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@8 Absstract: Disclosed are compounds of the formula or a pharmaceutiacally acceptable salt or solvate thereof, wherein R is-C(0)-
&= N(R*)(R™) or and the remaining variables are as defined in the speciffication. Also disclosed are pharmaceutical cormpositions
& comprisang the compounds of formula I. Also disclosed are methods of weating cognilive or neuradegenerative diseasees such as
X Alzheimuer's disease. Also disclosed are phammaceutical compositions amd methods of treating cognitive or neurodegene=rative dis-
eases coamprising the compounds of formula I in combination with a B-secr—etase inhibitor other than those of formula I, an FIMG-CoA
reductas & inhibitor, a gamma-secretase inhibitor, a non-steroidal anti-inflammmatory agent, and N-methyl-D-aspartate TeceHIor anlag-
g onist, a < holinesterase inhibitor or an anti-amyleid antibody.
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CYCL_IC AMINE BACE-1 INHIBITORS HAVING A BENZAMIDE SUBSTITUENT

FIELD COF THE INVENTION

T his invention relates to substituted cyclic amimne BACE-1 inhibitors having a
benzanmide or pyridine carboxamide substituent, phamrmaceutical compositions
comprissing said compounds, and their use in the treaatment of Alzheimer’s disease.

BACKGS ROUND

A\lzheimer's disease (AD) is a prograssive neusrodegenerative disease that is
ultimately fatal. Disease progression is associated wwith gradual loss of cognitive
functior related to memory, reasoning, orientation ard judgment. Behavioral
changess including confusion, depression and aggresssion also manifest as the
disease progresses. The cognitive and behavioral d-ysfunction is believed to result
from al®tered neuronal function and neuronal loss in t-he hippocampus and cerebral
cortex. The currently available AD treatments are paaliiative, and while they
amelior-ate the cognitive and behavioral disorders, thaey do not prevent disease
progresssion. Therefore there is an unmet medical neeed for AD treatments that halt
disease= progression. .

BPathological hallmarks of AD are the depositison of extracellular §-amyloid (AB)
plaquess and intracellular neurofibrillary tangles comprised of abnormally
phosplorylated protein tau. Individuals with AD exh ibit characteristic Ap deposits, in
brain rezgions known to be important for memory ancd cognition. It is believed that A
is the faundamental causative agent of neuronal cell Boss and dysfunction which is
associzated with cognitive and behavioral decline. Ammyloid plaques consist
predormninantly of AB peptides comprised of 40 — 42 - amino acid residues, which are
derived from processing of amyloid precursor proteimn (APP). APP is processed by
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multiple distinct protease activities. Af peptidies result from the cleavage of APP~ by
p-secre=tase at the position corresponding to the N-terminus of Ap, and at the C-
terminums by y-secretase activity. APP is also cleaved by a-secretase activity resautting
in the ssecreted, non-amyloidogenic fragment known as soluble APP.

#An aspartyl protease known as BACE- 1 has been identified as the B-secretase
respon=sible for cleavage of APP at the position corresponding to the N-termmus of A
peptides.

_Accumulated biochemical and genetic evidence supports a central role of AB in
the etiology of AD. For example, AB has bee-nshown to be toxic to neuronal cel 1sin
vitro amd when injected into rodent brains. Frithermore inherited forms of early- onset
AD ares known in which well-defined mutation s of APP or the presenilins are pressent.
These mutations enhance the production of 2B and are considered causative of AD.

Since AP peptides are formed as a ressult f-secretase activity, inhibition o¥ the
BACE—1 enzyme should inhibit formation of Ap peptides. Thus inhibition of BACSE-1 is
a therampeutic approach to the treatment of AED and other cognitive and
neurocliegenerative diseases caused by Af plaque deposition.

Substituted amine BACE-1 inhibitors zare disclosed in WO 02/02505, WO
02/02506, WO 02/02512, WP 02/02518 and WO 02/02520. Renin inhibitors
compriiising a (1-amino-2 hydroxy-2-heterocyclic)ethyl moiety are disclosed in W&
89/036842. WO 02/088101 discloses BACE imnhibitors functionally described as toeing
compriised of four hydrophobic moieties, as vwell as series of compounds preferaably
comprising a heterocyclic or heteroaryl moiety.

SUMMBARY OF THE INVENTION
The present invention relates to comp-ounds having the structural formulaa 1|

or a preamaceutically acceptable salt or solvaate thereof, wherein
R'is

n’i’ | o R"" | o n“} | o) Ri}‘(\" o)
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R”O-L" -

R is ~C(0)-N(R¥")(R?®) or O-R*;

R?is H, alkyl, cycloalkyl, heterocyrcloalkyl, cycloalkylalkyl, heterocycloalkylall=yl,
aryl, heteroaryl, arylalkyl, heteroarylalkyll, alkenyl or alkynyl;

R%is Hor alkyl;

R*is H or alky!;

R®is H, alkyl, cycloalkyl, cycloalk-ylalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, heterocycloalkyl or hete rocycloalkylalkyl;

R'"is 1 to 4 substituents indeperdently selected from the group consisting ©f
H, alkyl, alkenyl, alkynyl, halo, -CN, haloalkyl, cycloalkyl, cycloalkylalkyl, anyl,
heteroaryl, heterocycloalkyl, arylalkyl, heateroarylalkyl, heterocycloalkylalkyl, -OR%,
-N(R*)(R®) and -SR%; '

R¥ and R?® are independently selected from alkyl, cycloalkyl, cycloalkylalkyll,
aryl, arylalkyl, heteroaryl, heteroarylalky-1, heterocycloalkyl, heterocycloalkylalkyl,
hydroxyalkyl, and alkoxyalkyl;

or R and R together with the Mitrogen to which they are attached, form ar
unsubstituted 3-7 membered heterocycBoalkyl ring, or a 3-7 membered
heterocycloalky! ring substituted by 1-3 substituents independently selected from tie
group consisting of alkyl, alkoxyalkyl, haaloalkoxyalkyl, cycloalkyl, cycloalkylalkyl ancd
cycloalkyl-atkoxyalkyl,

each R* is independently selectead from H, alky!, cycloalkyl, cycloalkylalkyl,
aryl, arylalkyl, heteroaryl, heteroarylalky-1, heterocycloalkyl, heterocycloalkylalkyl,
hydroxyalkyl, and alkoxyalkyt;
and wherein I, n, m, Y, and R%, R’, R®, R, R"®, R"", R'? and R"? are as defined in the
following groups (A) to (C):

(A) when!is 0-3; nis 0-3; mis 0 or ris 1 and Y is -C(R¥)(R*")-; and the sum of|
and n is 0-3:

(i) R® R’, R%, R® R'"andR'" are independently selected from the group

consisting of H, alkyl, cycloalkyl, «cycloalkylalkyl, aryl, heteroaryl,

heterocycloalkyl, arylalkyl, heterowarylalkyl, heterocycloalkylalkyl, atkenyl,

alkynyt, halo, -NO,, -CN, -N(R'%)CR'®), -OR", -SR", -C(O)R'®, -N(R"?)-C(O)R",

-C(O)OR"", -C(O)N(R"®)(R'®), -O~C(O)R"” and -S(0)12.R"®; and

R'? and R'? are independently sedlected from the group consisting of H, alkyll,

cycloalkyl, cycloalkylalkyl, aryl, hexteroaryl, heterocycloalkyl, arylalkyl,
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or

or

or

(8)

(©)

heteroarylalkyl, heterocycloalkylaliyl, alkenyl, alkynyl, -C(O)R"® and
-C(O)OR";

(i) R” and R?, togetheer with the ring carbons to which they are -attached, form
a fused cycloalkyl or €used heterocycloalkyl group and RS, R, R", R"', R and
R are as defined in (A)(i); or R'" and R'", together with the rirg carbon to
which they are attachsed, form —C(O)-; or R'? and R'3, together with the ring
carbon to which they are attached, form ~C(O)-;

(iii) R® and R’, togetier with the ring carbon to which they are aattached, form
—C(=0)-, and R, R°, R'™,R'", R™ and R' are as defined in (AD(i);

(iv) R® and R®, togetliher with the ring carbon to which they are -attached,

form —C(=0)-, and R®, R7, R, R"", R'? and R™ are as defined in (A)(i);

when lis 1;.n is 0-2; &and mis O:

R® and R®, together wvith the ring carbons to which they are att=ached, form

a fused aryl group or- a fused heteroaryl group, R’ and R? form abond, and
R', R, R"? and R'*>" are as defined in (A)(i);

when lis 0-3; nis 0-3B;mis 1 and Y is -O-, -NR'"-, -S-, -SO- or- -SO,-; and the

sum of | and n is 0-3:

R® R, R, R®, R'? ard R" are independently selected from thee group
consisting of H, alkyl , cycloalkyl, cycloalkylalkyl, aryl, heteroarywl,
heterocycloalkyl, ary $alkyl, heteroarylalkyl, heterocycloalkylalky1, alkenyl,
alkynyl, -C(O)N(R'$)qR"®), -C(O)R™®, -C(O)OR"” and -O-C(O)R™""; and R'® and
R'" are as defined irm (A)(i), or R'® and R'', together with the rirng carbon to
which they are attaclhed, form —C(O)-; or R and R'®, togethe=r with the ring
carbon to which theys are attached, form ~C(O)-; orwhen Y is —O-or -NR"-,
R® and R’, together waith the ring carbon to which they are atta-ched, form
—C(O)-; orwhen Y iss -O- or -NR'®-, R® and R, together with &the ring carbon
to which they are att.ached, form —C(O)-;

wherein R' is H or alkyl;

R'®is H, alkyl, cycloaalkyl, cycloalkylalkyl, aryl, heteroaryl, hetemrocycloalkyl,

arylalkyl, heteroarylalkyl, heaterocycloalkylalkyl, alkeny! or alkynyl,

or R'® and R®, togetther with the nitrogen to which they are att-ached, form a

heterocycloalkyl ring;

R" is H, alkyl, cycloaalkyl, aryl, heteroaryl, cycloalkylalkyl, arylaalkyl,

heteroarylalkyl, heterocyclcalkyl, heterocycloalkylalkyl, alkenyl or alky/nyl;
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R'® is H, alkywl, cycloalkyl, aryl, heteroaryl, cycloalkylalkyl, ar=ylalkyl,

heteroarylalkyl, hetesrocycloalkyl, heterocycloalkylalkyl, alkenyl, alk-ynyl or
-N(R*)(R);

R' is H, alkyw!l, cycloalkyl, cycloalkylalkyl, aryl, heteroaryl, heaterocycloalkyl,
arylalkyl, heteroaryBalkyl, heterocycloalkylalkyl, -COR'®, -C(O)OR*®, -SOR™, -SO.R"
or -CN;

R?* and R?® .are independently selected from the group conssisting of H, alkyl,
cycloalkyl, cycloalk=ylalkyl, aryl, heteroaryl, heterocycloalkyl, arylallyl, heteroarylatkyl,
heterocycloalkylalk-yi, alkenyl and alkynyl;

or R?* and PR together with the nitrogen to which they are aattached, form a 3-7
membered heteroc=ycloalkyl ring;

R¥® is H, alkwy!, cycloalkyl, cycloalkylalkyl, aryl, heteroaryl, hesterocycloalkyl,
arylalkyl, heteroary-talkyl, heterocycloalkylalkyl, alkenyl, alkynyl, ha.lo, -NO, -CN,
-NR'")(R), -OR'", -SRY, -C(O)R"®, -N(R'®)-C(O)R"", -C(O)OR"’,. -C(O)N(R")(R"®),
-0-C(O)RY or -S(O)2R'®;

R* is H or amlkyl;

and whereire each of the alkyl, cycloalkyl, cycloalkylalkyl, heaterocycloalkyl,
heterocycioalkylaliCyi, aryl, arylalkyl, heteroaryl, heteroarylalkyl, alkzenyl and alkyny!
groups in Rz, Rs' R:“, Rs’ Re' R7, Re’ Rs, R1°, R”, R12' R13’ Rm’ RIE-’ R16, R", RIG‘ R19’
R?, R® and R* ar-e independently unsubstituted or substituted by 1 to 5 R* groups
independently sele cted from the group consisting of halo, alkyl, cy»cloalkyl,
cycloalkylalkyl, hete=rocycloalkyl, heterocycloalkylalkyl, aryl, arylalicyl, heteroaryl,
heteroarylalkyl, -NC,, -CN, haloalkyl, haloalkoxy, -N(R*)(R*), -Nt(cycloalkyl),
acyloxy, -OR¥®, -SRR®, -C(O)R%, -C(0)OR®*, -PO(OR®),, -NR*C(€0)R*,
-NR*C(0)OR¥, -NBR*S(0)0..R™, and -S(0)0-2R*®; or two R*2 groLups on the same
ring carbon atom ir cycloalkyl, cycloalkylalkyl, heterocycloalkyl or
heterocycloalkylalk—yl together form =0;

R* and R* are independently selected from the group con sisting of H and
alkyl;

R* is H, alkwyl, cycloalkyl, aryl, heteroaryl, cycloalkylalkyl, ar-ylalkyl,
heteroarylalkyl, het-erocycloalkyl, heterocycloalkylalkyl, alkenyl or &alkynyl;

R¥is H, alkwyl, cycloalkyl, aryl, heteroaryl, cycloakylalkyl, arwylalkyl,
heteroarylalkyl, heteerocycloalkyl, heterocycloalkylalkyl, alkenyl, alkcynyl or
-N(R¥)(R®);
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R¥ and R*® are independently selected from the group consisting of H, alkyl,

-cycloalkyl, cycloalkylalkyl, aryl, heteroaryl, he-terocycloalkyl, arylalkyl, heteroarylalkyl,

heterocycloalkylalky!, alkenyl and alkynyi;

or R¥ and R* together with nitrogen to which they are attached, form a 3-7
membered heterocycloalky! ring;

R% is alkyl, aryl, heteroaryl, arylalkyl, neteroarylalkyl, heterocycloalkyl,
heterocycloalkylialkyl, alkenyi or alkynyl; and

R* is alkyl, cycloalkyl, aryl, heteroaryl , cycloalkylalkyl, arylalkyl, heteroarylalkyl,
heterocycloalkyl, heterocycloalkylalkyl, alken<y! or alkynyl.

