjﬁ%stelj(bDSO ? 53 (t,

1H, J= 4. 7.4 : Hz)” 7.31 (s,
1H), 6. 96l. %mnﬂoll-))ln BVIBTS )W@HmlzgedWLtlzethyl)acetAteIO%mL zt88 mmolB aitd Hz) , 2. 72

S 5T outely Bl b @e Yha pid? A piie ni By B3 ot g 2t (1

dECOWDOS el@bu@’l faﬂ&ﬁk&i&lllrfg to %&ﬂte&pe&ﬁﬂ% hﬁﬁbtswﬂsfadded (50 mL) and the product was
5-[ 1- (2-chl or opheny - et hoxycar bon%l %I hep(éiyl 1-4,5,6,7-

t et r ahy dr SEgE mté[d@ﬂzﬂ@]hﬁwlm GHleer £x %FHY&%Q‘II ovgk posiyra syl dijtered apd |

[0424] To @ nsQlMiddOmrhetrulie Fﬁ;dhct%%xﬁ@a Em&mﬁéﬂroﬁ%f&gm(p@wmaﬁfaxgén 6- _

met hyl heptyl |-1 H pyrrol o] 3 ridin-5-iumbromde (2.4 g, 40 nmmol) in
70% Et OH {letherith beptangethed a¢egite Foapayite Ariectony@rbony lebetyl)-gircodmedti rri ng,

and in port| QN m de - g odi um

borohydr| bo F‘)’a &)gelrplfut}pl es{%rgdjﬁ ’%ﬁep}élg}]% rlHnPgM\?\{h é\%ﬂrLrIlzn (lfP m xture

was stir r&ael 4f2@r(quHS Jaouy Hz) Fne-4569 (e H) VRS0 @VBHPQ%GﬂNJ@ﬂ@JH)rEGSLQ@S
pressure and_ water was added. The gr oduct was extracted i

di chl or onftH&Nel ?%1&8 {502k, ). 69n]d5Q¢’i’é #Bnbtheed8)-d 86 3@&€T§@t%z)wepe dried

di f Th
cr ude 1 oS o D & O G B LT PP STy T

acet at e/ hm1aa®73 W) 14.86.1/ 3) to yield

5-[1-(2-chl orophenyl) - 6- et hoxycar bonyl- 6- net hyl heptyl]-4,5, 6, 7-
tetrahydro-pyrrol o[ 3, 2-c] pyridine-l-carboxylic acid tert-butyl ester (1.45
g, 60.9%yield) as a yellow oil. 111 NWMR (Field: 300 MHz, Sol vent:

CD30D/ TVB3teP 2( lSpﬂﬂlesﬂof&Q(dﬁiﬂirom mbrphblip-4- }]lp?ruh?d)n 43/1)%%pe(r(&melﬁ J=18.1, 1.5
Hz), 7.27-7.10 (m. 3H), 5.94 (d, 1H, J= 3.3 Hz), 4.16-4.13 (m 1H), 4.09
(q, 2H, Jerxgligpaid feg-gyylegteriy, J= 14.1 Hz), 3.28 (d, 1H, J = 13.5 Hz),
2.85-2.60 (m 4H), 1.98-1.76 (m 2H), 1.55 (s, 9H), 1.42 (t, 2H, J= 6.9
Hz), 1.28-1.16 (m 4H),51.2% (t, 3H J= 7.2 Hz), 1.11 (s, 6H). Y3CAMWR
[ Sol vent 13/ TVS) 8 (ppm): 177.98, 149.49, 1309. 66,

(Field: 75 ,

134.90, 129.44 ~ITR7. 60, 126484, 120.92, 119.77, |\1

83.26, 63.7 60 33 48, 81, 4 .19, 42.3Q, JYHQ, 33. 32. 8. 31
)

26. 07, 25.3@ NQ6.~14.52. HRMS ( DART- TOF) : | CaNcul 4t ed\f or yC29 N1C1N202
(M+H): 517.2828, found 517.2833. Step 3: Synthe
7-(2-chl orophenyl) -2, 2 dinmethyl-7-(1, 4,6, 7-t et Cahydro=-pyrr ol
c] pyridine-5-yl)-heptanoic acid ethyl ester. (Conpound I1) OH

[0429] Morpholine-4-carboxamidine hydrobromide (0.267 g) and 4-(2-
ethoxycarbonylacetyl)-piperidine-1-carboxylic acid tert-butyl ester (0.38 g, 1.27 mmol)
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[ 0425] 5-[ 1- ( 2- Chl or ophenyl) - 6- et hoxycar bony1- 6- net hyl heptyl1]-4,5, 6, 7-

t et rahydro-pyrrol o[ 3, 2-c] pyri di ne-1-carboxylic acid tert-butyl ester (1.0
g, 1.94 mwol2pi1vesssdi ssol ved in di chl oronet hane (40 L) ®QUAIS2@N/0567§®N

at nosphere. Trifluoracetic acid (4.0 nm., 40.7 mmol) was added to the
solution. After 2 hours, the m xture was poured into ice/water (90 nL) and
extracted with dichloronethane (3 x 20 nL). The conbi ned organic | ayers
were dried over sodiumsulfate, filtered, and concentrated under reduced
pressure. w&@@ﬂﬁéd‘ﬂ%ﬂ%@ﬁ(@é&nﬂ%ﬁd H}é&bﬁlbﬁ‘i’ouﬁlﬁe&% (s @*\&é&%ﬁ&grﬁ{éhy (silica
gel, ethyl acetate/heptane = to 1/°3) to afford 2-chl orophenyl)-2, 2
d|nethy1liaﬂmn4nﬁe¢ﬁnﬂ&bpmhywmompwmp@hmpsfﬂwcﬁpmpiwmmemﬁvqmyﬁheptan0|c aci d

et hyl ester, 4 e .as_ a 1 NVR
CEY o B hedeRENT Shd brare 232 el Y SHueiBE o, Yk 8ot 410 VR
\(]— 7. ED Hzyith 20635 adid, Thédprodect fvaS ek&éqtedﬁvﬂﬁdlzhlbﬁ)nﬁdﬁhanz B%306nbgB "1(}1:3: 1H) (5ng
s, 1 6 4.10 2H, J= 7.2 3.75
J= 13dlsh]' )net nwawmyrﬁ nﬂaﬂ %ﬁ@omwaw@r ezit%ce(%sﬂm)gﬂzz 04-1.78 (m
1. 44 cbndPrdshy el%H)lg W!-tha@‘%(ﬁlethg’fﬂl 119&%1@01%11@%630 vide JFQ6-(h§7Hro§ 1.11
(s "6H). 13C NMR (Fle MHz, Sol vent: CDC13/T 8 (pp 178. 01,
139. 87, 113q1p9q1m 1zgoymﬂmzeylzmem@meeacarbmaheacld 1epsbugyl esten @) h%g, 115 70

23 05, 14 il R G PR Ra 5N B P35 2005

417. 2295 zf@y(mi 21Dt 8ps 4, SYNLhesi.6s @f, 2/ (R4ThBerapheny hp-1272(m, 2H),

di methyl-7-(1, 4,6, 7-tetrahydro; Eyrrolo%3 2- £E¥r|d|ne 5}y¥2 he tan0|c

aci d. (COthQJMQ (mk3H), [101@2(6]9?1)(2 OI&: G AHy1G DETATMS): 5= 173.35, 166.

di met hy1-7-( 7 Vi< Ol 2 5-y1)- heptan0|c acid
et hyl estles;4 9250?52‘@% _9%3% dj%?ﬁ 4{5 B %ﬁ 2 3069‘] Eéfln%?g?% of ethanol (10 ni),
water (2.70 nL), and sodlunlhydrOX|de (0. 14 g, 3.54 mol ). The m xture was
heated to refl ux (95 98 C oiI bath) for 16 hours. After 26 hours the flask

was cool roo spl yent' was .eva der reduced
e KRS e AR S R R e
extractedaw t h di et hyl ether (15 nL). The extract was di scarded and the
aqueous portion was adjusted pH =6 with 10 N hydrochloric acid. The
product was extracted with dichlo thane (3 x 15 nL) and the conbi ned

di chl oronet hane | ayers were washéd wi}h watero {20y nL) and

The di chl or onet hane sol ution mas ied over sjodi um sul fat

concentrated i Qder reduced Sssure._The_cr

col utm chr omat ogr a (siN c /gel\ MeOH CH2C12= 1/9| t}afford
7-(2-chl oropheny1l) / Hal
di met hyl-7-(1, 4, 607 tetrahydro pW rol o[ 3, 2-c] pyridineds-yl)-heptanoic acid
(Conpound 1k, 0.11 g, 57. 9@6y|eIdPHas a yellowoil. 111 NWR (Field: 300
MHz, Sol vent: DMSQ TVB) m: 12.10 (br, 1H), 10.30 (br, 1H), 7.53 (m
1H) 7. 4304301 1H, J-co- Hydzoxr}zg mozplgdin7i- zley(lmndnzm)yl) ppsidifes]- cauhpxyle 71 (s,

151 é%"w@” 31 ifepd 1(922 O?Eo”mm@éfémﬁﬁ Fi‘t% (ydechhiofgh in dedsh L. 27

/ TVB) 8 (qm]i)aﬁandjt&relﬁfpr ]].8780@? at rd33 tﬁﬁperdtﬁ& O'he r&ABai2 Prodi2ow B3soldt2BbP 7,
]2'é5023 2}1 38?09% 4asl]1'%§wgl§et%értt8%§(gv215€é§/ 2 1§ﬁg§fl 69 plpé‘?dlr? 91 yl?f)]}7r1r5n?dm-2 5. 84,
7-(2- Chl or gphearydnloddZa (086 BYdod yicld) 4s & whitk SSIRMNI NMRYBOC M. 2-

c] pyridin-5-y1)-heptanoi c acird, hydrochl oride.

[0427] 7- (QD@D&Mﬁh&WQﬂ7$ 2 Hohi 14Y- hyd (m. §H), 4, 66 375G (e, 2ED Y02 @3 Py 6Hb[ 3, 2-

i ety ettt o 3 a0 ot Gy R O MU DIoBICLE T oy

et her) wams4addess.10T0e 681 41Ly3, a9l ¥tde00n, WRS] estavacs. @pl_vv'th water (15 ni) and
the organic |ayer was di scarded.” The aqueous solution was freeze dried to

afford 7-(2-chl orophenyl)-2,2 dinethyl-7-(1,4,6,7-

t et rahydro-pyrrol o[ 3, 2-c] pyri di ne-5-y1) - hept anoi ¢ aci d, hydrochl ori de
(Conpound Ik hydrochloride, 0.19 g, 61.9%yield) as a |light yell ow powder
(purity 97.33% by HPLC, np. 168-172 C). 11-1 NWR (Field: 300 MHz, Solvent:
CD30D/ TMS) 8 (ppm): 10.26 (br s, 1H), 7.65 (br s, 1H), 7.45-7.38 (m 4H),
6.54-6.50 (2 s, 1H, 5.84 (s, 0.5H), 5.66 (s, 0.5H), 4.79 (m 1H), 4.51 (m
1H), 4.14 -3.82 (m 2H), 3.43-2.76 (m974H), 2.43-2.09 (m 2H), 1.25-1.14
(m 4H), 1.39-0.65 (m 2H), 0.96 (s, 6H). (mxture of conformational
isoners). 13C NWR (Field: 75 MHz, Solvent: CDC13/TMs) 8 (ppm 181.52,
137.17, 132.64, 132.32, 131.75, 130.09, 129.79, 122.85, 119.88, 109.70,
106. 00, 65.79, 51.79, 51.10, 42.98, 41.43, 31.84, 27.28, 25.096, 25.76,
21.78. M5 (HR DIP-CI) Calculated for C22H30C12N202 (NHFD 389 1994, found

PNONLSN A NN N 1 NN AN~ -— oA oA a1 A PN PN ~NA
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Step 1: Synthesis of 4-(2-ethoxycarbonyl acetyl)-piperidine- 1-carboxylic
acid tert-butyl ester. [ 0428] Pi peri di ne-1, 4-di carboxylic acid
1-tert-buwol20eusesss4- et hyl ester (0.50 g, 1.94 mol) i nPDWRUSeE 10Eg78Mas

m xed with ethyl acetate (0.38 niL, 3.88 mml) and potassiumtert-butoxide
(0.33 g, 2.92 mmol ). The m xture was heated to 50 C for 20 hours. After
cooling to roomtenperature, water was added (50 nL) and the product was
extracted with diethyl ether. The ether extract was dried over sodium
sulfate, dief t4ers%th@gwofc@ncenlbfn@étﬁﬂammbﬁyrﬁﬁmﬁsgwayﬁ m@ﬁidlﬁwlﬁ bed by

col um chr omat ogr aphy on silica dgel uting with hepPane ethyl acetate to
provi de 4mQQmemhéx&@ammUhyHa¢etyl) pi peridine-1- carboxylic acid tert-butyl
ester (0.27 g, 47%yield). 111 NVR (300 MHz, CDCl13/TM5): 8 = 4.20 (q, 2H,

J= 7.2 Hz)v 2\18-4.05 ( y 3.50 (s, 2H), 2.86-2.70 (m 2H) . 68-2.55
(m 1FD .90-1.78 (m 2H), 1.60-1.50 ¢Mm 23H), 1.45 ( ] , 3H
J=7.2 Hz N 7 CII::L&LII\/B 8= 204. 21 79. 91,
61. 70 48. 93 Eﬂ%? 3.41, 28.73, 27. " ; N
4- (6- hydroxy-2 pholin-4-yl pyrim din-4- y1) per di ne-1- carboxyI|C|acid

tert-butyl ester. OH [8429] Mor phol i ne- 4- carho 1 di ne hydr obrom de
(0.267 g) and 4-(2-, ethoxycarbonyl acetyl)-piperi[di ne-1-carboxylic acid
tert-butyl ester (0 38 g, 1.27 mol) OH

[0431] 2-Morpholin-4-yl-6-piperidin-4-yl-pyrimidin-4-ol, hydrochloride salt
(0.16 g, 0.47 mmol), 2-dimethylamino-pyrimidine-5-carboxaldehyde (86 mg, 0.57
mmol), and one drop of acetic acid were mixed in dry dichloromethane (10 mL) for 3
hours at room temperature. Sodium cyanoborohydride (88 mg, 1.42 mmol) was added
and the mixture stirred for 3 days. The mixture was poured into saturated sodium
bicarbonate solution and extracted with dichloromethane (3x50 mL). The material was
purified on silica gel, eluting with 10% methanol in dichloromethane to provide 6-[1-(2-
Dimethylaminopyrimidin-5-ylmethyl)-piperidin-4-yl]-2-morpholin-4-yl-pyrimidin-4-ol
(Compound IlIa, 0.11 g, 69% yield) as a white solid. CHN Analysis: Calculated for
Cy0H29N70,: 60.13 C, 7.32 H, 24.54 N; found 57.31 C, 7.11 H, 23.68 H. Bestfit is
CaoHoN70, + 1H,0; 57.54 C, 7.48 H, 23.48 N. "H NMR (300 MHz,
CDCl/CD3OD/TMS): 6 = 8.26 (s, 2H), 5.65 (s, 1H), 3.85-3.60 (m, 8H), 3.42 (m, 2H),
3.19 (s, 6H), 3.15-2.85 (m, 3H), 2.40-2.00 (m, 2H), 2.18-1.60 (m, 4H). *C NMR (75
MHz, CDCL/CD3;0OD/TMS): 6= 173.66, 161.63, 158.91, 153.90, 116.63, 98.76, 66.56,
57.62,53.12,44.94,43.65, 37 .48, 30.26.

EXAMPLE 14. Preparation of N-(2,3-Dihydrobenzo[1,4]dioxin-6-yl)-2-(2-methoxy-

ethylamino)-acetamide, Compound XlIa

0 o o o ]

J o+ e — (L i~
@) N @)

H H
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were stirred in ethanol (10 nmL) and di azobi cycl oundecane (285 pl) was
added. The reaction stirred for 18 hours at roomtenperature. The ethanol
was renoweo 2oredeus3seduced pressure and water (25 L) wagcaded.1/034¢760
solution was acidified (to pH = 4) with acetic acid. The product was
extracted wi th dichl oronethane (4x30 nL). The dichl oronet hane was renoved
and crude product was purified twice on silica gel (Conbiflash), eluting
wi th 10% net hanol in dichloronethane to provide 4-(6-hydroxy-2-

mor phol i n[ 043 2{4' pyri m iRt -o¥ 2)chRirOK. {20'3 Hﬁﬁ?{hroclai %&a&th&ln@&.{yga&e@aﬁl{la@%ﬁyl ester
(0.15 g, %yield) as a white so VR (300 MHz

5.63 (s, rmm)ol) ﬂot@ismrrm@@n(am(lQHymolB 27aethonyctiflaming (Zamzioban(l mlh}@lH)us

2.47-2.3 1H), 1.00-1.7 ol 70-1. 1,46 (s, 9 13C

S (75 bR eyaofted g2 g Tbq i o Jiialby o The mhdytgy *T 0

26. 72, h4;5cob33,d télﬂooa«ﬂtenﬁ)@raﬁge tl%ateaavlth%mcﬁﬁate&em@ Tﬁymehpﬁms wak " o
nor ol 1 l.peri ro e Sa

[0430?4 C@qﬂya¥%&8h§ngﬁﬁﬁﬁ W1W1 ﬁﬁiwgl Bﬁh@gVTﬁﬁ%gﬁﬁﬁqﬁgﬁélﬁ car boxylic

acid ter tbelasz'éd[y |4g(ﬁ§>hﬁf6 {12239 nththdky 22hyBRInd)- YR EnAGI D R urd Nihydnagen

chloride in et’her and stirred for 18 hours at roomtenperature. The
resul tant36}%)0dﬁﬁMR6(§00 Mo ECIYTYIS):t& abi281s, dhld, ndb e dHwt hddider to

0016, “SolOr Bt €275 BiPIsCR L b A PR o bl S 6°-°
g %Z (252041§:1HZ)2:3 ﬂﬂg?%g)&eglg am,,zﬁ@%%/ﬁla A, Z%S 351202(3)%/%““/%) 532!) 171. 60
164. 86, 1M§Z1§BD(§7C@30D6EN§;%1156|%@ 14519439 21 8143381608, 193741,  Step 4:

Synthes!su%f 67{1I%%%%, %?%F%@lﬁ?%%&bgkdln 5-yl et hyl ) - pi peridin-4-yl1] - 2-

mor phol i n-
[0433]

EXAMPLE 15. Preparation of 6-[1-(3-Hydroxy-4-methoxybenzyl)-piperidin-4-yl]-
2-piperidin-1-yl-pyrimidin-4-ol, Compound IIb
/

O ()
HO N
)
N N

OH

Step 1: Synthesis of 4-(2-Ethoxycarbonyl-acetyl)-piperidine-1-carboxylic acid tert-butyl

ester.

Yo — o

[0434] Piperidine-1,4-dicarboxylic acid 1-zert-butyl ester 4-cthyl ester (0.50 g,
1.94 mmol) in DMF (5 mL) was mixed with cthyl acetate (0.38 mL, 3.88 mmol) and
potassium zert-butoxide (0.33 g, 2.92 mmol). The mixture was heated to 50 °C for 20

hours. After cooling to room temperature, water was added (50 mL) and the product was
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OH [ 0431] 2- Mor phol i n-4-y1-6-pi peridin-4-yl-pyrimdin-4-ol, hydrochloride
salt (0.16 g, 0.47 mmol ), 2-dinethylam no-pyri m di ne-5-carboxal dehyde (86
ng, 0.57 wowebiz/osa3sd one drop of acetic acid were m xed POTAISE011/056780

di chl oronet hane (10 nmL) for 3 hours at roomtenperature. Sodium

cyanobor ohydride (88 ng, 1.42 mml) was added and the m xture stirred for 3
days. The m xture was poured into saturated sodi um bi carbonate sol uti on and
extracted with dichloronethane (3x50 nit). The nmaterial was purified on
silica geéxtra@tk&'%tﬁghéfﬁ}ll ch%P%HEE&ﬁ@%%adt Wagﬂﬁ&i Wepgﬁﬁuﬂﬁ@ﬁfatt@ RV Hg 64142-
Di net hyl am nopyri m di i-5-yl net hyl) - pi peri di n-4-y1]-2-norpholin-4-yl - pyrimd
i n-4-ol (©oegouared. Ahe c@ldiprogluct(i@%p;arléb@by edumn whioratagodphy on Gitisk gelal ysi s:

Cal cul ated for H29N7 1 H, 24. - f d 57 31,C 7.11 H
23, 68 1 -l RRESaa et sl 782 B eapniocfiGR LR 1 71, Mk
(300 MHz, cafBaxiBé mﬁzla/ﬂifvﬁ)esteB(O:Zﬁg 26%{ weldgH), 5.65 (s, 1H), 3.85-3.60 (m
8H), 3.42 (m 2H), 3.19 (s, 6H), 3.15-2.85 (m 3H), 2.40-2.00 (m 2H),
2.18-1.60 (m 4H). 13C NWR (75 MHz, CDC13/CD30D/ TMS): 8= 173.66, 161.63,
158. 91, 143 QOSyri]ElJ;tesQ;fA (%&l]c@@xﬁ@-p%@ndéﬁ @12pyr§1§dﬂa24-yﬂ$ip%ﬁdlné3l-65 37. 48,
30.26. EXAMPLE 14. Preparation of

N- (2, 3- DWWMb@M@)[eﬂ-W]MMQﬁWn 6-y1) - 2- (2- met hoxyet hyl ani no) - acet ani de,
Conpound Xla 0 /0 ON + H WD 2012/ 054535PCT/ US2011/ 056780 [0432] A m xture
of 2-chloro-N (2, 3-di hyg)ro 1,4- benzodi oxi n-6-yl )acetani de (2 mmol)
pot assi um carbonate (10jmmol )i, 2-nethoxyethylanm ne (2 mmol) and akhydr
DVF (4 nml) S sti r ours\at 100 C (ymonitored by TLC).
was cool e o tofdmtefperafureCtredted with ol d water (30 nlL).
precipitatejnas ol lected by filtration, Wa (th
dried to affo
N- (2, 3-di hydr obenzo[ 1, 4] di oxi n-6-y1) - 2- ( 2- net hox)* et h
(Compound Xla, 96 ng, 36% . 11-1 NWMR (300 MHz, CDC13/ TM5): 8 = 9.9 (s,
1H, 7.24 (d, 1H, J= 2.4 Hz), 6.97 (dd, 1H, J= 8.7, 2.4 Hz), 6.78 PH 1H,
J= 8.7 Hz), 4324.15(m 4H), 3.46 (t, 2H, J= 4.8 Hz), 3.36 (s, 3H), 3.34

J= 4.8 Hz 2.17
(CD013/ cos@é% gjd%g(lzmol) T&%dlf%ﬂveﬂslg a@hzyd%fglweow&még Tothe 74,
108. 89, 7<;lbté}aed s@ﬁm%ﬁ Plﬁémﬁ@e 1é§pb@§am1§%e§65 n{’o?)@és cak%%SlddEa(ﬁl\{E’deorﬂsS

Preparation of 6-[1 - (13- Hydr oxy- 4- met hoxybenzy1) - pi peridi n-4-y ;
2- pi per i dfren-2tetigrycarbenyiadetyl)-pirco dpounedrhaxpilic acid tert-butyl ester (0.5 mol)

was added dropwise, and the mixture was stirred at reflux for 4-6 h (monitored by TLC),

cooled to room temperature, concentrated, diluted with water (300 mL) and acidified with
acctic acid to pH-4. The formed precipitate was collected by filtration, washed with water
and dried to afford 4-(6-hydroxy-2-piperidin-1-yl-pyrimidin-4-yl)-piperidine-1-
carboxylic acid zert-butyl ester (89 g, 49%).

Step 3: Synthesis of 6-Piperidin-4-yl-2-piperidin-1-yl-pyrimidin-4-ol, hydrochloride salt.

N N
\( A
N A
HCI
OH

[0436] A suspension of 4-(6-hydroxy-2-piperidin-1-yl-pyrimidin-4-yl)-
piperidine-1-carboxylic acid tert-butyl ester (0.05 mol) in 15% HCI in dioxane (100 mL)
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/ 0 HO OH Step 1: Synthesis of

4- (2- Et hoxycarbonyl -acetyl ) - pi peri di ne-1-carboxylic acid tert-butyl ester.
[ 0434] Pi peoi2diznE4B54- di carboxylic acid 1-tert-butyl estecTASethypbe7est er
(0.50 g, 1.94 mmol) in DWW (5 nL) was m xed with ethyl acetate (0.38 ni,
3.88 mml ) and potassiumtert-butoxide (0.33 g, 2.92 mmol ). The m xture was
heated to 50 C for 20 hours. After cooling to roomtenperature, water was
added (50 nlL) and the product was extracted with diethyl ether. The ether

extract Wag &Eﬂe&gt r‘éﬂﬁi fo?@cﬂoﬂf? z'i%xf I%E&mnfv&a!stc%lﬁléuﬂriﬂe HARGENL Absdy, The crude

product was purif by columm chromat ography on silica gel, eluting with
hept ane- eltrh@lplt%@waaﬁbert:d) Vmsmdw]k&l dl%’(eﬂleeamb&lwdapbbhyiﬁamem@lh%ﬂr%er| di ne- 1-

car boxyl i c acy. d ert bu 7% | d). St ep 2: Synthesis of
4- ( 6- HydrioRy'* ng?/f“a“&d O?Sn %rocgf%n (lﬁ %y/gerl di ne-1- carboxylic acid
tert-butyl ester OH

Step 4: Synthesis of 6-[1-(3-Hydroxy-4-methoxy-benzyl)-piperidin-4-yl]-2-piperidin-1-

yl-pyrimidin-4-ol.

O NH
N N N
T o Q\‘ N\ /\©\ e
N
o T |
Hel F
OH
OH

[0437] A mixture of 6-Piperidin-4-yl-2-piperidin-1-yl-pyrimidin-4-ol,
hydrochloride salt (2.0 mmol), 3-hydroxy-4-methoxy-benzaldehyde (2.6 mmol),
tricthylamine (4.0 mmol) and 3 drops of acetic acid in dry dichloromethane (20 mL) was
stirred at room temperature for 3 hours. Then sodium triacetoxyborohydride (6.0 mmol)
was added in portions and stirring was continued for 48 hours (monitored by TLC). The
mixture was quenched with saturated aqueous sodium bicarbonate solution (20 mL), and
the product was extracted with dichloromethane (2x10 mL). The extracts were washed
with brine and dried over sodium sulfate. The solvent was evaporated in vacuo to give a
crude product. Purification via column chromatography (silica gel, cthyl acctate/hexanc)
afforded 6-[1-(3-hydroxy-4-methoxy-benzyl)-piperidin-4-yl]-2-piperidin-1-yl-pyrimidin-
4-0l (Compound IIb, 542 mg, 68%).

EXAMPLE 16. Preparation of 6-(1-(4-(methylamino)benzyl)piperidin-4-yl)-2-
(piperidin-1-yl)pyrimidin-4-ol, Compound Ilc

N

/t/ N

N N ™~
N

201



[ 0435] Sodi um (1 nol) was dissol ved in anhydrous ethanol (400 nL). To the
obt ai ned sol ution, Piperidine-I|-carboxamdine (0.5 nol) was carefully added
i n porti one.20Ems34- ( 2- et hoxycar bonyl - acet yl) - pi peri di necTAsarbozeBe c aci d
tert-butyl ester (0.5 nol) was added dropwi se, and the m xture was stirred
at reflux for 4-6 h (nonitored by TLC), cooled to roomtenperature,
concentrated, diluted with water (300 nL) and acidified with acetic acid to
pH 4. The formed precipitate was collected by filtration, washed with water
and dri edStEB 1@%&%953_ of 4-(2-Ethoxycarbonyl-acetyl)-piperidine-1-carboxylic acid tert-butyl .
4-(6-hydroxy-2-p|per|d|n-l-yl-pyrlnldln-4-yf)-p|per|d|ne-l- carboxylic acid
tert-butyisteester (89 g, 49% . Step 3: Synthesis of

6- Pi peridi n-4-yl1-2-pi peridin-1-yl-pyrimdin-4-ol, hydgochloride salt. OH

[ 0436] A suspensi on of 4-]6-hydroxy-2-piperidin-1-yl-p di n-4-y1)-
piperidine-h\%frbo i bd”%ert-butyl es%g* (O R 15%HCL in

di oxane (100 ) tirred at reflyux fon 2 After reaction was
conpl et ed t heOrg s cool ed, precipit&te | tered, washed with dry
ether and dried|to obtain 6-piperidin-4-yl-2-

pi peridin-1-yl-gyrimdin-4-ol, hydrochlorideGsalt (12 g, 81% . Step 4:

Synt hesi s e AL ST, )

641- (3- w[gg%ﬂy 4- ot oDl AR seteihl F 08 o gt PO LY pyr i mi di -
4-ol . [O4BRA iMDNBI(®mbf) was mixed with ethyl acetate (0.38 mL, 3.88 mmol) and

6-Pi peri dﬁo?ésgih}{llt_e%:bglltoei?c{el (8.‘39%}2.%& _npngli r’q,}g:iel rpli_xltllirg Iw’as heated to 50 °C for 20

hours. After cooling to room temperature, water was added (50 mL) and the product was

extracted with diethyl ether. The ether extract was dried over sodium sulfate, filtered and
concentrated. The crude product was purified by column chromatography on silica gel,
cluting with heptane-ethyl acetate to provide 4-(2-cthoxycarbonyl-acetyl)-piperidine-1-
carboxylic acid tert-butyl ester (0.27 g, 47% yield).