In another aspect, the invention relatees to a pharmaceutical composition
comprising at least one compound of formula | and a pharmaceutically acceptable
carrier.

In another aspect, the invention comperises the method of inhibiting BACE-1
comprising administering at least one compound of formula | to a patient in need of
such treatment. Also claimed is the method of inhibiting the formation, or formation
and deposition, of B-amyloid plaques in, on oraround neurological tissue (e.g., the
brain) comprising administering at least one compound of formula | to a patient in
need of such treatment.

More specifically, the invention comprs-ises the method of treating a cognitive or
neurodegenerative disease comprising administering at least one compound of
formula | to a patient in need of such treatment. In particular, the invention comprises
the method of treating Alzheimer's disease comprising administering at least one
compound of formula | to a patient in need of such treatment.

In another aspect, the invention comprises the method of treating a cognitive
or neurodegenerative disease comprising administering to a patient | need of such
treatment a combination of at least one com pound of formula | and at least one
compound selected from the group consistirag of -secretase inhibitors other than
those of formula I, HMG-CoA reductase inhibitors, gamma-secretase inhibitors, non-
steroidal anti-inflammatory agents, N-methyl-D-aspartate receptor antagonists,
cholinesterase inhibitors and anti-amyloid amtibodies.

In a final aspect, the invention relates to a kit comprising in separate containers
in a single package pharmacsutical compositions for use in combination, in which one
container comprises a compound of formula |in a pharmaceutically acceptable carrier
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armd a second container comprises a B-secretase inhibitors other than those of
fomrmula 1, an HMG-CoA reductase inhibitor, a garnma-secretase inhibitor, a non—
stearoidal anti-inflammatory agent, an N-methyl-D—aspartate receptor antagonist, a
chaolinesterase inhibitor or an anti-amyloid antibocdy in a pharmaceutically accep®table
caarnier, the combined guantities being an effectivee amount to treat a cognitive disease
or neurodegenerative disease such as Alzheimer's disease.

D _ETAILED DESCRIPTION:

Referring to formula I, above, preferred compounds of the invention are ®hose
w~herein R%, R* and R® are hydrogen and R? is arylalkyl; more preferred are
caompounds wherein R? is substituted benzyl, esgoecially di-fluorobenzyl.

In compounds of formula |, R is preferablyy -C(0)-N(R¥")(R®) wherein R~ and
PR are each alkyl, more preferably n-propyl. Alsso preferred are compounds wherein

FRZ and RZ, together with the nitrogen to which ®hey are attached, form an optisonally
s ubstituted heterocycloalkyl, ring, preferably piperidiny! or pyrrolidinyl, especially
peyrrolidinyl, and preferably substituted by alkoxy-alkyl, especially methoxymethysl. In

0
R290-|'=|’—$
aanother preferred embodiment, R is CI)R”, wherein each R? is alkyl, morez
[ referably n-propyl. R is more preferably -C(O) -N(R¥)(R?®). R'*is preferably H, alkyl
or alkoxy, especially methyl.
The “R'-NH-* portion of the compounds ©f formula | preferably has the
sstucture:
RM

Dy D g

I>enzamides are more preferred.

Preferred R* substituents are selected farom the group consisting of hal«o, alkyl,
COH, alkoxy, alkoxyalkyl, alkoxyalkoxy, haloalkyl., haloalkoxy, CN, cycloalkyl,
cycloalkoxy, cycloalkylalkyl, cycloalkylalkoxy, ptenyl and benzyl. Also preferresd are
compounds wherein two R* substituents on the> same ring carbon in a cycloalikyl,
cycloalkylalkyl, heterocycloalkyl or heterocycloalkylalkyl group form =O.

The following are additional preferred enmbodiments of the invention:
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1) compounds of formula | wherein R’ to R® are as defimed above in the summary
of the i nvention and R®to R, 1, m, n, and Y are as defined in (A);
2) compounds of formula | wherein R’ to R® are the preferred definitions defined
above and Réto R'3, 1, m, n, and Y are as definedin (A);
3) compounds- of formula | wherein R! to R® are as defirmed abovs in the summary
of the @invention and R to R', I, m, n, and Y are- as defined in (B);
4) compoundss of formula | wherein R' to R® are the preferred definitions defined
above and R€to R'3, 1, m, n, and Y are as define2d in (B);
5) compoundss of formula | wherein R' to R® are as defired above In the summary
of the invention and R%to R'™3, 1, m, n, and Y are= as defined in (C);
6) compoundss of formula | wherein R' to R® are the pre ferred definitions defined
above and R®to R'3,1, m, n, and Y are as defineed in (C).
in another embodiment, preferred are compounds of™ formula I, definition (A),
wherein m is zero= the sum of | and n'is 1 or 2; and R®, R”, IR, R°, R, R"", R and
R'® are each hydrsogen; or wherein R®, R”, R®, R®, R'’, R'" &and R™ are each hydrogen
and R'2is methyl; or wherein R®, R, R®, R®, R'® and R'' aree each hydrogen and R'2
and R* together aare =O; or wherein R®, 7, R®, R°, R ancd R'® are each hydrogen
and R’ and R'' a_re =O.
In another eembodiment, preferred are compounds off formula |, definition (A),

wherein m is zero : nis 1 and the sum of nand I is 1 or 2; R ¢, R%, R'°, R"", R'"?and R"

are each hydrogem; and R’ and R® are as defined in the summmary of the invention.
More preferred aree compounds of formula 1, definition (A), wvherein m is zero; n is 1
and the sum of n aand lis 1 or 2; R, R®, R, R"', R"?and R ™ are each hydrogen; and
R and R® are indespendently selected from the group consi sting of H and -OR"
wherein R'” is H, -alkyl, aryl, heteroaryl, arylalkyl or heteroamrylalkyl; A preferred
definition for R" iss arylalkyl, especially benzyl, wherein the aryl portion is optionally
substituted with omne or two substituents independently sele-cted from the group
consisting of halo and alkoxy.

in another -embodiment, preferred are compounds o-f formula |, definition (A),
wherein m is zero-: lis 1; nis 1 or 2; R’ and R® form a fusecd cycloalkyl group; and R®,
R® R'™, R, R'? aand R"™ are each hydrogen. Preferably, Rs’, R’ and the carbons to
which they are att-ached form a cyclopropyl ring.

In another embodiment, preferred are compounds o-f formula 1, definition (A),
wherein mis1; Y #s —-C(R¥)(R*")-; lis 0; nis 1; R®, R”, R®, FR°, R"? and R"® are each
hydrogen; and R=°and R** are as defined in the summary of the invention.
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In another embodiment, preterred are compounds of formula 1, definition (B),
wherein m is zero: | is 1 @and nis 1 or 2; R® and R® form a fused aryl g&roup; R’ and R’
form a bond; and R*°, R*", R'? and R'® are each hydrogen.

In another embodiiment, preferred are compounds of formula 1, definition (C),
wherein m is1; 1 is 0-3 and n is 0-3, provided that the sumof land niss 1-3; Y is —O-,
-NR'™., -S-, -SO- or ~SO2-, whersin R' is alkyl, arylalkyl or -SO,R'8, wwith preferred
arylalky! groups being benzyl and fluorobenzyl and preferred R'® groups being aryl
and heteroaryl, especial ly phenyl, pyridyl, thienyl and imidazolyl; and R, R, R®, R,
R™ R'", R™ and R™ are each hydrogen, or R®, R°, R, R',R? and R" are each
hydrogen and R® and R together are =0, or R’, R’, R%, R, R and R' are each
hydrogen and R® and R'? are as defined in the summary of the inventtion. More
preferably, Y is —NR"- or —0-, with -NR'®- being most preferred. In zan especially
preferred embodiment, snis 1; Y is -NR"-; 1is 0; nis 1; R®, R, R', aand R* are H;
and R® and R together are =O. In another especially preferred embodiment, mis 1;
Y is -NR'-: 1is 0; n is 0; R® and R® are H; and R® and R’ together are =0.

Specific preferrecd embodiments of the cycloamino ring portiors are:

§ N 3 N SN

+<> "0
\LZRB

R®  (all A(i)

S N p

N__O
\%7 (A(ii)) U (A(iv))
SN

(B) and
SN SN SN RZ SN
RSO
~ 0 N o)
o R'9 F'!19 '!“g /N
R1%a (all C)

wherein:

R®is H, OH, alkoxy, phenoxy or optionally substituted benzyloxy;

R" s H, alkyl, alkenyl or di-hydroxyalkyl;

R is H, alkyl, optionally substituted benzyl, benzoyl, -SO.alkyl, -SO2 (optionally
substituted phenyi), -SO,N(alkyl)z, phenyl, -C(O)alkyl, -C(O)-heteroar-yl,
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-C(0)-NH(optionally substituted phenyl), -C(0)-O-benzyl, -C(O)-CH,-O-alkyl,
-SO,-(optionally substituted heteroaryl), -C(O)-morpholinyl or cycloalkylalkyl;
R'™ is option ally substituted benzyl; and
R¥ is —OC(O»)-alkyl, optionally substituted phenyl, optionally substituted phaeny!lalkyl,
alkyl, alkoxy, cycloalkylalkyl, cycloalkylalkoxy, hydroxyalkoxy, dialkylaminoalkoxy,
alkoxyalkoxy . optionally substituted heterocycloalkyl, heterocycloalkylalkyl,
heterocycloa Ykylalkoxy, or ~C(O)-O-alkyl;
wherein the Optional substituents on phenyl or benzyl are R substituents selected
from the group consisting of halo, alkyl, alkoxy, cyano and phenyl; wherei# heteroaryl
is selected from the group consisting of pyridyl, oxazolyl, pyrazinyl, thienyl and
imidazolyl arad the optional substituents on heteroaryl are selected from al kyl and
halo.

More preferred specific embodiments of the cyclic amino portion are

S _-N SN s“rnj r‘”j/:N:rR‘2

1258 \Eﬂ) N and O N .
R30 R1® R , wherein tme

substituents are as defined in the paragraph immediately above.

The pereferred stereochemistry of compounds of formula 1 is that shmown in

formula 1A:

1A

As ussed above, and throughout the specification, the following terrans, unless
otherwise indicated, shall be understood to have the following meanings:

"Patient” includes both human and animals.

“Mamymal” means humans and other mammalian animals.

“Alkyl” means an aliphatic hydrocarbon group which may be straight or
branched ard comprising about 1 to about 20 carbon atoms in the chain. Preferred
alkyl groups contain about 1 to about 12 carbon atoms in the chain. More preferred
alkyl groups contain about 1 to about 6 carbon atoms in the chain. Brancted means
that one or rmore lower alkyl groups such as methyl, ethyl or propyl, are attached to a
linear alkyl chain. "Lower alkyl* means a group having about 1 to about 6 carbon
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atoms in the chain which may be straight or branched. Non-limiting example-s of
suitable alkyl groups include methyl, ethyl, n-propyl, isopropyl, n-butyl, t-buty=i, n-
pentyl, heptyl, nonyl and decyl. R®-s.ubstituted atky! groups include fluorom ethyl,
trifluoromethyl and cyclopropyimethyt .

"Alkenyl” means an aliphatic h ydrocarbon group containing at least o-ne
carbon-carbon double bond and which may be straight or branched and cormprising
about 2 to about 15 carbon atoms in the chain. Preferred alkenyl groups hawe about 2
to about 12 carbon atoms in the chai n; and more preferably about 2 to aboLat 6
carbon atoms in the chain. Branchedl means that one or more lower alkyl gr-oups such
as methyl, ethyl or propyl, are attacheed to a linear alkeny! chain. "Lower alkeeny!"
means about 2 to about 6 carbon atoms in the chain which may be straight or
branched. Non-limiting examples of suitable alkenyl groups include etheny®,
propenyl, n-butenyl, 3-methylbut-2-e nyl, n-pentenyl, octenyl and decenyl.

*Alkynyl” means an aliphatic Nydrocarbon group containing at least ©ne
carbon-carbon triple bond and whiche may be straight or branched and compprising
about 2 to about 15 carbon atoms in the chain. Preferred alkynyl groups h&ave about
2 to about 12 carbon atoms in the chain; and more preferably about 2 to atoout 4
carbon atoms in the chain. Branched means that one or more lower alkyl gmroups such
as methyl, ethyl or propyl, are attachwed to a linear alkynyl chain. “Lower alik-ynyl*
means about 2 to about 6 carbon atoms in the chain which may be straight: or
branched. Non-limiting examples of suitable atkynyl groups include ethynyl,, propynyl,
2-butynyl, 3-methylbutynyl, n-pentyrayl, and decynyl.

*Aryl" (sometimes abbreviated “ar”) means an aromatic monocyclic ©r
multicyclic ring system comprising atbout 6 to about 14 carbon atoms, prefesrably
about 6 to about 10 carbon atoms. ¥ he aryl group can be optionally substit uted with
one or more R*2 substituents which may be the same or different, and are aas defined
herein. Non-limiting examples of suitable aryl groups include phenyl and naphthyl.

*Heteroaryl" means an aromaxtic monocyclic or multicyclic ring systeam
comprising about 5 to about 14 ring atoms, preferably about 5 to about 10 ring atoms,
in which one to four of the ring atomes is an element other than carbon, for eexample
nitrogen, oxygen or sulfur, alone or #n combination. Preferred heteroaryls c-ontain
about 5 to about 6 ring atoms. The *“heteroaryl" can be optionally substitutezd by one
or more R substituents which may be the same or different, and are as deefined
herein. The prefix aza, oxa or thia beefore the heteroaryl root name means ®&hat at least
a nitrogen, oxygen or sulfur atom re=spectively, is present as a ring atom. A_ nitrogen
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atom of a heteroaryl can be optionally oxidized to the correspondi ng N-oxide. Non-
limiting examples of -suitable heteroaryls include pyridyl, pyrazinyl., furanyl, thienyl,
pyrimidiny!, isoxazolwy!, isothiazotyl, oxazolyl, thiazolyl, pyrazolyl, fuarazanyl, pyrrolyl,
pyrazolyl, triazolyl, 1.,24-thiadiazolyi, pyrazinyl, pyridazinyl, quinoxalinyl, phthalazinyl,
imidazo[1,2-ajpyridiryl, imidazo[2, 1-bjthiazolyl, benzofurazanyl, irdolyl, azaindolyl,
benzimidazolyl, benzzothienyl, quinolinyl, imidazolyl, thienopyridyl, quinazolinyl,
thienopyrimidyl, pyrrolopyridyl, imidazopyridyl, isoquinolinyl, benz. oazaindolyl, 1,2,4-
triazinyl, benzothiazaolyl and the like.

“Arylalkyl’ mesans an aryl-alkyl- group in which the aryl andB alkyl are as
previously describecd. Preferred aralkyls comprise a lower alkyl gr-oup. Non-limiting
examples of suitable2 aralkyl groups include benzyl, 2-phenethyl &and
naphthalenylmethyl_ The bond to the parent moiety is through the alkyl.

“Cycloalkyl" rneans a non-aromatic mono- or multicyclic rirng system
comprising about 3 —to about 10 carbon atoms, preferably about S to about 10 carbon
atoms. Preferred cy -cloalkyl rings contain about 5 to about 7 ring atoms. The
cycloalkyl can be optionally substituted with one or more R* sub stituents which may

* be the same or diffearent, and are as defined above. Non-limiting examples of suitable

monocyclic cycloalkzyls include cyclopropyl, cyclopentyl, cyclohexxyl, cycloheptyl and
the like. Non-limitingg examples of suitable multicyclic cycloalkyls include 1-decalin,
norbornyl, adamant=yl and the like.

*Halo" meanss fluoro, chloro, bromo, or iodo groups. Prefe rred are fluoro,
chloro or bromo, an d more preferred are fiuoro and chioro.

“Haloalkyl” reneans an alkyl as defined above wherein one= or more hydrogen
atoms on the alkyl iss replaced by a halo group defined above.

Substituents on the rings defined above also include a cyclic ring of 3 to 7 ring
atoms of which 1-2 may be a heteroatom, attached to an aryl, heteroaryl or
heterocyclyl ring by simultaneously substituting two ring hydroge: n atoms on said aryl,
heteroaryl or heteroscyclyl ring. Non-limiting examples include:

o)
o]

: S* andthelike.
*HeterocyclyM* (or heterocycloalkyl) means a non-aromaticc saturated
monocyclic or multiacyclic ring system comprising about 3 to abowat 10 ring atoms,
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preferably about 5 to about 10 ring atoms, in which 1-3, preferably 1 or 2 of the> atoms

in the ring system is an element other than carbon, for example nitrogen, oxyg en or
sulfur, alone or in combination. There are no adjacent oxygen and/or sulfur atcoms
present in the ring system. Preferred herterocyclyls contain about 5 to about 6 sring
atoms. The prefix aza, oxa or thia before the heterocyclyl root name means th=at at
least a nitrogen, oxygen or sulfur atom Fespectively is present as a ring atom. “The
heterocyclyl can be optionally substitutexd by one or more R substituents whiach may
be the same or different, and are as dofined herein. The nitrogen or sulfur atomm of the
heterocyclyl can be optionally oxidized to the corresponding N-oxide, S-oxide eor S,S-
dioxide. Non-limiting examples of suitable monocyclic heterocyclyl rings includlie
piperidyl, pyrrolidinyl, piperazinyl, morpholinyl, thiomorpholinyl, thiazolidinyl, 1,-3-
dioxolanyl, 1,4-dioxanyl, tetrahydrofuranyl, tetrahydrothiophenyl,

tetrahydrothiopyranyl, and the like.

"Heteroarylalkyl' means a heteraaryl-alkyl- group in which the heteroany| and
alkyl are as previously described. Prefe rred heteroarylalkyls contain a lower al kyl
group. Non-limiting examples of suitable heteroarylalkyl groups include pyridyl methyl,
2-(furan-3-yl)ethyl and quinolin-3-yimethyl. The bond to the parent moiety is tharough
the atkyl.

"Acyl" means an H-C(0)-, alkyl-C(0)-, alkenyl-C(O)-, alkynyl-C(O)- or
cycloalkyl-C(O)- group in which the various groups are as previously describecd. The

alkyl. Non-limiting examples of suitable acyl groups include formyl, acetyl, propoanoyl,
2-methyipropanoyl, butanoyl and cyclohsexanoyl!.

‘Alkoxy" means an alkyl-O- group in which the alkyl group is as previoussly
described. Non-limiting examples of suitable alkoxy groups include methoxy, e=thoxy,
n-propoxy, isopropoxy, n-butoxy and he-ptoxy. The bond to the parent moiety iss
through the ether oxygen.

In the summary of the invention, in parts A(ii), B and C, where alternatiwe
definitions are given, the definitions are cumulative. For example in A(ii), where “R’
and R®, ... form a fused cycloalkyl or fussed heterocycloalkyl group and R®, R®, R',
R', R'? and R" are as defined in (A)(); orR' and R', ... form —C(O)-; or R'= and
R™, ... form =C(0)-* it means that R” and R® form a ring, while the remaining “:R"
groups can be individual substituents, or R®, R®, R'2 and R"? are individual
substituents and R'® and R'" form =0, or R®, R®, R and R"" are individual
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subsstituents and R'2 and R* form =0, or R® and R® are inadividual substituents, R

and R'' form =O and R'Z and R" form =O.
“Fused cycloalkyl” means that a cycloalkyl ring is fLased to the cyclic amino
portiion of compounds of formula 1, e.g., a compound havi ng the structure
R® R*OH

WO 2005/016876

rS H

5 RS .
Similarly, “fused heterocycloalkyl” means that a hesterocycloalkyl group is fused
to thhe cyclic amino portion of compounds of formula |, e.g3., a compound having the

strumcture
4 OH
A2 R? R R H R"
R12
R'—NH a®
NH
10 When “Y” is a heteroatom, R’, R? and the carbonss to which they are attached

car form a fused ring wherein “Y” is the only heteroatom , or R’, R? and the carbons to
whilich they are attached can form a ring comprising one eor two additional
heteroatoms, e.g.,

15 “Fused aryl” means that an aryl group is fused to ~the cyclic amino portion of
coempounds of formula |, e.g., a compound having the steructure




10

15

WO 2005/016876 PCT/US2004/025018

15
“Fused heateroaryl” means a similar structure, whereir, for example, the phenyl

ring is replaced Dy pyridyl.
The cyclo amino ring portion of the compounds of forrmula |, i.e., the portion of
the compound h-aving the structure

RS 8+
S PR
H'IO |
RH
R® m=7 " ,

can have multipRe oxo substituents, that is, where R™ and R, or R® and R’, or R®
and R®, or R'? a_nd R" form —C(O)- groups with the carbonss to which they are
attached, several such groups can be present on the ring a=s long the conditions in (C)
are met (i.e., a —C(O)- group is not adjacent to Y = -§(O)e.2—). For example, R® and
R’, and R"?and R can each form —~C(0)- groups with the ecarbons to which they are

" attached when rmis 0 and R®, R®, R'® and R'" are hydroger. Preferably, when

compound of fo rmula | comprise —C(O)- group(s) on the cyacloamino ring, only 1 or 2
such groups are> present, and they are not present on adjacent carbon atoms.

The termu “optionally substituted” means optional sulostitution with the specified
groups, radicalss or moieties, in available position or positiors.

With refe=rence to the number of moieties (e.g., subs-tituents, groups or rings) in
a compound, umiless otherwise defined, the phrases “one o r more” and “at least one”
mean that there= can be as many moieties as chemically pe rmitted, and the
determination o f the maximum number of such moieties is »well within the knowledge
of those skilled in the art. With respect to the compositionss and methods comprising
the use of “at le-ast one compound of formula 1,” one to threme compounds of formula |
can be administtered at the same time, preferably one. .

As used herein, the term “composition” is intended teo encompass a praduct
comprising the sspecified ingredients in the specified amourts, as well as any product
which results, d irectly or indirectly, from combination of the specified ingredients in
the specified armounts.

The wavy~ line v\ as a bond generally indicates a_ mixture of, or either of,

" the possible iso-mers, e.g., containing (R)- and (S)- steroochhemistry. For example,

N
H

Lines draawn into the ring systems, such as, for example:

OoH4 OH ~OH
O‘. means containing both (j, and O
N N
H H .



10

15

20

25

WO 2005/016876 PCT/US2004/025018

imdicate that the indicated line (bond) may be attached to any of the substitutable ring
carbon atoms.

As well known in the art, a bond drawn from a particulaar atom wherein no
nnoiety is depicted at the terminal end of the bond indicates a methyl group bound

tihrough that bond to the atom, unless stated otherwise. For eexample:
CH,

N N
NO/ represents NO/ -
4 Yy ;

It should also be noted that any heteroatom with unsa-tisfied valences in the
text, schemes, examples, structural formulae, and any Table-s herein is assumed to
Fave the hydrogen atom or atoms to satisfy the valences.

Prodrugs and solvates of the compounds of the inven-tion are also
eontemplated herein. The term *prodrug®, as employed hereiin, denotes a compound
&hat is a drug precursor which, upon administration to a subjeact, undergoes chemical
conversion by metabolic or chemical processes to yield a commpound of formula l ora
ssalt and/or solvate thereof. A discussion of prodrugs is provieded in T. Higuchi and V.
<Stella, Pro-drugs as Novel Delivery Systems (1987) Volume 14 of the A.C.S.
Symposium Series, and in Bioreversible Carriers in Drug De sign, (1987) Edward B.

Roche, ed., American Pharmaceutical Association and Perg-amon Press, both of
=which are incorporated herein by reterence thereto.

*Solvate* means a physical assaciation of a compournd of this invention with
one or more solvent molecules. This physical association inwolves varying degrees of
jonic and covalent bonding, including hydrogen bonding. In Certain instances the
solvate will be capable of isolation, for example when one orr more solvent molecules
are incorporated in the crystal lattice of the crystalline solid. "Solvate” encompasses
both solution-phase and isolatable solvates. Non-limiting exaamples of suitable
solvates include ethanolates, methanolates, and the like. "H ydrate" is a solvate
wherein the solvent molecule is HO.

*Effective amount” or “therapeutically effective amourt® is meant to describe
an amount of compound or a composition of the present inv-ention effective in
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inhibiting BACE-1 and t hus producing the desired therapeutic effect in a suitable
patient.

The compounds of formula | form salts which are also within —the scope of this
invention. Reference to a compound of formula | herein is understocd to include
reference to salts there«of, uniess otherwise indicated. The term "sai—t(s)*, as employed
herein, denotes acidic Salts formed with inorganic and/or organic ac ids, as well as
basic salts formed with inorganic and/or organic bases. In addition, "when a
compound of formula | contains both a basic moiety, such as, but ncot limited to a
pyridine or imidazole, a nd an acidic moiety, such as, but not limited to a carboxylic
acid, zwitterions (“inner- salts") may be formed and are included withmin the term
*salt(s)" as used herein . Pharmaceutically acceptable (i.e., non-toxic, physiologically
acceptable) salts are preferred, although other salts are also useful_ Salits of the
compounds of the form ula | may be formed, for example, by reactin=g a compound of
formula | with an amoumt of acid or base, such as an equivalent ameount, in a medium
such as one in which thme salt precipitates or in an aqueous medium followed by
lyophilization. Acids (arad bases) which are generally considered sui-table for the
formation of pharmaceuitically useful saits from basic (or acidic) pha_rmaceutical
compounds are discusssed, for example, by S. Berge et al, Journal ©f Pharmaceutical
Sciences (1877) 66(1) 1-19; P. Gould, Intemnational J. of Pharmacect.tics (1986) 33
201-217; Anderson et @/, The Practice of Medicinal Chemistry (19963), Academic
Press, New York; in The Orange Book (Food & Drug Administration_, Washington,
D.C. on their website); &and P. Heinrich Stahl, Camille G. Wermuth (EEds.), Handbook

' ~ of Pharmaceutical Salts: Properties, Selection, and Use, (2002) Int'l. Union of Pure
“and Applied Chemistry, pp. 330-331. These disclosures are incorpomrated herein by

reference thereto.

Exemplary acid aaddition salts include acetates, adipates, algimnates,
ascorbates, aspartates, benzoates, benzenesulfonates, bisulfates, toorates, butyrates,
citrates, camphorates, ccamphorsulfonates, cyclopentanepropionatess, digluconates,
dodecylsulfates, ethane>sulfonates, fumarates, glucoheptanoates, glwycerophosphates,
hemisulfates, heptanoattes, hexanoates, hydrochlorides, hydrobromi-des,
hydroiodides, 2-hydroxy-ethanesulfonates, lactates, maleates, methaanesulfonates,
methyl sulfates, 2-naphtthalenesulfonates, nicotinates, nitrates, oxalaxtes, pamoates,
pectinates, persulfates, 3-phenylpropionates, phosphates, picrates, goivalates,
propionates, salicylates, succinates, sulfates, sulfonates (such as thedse mentioned
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herein), tartarates , thiocyanates, toluenesulfonates (also known as tosylatess,)
undecanoates, ard the like.