Step 2: Synthesis of tert-butyl 4-(6-hydroxy-2-(piperidin-1-yl)pyrimidin-4-yl)piperidine-

1-carboxylate
o} o} < >
N N
T e
hg IS e,
o] 0 =
OH

[0439] Sodium (1 mol) was dissolved in anhydrous ethanol (400 mL). To the
obtained solution, Piperidine-1-carboxamidine (0.5 mol) was carcfully added in portions.
Then 4-(2-cthoxycarbonyl-acetyl)-piperidine-1-carboxylic acid tert-butyl ester (0.5 mol)
was added dropwise, and the mixture was stirred at reflux for 4-6 h (monitored by TLC),
cooled to room temperature, concentrated, diluted with water (300 mL) and acidified with
acctic acid to pH-4. The formed precipitate was collected by filtration, washed with water
and dried to afford 4-(6-hydroxy-2-piperidin-1-yl-pyrimidin-4-yl)-piperidine-1-
carboxylic acid tertbutyl ester (80 g, 44%).
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hydrochl oride salt (2.0 nmol), 3-hydroxy-4-nmethoxy-benzal dehyde (2 6 mmol ),
triethylamne (4 O mmol) and 3 drops of acetic acid in dry dichloronethane
(20 nmL) wae28td0sudd at roomtenperature for 3 hours. ThenTASANMWE6780
triacet oxyborohydride (6 O mmol) was added in portions and stirring was
continued for 48 hours (nonitored by TLC). The m xture was quenched with
sat ur at ed aqueous sodi um bi carbonate solution (20 nL), and the product was
extracted with dichloronethane (2x10 nmL). The extracts were washed with
brine and dried over sodiumsulfate. The solvent was evaporated in vacuo to
give a crude product. Purification via colum chromatography (silica gel,
et hyl ace$tap 81 hentbayes)of df (pbedéia-1-y1)-6-(piperidin-4-yl)pyrimidin-4-ol hydrochloride.
6- [ 1- ( 3- hydr oxy- 4- net hoxy- benzyl) - pi eri di n-4-y1]-2-piperidin-1-yl-pyrim di
n4-ol (Conpound I1b, 542 ng, 68%/( MPLE 1@eparat|
S

6- (1- (4- (et hyl am no) benzyl ) pi per -4-y1)
(pi peridin-1-yl rimdin-4-ol mpound He esi s of

4- (2- Et hoxycarbonyl\Nacgt y1)- piperydi ne- 1-car boxyll acjjd tert-butyl ester.
[ 0438] Pi peri di ne- 1, A-dicar BOxXW_i C facid 1-tert- but yl teryf-ethyl ester
(0.50 g, 1.94 mml) in DM (5 nm)\was m xed with ethy acetate (0.38 ni,
3.88 mmol) and potassiumtert-buto¥Xide (0.33 g, 2.92 mmol ). The mi xture was
heat ed to[OMI)]C f or ARGushaision. of Af(betydoagid-piged dini odmpytimigieratlsr e, wat er was

added (50 .nL roduc s extr ed wt hy]. eth e et her
oxt ract wRbinagesben Tegatim Sab fere, 55 Fioa L efor BoeaThe. or ude
product Wass d@l%ﬂfa! @ﬂubf’orQQJonEnAﬁ@f&H&kﬁ%a@l%%pl&&d&hé mBRugSas c6dI8d,i Ng Wi th
hept ane-et hyl acetate to provide 4-(2-ethoxycarbonyl -acetyl)-piperidine-1-

car boxy| i re@pitaie way fillgzed. yyaskesdh with diy cpher gnd drpadb to jobtagn) 2- msnéth-‘l Wyt hesi s of

tert-buty, _1- 4- 0
4- (6- hydr%ﬁe“ g P Ly P R e & 47 612 Chr boxyl ate o
[ 0439] Sodi um (1 m)l) was di ssol ved in anhydrous ethanol (400 nL). To the

Step 4: Synthesis of 6-(1-(4-(methylamino)benzyl)piperidin-4-yl)-2-(piperidin-1-
yl)pyrimidin-4-ol.

NH
N N\ . | "
Y \( AN N/
No .~ Nl H
HCl =
OH
OH

[0441] A mixture of 6-piperidin-4-yl-2-piperidin-1-yl-pyrimidin-4-ol,
hydrochloride salt (2.0 mmol), 2-methylaminopyrimidine-5-carbaldehyde (2.6 mmol),
tricthylamine (4.0 mmol) and 3 drops of acetic acid in dry dichloromethane (20 mL) was
stirred at room temperature for 3 hours. Then sodium triacetoxyborohydride (6.0 mmol)
was added in portions and stirring was continued for 48 hours (monitored by TLC). The
mixture was quenched with saturated aqueous sodium bicarbonate solution (20 mL), and
the product was extracted with dichloromethane (2x10 mL). The extracts were washed
with brine and dried over sodium sulfate. The solvent was evaporated in vacuo to give a
crude product. Purification via column chromatography (silica gel, cthyl acctate/hexanc)
afforded 6-[1-(2-methylaminopyrimidin-5-ylmethyl)-piperidin-4-yl]-2-piperidin-1-yl-
pyrimidin-4-ol (Compound Ilc, 637 mg, 83%).
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obt ai ned sol ution, Piperidine-I|-carboxamdine (0.5 nol) was carefully added
in portions. Then 4-(2-ethoxycarbonyl -acetyl)-piperidine-1-carboxylic acid
tert-but Wwoest254¢38. 5 nol ) was added dropwi se, and the rCItUsc@1IWwaEsstirred
at reflux for 4-6 h (nonitored by TLC), cooled to roomtenperature,
concentrated, diluted with water (300 nL) and acidified with acetic acid to
pH 4. The forned precipitate was collected by filtration, washed with water
and dried to afford

4- (6- hydroxy- 2-pi peridin-1-yl-pyrimdin-4-yl)-piperidine-1- carboxylic acid
tertbutyl ester (80 g, 449 . Step 3: Synthesis of

2- (pi perigH 6 i JWeJ PR gy k- 4~ Bé‘% hlgori de. CH

[ 0440] A s%ljé%lev%g]iy%?l”'or ﬁ‘ﬁ’*‘?ﬁ%‘g’&‘?%‘%}‘*@%‘? 6316:11? r?ﬁlfggﬂl pyrlﬁﬁih’a‘i n-4-yl)-

pi peri di newreloH;Lebquinoxakiné]el-yipmethbnond, Cemippund VI nol) in 15% HCL in

di oxane (100 nlL) was stirred at reflux for 2 hours. After reaction was
conpleted the m xture was cool g\ precipitate was filtered, washed with dry
ether and dried to obtain 2-noyphplin-4-yl-6-

Pi peri di n- 4- y1- 2- pi peri di n-1 - yN="pyr /

82% . Step 4: Synthesis of

6- (1- (4- (et hyl am no) benz @. =/4-y1)-= ridin-l-
yl ) pyri m din-4-ol. OH [ 0444] A m xture of

6- pi peridin-4-yl1-2-piperidin-1-yl-pyrimdi Nn-47/0l, hydrochloride salt (2.0
mol ), 2-nmet hyl am nopyri m di ne-5-car bal dehyde (2 6 mol ), triethylamne (4
0 mmol ) aStep 3: Symhsisaff 4deBthydroagyirlo[h,2eb]guidoahhosmmedpgradin2d-nl) was
stirred at roopteg%erﬁt re. for 3 hours. Then sodiumtriacetoxyborohydride
(6 0 ol SPrRREE GRS 7 Y -ons and stirring was continued for 48 hours

(monitored by TLC). The m xture was Qy hed with saturated agueous sodi um

bi car bonat e sol ution 420 m.), and t he/ wwas_extracted with

di chl or onet e\(2x14 The extras : ed With rinz and dried

over sodi um|sul & e.oI vent was e&vap i t*km-{o gi ve a crude

product. PurTTcation=#a col um chronmat ogya ilfca g&l, ethyl

acet at e/ hexane) affofded 6- [1 -(2 -nethyl/am Ropyri m

di n-5-yl met hyl ) - pi #8ri di n-4-yl] -2-piperi &in-1>yl pyrindin-4- ol (Conpound

ll1c, 637 ng, 83%.
[0442] 2-Pyrrol-1-yl-phenylamine (0.05 mol) and N-Boc-piperidone (0.05 mol)

were dissolved in ethanol (50 mL), p-toluenesulphonic acid monohydrate as catalyst was
added, stirred reaction mixture was heated to reflux during 2-3 h under argon. The
reaction was monitored by TLC. Formed product was filtered, washed with cold ethanol
and dried affording 4,5-dihydro-pyrrolo[1,2-a]quinoxaline-spiro-4-piperidine-1-
carboxylic acid rert-butyl ester (7 g, 44%). "H NMR (300 MHz, CDCl/TMS) & 7.30 (d,
J=7.5Hz, 1H), 7.18-7.12 (m, 1H), 6.97 (t, /= 7.4 Hz, 1H), 6.84 (t, J= 7.6 Hz, 1H), 6.78
(d,J=8.1 Hz, 1H), 6.30 (t, /= 3.0 Hz, 1H), 6.07-6.02 (m, 1H), 4.21 (s, 1H), 3.95-3.77
(m, 2H), 3.30-3.17 (m, 2H), 2.15-1.90 (m, 2H), 1.90-1.78 (m, 2H), 1.47 (s, 9H). *C
NMR (75 MHz, CDCL/TMS) 6 154.55, 133.87, 133.03, 125.53, 124.59, 119.45, 116.06,
114.49, 114.26, 109.83, 102.62, 79.69, 51.10, 39.58, 35.50, 28.38.

Step 2: Synthesis of the free amine.
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EXAMPLE 17. Preparation of isochroman-1-y1(5' H spiro[piperidine-4,4'-

pyrrol o[ 1, 2-a] qui noxal i ne] - 1-yl ) met hanone, Conpound Vila Step 1: Synthesis
of 4, 5- Diwpanr/g3ys3sol o[ 1, 2- a] qui noxal i ne-spi r o- 4- pi peri #cmArS01108678OXY! i C
acid tert-butyl ester. [ 0442] 2-Pyrrol -1-yl - phenyl am ne (0.05 nol) and

N- Boc- pi peri done (0.05 nol) were dissolved in ethanol (50 ni),

p-t ol uenesul phoni ¢ aci d nonohydrate as catal yst was added, stirred reaction
m xture was heated to reflux during 2-3 h under argon. The reaction was

noni tored by —For med product was filtered, washed with cold ethanol and
dried affordi -lepydro pyrrol o 2-al qui noxal i ne- @pl [ 0- 4-hpi peri di ne- 1-
d t é 4 ,

carboxylic ac tet b | e ter 7 4% 11
7.30 (d, J= 7.5 #
(t, J=7.6 Hz, 1H)\
6.07-6.02 (m 1H), , lH) 395377(m M, 3

2.15-1.90 (m 2H), -1.78 (m 2H), 1.47 (s, 9H). 134 (75 MHz,
CDC13/ TMs) 8 154.55, 133.87, 133.03, 125.53, 124.59, 119.45, 116. 06,

égl-flft ﬁgsl é[bg%ﬁ? h elfO I‘9 658 B&Hﬁ ng}ggolo z% Ei?lulng)g'alljﬁeo sp1§0945p§per1 151’1650031‘]:?08)(}/ 1? Step 2:

[ 0443] 4, 5zci RRyhulyl RyeF @.10hhd1) %aghﬁgulwlahso?ﬁ)pamlr(@e(ﬂmm ReT wal atcd tgar boxylic
acid tert-butyl ester 5g‘_]g‘.l nol) was dissolved in isopropanol (100 nmL) and

was heat eigflp Togfigaigus edingéﬁu&@ 44 miriéel (1ot & dioxang was apisH qramr- 1699 i n
di oxane r ori de was
f or med a\é\%\?\,ﬁl te%g? g’(%?%fo}tmae?g?rﬁﬁgh &?f %@gd@mﬁ% gg%def @g%ﬁﬁ?ﬁ%&?gﬁ 30-40

M nut es tmlx@unpxlaehwtdzd’te refbecfor 40 Eii]hutcsabicoxmpg:m/tbe reaction. Filtration gave

4,5-di h roIo ui no allne Si |ro rochlorlde
Mg e S B A St A S PR LA

hydr ochl omihgleromlr@lomma]qhﬁlsmlmedpirmweefdu(eSEydfbahlcamé seld /AE Hl@@ledtlﬁ solid
pot assi um carbonate to pH precipitate was collected by filtration

af f or di ngVa#eESinHy g 651563}10}1?}1 W[ﬂiscélddm@ﬁlﬁ%rh%@m P78 The pescinifelie (22 g

9 f 8 ,
74 :{05 ?‘S 1 1\5§sﬁclon@<is_t|)€d b}lﬁﬁra%ffg‘lggl%w dlh%];%/rr-g%@ 25 %%(Yuu?(&aﬁn%sgr}o-,zt- g 29 Hft | 151) i

3.0 Hz, 1pieridinc0@2 §.98% ) (@rfred bise. HBTMRQOOJMHZ, GDGBs/’(MS)ﬁI—T)zS @, 0778 85 (m
4H), 2.0 9 79 ( C13( TMBS) 8
134 13 1 &13137(%%%21% TP ok &% 12 ) 13600 B2 M By (P

Hz, 1H), 6.08-6.04 (m, 1H), 4.39 (s, 1H), 3.69 (s, 1H), 3.07-2.85 (m, 4H), 2.03-1.90 (m,

2H), 1.90-1.79 (m, 2H). *C NMR (75 MHz, CDCL;/TMS) & 134.13, 134.01, 125.45,

124.49,119.11, 115.88, 114.41, 114.02, 109.77, 102.53, 66.96, 51.26, 42.07, 36.54.

Step 3: Synthesis of isochroman-1-yl(5'H-spiro[piperidine-4,4'-pyrrolo[ 1,2-

a]quinoxaline]-1-yl)methanone.

©(§ Y% Qdcﬁ

A mixture of 4,5-dihydropyrrolo[1,2-a]quinoxaline-spiro-4-piperidine (2.0 mmol),
tricthylamine (2 mmol), isochroman-1-carboxylic acid (2 mmol) and Benzotriazole-1-yl-
oxy-tris-(dimethylamino)-phosphonium hexafluorophosphate (2 mmol) in

dichloromethane (10 mL) was stirred at room temperature for 16 hours. The mixture was
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124. 49, 119.11, 115.88, 114.41, 114.02, 109.77, 102.53, 66.96, 51.26,
42.07, 36.54. Step 3: Synthesis of

i sochr onewel2012105%336+ spi r o[ pi peri di ne-4, 4" -pyrrol o[ 1, 2- PCT/US2011/056780

a] qui noxal i ne] - 1-yl ) met hanone. A m xture of

4, 5-di hydropyrrol o[ 1, 2- a] qui noxal i ne-spi ro-4-piperidine (2 0 nol),
triethylamne (2 nmol), isochroman-|-carboxylic acid (2 nmol) and

Benzotri azol e-1-yl oxy-tris-(di met hyl am no) - phosphoni um hexaf | uor ophosphat e
(2 mmol) diindicaier QRkBENROAL ol MBSLSRIL (RHoRY10 pEMJiREpRGAl ur e for 16
hours. The m xture was quenched wth saturated aqueous sodi um bi carbonate
sol uti on ob@s, and the@tqdmptewjasfe@traczedmuh dlchb)minﬂh@ep@?oldlmm Whs cembmadt ed with
di chl or onet han ani re dried over

o um surPAb s A T B By S B P LE b P b e

pr oduct . g?uerhEﬂudaptodﬁctvmﬁlfmah@mﬂa@hlluﬁmiaihagﬂiaa@wph(yqslﬂm:gelgalhyl et hyl

acet at e/ hexane) af ded . MY ot i 1 \

i sochr omefetat ezlf a5+ ﬁfﬁﬁdﬁ% [spetsempeil néOAT-apirqhpipeading-4.4opyrrolofl.2-

2] qut noxael e OIShARI0NS, MR EDCIGRRS/STAE. 85 fm3iny - 05 (1
6H) , 69?,Xanéq%8 Fz, 1H), 6.87-6. 71 AL 3T
0.5H), 6. Q% (dd, J 3433, Ql&ﬂg 1H)5|—87 6610071 I, 63&(12Jr3|—Iszm5ﬂ¥D,,625(88ﬁd J=

3 485 12" ?E? 35470575 05y G T2 Phe BRE S0 49420, (o,

2H), 1.44403 @6, I 3.913H8.(m QJHD\II\QRS(?@ MﬂzzH)CE)GJ&@/%l\(B) 18{)123122 188 (1h29. 01,
127.24, 126.29, 125.68, 124.63, 102,92 79.59, 79.39, 64.55, 51. 36,
41.63, 412.50). 158- 6% (13@H0!.444.36gm, 8 éHéz CWBWS MHzCRCLAIMS) dn

(2- Et hyl g 3

(2, by o V12000 . 3Py A P 26 0. 25 124163,

2- chl or oatl9yd4ohi €.30, 11&4.20 (1]1@56n1ﬁ9|91 W9 ddzdl dioapni’2.89.a84. 6061 .3@nd t he

m xt ure s, stir reflu r hours. Then concentrated sulfuric
acid (94%fﬁ\§é§%a%gg‘ggrﬁ({9hé5ﬁf@ e was further heated for 6 hours.
After cooling to roomtenperature the m xture was quenched w th anhydrous
sodi um car bonate (105 mmol) and the sol vent was renoved under reduced
pressure. The residue S{reated with water (100 tri and the product
extracted with ethyl e (3*'1 ). The conbineg gani c extracts were
dried over anhydrouswr sium sul f af'e and-thessol vént Twas renoved under
reduced pressure. The regi due was puiified by col um chwomat ography to give

\

(28 nmol) of 2-(2-Ethyl-phenyl)-2H pyrazol - 3-yl am ¥ H NVR (300 MHz,
CDC13/ TMVB) 87.44-7.351(m 3H) 7360725(m 2H) , 55 d J =21 Hz,
1H), 3.57 (br s, 2H), 2.49 (q, J= 7.6 Hz, , 1.10 (t, J=7.6 Hz, 3H),

igg 4';"VR1 58%’“4%12; 13( %@zoén %‘h? 6§8~di1§42 ?0 (3539:0%1) 132493 uisdidm? 7
cthyl enedmmmetei‘mdwmﬁ‘e (20 mg) in methanol (60 ml), 2-chloroacrylonitrile 2 (105
mmol) was added dropwise at 60°C, and the mixture was stirred under reflux for 8 hours.
Then concentrated sulfuric acid (94 mmol) was added and the mixture was further heated
for 6 hours. After cooling to room temperature the mixture was quenched with anhydrous
sodium carbonate (105 mmol) and the solvent was removed under reduced pressure. The
residue was treated with water (100 mL) and the product extracted with ethyl acetate
(3*100 mL}. The combined organic extracts were dried over anhydrous magnesium
sulfate and the solvent was removed under reduced pressure. The residue was purified by
column chromatography to give (28 mmol} of 2-(2-Ethyl-phenyl}-2H-pyrazol-3-ylamine
3. 'TH NMR (300 MHz, CDCL/TMS) & 7.44-7.35 (m, 3H), 7.30-7.25 (m, 2H), 5.57 (d, J
= 2.1 Hz, 1H), 3.57 (br s, 2H), 2.49 (q, J = 7.6 Hz, 2H), 1.10 (t, J = 7.6 Hz, 3H),. ©
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To 2-(2-Ethyl-phenyl)-2H pyrazol -3-ylamne 3 (25.9 mmol) in EtOH (150 m was
added 3- Et hoxy- 4- hydr oxy- benzal dehyde 5 (28.5 mmol ), followed by Ml drum s
Acid 4 (28020154335 The reaction m xture was heated to PETUSRé@ns@BE er 2
hours, the reaction m xture was cooled to roomtenperature, and
concentrated under reduced pressure. The residue was treated with water
(100 m.) and the product was extracted w th dichlorotnethane (200 nL). The
organi c extract was dried over anhydrous nagnesium sul fate.and the sol vent
was renov r C r 156 e j ri-Ggied C

vas 1 er Og$g16ﬁ§,7st1ﬂtﬂg, g?ocegl/ggﬁ(i fﬁmgﬁ@l 342(?@, 9563885 BY 12914891 Y4 1CPb#ER

4- ( 3- Et hokp-55; By.d0.404phedy/ 1) - 1- ( 2-

et hyl - phenyl)-1, 4,5, 7-tetrahydro- pyrazol o[ 3, 4-b] pyridin-6-one 6. 11-1 NWR
(300 MHz, CDC13/TMs) 8 7.44-7.35 (m 3H), 7.30-7.25 (m 2H), 5.57 (d, J=
2.1 Hz, 1H), 3.57 (br s, 2H), 2.49 (gq, J =7.6 Hz, 2H, _1.10 (t, J = 7.6

Hz, 3H); "C NMR (75 MHz, CDC13/TMS) 8 145.20, 142.60, 62, 135.93,

129. 47, 129. 27.88, 126.55, 88.70, 24 4, 14.34. LE 17.

Preparatign 1- (2- Am np- pyri m di n-5-y[ met hyl ) - pi peyi drn=N-

y1] - 2- pi perT dif- 1- yI - pyr b §%69.46
t hyl

The

To a m xture gN_ et hyl

acet at e (S%W-BUCK( [Bofol) was” a )

m xture was stirred at roomtenperature feor 3h (nonitor@&d by \@
concentrated up to a ha4f of volume, diluted with water (260 ni and’

extacted with ether. Organic | ayer was dried over sodium sul fate and
evaporated in vacuo. Purification by colum chromatography (silica gel,

et hyl acetabepbhaxangkndf-bardedol-3-ylamine 3 (25.9 mmol) in EtOH (150 mL) was

4- (2- et hoxycar bonyl - acet y1) - pi peridi ne-1-carboxylic acid tertbutyl ester
(78 g, 52dpd 3-Etlgpdidhyqraxsbinyaldely ddiSssd S veaod nfodangdiPo bitelévmantiid #4400 ni) .
To the Ob(tzg,'égﬁ%oﬁp#% LoD 19%1% %a@%‘ I e§ X Q%ﬁrﬁ)éy Nr (20310%1‘5%6) rh@Rn
careful | y added 1'n portrons. en 4-(35-

Et hoxycaribomyt wae ebyldd tqpicper edibaretuke, cad baxcghirgedichdtr teutedoprtyshreeskier (0.5

mol ) was added dropw se, and the mxture s.stirred at reflux for 4-6 h
(roni t or 4 B0° T4 TeREE) W (¥ o dM] eRbLrifuFE, PEEe AP atueed Milbed wi t h
wat er ( 30QcHbhonrdna ¢ zfnngdﬂW bild e @kirGot apdsdirted Plar 4nhybiRgusfREdmedum

y

precipitate was collected filtration, washed with water and dried to
af ford  sulfate.and the solvent was removed at reduced pressure. The residue was purified by

& (8 Eﬁ?; e;%g}ggggg)%g{pﬁ% é(f%’;!:rb?iﬁé (1 o tul)s- PhBer L dh BSx i pRanexyl.i ¢ acid
ethyl-phenyl)-1,4,5, 7-tetrahydro-pyrazolo[3,4-bpyridin-6-one 6. "H NMR (300 MHz,
CDCL/TMS) & 7.44-7.35 (m, 3H), 7.30-7.25 (m, 2H), 5.57 (d, J = 2.1 Hz, 1H), 3.57 (br
s, 2H), 2.49 (q, J = 7.6 Hz, 2H), 1.10 (t, J = 7.6 Hz, 3H); “C NMR (75 MHz,
CDCL/TMS) 6 145.20, 142.60, 139.62, 135.93, 129.47, 129.41, 127.88, 126.55, 88.70,

24.04, 14.34.

EXAMPLE 17. Preparation of 6-[1-(2-Amino-pyrimidin-5-ylmethyl)-piperidin-4-
vl]-2-piperidin-1-yl-pyrimidin-4-ol, Compound IId
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00 0,1r, N, ...... ,....- 0 A suspension of 4-(6-hydroxy-2-p iperi din-1
-yl-pyrimdin-4-yl)-pip eridine-1-carboxylic acid tert-butyl ester (0.05
nol ) i n Ne@02biR105u335di oxane (100 nmL) was stirred at refl @xTfuseo12/0b6780 S.
After reaction was conpleted the m xture was cool ed, precipitate was
filtered, washed with dry ether and dried to obtain

6- Pi peridin-4-yl-2-piperidin-1-yl-pyrimdin-4- ol as hydrochloride (12 g,
829 . A m xture of 6-piperidin-4-yl-2-piperidin-1-yl-pyrimdin-4-ol (2 0
mol ), 2-am nopyri m di ne-5-carbal dehyde (2 mmol ), triethylamne (4 0
mol ) and 3 drops of acetic acid in dry dijchljoronethane (20 nmL) was stirred
at roomtenperature for 3 hours. Then sodi triacet oxyborohydride (6 O
nmol ) was added in portions}gﬁd stirring wak continued for 48 hours
(monitored by TLC). The nixt&:;zmas guenc éﬁ{%ﬁth sat urated agueous sodi um

bi carbonate solution (20 nli), nd)t he Was extracted with
di chl oronet hane (2x10 nlL). The ragts re washed with brine and dried
S aporated in vacuo to give a crude

over sodium sul fate. The sol vent
product. Purification via colum chmopgg4sgr aphy (silica gel, ethyl
acet at e/ hexane) affor

64142- Ami HopJttHicHt ﬁt-hgf&rl?ﬁé‘flﬁwn)“ﬁ?ﬁ'/b'é?ﬁba’fﬂ@ta1‘2/iﬁoé)-aﬁﬂﬁé‘ryil a5t ynelyr i mi di n
-4-ol ( 6OtGBﬂi@K( 1852%1) wasMded in some portions at 0 C. The mixture was stirred at room

temperature for 3h (monitored by TLC), concentrated up to a half of volume, diluted with

water (200 mL) and extacted with ether. Organic layer was dried over sodium sulfate and

evaporated in vacuo. Purification by column chromatography (silica gel, cthyl

acctate/hexanc) afforded 4-(2-cthoxycarbonyl-acetyl)-piperidine- 1-carboxylic acid tert-
butyl ester (78 g, 52 %)

i%O)LO/\_’i%O)ULO/\

Sodium (1 mol) was dissolved in anhydrous ethanol (400 mL). To the obtained solution,
Piperidine-1-carboxamidine (0.5 mol) was carcfully added in portions. Then 4-(2-
Ethoxycarbonyl-acetyl)-piperidine-1-carboxylic acid tert-butyl ester (0.5 mol) was added
dropwise, and the mixture was stirred at reflux for 4-6 h (monitored by TLC), cooled to
room temperature, concentrated, diluted with water (300 mL) and acidified with acetic
acid to pH-4. The formed precipitate was collected by filtration, washed with water and
dried to afford 4-(6-Hydroxy-2-piperidin-1-yl-pyrimidin-4-yl)-piperidine-1-carboxylic
acid tert-butyl ester (82 g, 45%).

o 0
+ O)\/Lo/\ N>_ <N :
0 N - .
14 = o
o) —
0
o)

A suspension of 4-(6-hydroxy-2-piperidin- 1 -yl-pyrimidin-4-yl)-piperidine- 1 -carboxylic

acid tert-butyl ester (0.05 mol) in 15% HCI in dioxane (100 mL) was stirred at reflux for

2 hours. After reaction was completed the mixture was cooled, precipitate was filtered,
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N1- N O N-/ N\CN EXAWPLE 18. Preparation of
i sochroman-1-y1(5' H-spiro[ pi peridi ne-4,4'-

pyrrol o[ Iw@-2ajxpsussexal i ne] - 1-yl ) met hanone, Conpound Vil &CTfusan1120539@. 50

Step 1. Synthesis of

4, 5-Di hydr o-pyrrol o[ 1, 2- a] qui noxal i ne- spi r o- 4- pi peri di ne- 1-

tert-butyl ester. NOf.w = 158.200 f.w. = 339.44

carboxylic acid

[ 0444] 2- Pyrrol - 1-yl - phenyl ami ne (0.05 nol) and N-Boc- pi peridone (0.05 nol)
were dis S@és}ﬁ@&iw'ltﬂ d%l Q803 %hd GROI BldbraiR 5 iPR)HRES YIB! %lﬁlr@ﬁ?flpyrm{%ml&” ate as

catal yst was added,” stirred reaction m xture was heated

o Teflux during

2-3 h undémshw@odﬂmTh312ea%¥%bn was nonitored by TLC. Fornmed product was

filtered, washed with cold ethanol{?ﬁf dried affording

4, 5-di hydro-pyrrol o[ 1, 2- a] qui noxal{ ne Splroéﬁ:ﬂlperld 1- carboxylic acid

tert butyl ester (7_9%_449@ St%ﬂ%? Synt he

o)

f ree am ne.

A mixture of 6-piperidin-4-yl-2-piperidin-1-yl-pyrimidin-4-ol (2.0 mmol), 2-amino-

pyrimidine-5-carbaldehyde (2.6 mmol), tricthylamine (4.0 mmol) and 3 drops of acetic

acid in dry dichloromethane (20 mL) was stirred at room temperature for 3 hours. Then

sodium triacetoxyborohydride (6.0 mmol) was added in portions and stirring was

continued for 48 hours (monitored by TLC). The mixture was quenched with saturated

aqueous sodium bicarbonate solution (20 mL), and the product was extracted with

dichloromethane (2x10 mL). The extracts were washed with brine and dried over sodium

sulfate. The solvent was evaporated in vacuo to give a crude product. Purification via

column chromatography (silica gel, ethyl acetate/hexane) afforded 6-[1-(2-Amino-

pyrimidin-5-ylmethyl)-piperidin-4-yl]-2-piperidin- 1 -yl-pyrimidin-4-ol (606 mg, 82%)

SN VI
+ N—</ —_ >/—N\ —
“F%Q}

e}

EXAMPLE 18. Preparation of isochroman-1-yl(5'H-spiro[piperidine-4,4'-

pyrrolo[1,2-a]quinoxaline]-1-yl)methanone, Compound VIla

; NH
N

\_/ N

0]

f.w. = 399.50
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[ 0445] 4, 5- Di hydr o- pyrrol o[ 1, 2- a] qui noxal i ne- spi r o- 4- pi peri di ne- 1-carboxylic
acid tert-butyl ester (0.1 nol) was dissolved in isopropanol (100 ni) and
was heat ewlot20170&#338x. To vigorous stirred m xture 30-40Poi/udsii1(036y84.6%9 i n
di oxane was added drop-w se. The gas was evol ved. Product hydrochl ori de was
formed as white precipitate. The m xture was heated to reflux for 30-40
mnutes to conplete the reaction. Filtration gave

4, 5-di hydropyrrol o[ 1, 2- a] qui noxal i ne- spi r o- 4- pi peri di ne, hydrochloride

salt. 4, teplhgﬁ{tﬂégysrafqlsobﬁwyaroaﬁ&qwlméaa{ 15 R85:2RhE-Qsifts-RipRRkibgENe.

hydrochl oride salt was dissolved in water (50 nL) and quenched with solid
pot assi umadxbnatiéareby cBte8. The preci pi tat e was collected by filtration
af f ordi ng 4,5-dihydro pyrrolo[l 2- a] qui noxadd nespiro-4- piperidine (22 g

949 as free base. Synt hesi s of
i sochr oman- | -y1(5' peridi ng d| -4,4" - QLol 1, 2-
. . h

al qui noxal i ne] -1 y none. w = 399! 50 446] A m xture of

4, 5-di hydropyrrol o[ 1, 2- Haz]*‘qw noxal i ne spi rW@ dine (2.0 mmol),
triethylamne (2 nmol), isochroman-I-carbo i C ?Téwol) and
Benzotriazol e-1-yl - xy- 144 3- (di met hyl am no) - phosphonpum hexaf | uor ophosphat e