Exemplary basic salts include ammonium salts, alkali metal salts su ch as
sodium, lithium, a_nd potassium salts, alkaline earth metal salts such as caficium and
magnesium salts, aluminum salts, zinc salts, salts with organic bases (for example,
organic amines) ssuch as benzathines, diethylamine, dicyclohexylamines,
hydrabamines (fosrmed with N,N-bis(dehydroabietyl)ethylenediamine), N-maethyl-D-
glucamines, N-methyl-D-glucamides, t-butyl amines, piperazine,
phenylcyclohexylzamine, choline, tromethamine, and salts with amino acidss such as
arginine, lysine amd the like. Basic nitrogen-containing groups may be qua_riernized
with agents such as lower alkyl halides (e.g. methyl, ethyl, propyl, and butwyl chlorides,
bromides and iodlides), dialky! sulfates (e.g. dimethyl, diethyl, dibutyl, and diamyl
sulfates), long cheain halides (e.g. decyl, lauryl, myristyl and steary! chloridees,
bromides and ioclides), aralkyl halides (e.g. benzyl and phenethyl bromide=s), and
others. '

All such accid salts and base salts are intended to be pharmaceutically
acceptable salts within the scope of the invention and all acid and base salts are
considered equiwalent to the free forms of the corresponding compounds  for
purposes of the i nvention.

Compoun-ds of formula 1, and salts, solvates and prodrugs thereof, may existin
their tautomeric form (for example, as an amide or imino ether). All such t automeric .
forms are contermplated herein as part of the present invention.

All stereolisomers (for example, geometric isomers, optical isomerss and the
like) of the presemnt compounds (including those of the salts, solvates and prodrugs of
the compounds aas well as the salts and solvates of the prodrugs), such ass those
which may exist due to asymmetric carbons on various substituents, inclueding
enantiomeric forams (which may exist even in the absence of asymmetric ecarbons),
rotameric forms, atropisomers, and diastereomeric forms, are contemplated within the
scope of this inveention. Individual stereoisomers of the compounds of the- invention
may, for examplee, be substantially free of other isomers, or may be admixed, for
example, as race@mates or with all other, or other selected, stereoisomers . The chiral
centers of the present invention can have the S or R configuration as defiined by the
IUPAC 1974 Rescommendations. The use of the terms “salt®, "solvate” “pwodrug” and
the like, is intencled to equally apply to the salt, solvate and prodrug of ermantiomers,
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steresoisomers, rotamers, tautomers, racemates or prodrugs of the inventive
compounds.

For the combination aspect, the use of any IB-secretase inhibitor other than
those of formula | is contemplated; B-secretase intibitory activity can be determined
by thwe procedures described below. Typical B-sec-retase inhibitors include, but are
not Ii. mited to, those disclosed in WO 02/02505, W~ O 02/02506, wO 02/02512,

WO 02/02518, WO 02/02520 and WO 02/088101

Gamma-secretase inhibitors for use in the combination of this invention can be
dete rmined by procedures known in the art. Typiccal gamma-secretase inhibitors
inclumde, but are not limited to, those described in WO 03/013527, US 6,683,091,
WO 03/066592, USSN 10/663,042, filed Septembmer 16, 2003, WO 00/247671,

WO 00/050391, WO 00/007995 and WO 03/0185-43.

HMG-CoA reductase inhibitors for use in combination with compounds of
formula | include the “stains,” e.g., atorvastatin, lo=vastatin. simvistatin, pravastatin,
fluvastatin and rosuvastatin.

Cholinesterase inhibitorsfor us in the comb-ination include acetyl- and/or
buty=rylchlolinesterase inhibitors. Examples of cholinesterase inhibitors are tacrine,
doneepezil, rivastigmine, galantamine, pyridostigm ine and neostigmine.

Non-steroidal anti-inflammatory agents for use in combination with compounds
of fomula | include ibuprofen, naproxen, diclofenaac, diflunisal, etodolac, flurbiprofen,
indomethacin, ketoprofen, ketorolac, nabumetone, oxaprozin, piroxicam, sufindac,
tolmetin, celecoxib and rofecoxib. A suitable N-maethyl-D-aspartate receptor
antaagonist is, for example, memantine. Anti amyBoid antibodies are described, for
oxamwple, in Hock et al, Nature Medicine, 8 (2002, p. 1270-1275.

Compounds of formula | can be made usirng procedures known in the art. The
following reaction schemes show typical procedumres, but those skilled in the art will
recognize that other procedures can also be suitaable. Inthe Schemes and in the
Exa:mples below, the following abbreviations are sused:

methyl: Me; ethyl: Et; propyl: Pr; butyl: Bu; benzyl: Bn

high pressure liquid chromatography: HPL«C

liquid chromatography mass spectrometry= LCMS

thin layer chromatography: TLC

preparative thin layer chromatography: PT LC

room temperature: RT
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hour: h

minute: min

retention time: tg

1-hydroxybenzotriazole: HOBT
1-(3-dimethylaminopropyl)-3-eathylcarbodiimide methiodide: EDCI
1-(3-dimethylaminopropyl)—3—ethylcamodiimide hydrochloride: EDC
ethyl acetate: EtOAc

tetrahydrofuran: THF

N,N-dimethylformamide: DM

n-butyllithium: n-BulLi
1-hydroxy-1-oxo-1,2-benzodicxol-3(1H)-one: IBX

triethylamine: NEt; or EtsN

dibutylboron triflate: Bu,BOTf

methanol: MeOH

diethyl ether: Et;O

acetic acid: AcOH

diphenylphosphoryl azide: DFPPA

isopropanol: iPrOH

benzyl alcohol: BhOH

1-hydroxy-7-azabenzotriazole: HOAt

O-(7-azabenzotriazol-1-yl)-N, N,N',N’-tetramethyluronium hexafluorophosphatte:

HATU

benzotriazole-1-yl-oxy-trispyrarolidinophosphonium hexafluorophosphate:
PyBOP

trifluoroacetic acid: TFA

tertiary butyloxycarbonyl: Boc

benzyloxycarbonyl: Cbz

dimethylsulfoxide: DMSO

diisopropylethylamine: DIEA

lithium diisopropylamide: LDA
tris-(2-aminoethyl)aminomethyl polystyrene (PS-trisamine)
methylisocyanate polystyrene (PS-NCO)
tetrabutylammonium iodide: “TBAI

para-toluenesulfonic acid: pT-SA

trimethylsilyl chloride: TMSCI
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GENERAL SCH EMES:

in Schemmes 1 1o 4, the variable “R™ is used in placee of variables R*R' in
order to simplify the structures. “PG" refers to an amine perotecting group. Examples
of suitable aminee protecting groups are Boc and Cbz; Bn can also be used for

secondary amin es, and (Bn). can aiso be used for primarzy amines (in which case, the
PG-NH- portion of the structures shown in the schemes b elow would become
(PG)2-N-, i.e., (B3n)>-N-).

In Scherme 1, an asymmetric aldol condensation afffords an adduct Il.
Hydrolysis of thee chiral auxiliary gives a carboxylic acid Hl . Curtius rearrangement of
Il affords an ox-azolidinone IV, which can be hydrolyzed t«o an amino alcohol V. N-
derivatization of V to introduce a benzoyl substituent follo-wed by deprotection gives
the product. AlRternatively, IV can be converted to VIl by N-derivatizion prior to
hydrolysis. In c-ases where hydroxyl group protection is reequired, benzylation of li|
gives the intermmediate VI. This intermediate can be conv ‘erted through the sequence
of Curtius rearraangement to give VII, deprotection to V, N.-derivatization to give VIII
and deprotectio=n to give product. Alternatively, hydroxyl gprotection of Il gives an

intermediate I1X which is transformed into the product by &n analogous sequence.
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Scheme 1
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In Scheme 2, a lithio derivative of a 2-halopyridine is added to a protected a-

amino aldehyde derivative to give an addusct X. The protected primary amine of X is
deprotected and the resuitant amine is acwlated to the desired derivative XI.
Hydrogenation of the pyridine ring affords a piperidine derivative, the nitrogen of

which can be protected for ease of purificaation to give Xll. Deprotection of the cyclic
amine Xl gives the desired product.
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In Scheme =3, a 2-lithio derivative of 4-chloropyridine is added to a protected
5§ amino aldehyde to= give the intermediate Xlll. The chloro seubstituent of Xlll can be
displaced by an allkoxide (R'”~OH, wherein R'™* s as defineed for RY, but not H) to
give an ether XIV. Deprotection and derivatization of the perimary amine, followed by
reduction of the py-ridine ring gives the corresponding pipersidine product.
Altematively, the chhloro substituent of Xili can be cross-coumpled with an organozinc
10  reagent under palladium catalysis to give a coupled producst XV. Deprotection and
derivatization of the2 primary amine, followed by reduction off the pyridine ring gives

the corresponding piperidine product. The chloro substituemnt of Xlii can be displaced

by an amide (NH(RR™)C(O)R"™, wherein R"* is as defined ambove) under copper (1)
catalysis to form a goyridine substituted by a nitrogen-linked =substituent, XVI.
15. Intermediate XV! can be subsequently transformed to the paroduct by deprotection
and derivatization of the primary amine and reduction of the - pyridine ring. Reaction
. of chioro intermediate Xilt with carbon monoxide and metha_nol under palladium
: catalysis in the pressence of a base gives a methyl ester XVI 1. Intermediate XVil can
. be subsequently traansformed to the product by deprotection and derivatization of the
“ . 20  primary amine, and reduction of the pyridine ring to give a paperidine.
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Scheme 3
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In Scheme 4, The 2-lithio derivative of 2,5-dibromopyridine is added to a
protected amino aldehyde to givwve the intermediate XVIIl. Deprotection to give a
5  primary amine is followed by armine derivatization to give XIX. The bromo substituent
of XX is then transformed to a -carbon-substituted product XX by a cross-coupling
reaction under palladium catalysis. Hydrogenation of the pyridine ring of XX affords a
substituted piperidine product. XIX can also be coupled to terminal alkynes (R™=H,
wherein R is selected from the substituents as defined for R®-R'" suitable for
10  preparing an alkyne) and the acetylenic intermediate XXI can be reduced to the

product.



10

15

PCT/US2004/02501 8

WO 20M5/016876
25
Scheme: 4
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in Scheme 5, the anion generated from a 3-oxo cyclic amine derivative iss
added to a protected a-amino aldehyde deriva_tive to give an adduct XXII.
Deprot ection of XXI| followed by derivatization of the primary amine affords the
desirecd product.

Schenmme 5
H_& %~ oA oM 5 e OH Boc
PG/N\_E)LH + x__’ PG’N < N eprotection HoN . N
=3 N R o i,
AR il R R A2 A X
X<
. H OHH
1. deriv.atize primary N N
amin © R X
2. depreoiection R2o? RX

In Scheme 6, lithiated XXIll is added to a protected N,N-dibenzyl
aminoaldehyde to give a product XXIV. Remaeval of the N,N-dibenzyi protectingg
group ®rom XXIV by hydrogenolysis followed b-y reduction of the piperazinone oxxo
group wnith borane-dimethylsulfide gives a pipearazine product XXV. Derivatization of
the prirmnary amine of XXV and hydrogenolysis of the piperazine benzyl group giwes
intermeadiate XXVI. Derivatization of the piperaazine nitrogen of XXVI followed bwy
deprotexction gives the piperazine product.
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Scheme 6
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In Scheme 7, N-Boc-2-tert-boutyldimethylsilyloxypyrrole is added to a prottected

a-amino aldehyde in the presence of an appropriate Lewis acid, for example boron
5 trifluoride etherate, to give an unsaturated lactam XXVIil. Reduction of the olefi n,

deprotection and derivatization of the primary amine affords oxo-substituted products.

Alternatively, following saturation ©f the double bond of XXVII, protection of the

alcohol gives XXVIill. intermediate XXVIil can be subjected to reduction of the lactam-

carbonyl group by DIBALH, which upon treatment with acidic methanol gives XXIX.
10  Treatment XXIX with an organomextallic reagent in the presence of a Lewis acicl
. affords a substituted pyrrolidine X>XX. Deprotection to give the primary amine, #N-
derivatization and deprotection giwe the product. Alternatively, cyclopropanatio-n of
XXVII gives a fused product that iss subsequently deoxygenated, deprotected amnd
derivatized to afford the desired compounds.
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Scheme 7
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The conditions for g#he LCMS and RP-HPLC analyses in thee preparations and
examples below are as fo lfows:

5§  Conditions A: 5 minute gradient from 10%—95% CHsCN/H>O witlh 0.1 % TFA, then 2
min isocratic at 95% CH3CN/H,O with 0.1 % TFA, 1.0 ml/min flowr rate on an
analytical C18 reverse-phase column.

Conditions B: 3 minute graadient from 5%—95% CH3;CN/H20 with 0.1 % TFA, then 1
min isocratic at 95% CH3CN/H,0 with 0.1 % TFA, 0.8 mi/min floww rate on an
10  analytical C18 reverse-phase column.
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Conditio_ns C: gradient from 10%—95% CHLCN/H.0 with 0.1 % HCO2H, 25 mymin
flow rate= on a preparative C18 reverse-phase column.

Conditio s D: gradient from 5%—95% CHaCN/H20 with 0.1 % HCO.H, 20 mV/min
flow rates on a preparative C18 reverse-phase column.

Conditio ns E: 5 minute gradient from 10%—80% CH3CN/H:0 with 0.1 % TFA, 0.4
mV/min flow rate on an analytical C18 reverse-phase colusmn.