(2 mmol ) in dichloronethane (10 nmL) was stfiw Eeg8oaf roomtenperature for 16
hours. The m xture was (guenched with saturated agueous sodi um_bi car bonat e

sol ution (P40InL), SPyrradd -¥lghenylpsine 40-05meDiard NoPeeraeridrns @R medk ed wi t h
di chl or onet hang,i(&xhQ ihdt (56- cp E’mﬁéﬁ@gﬂﬁ{oﬁmcfd haysH 3raWs%ag[}}s?\gasover

sodi um sul fate and concentr at ec} reduced pressure gi ve a ‘crude
product . #ded.fstiged feaetion mixowe wramh@mddnmfbgrdalphgz 2¢3h Umctcaalgen.,ﬂ@t hyl
acet at e/ hex ne

i sochr ong ﬁaci %N n}_(f_nltgrea bE/F”)FI IFIOHHed eprad%t was %i},t%rf:%[vias]éed with cold ethanol

aJ qui noxadﬂdnie]]ed &ff‘gﬂd}ﬂg&t Mﬂ@'ﬂﬁ) ﬁ}@mmmufﬁ]qﬂlhé@llnégﬁrd@-pqﬁﬁ%le 1Bl OLOG CAL
ASSAYS EXANPLE 19. Agonist activity illustrative conmpounds of the

i nvent i orCaRNHC B Aeal-Putdlessicp k7 %r‘%n@f ected cell line.v

Step 2: Synthesis of the free amine.

mwgo < O

fw.=339.44 fw.=275.78

[0445] 4,5-Dihydro-pyrrolo[1,2-a]quinoxaline-spiro-4-piperidine- 1-carboxylic
acid rert-butyl ester (0.1 mol) was dissolved in isopropanol (100 mL) and was heated to
reflux. To vigorous stirred mixture 30-40 mL HCI (14-16%) in dioxane was added drop-
wise. The gas was evolved. Product hydrochloride was formed as white precipitate. The
mixture was heated to reflux for 30-40 minutes to complete the reaction. Filtration gave
4,5-dihydropyrrolo[1,2-a]quinoxaline-spiro-4-piperidine, hydrochloride salt. 4,5-
Dihydropyrrolo[1,2-a]quinoxaline-spiro-4-piperidine, hydrochloride salt was dissolved in
water (50 mL) and quenched with solid potassium carbonate to pH 7-8. The precipitate
was collected by filtration affording 4,5-dihydro-pyrrolo[1,2-a]quinoxalinespiro-4-
piperidine (22 g 94%) as free base.
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[ 0447] Conmpounds were assayed for their agonist activity on P2Y13 GPCR
transfected cells using a Ca++ flux assay (associated to fluorescent dye
det ect i onwowni2dnsesse Ref erence Conpound as positive ref eremas20iinss7sel |
| i nes, 1321N1-P2Y13 stably expressing human P2Y13 receptor, and 1321N1
parental cell line as control, were used in this assay. 1321Nl Parental and
1321N1 P2Y13 were seeded into T25 flasks at 3 mllion cells per flask,
respectively. Cells were incubated at 37 degrees Celsius in 5% CO2
overnight. The day after, cells were transfected with Gqi 5 protein using
Fugene transfection reagent (Roche's Fugene Reagent). WO
2012/ 054596PCTH uss i 1of Geememap 0446y Afspes[ pdritivertst-of rreloHrsf ect i on, cel |'s
wer e collﬁcted hr ULffas§§ and seeded in 384-well plates at 8000 cells per
; é) anof

wel | . The %@E%ﬁ%ne C&FTed out 48 hours after Ggi 5 transfection.

[ 0449] Met s : The Ca+t++ fl% assay was conducted according to the
manuf act uxes~ s, protocol (Mljecul ar DeviceE;?%IPR Cal cium 4 Assay kit
i

(R8142). , cetl cftfl dia were irated fromthe wells and
replaced @i Jh 25, ialL of Hafk’ uffer or %Ej/%221eﬁl 25 iaL of Ca++ dye was
added into each assay well. The plate was \.#c d~0r, 1 hour at 37 Cin

5% C2. After_the incubatioi,"fhe plate was transt ¥ to FlexStation I
(FIexStatf%ﬁzﬁf? (Mol ecul ar Devices)). The cgwpg%qgs were automatically
injected into each well. [0450]Results : EC50 values for illustrative
conmpounds[0446]t he i nvemttisr! wedrdhpbopyrrde] 1,274 euinesilihe-spier-&-pgetiding(2.8 i n

Figure 1 and,.in Table 3 . The, EC50 val ues re. al so,co red to those the
Ref or ence BB RpBSE b 2 RGH s PR b die Rt R SHBIAES of the

i nvent i oNBMRbRiadSs AR bxT Bfis-{di@kthy RGMY) Phodhbhivint Bex MMudrgphbspHagqept or
transfected cells and are presented in Figure 2 and the EC50 sunmari zed in

Tabl e 4. "rawpdn dichiorspethgne(Ehmbd 813 siirsdet e tsumgstyp fpdotnupe it or

ggﬁrlp\(;h'lt’lé Igg@tﬁ%’ bad ghdeMARER s Rrafcl AHERud sodFRNBRUAINGE s§iiod (Y& on ECso (M
stirred for 2 hours, and the product was extracted with dichloromethane (2x10 mL). The

combined organic layers were dried over sodium sulfate and concentrated at reduced
pressure to give a crude product. Purification via column chromatography (silica gel,
cthyl acetate/hexance) afforded isochroman-1-yl(5'H-spiro[piperidine-4,4'-pyrrolo[1,2-
a]quinoxaline]-1-yl)methanone (Compound Vlla, 527 mg, 66%).

BIOLOGICAL ASSAYS

EXAMPLE 19. Agonist activity of illustrative compounds of the invention using
P2Y13 receptor transfected cell line.v

[0447] Compounds were assayed for their agonist activity on P2Y 13 GPCR
transfected cells using a Ca++ flux assay (associated to fluorescent dye detection) with
the Reference Compound as positive reference. Two cell lines, 1321N1-P2Y 13 stably
expressing human P2Y 13 receptor, and 1321N1 parental cell line as control, were used in
this assay. 1321N1 Parental and 1321N1 P2Y13 were seeded into T25 flasks at 3 million
cells per flask, respectively. Cells were incubated at 37 degrees Celsius in 5% CO;
overnight. The day after, cells were transfected with Gqi5 protein using Fugene

transfection reagent (Roche’s Fugene Reagent).
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0O OHOHO OH 5,516e-005 Conpound Ih (R isoner) 4,237e-005

WO 2012/054535 PCT/US2011/056780

[0448] After 24 hours of transfection, cells were collected from flasks and seeded
in 384-well plates at 8000 cells per well. The assays were carried out 48 hours after Gqi5
transfection.

[0449] Methods : The Cat++ flux assay was conducted according to the
manufacturer’s protocol (Molecular Devices FLIPR Calcium 4 Assay kit (R8142).
Briefly, cell culture media were aspirated from the wells and replaced with 25 pL of
Hank’s buffer or PBS buffer. 25 uL of Cat+ dye was added into cach assay well. The
plate was incubated for 1 hour at 37 °C in 5% CO, . After the incubation, the plate was
transferred to FlexStation III (FlexStation IIT (Molecular Devices)). The compounds were
automatically injected into each well.

[0450] Results : ECsg values for illustrative compounds of the invention were
obtained. The results are set forth in Figure 1 and in Table 3. The ECso values were also
compared to those the Reference Compound.

[0451] Additional illustrative compounds of the invention were assayed for their
agonist activity on P2Y 13 receptor transfected cells and are presented in Figure 2 and the

ECso summarized in Table 4.

Table 3: ECso of representative compounds on P2Y 13 receptor activity measured from

data of Figure 1.

Compound of the Invention ECso (M)
Compound Va 5,516e-005
I
© O
OH
N
o)
~

OH OH

Compound Ih (R- isomer) 4,237¢-005
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Compound Ih (S isonmer) . CI N 3,372e-005 Table 4: Values of EC50 on P2Y13
receptor activity neasured fromdata of Figure 2. Conpound of the Invention
ECso (M worpounsasasla (0) N MeNLI, 1 11 Me N I NOH NN PCT/US2011/056780

Cl
WOV
N o)
o
s/
Compound Ih (S- isomer) 3,372¢-005
Cl
(I»\\\/Q%Ov
N o)
e
s/

Table 4: Values of ECsy on P2Y 13 receptor activity measured from data of Figure 2.

Compound of the Invention ECso (M)

Compound Ila 4,032¢-005

)

L

z

I\,!l/le N N P

Me” \"/ N "ok
N A N

Compound IIb 2,987¢-007
()N?
7N
|

MeO W
OH
N
HO

N
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Compound Ilc 6,629¢-006
E)N\j
NZ i\l

MeHN \"/ Ny N Non

N A N
Compound VIla 4,032¢-005

0
NH
N

N o)

()
Compound XIa 4,889¢-008

H
MeO_~\ N o)
AN0e
o)
o)

Reference Compound 6,322¢-009
[0452] The chemical name of the Reference Compound is Dichloro-

(((((2R,3S,4R,5R)-3,4-dihydroxy-5-(6-(2-(methylthio)ethylamino)-2-(3,3,3-
trifluoropropylthio)-9H-purin-9-yl)tetrahydrofuran-2-yl)methoxy)(hydroxy)
phosphoryloxy)(hydroxy)phosphoryl)-methylphosphonic acid. The Reference

Compound is also known as Cangrelor®. Its chemical structure is depicted below:

/
///s
HN
N N
0OClO O ¢ [N
_II II_ _II_ /K
HO~P——P~0-P-Q [ N

o
HO Cl OH OH\d
‘o

Ho  OH j\

FoF

In vitro HDL internalization in human hepatocytes (HepG2) cells.
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[0453] The effect of illustrative compounds of the invention on HDL
internalization was measured by an ix vitro assay on HepG?2 cells (figure 3).

*H cholesterol Cholesteryl Oleate [Cholesteryl-1,2 -"H(N)] labeled HDL ] (available
from PerkinElmer http://www .perkinelmer.com/Catalog/Product/ID/NET746L001MC)
was loaded on HepG2 cells in presence of illustrative compounds of the invention (final
concentration 1uM). The Reference Compound was previously reported to increase the
HDL uptake in HepG2 cells in vitro (Jacquet S, Malaval C, Martinez LO, Sak K, Rolland
C, Perez C, Nauze M, Champagne E, Tercé F, Gachet C, Perret B, Collet X, Boeynaems
JM, Barbaras R. The nucleotide receptor P2Y'13 is a key regulator of hepatic high-density
lipoprotein (HDL) endocytosis. Cell Mol Life Sci. 2005 Nov;62(21):2508-15) and was
used as a positive control of the HDL uptake by HepG2 cells. It was determined that
Compounds Xla, Ilc, Ila and Th (R-isomer) have a strong impact on HDL uptake by
HepG2 cells; Compounds IIb,VIIa and VIIIa have a modest impact on HDL uptake by
HepG?2 cells.

Consequences on bile acids physiology after IV injection of the selected molecules.
[0454] Bile acids are derived from cholesterol and their synthesis is the
predominant pathway for catabolism of cholesterol. The HDL uptake by the liver is
directly connected with the bile acids secretion and the bile cholesterol clearance. To
demonstrate the effect of illustrative compounds of the invention on the bile physiology,
the compounds were injected into the tail of C57B16 mice and 4 hours later the mice were
sacraficed and the bile content was analyzed (figure 5). An increase of bile acids
concentration as well as of the bile volume was observed. All the compounds responded

as well as or even better than the control compound (Reference Compound).

Dose response of the selected molecules on bile physiology.

[0455] The dose response after oral gavage was determined for illustrative
compounds of the invention. The chosen doses were 0.003, 0.03 and 0.3 mg/kg. The
selected compounds of the invention were administrated by oral gavage and 6 hours later
the mice are sacrificed and the bile content was analyzed (Figures 6-11). Dose dependent

increases in bile acids, bile cholesterol and bile phospholipids were observed for all
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Conpound Xla MeON H O 4, 889e-008 Reference Conpound 6,322e-009 [0452] The
chem cal nane of the Reference Conpound is Dichloro-
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concentrations of all the compounds. Compounds Ila, VIIIa, IIc and XIa showed an effect

at 0.003 mg/kg; Compounds IIb and VIIa showed an effect at 0.3 mg/kg.

Consequences on bile acids physiology after one week daily treatment with
Compound IIa

[0456] In the previous experiments, illustrative compounds of the invention were
administrated once and the impact on bile physiology was measured after 6 hours.
Compound Ila was administrated by oral gavage once daily for a week to allow
observation of the consequences on bile physiology of a longer treatment. On the day of
sacrifice, the conditions were similar to the dose response experiments. The net impact
of Compound Ila on the bile secretion was observed. The volume of the individual bile

was also affected with a significant increase compare to vehicle treatment.

P2Y13 knock-down in Hepa 1-6 cells

[0457] In order to relate the specific P2Y 13 HDL uptake to the illustrative
compounds of the invention, a knock-down P2Y13 in a mouse liver cell line (Hepa 1-6)
was investigated. Lentiviral particles coding for the mouse P2Y 13 shRNA and inducible
by the addition of doxycycline onto the cells (pTRIPZ vector from Open Biosystem)
were used. In presence of doxycycline, a decrease of the P2Y 13 mRNA (Figure 11) was
observed. The uptake of HDL on this cell line was measured in the presence and the
absence of Compound Ila and doxycycline (Figure 12). A significant decrease of HDL
uptake (8.5%) was observed when the cells were treated with doxycycline (group vehicle
- p<0.05). This decrease was also observed in presence of Compound Ila (17.5% -

p<0.005), thus showing that the target of Compound Ila is P2Y13.

Materials and Methods

[0458] A bile acids kit was purchased from Diazyme; Phospholipids and total
cholesterol kits were purchased from Biolabo; mice C57Bl6 were purchased from
Janvier. Mouse pGIPZ lentiviral P2Y 13 shRNAmir (RMM4431-98723221) was
purchased from Openbiosystem and subcloned into pTRIZ (doxycycline inducible
vector). The 1 mL of lentiviral production was prepared by Vectalys (France) with 1.2"8
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(((((2R, 3S, 4R, 5R) - 3, 4-di hydr oxy-5-(6-(2-(net hyl thio)ethylam no)-2-(3, 3, 3-
trifluoropropylthio)-9H purin-9-yptetrahydrof uran-2-yOret hoxy) (hydroxy)
phosphor yWoxgddsysssoxy) phosphor yl) - met hyl phosphoni ¢ aci #CT/iseoiRef@sence
Compound is al so known as Cangrelor0O. Its chem cal structure is depicted
below / HNrSO0d OOHPIILIIII OPOPO 111 HOCA OHOH OHHOIN
vitro HDL internalization in human hepatocytes (Hep&2) cells. WO
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transducing units per mL. The mouse P2Y'13 primers (Mm 00546978-m1), GAPDH
primers (Mm03302249-g1) and ribosomal 18S primers (Mm02601777-g1) for real-time
PCR assays were purchased from Applied. HepG2 cells (HB-8065) and Hepa 1-6 (CRL-
1830) were obtained from the ATCC.

Lipoprotein preparation

[0459] Lipoproteins were purified from mice plasma by sequential
ultracentrifugation on KBr gradient. HDL were obtained at a density d=1.21. The
purified HDL were dialysed against PBS and used for the uptake experiments.