Preparation 1

HOgCQCOgH \/\NJ\QCOZH

T a RT solution of 5-methylisophthalic acid (6.68 &g, 37.1 mmol) and DIEA

- (19.7 ml 14.4 g, 111 mmol) in CHxClz (74 ml) were addecd sequentially di-n-propyl-
- amine (5s.1 ml, 3.75 g, 37.1 mmol), HOBt (5.01 g, 37.1 mrmal) in two portions, and
“ EDCI (7. 11 g, 37.1 mmol) in four portions. The reaction mixture was stirred for 24 h,

then dilutted with 1N HCI. The mixture was stirred vigorou sly for 15 min, and the
copious ssolid that precipitated was removed by filtration. ~The filtrate was diluted with
water, armd the aqueous phase was adjusted to pH ~ 1. Thhe phases were separated
and the aaqueous layer extracted twice with CHzCl.. The ccombined organics were
dried (Mc3SO), filtered, and concentrated. This crude resiidue was purified by column
chromatcagraphy (silica, 0—100% EtOAc/hexanes) to give a semi-solid that was
further re-crystallized from 15% EtOAc/hexanes to give the= product (4.5 g). Additional
product (2.4 g) was obtained by a second column chromat®ography of the
crystallizeation mother liquor. These two samples were cormbined (6.9 g total mass,
26.2 mmool, 71%). LCMS (Conditions A): ts = 3.9 min; (M+H)* = 264.

Preparation 2
(o] (o)

rrPrgNJ‘\@)LOH
o) o
n-Per)kO/LLOH

0 o)

HO/KQ)LOMQ
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To a solution of isophthalic acid monomethyl ester (1.00 g, 5. 55 mmol) in DMF
« 10 ml) were added sequentially di- n-propylamine (0.77 ml, 0.56 g, 5.6 mmol), HOBt
«1.12 g, 8.32 mmol), and EDCI (1.60 g, 8. 32 mmol). The resulting mixture was stirred
%or 3 h and then diluted with water and EtOAc. The phases were separated, and the
aaqueous portion was extracted with EtOAc 2x). The combined organic fractions
wwere washed with 1 N HC! and brine, dried over MgSOs, fittered, and concentrated.
~Yhe residue was purified by column chromatography (silica, 5%—25% EtOAc/
#hexanes) to give a product (1.34 g, 5.09 mrnol, 92%).

To a solution of the above material (1.34 g, 5.09 mmol) in MeOH (10 ml) was
-added a 1 N aq. LiOH solution (7.63 ml, 7.63 mmol). After 18 h, the mixture was
aadjusted to pH ~ 1 with 1 N HCI, and EtOAC was added. The phases were
sseparated, and the aqueous layer was extracted with EtOAc (2x). The combined
-organic portions were washed with brine, driied over MgSO.,, filtered, and
«concentrated. The crude residue was purifi ed by column chromatography (silica,
0% —50% EtOAc/hexanes) to give the desired product (1.02 g, 4.09 mmol, 80%).
1LCMS (Conditions A): tg = 3.98 min; (M+H)™ = 250; 'H NMR (CDCls, 400 MHz) §

12.00 (br s, 1 H), 8.08 (m, 2 H), 7.60 (m, 1 H), 7.48 (apparent t, J= 8.0 Hz, 1 H), 3.47
«brt, J=7.2Hz, 2 H), 3.14 (brt, J=7.2 Hz, 2H), 1.70 (m, 2 H), 1.52 (m, 2 H), 0.97
o(brt, J=7.2Hz, 3H),0.72 (brt, J=7.2 Hz, 3H).

Preparaition 3

MeO\

By essentially the same procedure set forth in Preparation 1, the above
compound was prepared from 5-methylisop hthalic acid and (R)-2-
€ methoxymethyl)pyrrolidine.
Preparation 4

MeO\
1(7 oo

By essentially the same procedure set forth in Preparation 1, the above
compound was prepared from pyridine-3,5-dicarboxylic acid and (R)-2-
( methoxymethyl)pyrrolidine.
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Pre aration 5

MeO\

By essentially the same procedure set forth in Preparation 1, the above
compound was prepared from pyridine-2,6-dicarboxylic acid and (R)-2-
(meathoxymethyl)pyrrolidine.

Preparation 6
MOO\__

@)
OMe

By essentially the same procedure set fort in Preparation 1, the above
cormpound was prepared from 5-methoxyisophthaulic acid and (R)-2-
(meathoxymethyl)pyrrolidine.

CO.H

Pregaration 7

Steep 1.
Br \QCOZH BI’\QCO?_CH;;

To a RT solution of 3-bromo-5-methylbenzoic acid (1 g, 4.6 mmol) in MeOH/
tolwuene (1/5, 12 ml) was added slowly (trimethysillyl)diazomethane (2.0 M in hexanes.,
2'.?6 ml, 5.527 mmol). The mixture was stirred fosr 2 h at RT. The solvent was
evaaporated under reduced pressure and the resiciue was diluted with EtOAc and
waater. The organic layer was separated and the . aqueous layer was extracted twice
with EtOAc. The combined organic layers were cdried over Na;SO4 and concentratecd.
Th e crude material was purified by chromatograpehy over silica gel (100% hexane) to-
giwe the product (1.1 g, 100%). MS m/e 230 (M+H1)".

Step 2:
Q
P

BrD/COQCH3 oS /\; LCOxCCH;
o
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A mixture of the product of Step 1 (283 mg, 1.24 mmol), dipropy! phossphite
(303 pL, 1.85 mmol), tetra kis(triphenylphosphine) palladium (289 mg, 0.25 rinmol),
and EtsN (10 mi) were added to a sealed tube. The mixture was heated at 1400 °C for
3.5 h. After the reaction mixture had cooled to RT, the mixture was poured @nto water
(10 mi). After extraction with EtOAc (3x25 ml), the combined organic layers wvere
dried over Na,SQ,, and concentrated. The crude material was purified by
chromatography over silica gel (35% EtOAc/hexanes) to give the product (3228 mg,
85%). MS m/e 315 (M+H) ™.
Step 3

=0

CO,CH; CO.H

NN

3

\/\O/
To a solution of the product of Step 2 (100 mg, 0.32 mmol) in MeOH (5 mi)
was added 1N LiOH (2 mi, 2 mmol). The mixture was stirred for 2 h at RT. After
evaporation of the solvent, the residue was dissolved in EtOAc, and acidifie-d to pH ~2

with 1 N HCI. The organic layer was separated and the aqueous layer was extracted

Q
O-0=0

twice with EtOAc. The combined organic layers were dried over Na;SO, aned
concentrated to give the product. MS m/e 301 (M+H)".

Preparation 8

™
CO.H Ojﬁ)j/

According to the literature (Kruse et al., J. Med. Chem. (1987), 30, 4886-494), a
solution of 3,5-difluorocinnamic acid (9.94 g, 53.9 mmol) in THF (100 ml) waas
hydrogenated over 10% Pd/C (1.50 g) at 50 psi of Hz pressure for 5 h at RW. The
mixture was filtered and concentrated under reduced pressure to yield the 3-(3,5-



10

15

20

25

WO 2005/016876 PCT/US2004/(25018
32

difluo ro-phenyl)propionic acid (10.9 g, 100%). Omxalyl chioride (13 mi, 150 my mol) was
slowhgy added to a solution of the acid (10.9 g, 533.9 mmol) in THF (220 ml) at 23 °C,
followwred by the addition of a catalytic amount of DMF (1 drop). After 90 min at RT,
the voolatiles were removed under reduced press ure and the resuliting residue was
twice coevaporated with dry benzene to yield 3-(C3,5-difluorophenyl)-propionyt chloride
as a wyellow oil (11.91 g, 100%). The acid chloricle was used in the ensuing step
withosut further purification. The acylation was caaried out in analogy to the laterature
(Pettidt ot al. Synthesis (1996), 719-725). A soluttion of (S)-(-)-4-isopropyl-2-
oxazeolidinone (6.46 g, 50 mmol) in THF (150 mi}) was stirred under argon ared cooled
to -7€3°C. n-BuLi (2.45 M in hexanes, 20.8 ml, 580.96 mmol) was added dropwise,
followved by a solution of the previously preparedit 3-(3,5-difluorophenyl)-prop iony!
chloriide in THF (8 ml). After warming the reactio«n to 23 2C over 15 h, the reaction
was cyuenched with saturated aq. NH4C! (30 ml), followed by removal of the “volatiles
in vaecuo. The slurry was extracted with CH.Cl, (:2x), and the combined orgamic layers

. washaed with 1M NaOH (2x) and brine, dried (Na12SO,) and concentrated in wacuo.

Purifiication of the residue by chromatography owver silica gel (15—30%

- EtOAac/hexanes) gave the product (14.27 g, 48 rmnmol, 96%). 'H NMR (400 MHz,

CDCB3) §6.73 (m, 2 H), 6.59 (m, 1 H), 4.37 (m, 1 H),4.17-4.25 (m, 2 H), 3.24 (m, 1
H), 3—16 (m, 1 H), 2.93 (m, 2 H), 2.30 (m, 1 H), 0».86 (d, 3 H, J= 6.8 Hz), 0.80(d, 3 H,
J = 6_8 Hz); LCMS (Conditions A): tg = 4.47 min= 595 (2M+H)", 298 (M+H)".
Preparation 9
£

F

BocHN™ Ny H

0]

Step 1:
F
" — Fblﬂ
BocHIN OH BocHN H
o}
To a stirred mixture of (S)-Boc-3,5-difluorcphenylalanine (20.00 g, 66 .4 mmol)
in Me OH (50 ml) and toluene (250 ml) at 0 "C waas added (trimethylsilyl)diazo-

methaane (2.0 M in hexane, 53 ml, 106 mmol) in goortions. After the addition, the
reacti- on was stirred for about 0.5 h at RT, quenc hed with glacial AcOH (1 ml) and
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concentrated /a7 vacuo. The residue was dissolved in anhydrous THF (2200 mi),
cooled to 0 °C, and LiAIH, (2.52 g, 66.4 mmol) was added in portions. After the
addition, the rexaction was allowed to stirat 0 °C for 20 min, then quencted with of

 15% aq. NaOH (2.0 ml) and HzO (8.0 ml). The resulting slurry was filter-ed, the

residue washe-d with THF, and the combined filtrate and washings were concentrated
in vacuo to give the product as a white solid (17.65 g, 93%). 'H NMR (CDCl;) § 6.73
(m, 2H), 6.62 (m, 1H), 4.75 (s, br, 1H), 3.80 (s, br, 1H), 3.61 (m, 1H), 3.52 (m, 1H),
2.80 (m, 2H), 4.37 (s, 9H). MS m/e 288 (M+H)".

Step 2:

~ —_ — F

BocHN” ~CH BocHN” N
0

The pro duct of Step 1 (3.00 g, 10.56 mmol), EtOAc (150 ml) and IE3X (8.78 g,
31.4 mmol) was stirred at 95 °C for 3.5'h. The reaction mixture was alloswed to cool
to RT, filtered aand concentrated in vacuo to provide the product as white solid (2.98 g,
100%). 'H NMBR (CDCls) 8 9.59 (s, 1H), 6.65 (m, 3H), 5.03 (m, 1H), 4.35 (m, 1H),
3.13 (m, 1H), 3.01 (m, 1H), 1.39 (s, 9H).

Preparation 10
BnoN” “CHO
Step 1
| o
BocHN OH HCI-HN OMe
(o]

Trimethyrlsilyldiazomethane (2.0 M Hexanes, 95 mi, 190 mmol) waas added to a
solution of Boc—(L)-3,5-difluorophenylalanine (40 g, 133 mmol) in MeOH &S50 ml) and
toluene (250 mI) at 0 "C. After 60 min at RT, AcOH was added to quenckn the excess
trimethyisilyldiazzomethane, and the reaction mixture was concentrated urider vacuum
to give the methyl ester in quantitative yield (42.3 g). 4 M HClV/dioxane (1 50 ml, 600
mmol) was added to a solution of the methy! ester (42.3 @) in 20% MeOHI/CH:Cl.
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(130 mi) at 0 "C, and the reaction was stirred for 4- h at RT. The reaction was
conceentrated under vacuum to give the HCI salt i quantitative yield (33.4 g, 133
mmo-1). LCMS (Conditions A): 2.62 min; 431 (2M+ H)*, 216 (M+H)*

Step 2

F F
BnoN OH

HCH-HIN” N OMe

NaHCO; (55.9 g, 665 mmol) and BnBr (68. 2 g, 399 mmol) were added to a
solutiion of the product of Step 1 (33.4 g, 133 mmol) in THF (600 ml) and DMSO (1 50
ml) a.t RT. The reaction mixture was stirred for 24- h at 70 *C, then cooled to RT ard
dilutexd with water (400 ml). After stirring for 1 h a® RT, the layers were separated and
the a_queous layer extracted with EtOAc (3x). Thez combined organic layers were
washaed (NaHCOs), dried (MgSO,4) and concentrated, and the residue
chrormatographed (SiO,, 0% to 30% EtOAc/Hexarmes) to give the intermediate N,N—
diberzylated methyl ester in 75% yield (39.4 g, 99».6 mmol). LCMS (Conditions A)

5.90 min; 396 (M+H)*

LiAIH, (6.49 g, 171 mmol) was added to a ssolution of the methyl ester (45.0 g,
114 rnmol) in THF (500 ml) at 0 °C. After the addition was completed, the reaction
mixtuare was stirred at RT for 5 h, then carefuily queenched with water (5 ml), 15%
NaOH (10 ml) and an additional amount of water 7 ml). After vigorously stirring th
suspension, the mixture was filtered, and the filtra-te concentrated. The resulting
residaie was chromatographed over silica (0% to 50% EtOAc/Hexanes) to give the
prodiact in 71% yield (34.8 g, 94.7 mmol). LCMS (Conditions A) 4.53 min; 368 (M+H)*
Step 3

DMSO (4.45 ml, 62.7 mmol) in CH,Cl, (10 rml) was added to a solution of
oxalyRchioride (2.70 mi, 31.3 mmol) in CHCl. (60 rml) at -78 C. After 10 min, a
solutieon of the product of Step 2 (10.0 g, 27.2 mmeol) in CH:Cl> (40 ml) was added.
The re2action mixture was stirred for 80 min at -78 ~C, followed by addition of DIEA
(18.8 ml, 108 mmol). The reaction mixture was sti rred for 2 h at RT, then quenchecd
with water. The aqueous layer was extracted with CH.Cl, , and the combined orgamic
layerss washed (2x water, 2x NH4Cl, 1x brine), driecd (MgSOs), and concentrated to
give the product (10.32 g, >theoretical yield). 'H NEVR (400 MHz, CDCl3) 8 0=9.72 (s,
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1 H), 7.33-7.24 (m, 10 H), 6.65-6.61 (m, 3 H), 3.82 (d, J = 13.6 Hz, 2H), 3.68 (d,J=
14 Hz, 2H), 3.51 (m, 1 H), 3.10 (m, 1 H), 2.86 (m, 1H).
Preparation 11

(o]
anN\E)LH
i

Step1
HzN\a/\OH grgr "Ny o
Y Y

L-Leucinol (5.27 g, 45.0 mmol) was added to a sstirred solution of K,CO3 (17.76
g, 128.5 mmol) in water (25 mi) at RT and the mixture “was heatedto 65°C. A
solution of benzyl bromide (15.44 g, 90.27 mmol) in EteOH (12 ml) was added and the
mixture was stirred at 65 °C for 1 h. The mixture was iluted with CHzClz (50 ml) and
water (25 ml), the aqueous layer was extracted with CH:Cl, (50 mi) and the combined
organic layers were dried (MgSOa), concentrated, and purified by column
chromatography (SiOz, gradient EtOAc/Hexanes 0-8% ) to give the product (12.63 g,
94%). MS m/e 298 (M+H)".
Step 2

The product of Step 1 was converted to the aldehyde by essentially the
procedure of Preparation 10, Step 3, and was used dir-ectly.

Preparation 12
0
enzn\)LH

o

Step 1
BOCHN\./\OH HZN\./\OH
o o
A mixture of (S)-2-t-butoxycarbonylamino-3-cycl ohexyl-1-propanol (4.00 g,
15.5 mmol) in CH.Cl, (10 ml) and 4N HCI in dioxane (& O ml) was stirred at RT for 16
h. The mixture was diluted with CH2Cl, (40 mi) and waashed with aqueous NH,OH (30
ml). The aqueous layer was extracted with CH.Cl» (40 mi) and the combined organic

layer was dried (MgSQ,) and concentrated to give the goroduct (2.78 g, 100%). MS
m/e 158 (M+H)*
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Step 2
The product of Step 1 was dibenzylated in analogy to the procedure of

Preparation 11, Step 1. The dibenzylated product was converted to the desiread
al«dehyde in analogy to the procedure of Preparation 10, Step 3.

Examaple

le 1
F
~ N N
N
)KQ/LHOHH

S1tep 1:
F

F

F F

o ] OHCJ:é}oc F%\‘/E"}
N - O N, OH Boc

0‘7Y oJﬁ/

The aldol reaction was carried out im analogy to the literature (Pettit et aal.

Synthesis (1996), 719-725). NEt; (2.0 ml, 14.44 mmol) was added to a solution of
P~reparation 8 (3.31 g, 11.16 mmol) in CHxCl, (46 ml) at 0 2C, followed by drogpwise
a ddition of Bu,BOTf (1.0 M in CH.Clp, 12.00 mi, 12 mmol). After 45 min at 0 2CT, the
yeellow solution was cooled to -78 2C, and a solution of N-(tert-butoxy-carbony—4)-D-
p rolinal (2.46 g, 12.34 mmol) in CH.Cl> (5 rnl) was added. The reaction was stirred
for1 hat-78°C,2hat02eC and 1 h at 23 =C, and was quenched with MeOH (75 ml)
- phosphate buffer (pH 7.0, 25 ml). After coaling the solution to -10 °C, a soluftion of
H120; (30% in water, 25 ml) - MeOH (50 m ) was added such that the intemal
teamperature remained below 4 °C. After stirring for 60 min at 23 °C, the volatziles
wrere removed in vacuo, and the aqueous residue was extracted with Et;O (3xx), dried
(MNazS04) and concentrated under reduced pressure. Purification of the residi_e by
chhromatography over silica gel (20-30% EtOAc/hexanes) gave the title comgpoound
(33.03 g, 6.1 mmol, 61%) along with recovewred imide (1.98 g, 6.66 mmol). 'H MIMR
(<400 MHz, CDCl;) 8 6.83 (m, 2 H), 6.51 (m, 1 H), 4.57 (m, 1 H), 4.33 (m, 1 H) , 3.94-
4 .15 (m, 3H),3.80 (m, 1 H),3.23-3.39 (m, 4H),299 (1, 1 H, J=128 Hz), 1.98 (m, 1
HX), 1.97 (m, 1 H), 1.76 (m, 3H), 1.48 (s, 9 H), 0.73 (d, 3H, J=6.8 Hz), 0.29 @d, 3H, J
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= 6.8 Hz); LCMS (Conditions A): ta = 4.65 min, =497 (M+H)", 441 (M-Bu+H)*, 397 (M-
Boc+H)".

N HO,C N
Beoc
OYN OH Boc OH

To a solution of the product of Step 1 (3.91 g, 7.89 mmol) in THF (45 mi) ~
water (11 mi) at 0 °C was added H.02 (30% in v=vater, 3.9 mi), followed by an aqueous
“solution of LIOH (378 mg, 15.78 mmol in 24 ml wwater, sonicated to completely
dissolve LiOH). After 18 h at 0 °C, the reaction was quenched with saturated aqueous
Na,SO; and stirred at 23 2C for 2 h. After remowral of all volatiles, the residue was
diluted with NaHCO3, extracted with CH.Cl, (3x)), acidified to pH 2 (1 N HCI), salted
out with NaCl (s) and extracted with Et;0 (3x). Whe combined organic layers were

washed with water (1X) and brine (1x), dried (Na2,SQ,) and concentrated in vacuo to
yield the product (2.24 g, 5.80 mmol, 74%); 'H INMR (400 MHz, CDCl3) 5 6.71 (m, 2
H), 6.57 (m, 1 H), 4.09 (m, 1 H), 3.90 (m, 1 H), 33.49 (m, 1 H), 3.10-3.23 (m, 2 H), 2.86
(m, 1 H), 2.64 (m, 1 H), 1.47-2.00 (m, 4 H), 1.48.(s, 9 H); LCMS (Conditions A): tg =
3.93 min, 386 (M+H)*, 330 (M-Bu+H)*, 286 (M-B3oc+H)".

Step 3:
F
- F F
H02C HO, N
5 Boc 0B B¢

To a solution of the product of Step 2 (2.223 g, 5.80 mmol) in DMF (20 ml) at
-78 2C was added NaH (60%, 510 mg, 12.75 mamol), followed by benzyl bromide (810
wl, 6.81 mmol). The reaction was warmed to 23 ¢C over 18 h. The volatiles were
removed in vacuo, and the residue was taken u p in water-Et;O. The aqueous layer
was extracted with Et,O (2x), adjusted to pH 3 (1 M HCI), extracted with EtOAc (3x),

*and the combined organic layers were dried (Mc3SO.) and concentrated under

25

reduced pressure. Purification of the residue by chromatography over silica gel
(10-50% EtOAc/hexanes containing 1% AcOHE) gave recovered starting material
(372 mg, 0.97 mmol) and the product (616 mg, 1.30 mmol, 22%); 'H NMR (400 MHz,
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CDCl,, complicated by the presence of rotamers) 3 8.0-9.0 (bs, 1 H), 7.21 (m,5H),
6.68 (m, 2 H), 6.60 (m, 1 H), 4.50-4.64 (m, 2 H), 3.60-3.83 (m, 1 H), 3.37-3.60 (M, 2
H), 3.07-3.24 (m, 2 H), 2.82 (m, 1 H), 2.60 (m, 1 H), 1.96-2.08 (m, 1 H), 1.79-1.96 (m,
2 H), 1.66 (m, 1 H), 1.40 (m, 9 H); LRMS 498 (M+Na)*, 420 (M-Bu+H)*, 376 (M-
Boc+H)".

Step 4:

tep 4
F 13
HO. N CbzHN N
2 OBn Boc OBn Bo®

NEt; (155 L, 1.12 mmol) and DPPA (145 uL, 0.67 mmol) were added to the
product of Step 3 (265 mg, 0.56 mmol) in toluene (3 mi) at 23 °C. After 3 h at 85 °C,
BnOH (240 , 2.24 mmol) was added, followed by stirring at 80 °C for 18 h. After
removing the volatiles in vacuo, the residue was purified by chromatography over
silica gel (5—10% EtOAc/hexanes) and normal-phase HPLC (1—510% iPrOH/
hexanes) to give the product {103 mg, 0.18 mmol, 32%). 'H NMR (400 MHz, CDCly) &
7.17-7.30 (m, 10 H), 6.57-6.70 (m, 3 H), 5.30 (m, 1 NH), 4.85-5.05 (m, 2 H), 4.40-4.56
(m, 2 H), 4.05 (m, 1 H), 3.65-3.95 (m, 2 H), 3.00-3.60 (m, 3 H), 2.40-2.60 (m, 1 H),

- 2.05(m, 1 H), 1.55-1.85 (m, 3 H), 1.41 (s, 9 H); LCMS (Conditions A): tz = 5.18 min,

581 (M+H)*, 525 (M-Bu+H)*, 481 (M-Boc+H)".
Step 5:

F F

CbzHN H,N
OBn Boc

A solution of the product of Step 4 (100 mg, 172 umol) in MeOH (4 ml) was
hydrogenated over 20% Pd(OH)2/C (40 mg) at 1 atm of H; pressure for 18 h. The
mixture was filtered and concentrated under reduced pressure to yield the product
(61 mg, 171 mmol, 100%) which was used without further purification in the next step.
Step 6:

The product of Step 5 (25 mg, 71 umol), Preparation 1 (21 mg, 78 pmol), NEt;
(60 ulL, 427 umol) and HOAt (22 mg, 157 umol) were dissolved in DMF (2.0 ml), and
HATU (55 mg, 142 umol) was added. After stirring for 21 h at RT, the reaction was
quenched with water. The aqueous layer was extracted with EtOAc (3x), and the

N
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combinedl organic layers were washed with water (2x) and brine (1x), dried (Na2S0.)
and conceentrated under reduced pressure. The residuse was purified by

s chromaio-graphy over silica gel (20-60% EtOAc/hexa_nes) followed by normal-phase
HPLC (20->60% EtOAc/hexanes). The intermediate (=20 mg) was treated with 20%

5 TFA/CH.C!, (1 ml) for 1 h at 23 °C, followed by remov-al of volatiles under vacuum.
Subsequeently, the residue was dissolved in 1M HCU/\»1eOH, stirred for 15 min, then
concentraated under vacuum to give the hydrochloride salt of the product as an oil (18
mg, 33 ummol, 46% for three steps). LCMS (Conditions ~ A): ta= 4.28 min, 502 (M+H)*.

Example 1A

o Fo

~N N
KNKQ’LH Sa

The product was obtained by using a procedur-e analogous to that of Example
1, Step 6, except that Preparation 2 was used in placee of Preparation 1. LCMS
- (Conditions A): t = 4.17 min, 488 (M+H)".

Example 1B

[
F
(i &3
7
. SRR
15
Thhe product was obtained by using a procedur-e analogous to that of Example
1, Step 6, except that Preparation 7 was used in plac-e of Preparation 1. 'H NMR
(400 MHE 2, CD30D) 8 7.77 (m, 1H), 7.67 (m, 2H), 6.82 (m, 2H), 6.66 (m, 1H), 4.09 (m,
1H), 4.0=8 (m, 1H), 3.97 (m, 4H), 3.71 (m, 1H), 3.36 (rm, 1H), 3.29 (m, 1H), 2.85 (m,

20 1H), 240 (s, 3H), 1.94-2.16 (m, 4H), 1.66 (m, 4H), 1.23 (m, 1H), 0.90 (m, 6H); LCMS
(Conditions A): tr = 4.45 min, 539 (M+H), 522 (M-H.O+H)".

10
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Example 2
F
AL O
0] o]
PN N N
)‘\Q/k“ oH H
Steyp 1:
H
HO» N N
2 Boc o Boc

To a solution of N-Boc-D-1,2,3,4-tetrahydroissoquinoline-3-carboxylic acid (2.60
g, 9.38 mmol) in toluene/MeOH (5/1, 50 ml) at RT wras added (trimethysilyl)-
diaazomethane (2 M in hexanes) until a bright yellow color persisted in the reacticn.
Thae reaction was stirred for 5 min at RT, then AcOH was added dropwise until tke
ye llow color faded completely. The solution was co ncentrated, and the methyl easter
was used without purification.

To a 0 “C solution of a portion of the methyl easter (2.30 g, 7.90 mmol) in THF
(40 ml) was added solid LiAlH, (600 mg, 15.8 mmokF) in two portions. The reactieon
waas allowed to warm to RT. After 18 h, the reactiom was quenched by slow add ition
of water (1 ml), followed by 25% w/v aq. NaOH (1.5 mt), and finally more water (2 mi).
Thae resulting mixture was stirred vigorously for 1 h &t RT and then filtered and
co-ncentrated. The residue was purified by column echromatography (silica, 0—&85%
EteOAc/hexanes) to give the product (500 mg, 1.89 rmmol, 24%). LCMS (Conditisons ‘
A): tg = 4.2 min; (M+H)" = 264.