HDL labeling

[0460] *H cholesterol Cholesteryl Oleate [Cholesteryl-1,2 -*H(N)] (Perkin Elmer)
solution (250 puL) was dried and resuspended in acetone (250 pL). The solution was
mixed with Lipoprotein delipidated serum (20 mL at 40mg/mL) and DTNB (0.4 uM final
concentration). HDL (7 mg) was added and incubated overnight at 4 °C on gentle
rotation. The HDL was purified on KBr gradient as previously described.

HepG2 and shP2Y13 transduced Hepa 1-6 HDL uptake

[0461] Transduced Hepa 1-6 cells were plated at 300,000 cells/well in 6x-well
plates. These cells were treated every day with doxycycline (10 uM) for 3 days (for

P2Y 13 extinction) or not (control for plasmid“leakage™) The day of uptake, the cells
were washed once with DMEM and incubated for 1 hour in DMEM at 37 °C. 75 ug of
radio-labeled HDL (6500 dpm/pg of HDL3.) were added to the medium and incubated
for 10 minutes at 37 °C. The cells were washed once with DMEM (2 mL) and incubated
for 1.5 hours in DMEM at 4 °C, whereupon dissociation occurred. Then the cells were
washed once more with cold DMEM (2 ml) and the incorporated cholesterol ether was

retrieved from HepG?2 cells by the addition of hexane:isopropanol (3:2) solution (1mL).
HDL uptake

[0462] Hepatocytes were plated at 300,000 cells/well in 6x-well plates. Two days
later, the cells were washed once with DMEM and incubated for 1 hour in DMEM at 37
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[ 0453] The effect of illustrative conpounds of the invention on HDL
internalization was neasured by an in vitro assay on Hep& cells (figure
3). 3H chwbestarsed3sChol esteryl O eate [Chol esteryl -1, 2 P8iEUpji1loadyed ed HDL
] (avail abl e from Per ki nEl mer

htt p: / / www. per ki nel mer. com Cat al og/ Product/ | D/ NET746L001MC) was | oaded on
Hep& cells in presence of illustrative conpounds of the invention (final
concentration 104). The Reference Conpound was previously reported to
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and t he u?ﬁ%rl%&?fgﬁforwsalﬁ Poerean (ceely ot %ae fsva{%%évea%aeﬁa@@ﬁf: iMcr eases

in bile aGifdfhg BlakBachh Iﬁe%t %zoth@flthﬂa{o? ﬂQQﬁ:Ph@' uae&lﬁnewth@ Rpseixad for
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showed archefepiseal cHtux@ap®gy wfthegampisirpounds |ib and Vila showed an effect at
0.3 nmg/ kg. Consequences on bile acids physiology after one week daily
treatment with Conpound Ha [0456]1n the previous experinents, illustrative
conpoundsAaiimdl lpeotooslent i on were adm ni strated once and the inpact on bile

physi ol o s neasur.ed after 6 hours. . s adm n| trated by
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placed in a glass tube with 3 ml of chloroform-methanol 2:1 (V/V), and stigmasterol as the
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Materials and Methods [0458] A bile acids kit was purchased from D azyne;
Phosphol i pids and total chol esterol kits were purchased from Bi ol abo; m ce
C57B16 wewe puvosikessed from Janvier. Muse pd PZ | enti vi palr/ul20d1856aBRNAM r
(RVMM4431-98723221) was purchased from Openbi osystem and subcl oned into

pTRI Z (doxycycline inducible vector). The 1 nL of lentiviral production was
prepared by Vectalys (France) with 1.2E8 transducing units per nL. The
nouse P2Y13 priners (Mm 00546978-nl), GAPDH priners (Mr03302249- gl) and

ri bosomal;, L33 E’tﬁhdﬁ‘?d SF h@%@a@@z@dgz deQkded Mové. OHottek BR 0?%2@21? a)éR?_
pur chased from Appli Hep&2 cells (HB-8065) and Hepa 830) wer e

obt ai ned ﬁnsmntqnheelém@@hed_wﬂbBBStTépmwphéﬁfelvmﬁoomalflﬂld@@lﬂmpbpnd)ﬁeatlbs wer e

Pt ent . VBT P R NBE IR s Y bhRSEM D SR A PP G A e o

<[1|i al yised Hgaef sig frl?,&ls saﬂd)lnlslsﬁﬂ) ﬁl]arsgﬁdﬂﬁe&a’fegkh@?ﬁiep&hdrlrrew&@ pr(k@%sﬁg]a&?l i ng
0460] 3H chol est ero olestery eat olesteryl-1,2 -3H Per ki n
El mer) soft %}fl?dowl(%defl?@) fl.uwdélﬁe%r:@%faw@%@éal MRcLopBIgsh & {250 uL). The

sol uti on y&gtdivg Mﬂ% W%rhﬁﬁ??ﬁ%&b&oﬁiﬁ|ah%@?$ﬁgca?&)rdﬁd‘\(@@v{%s%fete4@@/ m.)

and DTNB (0.4 u i nal concentration) ) was added and i ncubat ed
over ni ghtuséng 4t @tionoyge M 16 (obAB¢tetec). The HDL was purified on KBr gradient
as previously described. Hep& and shP2Y13 transduced Hepa 1-6 HDL upt ake
[ 0461] Transduced Hepa 1-6 cells were plated at 300,000 cells/well in
6x-wel | pﬂoama]s Theége Leldrd raklis. Aftedd mdntﬁyefl;ligﬂa(ylo\kdstekoldliWeqmﬁg' ne (10
iaM for y fo 13 extinctiqn not (control for

pl asni a1 @ Zw@ *%St?ﬁ@aa  Vehgpt e ot e e RETHY VA Reol « n OvEM
and 'nCUbg"aR/%}?%foﬁée dayRatt CodBpddMEVaak 3871 00-and 300/ dg/RE férack &k apigbed HDL (6500

dpm ug of wef e added to the nedium and incubated for 10 minutes at
37 C. Thesae@lqssveweecéleMéh@@redheéowaﬂmlmwwnm 0 andlafitgdureekedf for 1.5

hour < Bl CUIRLFE P RAT LIRSt ol 5 tere
et her wasthpmticiaed ebﬂoﬁmmhabb@@mdehﬂt slefyetthielepdlitd aterios whexameleilsopr opanol
E:gl |2)S/ 3\2: G&J{ﬂnéjw\&)ﬁcr aﬁékﬁ%@?azm g ofmygggo caroplz’sat[%e le {300,000

carotid fixed in formahn was embedded in OCT and frozen at -20°C. Four step frozen

sections of 50 um separated one from the other were processed and stained with Oil red

O (ORO). Macrophages were detected using primary rat monoclonal anti CD-68 antibody

(Abcam).

[0374] Rabbit aortas staining. Rabbit aortas were fixed in neutral formalin buffer

and embedded in paraffin. Longitudinal 3pum sections were stained with Hematoxylin-

Eosin-Saffron for histology analysis. The tissue sections were deparaffinized and

incubated in protein-free block to inhibit the nonspecific binding of primary monoclonal

antibodies used for the immunostaining of rabbit monocytes and macrophages (RAM11

obtained from Dako Corp. 1:100 dilution) and smooth muscle cell-specific actin (HHF35

obtained from Dako Corp. 1:100 dilution). Secondary biotinylated anti-goat antibody was

used at 1:300 dilution (Dako).

Hepa 1-6 transduction
[0464] The lentiviral production in HEK 293T and authorization for lentiviral

production was obtained by Vectalys. Hepa 1-6 cells were plated at 75,000 cells in a 24-
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| ater, the cells were washed once with DVEM and i ncubated for 1 hour in
DVEM at 37 C. 75 jig of radio-|abeled HDL (6500 dpnfi.ig) were added to

t he nedi woantk/isw3abat ed for 10 mnutes at 37 C. The celpc3s/usesia/opershed once
with DMEM (2nlL) and incubated for 1.5 hours in DMEM at 4C , whereupon

di ssoci ation occurred. Then the cells were washed once nore with cold DVEM
(2m.) and the incorporated chol esterol ether was retrieved fromHep& cells
by the addition of hexane:isopropanol (3:2) solution (1nlL). Chol esterol

ef flux [ 04§ Vélgé%' a‘%@tb@fo?é th@fnfahé@ﬁct?cﬁp@@ h&)fs WAS Rt %je ek QFée(Pl's'S| y

descri bed 07), 1n blood sanples fromrabbit plasm
col | ect ethseioonfedd‘dndlnmsxfpdmr Wnllxawaiﬂqmod@t@ddnpld@yl vOthahohl af DMEM weeks of

adm ni str i ef oxi d | abel | ed
Wwith [3H]ﬂ)t0 S “tainr?g(z)éj“ggr&mrﬁf?y enrek‘?j%ﬂséferr%rrfm%“" laéby aé@“& to J774

ma?:r ophagessdutirgpUdity roe;/lfrzﬂrve&ﬁh(ll 2E8§1Em%p$:e$dllm Ifﬁldj(uus;ﬁf‘;ei ﬁtdlijsgumdn?ﬁé er ol

rel ease was_ neasured after 6h i ncubatjon of 2.5% (v/v) rabbit plasma or
13-1i popr’8edrh W%Sé@q?ﬂegg%themﬂ afitinsd %H%H?tfeﬁFWéﬁ eeablishgd assays were
performed in triplicate. A rabbit plasm (cali brator) was i ncluded on each
pl ate and the val ues were nornalized by dividing plasma sanples by this
cal i brat oQPﬁRasma to determne the nornalized chol esterol efflux capacity

of the s Ani . rein

conpl i ang@g th thel%? %agl?ﬁ%té& gtbﬁg%ﬁg%éﬁ)ﬂ%g%%l?\%ﬁ gﬂg%@ﬂ&%@%ﬁu}%ﬁ pr ot ocol
appr oval scelle métholixt RiboRake ™ Kin(ANBIOR4 Winitoora Tlest RNAswsoavdriegemscr{b@d %] ApoE- / -
mce "flow essatl deJ ft _carot re I tured and
pl aced on™ %?té?nﬁ'e F %kﬁ%%ga%%l"g\i %%ﬁﬂ%ggm6ﬂ@ day at 100
j ug/ kg (OB%y &M, THe aﬁCmﬁerr&éH uﬁn@’ﬁ@ﬁﬁqm£@§3&iofdﬁ9@ccordlﬂ%gcht‘h@hm esterol

diet nodel": Mce were placed for two nonth on Western diet (0.2%

chol est erspnufgeiwsiprpeesiraiAprlicd Biopysikssdd wit h Conpound Ha once a day at 100
jug/ kg (0.5% CMC, 0.2% Tween80) for 4 nore weeks. The mice were sacrificed
and the aortas were collected for biochem cal and i nmunohi st ol ogi cal

char act erAmadysions. One set of aorta (n = 10) was detached at the base of

t he heart pl ac ass. tube wth. o] | o formrrethanol 2:1
(i) T8 B s et BB ETos SRSl i bR R o0 Bl B e TEtioRe

descri bedw@shﬁe/a@ure&a@dolwﬁg sethe afan@@EthRS pldtocol With sM@it enddificatioxt ensi vel y
washed with PBS, then wth 4% paraf ormal dehyde (500ial) and finally with

tissue te@owra(ﬂeem%@be acids it the sndBd curvaasTeYAbisd dom $htod0d mMdandr ozen at
-20C. Thrg GRaE é&&?ﬁ&%{%ﬁ%&%%@%r&e% 1 8F Bdo@NGi1d %Rﬁbmﬁs other were

pr ocessedt stal ne Siritus red a
hemat oxylusld&ﬁ%menwawnammemnmre detected usi ng F4/ 80 prinmary rat

106, ( A llec) - ik 7) RA PaaIE S PABBIRG: VRrR ORI b g
Chol est er ghn /A &Qlref ﬁ@ﬁi)ic&gBrieﬂy, the standards were varied from 0 to 20pg/ml and 4ul of

bile was measured in the assay. The reaction was performed for 5 minutes at 37°C.

[0468] Bile cholesterol. Bile phospholipids were measured according to the

manufacturer protocol. Briefly, the standards were varied from 0 to 60ug/ml and 10ul of

bile (dilution 1:10) was measured in the assay. The reaction was performed for 5 minutes

at 37°C.

EXAMPLE 20. EFFECT OF COMPOUND IIa ON THE P2Y13r PATHWAY
[0469] Compound Ila demonstrated a dramatic effect on the inhibition of the
atherosclerosis progression in mice through the stimulation of HDL-P2Y 13r pathway.

The specificity of P2Y 13r pathway in vivo using adenovirus carrying P2Y 13r-shRNA in
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(0.5 %cholesterol) and a wash-out period of 2 weeks, the animals were
treated (by oral gavage) once day wth Conpound Ha at 30, 100 and 300

| ag/ kg f owo201Eks35 Bl ood sanpl es were col | ect ed bef or e PClAISA@I 56780

adm nistration on day O and after 4 weeks of adm nistrations of Conpound
Ha. After final bleeding, the liver, gallbladder, heart, thoracic and
abdom nal aorta fromheart (left ventricle) to iliac arteries were sanpl ed.
[ 0373] Macrophages and G| Red O staining of mce apoE carotids. The |eft
carotid fihﬁ?%féd'aﬂoﬁ OF ARdel o sWRS sﬁs‘@ﬁq\%féobé?, &Eﬁﬁiﬁq 1farifdRRd &e ré@r@s@ion’zour step

frozen sections of 50 pm separated one fromthe other were processed and
st ai ned wiftphe-Gitdbliskad] @hqr@REroticNHaTep apetgs afthe rabbitetet edthugiolegterd i mary r at

nonocl onal, antj CD-6 ntib . 1[.0374] Rabbi t . aort i ni ng.
Rabbi t  aorede T ee s o b BEP T R AT PRb L AR bR ARE"

par af f i n. méabgistdidndcracRrosseaid thnP2waseisstiaefedhetbélic target for

Hemat oxyl i n osinﬁgaffro for histology analysis. The tissue sections were
depar af i FPPEE BRI YRY Sale1%Sprot ei n-free block to inhibit the
nonspeci fic binding of primary nonocl onal antibodies used for the

| munost gioayalg of nadadkibéy T BAGYSRES BREWBRGEAPRAIE Srd RAMiPDPt3AI ned from
Dako Corp. 1:100 dilution) and snooth nuscle cell-specific actin (HHF35

obt ai ned FeHABERYSIEHEE used. fIgsaompoueds) wergsdlesierbbaschomthciypesifcd ant i - goat
ti bod £ 0 ARy - . j 0464] Th
ant 1 body p?%gﬁgaﬁklt}lépﬁl 1 fS@%ﬁ%QQ%?%Yli?eQth&SQ?(grsﬁé\gﬂt{Ktlﬂlo? [ ] The

lentivira tion In HE ori zati on r Ivirtal
product i of. evas Sehthaiineitbybioxtd phadphste dbieypeivas Gitle edthgniwe paivityat hd at 75, 000
cells in - |1 ,plate da f h duction. .24 hours after
Cr ansduct T A rersion ABURYCp Rt M SR A B g Hiaf Ay o s
renmoved alged Rpiaagdopdntiny b stihubic HYEW ]I esefolabeat- DN upghk8 )4 git/ol of

pol ybrene. Cells were transduced by adding 40 transducing units of viral

vect or (1n2EgFeheariocysr (Hena) and humapdigpaiomp cells HenEdh qeesibrtt Héhsredi um was
repl aced gdkctg aRBRbnRHimdd"RRS PG4 sﬁ@@zﬁ pﬁﬁ)Rklkﬁot‘éﬁoimﬂ.sft Rk inp siZPCR