To a -78 "C solution of oxalyl chloride (215 ull, 318 mg, 2.51 mmol) in CH=Cl,
(5-5 ml) was added DMSO (222 ul, 245 mg, 3.13 mamol). After 5 min, a-78 "C
so lution of the product of the previous transformaticn (550 mg, 2.09 mmol) in CH.Cl,
(5 ml) was added via cannula. After 40 min at -78 *-C, DIEA (1.1 mi, 810 mg, 6.3
mrol) was added, and the reaction was removed frrom the cooling bath. After 1 O min
at RT, the mixture was diluted with water and additieonal CH,Cl,. The phases weare
sepparated, and the aqueous phase was extracted o-nce with CH,Cl.. The organiic
po rtions were combined, washed with brine, dried o.ver MgSQ,, filtered, and
comncentrated. The crude product was used in subs«equent steps without further
pu rification.
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Step 2:
F
H L0 QO
N O
(o) Boc J:,," N OH goc
L=

To a -20 "C solution of Preparation 8 (745 mg, 251 mmol) in CH.Cl, (10.5 ml)
was added Et;N (€0.43 ml, 320 mg, 3.1 mmol). After 5 rin, di-n-butylboron triflate (1
M in CHoClp, 2.72 mli, 2.72 mmol) was added via syringee over 2 min. The reaction
was transferred to an ice/brine bath, stirred for 2 h, and then cooled to -78 'C. At that
time, a 0 "C soluti on of the final product of Step 1 (assummed 2.09 mmol) in CHCl» (3
mil) was added dreopwise via cannula over 5 min, followead by a CH:Cl; rinse (1 mi).
The resulting mix®ure was treated in a manner similar t© that in Example 1, Step 2,
through the extracstion with E1,0. The combined organi ¢ fractions were washed with
sat. aq. NaHCO; sand brine, then dried over MgSO, filteared, and concentrated. The
crude material wams purified by column chromatography (silica, 0—75%
EtOAc/hexanes) to give the product (668 mg, 1.20 mmeol, 57%). LCMS (Conditions
A): tg = 5.3 min; (IM+H)* = 559.
Step 3:

Q0 A0

N HO N

/' O
Boc
EoNf 8“ O OH Boc

To a 0 ‘C ssolution of the product of Step 2 (610 mamg, 1.09 mmol) in THF/water
(5/1, 6 ml) was acdded 35% aq. HzO: (0.44 mi) followed by a sonicated mixture of
LiOH (77 mg, 1.8 mmol) in water (2 ml). The reaction vevas stirred at 0 °C for 8 h, and
was then diluted wvith an aq. Na,SO3; solution (1 g in 5 rml water) and warmed to RT.
After 18 h, the mixcure was diluted with 1 N HCI and CH:Cl,. The phases were
separated and the2 aqueous layer extracted three times with CH2Cl,. The combined
organic fractions wwere washed with brine, dried over MgSQO,, filtered, and
concentrated. Th € crude residue was purified by colun—n chromatography (silica,
0—100% EtOAc/Iexanes) to give the product (305 mg, 0.682 mmol, 63%). LCMS
(Conditions A): ta =4.5 min; (M+H)" = 448.
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Step 4:
F 3
F F
HO. g - HN N
O OH Bo° )0 B

To a RT suspension of the product of Step 3 (305 mg, 0.682 mrrol) in toluene
(3.5 mi) at RT was added EtsN (0.1 mi, 140 mg, 1.4 mmol) followed bwy DPPA (0.18
5 ml, 225 mg, 0.82 mmol). Thie mixture became homogeneous. After 5 min at RT, the
mixture was placed in a pre-heated oil bath (80 "C). After4 h, the reacstion was
cooled to RT and concentrated directly without workup. This crude maaterial was
purified by column chromatography (silica, 0—100% EtOAc/hexanes) &to give the
product (300 mg, 0.68 mmoY, 99%). LCMS (Conditions A): tg = 4.9 min; (M+H)" =
10 445,

Step 5:
[~
L0 O AL A
N
HN)"O Boe i OH Boo
o

To a solution of the product of Step 4 (180 mg, 0.405 mmol) in ~ethanol (2 ml)
was added 1 N aq. LiOH (2.0 mi, 2.0 mmol). The resulting mixture wa-s heated to 85
15  °C. After 4 h, the reaction vvas cooled to RT and diluted with water aned EtOAc. The
phases were separated and the aqueous fraction was extracted four tlimes with
EtOAc. The organic portions were combined, washed with brine, driecd over MgSO,,
filtered, and concentrated. The crude residue was purified by HPLC (&Conditions C) to
give the product (138 mg, 0.297 mmol, 73%). LCMS (Conditions A): ta = 4.6 min;
20 (M+H)*=419.
Step 6:
To a RT solution of the product of Step 5 (30 mg, 0.065 mmol) in DMF (0.75
mil) were added sequentially Preparation 1 (18 mg, 0.068 mmol), Et;NE (18 wl, 13 mg,
_ 0.13 mmol), HOBt (11 mg, ©.081 mmol), and EDCI (15 mg, 0.081 mmwol). The
25  reaction was stirred for 18 h at RT, then diluted with H,O and EtOAc. The resulting
mixture was stirred vigorously until both phases became clear. The pThases were
separated, and the aqueou s phase was extracted with EXOAc (3X). T he combined
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organic portionss were washed with 1 N HC! and brine, dried over MgSOa..., filtered, and
concentrated. The residue was purified by HPLC (Conditions C) to give the desired
compound (31 ¥mg, 0.047 mmol, 72%).

ToaRT solution of the above material (31 mg, 0.047 mmol) in CHCl (1 ml)
was added 4 N HCldioxane (1 ml). After 2.5 h at RT, the reaction was concentrated
to give the prodiuct. LCMS (Conditions A): tg = 4.7 min; (M+H)* = 564, " HNMR
(CD4OD, 300 MHz) §7.58 (s, 1 H), 7.37 (s, 1 H), 7.27-7.16 (m, 5 H), 6.9 1 (m, 2 H),
6.74 (apparent tt, J=9.3,2.4 Hz, 1 H),4.49 (m, J=15.9 Hz, 1 H) overla_pping 4.42-
4.30 (m, 2 H), 4.23 (dd, J = 10.2, 2.4 Hz, 1 H), 3.76-3.56 (M, 4 H), 3.44 Cm, 3 H),
3.36-3.22 (m, 2 H), 3.11 (apparentt, J= 7.8 Hz, 2 H), 2.91 (dd, J= 13.8, 11.1 Hz,1
H), 2.37 (s, 3 Hi), 1.68 (m, 2 H), 1.47 (m, 2 H), 0.97 (t, J=7.2Hz, 3 H), 064(t,J=72
Hz, 3 H).

Example 2B

The prociuct was obtained by using a procedure analogous to thamt of Example
2, Step 6, exce pt that Preparation 7 was used in place of Preparation 1. LCMS
(Conditions A): 1t = 4.6 min; (M+H)" = 601; 'H NMR (CD3;0D, 300 MHz® § 7.81-7.66
(m, 3H), 7.22 (rn, 4H), 6.92 (m, 2H), 6.76 (apparent tt, J = 9.6, 2.4 Hz, 1HH), 4.42 (ABq,
Jag = 15.6 Hz, Avag = 50.1 Hz, 2H) overlapping 4.40 (m, 1H), 4.23 (dd, /=99 Hz, 1.8
Hz, 1H), 3.96 (rn, 4H), 3.70 (m, 4H), 3.45 (dd, J = 14.1, 3.0 Hz, 1H), 3.40-3.21 (m,
2H), 2.90 (dd, J = 13.5, 11.1 Hz, 1H), 2.41 (s, 3H), 1.66 (m, 4H), 0.92 (t, J=7.2 Hz,
3H) overlapping 0.90 (t, J= 7.2 Hz, 3H).

Example 3
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Step 1: c
0OBn OBn
0 F
BnOC~ N N N
Boc >—_0 Boc
0

(4R)-1 -tert-butoxycarborayl-4-benzyloxy-D-proline benzyl ester (Bellier et al. J.
Med. Chem. (1997), 40, 3947-3956) was converted into the desired prodiict by
essentially the procedure of Example 2, Steps 1 through 4, except that (4 R)-1-tert-
butoxycarbonyl-4-benzyloxy-D- proline benzyl ester was used in place of ranethyl N-
Boc-D-1,2,3,4-tetrahydroquinol ine-3-carboxylate. LCMS (Conditions A) ta =4.90 min:
489 (M+H)*, 433 (M-tBu+H), 389 (M-Boc+H)"
Step 2:

F F
0Bn OBn
F F
HN N HoN N ‘
)_'0 Boc OH Boc

The product of Step 1 was converted into the desired product by e-ssentially
the same procedure used in Example 2, step 5. LCMS (Conditions A) tr = 4.84 min:
m/e 925 (2M+H)*, 463 (M+H)*, 407 (M-1Bu+H), 363 (M-Boc+H)".

Step 3

The product of Step 2 w as subjected to essentially the procedure clescribed in
Example 2, Step 6 to give the product. 'H NMR (400 MHz, CDs0D) § 7.654 (bs, 1 H),
7.20-7.40 (m, 8 H), 6.87 (m, 2 M), 6.64 (m, 1 H), 4.52 (m, 2 H), 4.31 (m, 1 H), 4.22 (m,
1 H), 4.09 (m, 1H), 3.80 (m, 1 H), 3.44 (m, 2H), 3.14 (m, 2 H), 289 (m, 1 H), 2.39 (m,
2 H;s, 3H),2.20 (m, 1 H), 1.68 (m, 2 H), 1.49 (m, 2 H), 0.96 (m, 3H), 0.6 2 (m, 3 H);
LCMS (Conditions A): tg = 4.9 min, m/e 608 (M+H)".

Example 3A
F
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UsTing a procedure similar to Example 3, and the acid of Pr eparation 3

and the approprlate cyclic amine, the titie compound was prepared. LCMMS
(Conditions A): t_g = 3.63 min, m/e 622 (M+H)".

Example 4

Pd(OH)./&C (25 mg, 20% wt, 60% moisture) was added to a solutieon of
Example 3 (15.2 mg, 23 ymol) in MeOH (3 mi), and the reaction was stir-red for 6 h at
23 °C under 1 a®m of Hy. After removal of the catalyst by filtration, the filftrate was
acidified with 1 M HCI/MeOH and subsequently concentrated under reduiced pressure
to give the title ccompound (12.9 mg, 23 pmol, 100%). 'H NMR (400 MH z, CD30D) &
=8.41 (m, 1H), 7.54 (s, 1H), 7.34 (s, 1H), 7.26 (s, 1H), 6.84 (m, 2H), 6.656 (M, 1H),
4.47 (m, 1H), 4.716 (m, 1H), 4.02 (m, 1H), 3.78 (m, 1H), 3.43 (m, 2H), 3.39 (m, 1H),
3.16 (m, 1H), 3.711 (m, 2H), 2.83 (m, 1H), 2.36 (M, 1H; s, 3H), 2.05 (m, 1 H), 1.67 (m,
2H), 1.45 (m, 2H1), 1.24 (s, 1H), 0.96 (m, 3H), 0.67 (m, 3H); LCMS (Condlitions A): ta =
4.17 min, m/e 598 (M+H)".

Example 5
Jg)mm
F
0
Per*@

xample 5
HN
H
o OH

Step 1:
. F
O-Bn OH
F F
HN N HN N
Boc Boc
O o)
0)_ 0)—

The produsct of Example 3, Step 1 (520 mg, 1.06 mmol) was stirre-d with 20%
Pd(OH)2/carbon (250 mg) in MeOH (5 ml) under a 50 psi atmosphere of H, at RT until
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TLC indicated the completion of the reaction. After filtering the reaction mixture over
celite, the filtrate vasas concentrated to give the product in quan-titative yield.

Step 2:
£ £
OoH OMe
F F
N HN N
HN N o {1 Boo
O 0O

AgOTf (39 1 mg, 1.50 mmol) and 2 5-di-tert-butylpyridin e (0.39 ml, 1.76 mmof)
were added to a ssalution of the product from step 1 (216 mg, €0.54 mmol) in CHClz (2
mi) at RT. CHal (0.11 ml, 1.75 mmol) was added and the reacztion mixture was stirred
at 0 *C for 1 h, theen diluted with CH,Cl, and filtered through celite. The filtrate was
washed (1x 0.5 M1 HCI, 1x NaHCOs3, 1x brine), dried (MgSO4),. concentrated and
subjected to silicaa gel chromatography to give the desired praeduct.
Step 3:

The produsct of Step 2 was subjected to essentially the sequence of reactions
described in Exa mple 2, Steps 5 and 6 to give the product. L_CMS (conditions A) tr =
3.55 min; 532 (MB+H)*

Example 6

F
Pr
F
HN
H
Per’&Q/&o OH

Step 1:
¥ 3
O»Bn OH
F . F
o o]

Acetic anthydride (2 ml) was added to a solution of DMIAP (122 mg, 1.00
mmol), EtsN (3 rmi) and the product from Example 3, Step 1 1.02 g, 2.08 mmol) in
toluene (5 ml) at 0 "C. The reaction mixture was allowed to \warm to RT, stirred for 8
h, then concentr-ated. The residue was subjected to silica gel chromatography to give
the N-acetyl oxaxzolidinone in 63% yield. The resulting matewrial (698 mg, 1.31 mmol)
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wras debenzylated with 20% Pd(OH)J/carbon (127 mg) in EtOAc under a 50 psi
atmosphere of Hz at RT over 18 h. After filtering the reaaction mixture over celite, the
fi Hrate was concentrated to give the desired product in  70% yield.