[ 0465] For ‘quantitative PCR experinent the was purified fromcultured
cel I s wi tthattddeimRsthasion o PRY KrtagpmiMg dRanimplsivon)d inFivescRhironerse elmlestae

t i bed to single: DNA wi th the High Capacity RNA-fo-cDNA kit
(4387406 Aph e pl eyt BAPRE R, BB Qb e P b PREE Y s AR,

t echnol ogghoseer dedigionOF i ewhennTy 78t ol htde \WEro G chv e ub NN dn€tbnBioasy Sihens) .
Anal ysis [Q466]Bile acids, Bile acids were diluted in PBS (1:5000) and the
concent ra&lpé‘}ﬁl @) A RidToatmayt an HyTaass efrhilepaida Bt ﬂ}det%eeﬁivalﬁﬁew Wit h

slight nmogdpfelieint@pi%e wiaRantd atd anet Kindi8upsigds: thih Whgcah@pdard curve
were varied from50 to 200 M and the enzymatic reaction was performed for

20 m nut edhe Mgdfines (Rooen); & Enaivn aganish oS 13s éldgtisrl 6 o preceldt (FegduetnS-

ggf; g[ g} 23& itag qﬂthﬁ Elgéllg(?tl(@ &pRIPIRIVL PlYSeeBltb MBI RNPL Bl IRy Wer e measur ed
lipoprotein (HDL) endocytosis. Cell Mol Life Sci 62,2508-2515 (2005)). The
stimulation of the bile acid and cholesterol secretion in the bile of animals given P2Y 13r
agonist by oral gavage at doses as low as 30 ug/kg was confirmed (Figure 16 C and D).
This increase in bile acid secretion observed with P2Y 13r agonists could be a
consequence of cither a secretion of BA from an intra-hepatic pool to the bile duct
(Schwartz, C. C., Halloran, L. G., Vlahcevic, Z. R., Gregory, D. H. & Swell, L.
Preferential utilization of free cholesterol from high-density lipoproteins for biliary
cholesterol secretion in man. Science 200, 62-64 (1978)) or a de novo synthesis of BA by
the liver following stimulation of the HDL uptake by the P2Y'13r pathway. An increase

in liver bile acid content at 30 pg/kg of P2Y'13r agonist in agreement with the stimulation

of the HDL uptake by the liver which in turn results in an increase in the BA synthesis
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manuf acturer protocol. Briefly, the standards were varied fromO to

201 ig/m and 4Wof bile was neasured in the assay. The reaction was
per f or redwban12hsmizaut es at 37C. [ 0468] Bi | e chol est er ol . pBrius2@hosqgiol i pi ds
wer e nmeasured according to the manufacturer protocol. Briefly, the
standards were varied fromO to 601 _ ig/nl and 101_il of bile (dilution
1:10) was neasured in the assay. The reaction was performed for 5 m nutes
at 37C. EXAWPLE 20. EFFECT OF COVPOUND Ha ON THE P2Y13r PATHWAY [ 0469]
Conpound o, JERRRALKANELR 16E R ot @6 tha® el f&njaMhb RitkioP I PhDLNE

at heroscl erosis“progression in mce through the stinmulation of HDL-P2Y13r
pat hway. Were ngpegiificanily pifoftedFydge 1p&) wlivaythiof treatmentugitngic agemton ols

carrying P2Y13r-shRNA.in Jnfected .apoE -/- m.c | so shawn.. .Noreover,
Corpouny PRI TR e ral RISl edReat e PR B R B Pl €

pl aques |4 ahoiidyades@ibetl igchimakh) € .<C.f Halloshd, L. GhoVlalsdeetcpr. Rhovegomh®sel.resul ts
denonstrage that P2Y13r plays.a strong pivotal role in the HDL netabolism
and at her%?e‘fe@r bfireterenial yizpti ey ise cRebecigh Gt hﬁ%ﬁnalﬁéﬂmpeotﬁla? t for
expl or i noyiRh9lRGKstOh] RLRELAREMEE. BB lence 21004 6ELIHeIRRNCYS HirheF@TROMEER _t hat
wer e designed as oral l]é active P2Y13 receptor agonists were used. These
conpoundsimpiicationef dhet BAL b ednasepse hEbite ssprstipt plterisicanongofthe magstwih ty in
1321N1 ce LESSI e r i et al.
Syt hesi s P ER S ALt R Stk SRR T e E oAbl hoee L 0 B o

t he P2Y13Figecepd@y, [3HBHbo eterdPhacmialidled ddus2BBLAF 4u(2bH)and [JHe conpounds

were further te d.for thei opensjty to sti ate the

[ 3H] - chol [eéﬁemﬁ%ﬁal&%qo UL &B%Lf{&égﬁ A PELGMR SEACRRUS EREY  (Hepa)
and human,epatiReR vwafl 105k dIERGSHith tRPEEY 13- GbdistQhowdia $REBK StivaRtieh SO
confirmed using P2Y13 si RNA probe (not shown). It was hypot hesi zed t hat

admi ni st reftthowtegfe gb2helBPLagsonpared ok wkirk suppartythe hxpebess aflde r ever se
chol est er o tant Bt e liver and subsequently
enhanci ngs(?%‘}l{‘a{et%gé?g{ea}%%tﬁlﬁ ﬁdéatiﬁlvgs% %@g%s%gcgé@éﬁogn. First, when C57B116J
mce were intravenously given Conpound Ha (10 nnol/kg), after 4 h of

t r eat ment Thereffentcofahsginoflatin of thacP2361 3¢ Bahwandy fheegowikisbadtcer ol secreti on
into bile was observed, .the effe bei n lightly higher thap with

Cangr of or bR RRR G Al TS Aien b 5SS Yo AGRBRE gure 16 A
and B) (Jakgolcrosts ored stdkt. terhh®esteal @o1hige cliceepblp dicPRYLiBvesigatc o r egul at or
of hepatic high-density ||poprotein (HDL), endocytosis. Cell Ml Life Sci
62, 2508- 2‘5‘-‘_1%05(39@3@')1)@ pﬁb@iog_ﬁ HRATERCAGof IS e eV BF ey cepsicd Ueihg hehol est er ol

secr et i onmitfoddISy k& iRl a@ g &sfioneRoREYA 3poIORi R (GBYinODalIvAarage at
doses as low as 30 jug/ kg was confirmed (Figure 16 C and D).” This’increase
in bile awhasosecr Magsh Robserlised. vikdmodphme! carpbidiastery ig essbelatsd vathconsequence

of either, reti of . L - i t - j duct
(Schuar ¢ 2 OERELe e il iAol it AR ERAY PP Ry Llsbilh O, g

Swel |, L.CPeugieme®l] 2861a8i6bi(2000);dnamoE. énd & xphndiesdrerial refodehingiigh- densi ty

| i poproteins.for biliary chol esterol secretion jn man Science 200, .62-64
(1978))  of~orisiel Wi eEspidegingf masopee foem F‘?}fe‘?onfeBFIﬂEﬁ/ﬁlH@nes‘PP%?Pgti on of
the HDL upt@bshaby-rith8arbAY didiry RAIRAVAYrciffliol 105 EB36-26D1 (1002); LRisher, 8Ci d
content at 30 jug/ kg of P2Y13r agonist in agreenent with the stimnulation of
the HDL uMtMatipspnt HeE| & wbis.ghiSc kompensatony yassulptismpogeliy duieg ease in the BA
synt hesi s . i i t thy that the

o) asma. crof ST RAL N BRI oy el In SRR o e 16 F)
after 4h tfteaselat ot dWidshBidi@4.6X4C3212D[R004))t Mridilyetht defi faretdl ateoy eSt er ol ,
whi ch coul d represent ecifi chol esterol. liver ake as al ready
Gescr i bedht setivay borsitgenisp fepbraimmpionrstlng i SG1BEE" L & egory, D
H. & Sweldtherbscldrbtef 1ediemtafal 2 wWebkd raéddaty with WeeRrcdied. B efnebmitiam

hi gh-density |ipoproteins for biliary chol esterol secretion in man Science
200, 62- edpswgwgytjesf P31 3 aeemist fopd micalsarl eng wigh highichelssterghdistshered pDL i n t he
i ncrease I : e . G\ und ha, in
Vivo 1 veR i hRaaRRaHLARe S Bloek B DB ol e o L & g e
16G, [ 3Monhol asmhas bhsedsh e leadethodatondwssterDRi¢dridlar B, Mgid)S, odaterra

[ 3H] -chol esterol |abelled nouse LDL (Figure 161) was performed. The

i ntravenous treatnment of the animals with 10 nnol e/ kg with the P2Y13r

agoni st showed a specific stinulatiomn2f the uptake of the HDL as conpared
to LDL, which supports the hypothesis of a stinulation of the HDL-nedi ated
reverse chol esterol transport The effect of the stinulation of the P2Y13r
pat hway by the agonists on the atherosclerotic plaque |esions in apoE -/-
m ce that are very susceptible to devel op atherosclerosis on a short term
Western (i.e. high-cholesterol) diet was investigated. To be closer to



in the cholesterol diet-fed apoE-/- mce (Figure 19). After 8 weeks of diet
foll owed by 4 weeks treatnent at 100 | ag/ kg/day of Conpound Ha, the treated
ani mal s haod 28i¢sidsscant decreases in plaque area (Fi gur @eCERIS261E056760 4J) |
chol esterol content (Figure 19A), VCAML expression using specific antibody
CD 106 (Figure 4F, 41 and 4L), decreased macrophage content (F4/80 anti body
- Figure 19C) of the aortic wall and the plaque and a decrease of the lipid
staining (Figure 19D, H and K). The collagen content of the wall was

i nproved GKi geiber & Mrkised 19 ThRins SRUER UhotRRENGict Shd BlcRbE R @frmt he P2Y13r
pat hway copid affect the regression of atherosclerosis pre-induced in the
hi gh- chol eghdawil odipdtque devalepivtxint sndyasnpabision autie dwsad acThed decardarking, aft er
2 nont hs .hi gh-chol est erol. diet . (.0.,5 % ol ester in . th iet) followed
oy o 3 we SR RS SRR B HeEat Gy TR RHESERIT e b BB BRES o P
aorta. | mplagldicombnentdigyhiespatshgitachinlyeBiofihd raagkdetrctidawgher protein
(CETP, not expressed in mce) and also presented a |ipoprotejn pattern
similar Lo Homern (l_fismed\xfﬂn& e silgr gﬁéﬂ%{lg (etRd "Geblbi BeF i od, t hese
ani mal s wepes hAtBRHE Wit o RERRURGL RO (MEMA7Bl GYNatirkloI8siHR ks 0- 3 Mo/ kg
for 4 weeks. There was significant regression of the atherosclerotic

pl aques i9psemntion. (BOsnigmlwayehowdd 4 ¢rsreagomilipid eangeat efitha iratidssofdke measur ed
by the ¢ t . Lire i in, the
- hi et g iy TR Ry Elegh G Ahd oL JB fudli e 308

pr oxi mal -inohdistiafimosiongripiereatotidy bf the few nessiidm3bodeiit ipoBdymicsfoci fic for

snoot h nmuscl e, ¢ s) .and anti bo ecific far ropha

conf i r med™£RE i%?éé-sﬁ@ﬁnf?%é-‘gmala@ig %ﬁ UG amae#'@&?m ?}b‘%gf%ﬂtn
profiles apaldyredspyctElyC showed a trend towards an increase of the HDL
chol esterol (Figure 20 D) as well as the rabbit apoA-1, as neasured by
SELDI - TOF anal ysis, while the VLDL and LDL decreased slightly (Figures 20 B
and C, re@pelti vel yio coRHY diedrigel 31 pasiriaiy ejor ds eirofitkligasien aph Wss8H by QPCR)

of LDL regepighsic@RtePhtBbd Was a@&%@fﬁ{@g&rg{ﬂ% Gl Y& orQbedifie@trada r abbi t s

(not shown). These observations Indicate at the activation of P2Y13r did
not have tdigesdtagiingdlet P2oAl 3r mdicB-d Stioop Kotk downed (B Bswps @issved Giigure ned by

t he nodes Lation.of the pl.as L an ri erides. As
observed B Sbidt ety TS dede BN e e ey AR AR ebbhPal W R 1T ver
i ncr easecdlony Whiehigalholesterot diat ¢dwall b herP N3¢ dagast it the (Hol@wiel 30Ght
strengthening the role of P2Y13r pathway in the observed.effects in the
rabbits. @Hi/gd%?aé@i Qf dhaligpirdeatotids fgppckaleppidrus indinnamsigniliens coul d be

due to a ARBitRWNY BRSIrSeresinew thddtherfRIddsH BSonMRiccRpIRY b BRIRERIARL € the
upt ake of mature HDL by the liver due to Conpound Ha effect. As a

. oy . . . .
conf i r mat (Fegvre tHB). dihsserbyerdiationcy asdgshdr gopfitmeddy dpsdoprth¢lppigelranalygiapf

associ at e ' y e 1Ny - - | ' ' he Iiver
oo S LIS IE PRSI AR DS BP0 S, | Vo
ci r cul at i dfects[0@2Z¥] Binagadidi dr choesadtted cotedithie cabfidsow@ntbdiiShed inrmiover medi at ed

by P2Y13r and thei tron apaci fflux chol esterql. .from nmacrophages,
t he nascetﬁ‘iat%ﬁﬁlnbm% faé%eq aHlSteT‘&‘%l Pé‘?éﬁt FEathapise erSBE,“rl}é%@i %{rﬁ“bf t he
at her oscl ENo3k ¢n ls3AGRS whEPATP] ke xpéadidtak & tldtisedtucRat (Fesirs18 Bherisy ze of HDL

particles in the treated animals were anal yzed using ipﬂgrint Qé
t echni quespedifie rehppf BHhk3s tas glso phwervadeoatnbasmarshplgbtarod pravign ( gvr@ﬂ% onsi st ent
pattern w t £ i . i :

"interne f@?@ﬁegﬁfghfﬂfogggﬁiCﬁgglggL@%%%gggkgﬁﬁ%ggpfé aﬁ?ﬂ%féﬁfeigures 21
C and D) .thTheselipoptecimetsas & Hblpapautar ehies] awdelcwhagk delcadasasvasor e pot ent
particles for the renoval .of esterol from at heroscl er.oti ques by
oot i ng B P B REredRePar i ereci s ae ekl BT AT he ) o2 on
(Khera, AhRWA gfondk-tre&i0@hist Bhak defhfréprdscaaBatiist ¥vidéticg had eiRstibyldtibRopr ot ei n
function, and atherosclerosis. N Engl J Med 364, 127-135 (2011); deGomm, E.
M, deGongf,P2X 131 cougd kaygarpositive nflugeseomdhhitherotrdeigsits Progiepdpst-ot ei n

chol esterol |evels evaluating high-density |ipoprotein function as

i nfl Uence[@ﬂ)% novelTHeharRREMH dfGHreRRRAGIER: plakubid Sd wisatdh@leyalbated
2199-2211(2008)). Finally, the nmeasurenent of cholesterol efflux in

[ 3H] -chol esterol | oaded J774 macrophages using either the plasma (Figure
21E) or apoB-particles-depleted plasma (Figure 21F) fromthe treated

ani mal s showed a dose-dependent effl w@3of chol esterol after treatnent with
the P2Y13r agonist, indicating that plasma HDL fromtreated aninmals are
nore powerful to efflux chol esterol from macrophages (Khera, A V. et al.
Chol esterol efflux capacity, high-density |ipoprotein function, and

at herosclerosis. N Engl J Med 364, 127-135 (2011)). [0476]1n conclusion, it
was denmonstrated for the first tine in vivo that P2Y13 receptors are key

I o - o o,



or endocytosis by the liver via P2Y13r pathway pronotes chol esterol
catabolismby the liver and secretion in the bile. It is likely that the
upt ake ofwbanpasHBE particles by the liver al so stinul are3/u$eoinoseso

synt hesi s of nascent HDL particles and hence inproves the efflux capacity
of the serum In another words, it was denonstrated in vivo that positive
direct intervention on the functionality of the HDL, instead of acting only
on the level of HDL, could have dramatic inmpact on the atherosclerotic

pat hol ogyj, tﬂ_@ﬁl%fesg?(;l %llé@lf&pap%ﬂgpﬁlr de (Fhate FRBYARE: 8@9% %F diet ﬁ)‘ﬂgae@ﬁy fonpound

ha and the other conmpounds of the invention, are highly useful
pharnacorwgmeatmnhemap@@ug@skhbpf€h@pmn@dkﬂﬁnﬂﬁﬁkdanMGﬂS@@Beﬁm&mmtd|sease

t I ti I [): R3
et e (oropeo S BBty 4ty YRR b PR R Rl e el
ﬁl?clhkor ) (R{/?ﬁRlﬂl) e@hﬁdél%ui,lﬁg Bp’tdﬁ}&ellﬂdbcgﬁﬁ gD H6 (-F@dre 4IINH2 ar(l)& NEY( lad:dﬁc}dsé(} -

a a ro roc ar , =-U-ar ,, ara
Toaral yktrlacr%@%? séﬁw?ﬂ{/gg ﬁétbegbai‘wre @65 of %ﬁef/waﬂ Bl RHpgHe 5 hal o,
-0CF3, - ()l eid dipid sta%{gos (A& YD, H afd Niﬂ%,cona%%mm&délﬁlolfwe)wau
C(O)N(alkyl)(alkylg% -NHC(0) (al kyl)’, N(al kyl )YC(0)(al kyl), -0C(0)0(al kyl),
- 0C( 0) NH2was- 1i0pf e 18111163,19)5) OC(0) N(al kyl ) (al kyl ), -CHNH, -CHN(al kyl), or
- 502NH2; R4 is -H - - COOH, - NHZ2, -NH(aIkyI) -N(al kyl') (al kyl),

-hydrocar[lyg%(h -0- g gﬁéppechﬁher%mﬁmau?l@Pﬁ{hxg»zhet Agcopﬂfﬁ‘{]@ﬂtﬁé"

- het er oar -0- heteroary eterocyc
- C( 0) O( al degieysion m(clﬂbmsalekqs[s)pre-nﬂuﬁgd\iHZhe hl@]@-@hd‘llbﬂ(tabk@ét)fﬁd rabblts was also

S0 by e st Kb i % ity /bR O3 o SR 20\,
N- hydr ocambiect) thH@vad by N8 We&l@rvﬁb&h-)bht p&@iod NdvelopeD@N&bylcrode?lesisnsCGhitey N, and

nis an inte%mr from1l-6. The conpound or pharnaceutlcally accept abl e
salt of cIo&p fdd\kﬁéﬂé%ﬂm@%@ qqolestgryl sHer tepmisboivérinCloHamabe@issdal | y

accept ablig sialytan@h1s6 hRisMtdd 2 W EER PMerh Sinir (CHOHumAh. BMoRideksiGst er

aroup- induction and washout period, these animals were treated with Compound Ila given
orally at doses up to 0.3 mg/kg for 4 weeks. There was significant regression of the
atherosclerotic plaques in aorta (30 % decrease) of the agonist treated animals as
measured by the cholesterol content of the entire artery (Figure 20 A). Again, the
immuno-histological analysis of different parts of the aortas (from proximal-to-distal)
using hematoxylin-cosin, HHF35 antibody (specific for smooth muscle cells) and
RAMI11 antibody (specific for macrophages) confirmed the regression of the plaques (not
shown). The lipoprotein profiles analyzed by HPLC showed a trend towards an increase
of the HDL cholesterol (Figure 20 D) as well as the rabbit apoA-1, as measured by
SELDI-TOF analysis, while the VLDL and LDL decreased slightly (Figures 20 B and C,
respectively). No change in mRNA expressions (as measured by QPCR) of LDL
receptors and SR-BI was observed in the liver of treated rabbits (not shown). These
observations indicated that the activation of P2Y 13r did not have direct impact on the B-
lipoprotein metabolism, also confirmed by the modest modulation of the plasma VLDL,
LDL apoB and triglycerides. As observed previously in mice (Figure 16), the bile acid
content in the liver increased in the rabbits treated with P2Y 13r agonists (Figure 20G)
strengthening the role of P2Y 13r pathway in the observed effects in the rabbits. This

relatively modest effect on the plasma HDL levels could be due to a neo-synthesis of new
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4. The conpound or pharnmaceutically acceptable salt of claim3, wherein R
is 2- halo. 5. The conpound or pharmaceutically acceptable salt of claim
4, wher eiwoeatnsef3sR2 and R3 is i ndependently H or al kylPCT/USZ011856780
conposition conprising an effective anount of a conpound or
pharmaceutically acceptable salt of the conpound of claim1l and a

phar maceutical |y acceptable vehicle or carrier. 8. The conposition of
claim7, wherein the conposition is forrmulated for oral adm nistration. WO

2012/ 0545[358%&&@% 0\;"1211'1/09 %ZQQ:om%ens-m:ethg Wéﬁrﬁﬂﬁ‘req{DE lo§“tﬂp Ifver WEKHEI N the

conposition i's in the formof a tablet or capsule. The conposition of
claim 7, Gdrepaind IIarﬁéfeefoAp@wnmﬁmratlsalthe obsewedﬁHW®S@ma§®ma apnAalr(F@mmmt of

about 1 r‘lyll‘At)oassa(‘)bo!f]ed with t%ﬁel%c %a%ef 1n1tlr1r¢‘> aqog ms%ﬁ[ ok %s%g)%tm 1V8 d@l‘; LSS nting a

di sorder of “I'Tp proteln risi IStering to

a subj ect21B) in@dblvduli ef tefgcadiattfFatw\HED I partidles ﬁfthaci@@m)@hind or
phar maceutically acceptable salt of the conmpound of claiml. 12. The

ys i pi a5 sl RO BELHE R e FosOpPBEceSOar b aub i Pon Bendet i oi ency.

el evat i onheit st gddap£o® & sfifRk @hole@bBVASh A cphh@iy He RsdcEr HDPpRtiOkE N
concentration, elevation of triglyceride concentration, |lipid elimnation

in bile, q?@i%?fﬁﬁ?@%ﬁ’@@@@éﬁgreﬁmgﬁﬁ]@ﬂ jtherascdarotiq plaqucdn in bile, oxysterol

elimnation in bile, or peroxisone proliferator activated

recept or -@gsqci at eetodéVﬁglEngflls hyﬂtﬁhesi% fReiheds ADI fLalEE 1R FlagQr der of
gl ucose netabolism the nethod rrgrl sing adm nistering to a subject in

need theraémﬁalawe@rﬁr@bmd/@snwrbmnml teahmqm)&hnéﬂlm cthfaltt nbdetrcitedl | y
accept abl %11%%' tSho(%v dt hx?{);gciql@fg{’én a?tf %1”11 ec1ﬁc1cﬁ:crea ¢in ﬁ%hﬁg Of Cl aim 13,

wherein th PSoraer o ucose’ m1's SRSUIT N T8sl's ance i npai red
gl ucose tiatresndehe ‘ilrﬁamddamh TthIng pgitlulegsmdnqmed 9 contrdlla@ighls (Highet es

mel | itus,_|jpodystrophy c obesi t peri. | i poat r oph di abetic
nephr opat @égé‘{h% ﬁR%P"FB 51 argicers ée %@%BBE’HGEMGS 15. A
met hod of fof 1R@bih S B %ﬂ&t&&%@yhﬁém@ul&@ﬁ@ﬁ&lque% |B? pREhARG ERSA Si ng

adm nistering to a subject in need thereof an effective anmunt of a

conpound dwoleptsend heethe meatopyagse peperabinghg lghipn glharhA.corpelifbolsstersl ai m 1.
efflux capacity, high-density lipoprotein function, and atherosclerosis. N Engl J Med 364,

127-135 (2011); deGoma, E. M., deGoma, R. L. & Rader, D. J. Beyond high-density
lipoprotein cholesterol levels evaluating high-density lipoprotein function as influenced
by novel therapeutic approaches. J Am Coll Cardiol 51,2199-2211 (2008)). Finally, the
measurement of cholesterol efflux in [3H]-cholesterol loaded J774 macrophages using
cither the plasma (Figure 21E) or apoB-particles-depleted plasma (Figure 21F) from the
treated animals showed a dose-dependent efflux of cholesterol after treatment with the
P2Y13r agonist, indicating that plasma HDL from treated animals are more powerful to
efflux cholesterol from macrophages (Khera, A. V. et al. Cholesterol efflux capacity,
high-density lipoprotein function, and atherosclerosis. N Engl J Med 364, 127-135
(2011)).

[0476] In conclusion, it was demonstrated for the first time in vivo that P2Y13
receptors are key partners in the HDL metabolism, i.c., in the reverse cholesterol
transport process and in their final major physiological function, i.e., atherosclerosis

protection. These data support a mechanism in which the stimulation of the HDL uptake
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WD 2012/ 054535PCT/ US2011/ 056780 16. The met hod of claim 15, wherein the
cardi ovascul ar disorder or related vascul ar disorders is hypertension,

cor onary woteryoseizsease, nyocardi al infarcation, arrhyt RoraS2atnseko
fibrillation, heart valve disease, heart failure, cardiomyopathy, or
pericarditis. 17. The nethod of claim 15, wherein the nethod provides
relief fromat |east one synptom of the cardiovascul ar disorder. 18. The
nmet hod of claim 17, wherein the synptomis inpotence. 19. A nethod of
treating dr%h@dﬁﬂ%ﬁs‘tﬁﬂhc fihe ViEbRog, }SE}HRIE& ﬁfo%té%%ﬁbl@ktéﬁo%e{té%li‘érﬁb@tﬁéJbJ ect in
need thereof an effeéctive anount of a conpound or pharnaceuti cal

accept abl leves ahd scofetiphen hobpo dhid lisély ¢hadithn uptake 20 large IBLpadichss by tleat i ng

i schem ¢ necrosis, the .nmethod conprisin i nisteri to.a subjgct in need
thereor aNebrREaEryRREaRERE SrBSTRN BhARAET MRl dBel @ Rl B e ab
sal t of tdfaucedppounef tbé selira] IMahothedordd iniddeshodbtriteeatvinghaqosiiveancer ,

| ung cancer, breast. cancer, or skin_cancer, the method conprisin

adnmi ni st efﬁreﬁbmfeave&ﬂ%a? Htfunopeof he it invieadrof aeie AR URLC ofy.
conpound QP PARIIRES Wkdntdiclidpas 68 A So Rl dticfatHolsyCPRREUWAE aRb cl ai m 1.

22. A method of treating a thonbotlc di sorder, the nethod conprising

admi ni st efuppeyt thet B2 ¥l djagetists, sueteasdCanmuad {lagnd dfcfosher compeinde af thof a

conpound har i t abl C of claim 1.
23" A mechGaaR T b 5o 4 ARRERLBUGL Albele; ERMERTRRECT 70

adm ni st eathdrgsclavotic dsthjeatitsicompiedionhier eof an effective anount of a
conpound or pharnmaceutically acceptable salt of the conmpound of claiml.
WO 2012/ 054535PCT/ US2011/ 056780 24. A net hod of treating Parkinson's

Di sease, the nethod conprising adm nistering to a subject in need thereof
an effective anount of a conpound or pharmaceutically acceptable salt of
the conmpound of claim1l. 25. A nethod of treating pancreatitis, the nmethod
conprising adm nistering to a subject in need thereof an effective anount
of a conmpound or pharnmaceutically acceptable salt of the conpound of claim
1. 26. A method of treating pancreatitius, the nethod conprising

adm nistering to a
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WHAT IS CLAIMED IS:

1. A compound of Formula (II):

N
N)\N
Ql__~ N
R® (ID),

or a pharmaceutically acceptable salt thereof, wherein

each R’ is independently -H, -hydrocarbyl, -aryl, -aralkyl, -heteroaryl, -heterocyclyl,
-C(0)O(alkyl), -OC(O)(alkyl), -C(O)NH,, -C(O)NH(alkyl), -C(O)N(alkyl)(alkyl),
-NHC(O)(alkyl), -N(alkyl)C(O)(alkyl),or -SO,NH,;

each R'" is independently -H, -OH, -NH,, -NH(alkyl), -N(alkyl)(alkyl), hydrocarbyl,
-O-alkyl, -O-alkenyl, aryl, -O-aryl, aralkyl, -O-aralkyl, heteroaryl, -O-heteroaryl, heterocyclyl,
-O-heterocyclyl, halo, -OCF;, -C(0)O(alkyl), -OC(O)(alkyl), -C(O)NH,, -C(O)NH(alkyl),
-C(O)N(alkyl)(alkyl), -NHC(O)(C,-Cyp-alkyl), -N(alkyl)C(O)(alkyl), -OC(O)O(alkyl),
-OC(O)NH,, -OC(O)NH(alkyl), -OC(O)N(alkyl)(alkyl), -CHNH, -CHN(alkyl), or -SO,NH;

each of Q', Q% and Q° is independently CR'’ or N;

X is CHR', S, O, or NR’; and

each m is independently an integer from 0-3.
2. The compound of claim 1, wherein the compound is:
)
) A
N)\N N |N

Me
! | MeO
/N N\ \ e \ OH
Me Wl/\)\/ (:l)\/koH D\/O)\)\
ITa: NN ; IIb:  HoO :
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OH

HsC
\ N
H

IIc:

; 1If:

IIe:

; 1

IIg:

; Ik:

10:

; [Im:

I11:
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IIn:

; IIr:

IIp:

; 10t

IIs:

IIw:

IIv:
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IIx: ° ; y: ;

1lz: Q ; Ilaa Q ;
H3C\N,CH3 H,C
N‘)%N NlN
b b
HO %/Q HO %/Q
NY‘N NY‘N
N N
Ilgg: O ; IThh: O ;
CH, HaC.,
v A
b b
N N
HO%/Q HO%/Q
NTN NTN
ITii: Q ; or 1Ijj: O ,ora
pharmaceutically acceptable salt of any of the foregoing.
3. A composition comprising an effective amount of a compound or pharmaceutically

acceptable salt of the compound of claim 1 and a pharmaceutically acceptable vehicle or carrier.

4. The compound or pharmaceutically acceptable salt of the compound of claim 1, wherein

R’is Hand R' is OH.
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5. The compound or pharmaceutically acceptable salt of the compound of claim 4, wherein
eachmis 1.

6. The composition of claim 3, wherein the composition is formulated for oral
administration.

7. The composition of claim 3, wherein the composition is in the form of a tablet or capsule.
8. The composition of claim 3, wherein the compound or pharmaceutically acceptable salt

thereof is present in an amount of about 1 mg to about 1,000 mg.
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