Setep 2:
F F
OH OPr
= F
AcN N —_— AcN N
o Boc )'—O Boc
(0] 0

CsOH-H.0 (114 mg, 0.67 mmol) was added to a suspension of the product of
SStep 1 (100 mg, 0.22 mmol), TBAI (83 mg, 0.22 mmoR) and 4 " molecular sieves (200
rng) in DMF (2 ml) at RT. After a few minutes, allyl breomide (0.06 mi, 0.68 mmol) was
axdded, and the reaction stirred for 20 h. After filtration , the reaction was partitioned
Hetween EtOAc and water, and the organic layer was washed (2x brine), dried
€ MgS0,) and concentrated. The residue was subjectead to reverse-phase HPLC
& Conditions C) to give the allyl ether, which was hydrosgenated with 20%
WPd(OH)x/carbon (50 mg) in MeOH (5 ml) under a 50 si atmosphere of Hz at RT. After
fFiltration, the desired product was obtained, which wass directly taken into the next
sstep.
Step 3:

The product of Step 2 was subjected to essentzially the sequence of reactions

-described in Example 2, Steps 5 and 6 to give the product. LCMS (conditions A) tg =
-3.15 min; m/e 560 (M+H)*

Example 7
F
OF>h
F
HN N
H
PiN o Ot
Step 1:
OH OH
L e
HO.C” N Bn0,C” N

Cis-4-hydroxy-D-proline was converted into (48R)-(1-tert-butoxycarbonyi)-4-
hydroxy-D-proline benzy! ester based on the procedumre reported for the synthesis of
(4S)-1-tert-butoxycarbonyl)-4-hydroxy-L-proline benz=yl ester from cis-4-hydroxy-L-
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proline (Webb et al. ~J. Org. Chem. (1981), 56, 3009-30165). Mitsunobu inversion to
give (4S)-1-(tert-butoxycarbonyl)-4-hydroxy-D-proline berzyl ester was adapted from
the reported procedLure (Lowe et al. J. Chem. Soc. Perkir Trans. 1 (1997), 539-546)
for the synthesis of C4S)-1-tert-butoxycarbonyl)-4—hydroxy—D-proIine methyl ester from
(4R)-1-(tert-butoxycaarbonyl)-4-hydroxy-D-proline methyl eester.

Step 2:
OH OPh
L o
BnoZC Boc 8002C EJOC

(4S)-1-(tert-bratoxycarbonyl)-4-hydroxy-D-proline IDenzyl ester was converted
into (4R)-1-(tert-butcoxycarbonyl)-4-phenoxy-D-proline be nzyl ester based on the
reported protocol (Besllier et al. J. Med. Chem. (1997), 49, 3947-3956) for the
corresponding meth=y! ester.

Step 3. .
OPh OPh
o
8n0O,C EOC HoN Eoc
OH

The product ©f Step 2 was converted into the amimno alcohol product by
essentially the same= procedure used in Example 2, Stepes 1 through 5, except that the

3 product of Step 2 waas used in place of methyl N-Boc-D- 2,3 4-tetrahydroquinoline-3-

carboxylate.
Step 4

The product Of Step 3 was subjected to essentiallwy the sequence of reactions
described in Exampke 2, Step 6 to give the product. LCAAS (conditions A) tg = 4.04
min; m/e 594 (M+H) ™.

The example=s below were prepared by reaction. of the appropriate acid and
amine starting materials in analogy to Example 2, Step 6-.

Example Acid Amine Stru=cture LCMS data
m/e
{Conditions A)

3 624 (M+H)*

7A Prep. 6 i 0 3.14 min;
g P
F PP | Moo, HN N
oOH H
OmMve
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]
7B Prep. 4 v ] en | 3.05 min;
OPh
F% ” %@iﬁﬂomﬁ 595 (M+H)"
HoN P
OH g“’ N ]
7C Prep. 5 i . P | 3.24 min;
OPh
FaN OH goc &
70 Prep. 3 R orn | 3.58 min;
F
OPh
N
w aca
Example 8F
o)
~N N NH
- H ou
Step 1:
F
F
o

N-Boc-(R)-azetidine-2-caarboxylic acid was converted to the product in analogy
to the procedure of Example 2, Step 1 to Step 4. LCMS (Conditions A): tg = «4.4 min;
(M+H)" = 369.

Step 2:

F o)
HN N Y
o}_ O  Boc ~
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To a =solution of Preparation 1 (438 mg, 1.66 mmol) in THF (8.5 ml) was added
oxalyl chloriede (0.43 mi, 633 mg, 4.99 mmol) followwed by one drop of DMF. After 2 h
at RT, the tLarbid mixture was concentrated to give —the acid chloride as a yellow solid.
This materizal used without further purification.

Toa ©°C solution of the product of Step 1 iwn CHoCl, was added EtsN (0.26 ml,
195 mg, 1.983 mmol) followed by the above acid chaloride (543 mg, 1.93 mmol).
DMAP (29 rmg, 0.24 mmol) was then added and th e reaction mixture was allowed to
warm to RT~. After 18 h, the reaction mixture was cdiluted with saturated aq. NaHCOs3,
then water zand CH,Cl.. The phases were separat ed, and the aqueous layer was
extracted weith CH.Cl, (3x). The combined organic= portions were washed with 1 N
HCI, dried ( MgSQ,), filtered, and concentrated. Tie residue was purified by column
chromatography (silica, 0—100% EtOAc/hexanes}) to give the product (321 mg, 0.523
mmol, 54%-) as well as re-isolated starting materia_l (150 mg, 42%).

Step 3: ;

0] o]
~"m N N

\/_J H OH BOC

To am solution of the product of Step 2 (160 mg, 0.261 mmol) in MeOH (4 ml)
was added NaNjg (51 mg, 0.78 mmol). The mixtur-e was warmed to 40 'C. After 24 h,
the reactiom was cooled to RT and diluted with wa.ter and EtOAc. The phases were

separated, and the aqueous portion was extracted with EtOAc (3x). The combined
organic fraections were dried (MgSO.), filtered, and concentrated. The crude residue
was subjecsted to column chromatography (silica, €0—50% EtOAc/hexanes).

To & solution of the resultant residue (55 mag) in THF/EtOH (1/1, 0.8 ml) was
added 10%& aq. NaOH (0.8 ml). The resulting mix_ture was stirred at RT for 18 h. At
that time, tlhe reaction mixture was concentrated Luntil cloudy, then diluted with EtOAc
and 1 N HCCl. The phases were separated, and thee aqueous portion was extracted
with EtOAc (3x). The combined organic fractions were dried (MgSO.), filtered, and
concentrateed. This crude residue was combined wwith that of a second run, and the
mixture wa.s purified by HPLC (Conditions D) to giive the product (48 mg total mass,
57% avera_ge yield for the two runs). LCMS (Condditions A): tg = 4.9 min; (M+H)" =
588.
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Step 4:

To a solution of the prodiuct of Step 3 (41 mg, 0.070 mmol) in CH.Cl> (2 ml) was
added 4 N HCl in dioxane (1 mi). After 1.5 h at RT, the mixture was concentrated to
dryness. The crude ressidue was purified by PTLC (1000 pm silica, 10% 7N
NHy/MeOH in CH.Cl,) to give the title compound (10 mg, 0.021 mmo»l, 20%). LCMS
(Conditions A): tg = 4.1 min; (M+H)" = 488; 'H NMR (CDCl3, 300 MHI2) 5 7.49 (s, 1
H), 7.38 (s, 1 H), 7.18 (s, 1 H), 6.91 (br s, 1 H), 6.83 (m, 2 H), 6.60 (aapparent tt, J =
9.0,2.4 Hz, 1 H), 4.22 ¢m, 1 H), 4.10 (m, 1 H), 3.57 (m, 2 H), 3.36 (m, 3 H), 3.09 (M, 3
H), 2.97 (dd, J = 14.1, 9.0 Hz, 1 H), 2.55 (m, 1 H), 2.33 (s, 3 H), 2.14- (m, 1 H), 1.67
(apparent quartet, J = 7.2 Hz, 2 H), 1.48 (apparent quartet, J=6.9 HBz, 2 H), 0.96 (t, J
=7.8Hz, 3H), 0.70 (t, JJ=6.9 Hz, 3 H).

Example 9F
O O
TN N N
\/‘ H on H
_ .Steg 1
E F
F —_— B
H P
BocHN BocHN N
o} OH

To a solution of 2-bromopyridine (2.91 g, 18.4 mmol) in anhy-drous Et,O (100
mi) at -78 °C was slowrly added n-BuLi (2.5 M/hexane, 6.3 ml, 15.8 ammol). After the
addition was complete», Preparation 9 (1.50 g, 5.26 mmol) in anhydr-ous Et,O (20 ml)
was added slowly at -78 °C. The reaction mixture was then allowecd to warm to 0 °C
and stirred for about 1 h, then poured into cold water. The mixture “was extracted with
CH_Cl, (3x100 ml), dri ed (NaSO.), filtered and concentrated. The residue was
subjected to flash chromatography on silica gel (1:3 EtOAc/hexaness) to afford Isomer
1 as a white solid (378 mg, 20%) (R¢= 0.176, EtOAc/hexanes=1/3) and Isomer2 as a
white solid (320 mg, 1 7%) (Rs= 0.225, EtOAc/hexanes=1/3). Isomer 1:
'H NMR (CDCls, 400 MHz) § 8.51 (m, 1H), 7.65 (m, 1H), 7.30 (m, 1 H), 7.21 (m, 1H),
6.52 (m, 3H), 5.12 (m_ 1H), 5.02 (s, br, 1H), 4.93 (s, 1H), 4.15 (m, 1 H), 2.65 (m, 1H),
2.41 (m, 1H), 1.35 (s, 9H). LCMS (Conditions B): tg = 2.35 min, (M +H)* = 365.



10

15

20

25

WO 20=05/016876 PCT/US2004/025018
52 .

isomer =: 'H NMR (CDCls, 400 MHz) & 8.45 (m, 1H), 7.62 (m, 1H), 7.24 (m, 1H), 7.16
(m, 1H) , 6.83 (m, 2H), 6.82 (m, 1H), 4.81 (m, 1H), 4.863 (s, 1H), 4.17 (m, 1H), 2.98 (m,
2H), 1.7 (s, 9H); LCMS (Conditions A): ta = 3.78 m in, (M+H)" = 365.
Step 2:

F

F

0] 0] I\
I\ —— \/\N ~ N/

BocHN N . H OH
OH

_A flask was charged with isomer 1, containing ~10% isomer 2, from Step 1
(231 mag, 0.634 mmol) and 4 M HCl in 1,4-dioxane (=5 ml). The reaction mixture was
stired at RT for 2 h then concentrated in vacuo. Thme resultant residue was treated
with Pr-eparation 1 (184 mg, 0.697 mmol), anhydroums DMF (10 ml), EtzN (0.44 ml,
3.17 nmmol), EDCI (182 mg, 0.951 mmol) and HOBt (103 mg, 0.761 mmol). The
reaction mixture was stirred at RT under argon for 1: 8 h, then poured into cold water.
The m ixture was extracted with CH.Cl; (3X50 ml), cHried (Na;SO), filtered and
concemtrated. The residue was separated by chiral HPLC (Chiralpak® AD™ column;
PrOH~hexanes 9:1—6:4) to provide Isomer 1 as a czolorless film (i“eo mg) and isomer
2asa colorless film (20 mg). isomer 1: '"H NMR (C=DCls, 400 MHz) 8 8.50 (m, 1H),
7.63 (rm, 1H), 7.42 (m, 2H), 7.35 (s, 1H), 7.21 (m, 2IH), 6.63 (m, 2H), 6.48 (m, 1H),
5.38 (ss, br, 1H), 4.97 (m, 1H), 4.71 (m, 1H), 3.36 (M, 2H), 3.03 (m, 2H), 2.85 (m, 1H),
2.51 (am, 1H), 2.26 (s, 3H), 1.62 (M, 2H), 1.42 (M, 2 H), 0.92 (m, 3H), 0.64 (m, 3H).
LCMS= (Conditions A): ta = 4.32 min, (M+H)" = 510. Isomer 2: 'H NMR (CDCls, 400
MHz) <58.40 (m, 1H), 7.61 (m, 1H), 7.29 (m, 2H), 7..15 (m, 3H), 6.90 (m, 2H), 6.63 (m,
1H), 6=.43 (m, 1H), 4.75 (s, 1H), 4.65 (m, 1H), 3.40 »(m, 2H), 3.10 (m, 2H), 3.02 (m,
2H), 22.30 (s, 3H), 1.62 (m, 2H), 1.42 (m, 2H), 0.92 «(m, 3H), 0.65 (m, 3H). LCMS
(Condlitions A): ta = 4.39 min, (M+H)* = 510.

Step 3:
F F
% = %
\/\N N N/ - \/\N N
\/Jﬁ\Q/&H OH \/' )k;)j” HO éoc

A Parr bottle charged with the product of Stezp 2, isomer 1 (34.4 mg, 67.5
umol) , AcOH (5 ml) and PtO; (30 mg) was shaken under H; (50 psi) for 3 h at RT,
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then filtered and concentrated. The resultant residue was dissolved in anhydrous
CH.Cl, (5 mi), to which EtsN (19 i, 0.135 mmol) arad (Boc)20 (22 mg, 0.101 mmol)
were add ed. The reaction mixture was stirred at RT~ for 2 h, then poured into cold
water. THe mixture was extracted with CH,Cl» (3x2-5 ml), dried (Na2SO.), filtered and
concentraated. The residue was purified by chiral HIPLC (Chiralpak® AD™ column;
PrOH/Hexane, 2%—30%) to yield Isomer 1 (18 ma, 44%) as a clear film and Isomer
2 (2 mg, 5%) as clear film. Isomer 1: 'H NMR (CDCl;, 400 MHz) § 7.50 (s, 1H), 7.35
(s, 1H), 717 (s, 1H), 7.12 (s, br, 1H), 6.71 (m, 2H), 652 (m, 1H), 4.21 (m, 3H), 4.01
(m, 1H), 33.38 (m, 2H), 3.09 (m, 3H), 2.83 (m, 2H), 2.29 (s, 3H), 2.05 (m, 1H), 1.70-
1.30 (m, -19H), 0.92 (m, 3H), 0.65 (M, 3H). MS (M+H)" =616. Isomer 2: 'H NMR
(CDCls, 4-00 MH2) 3 7.43 (s, 1H), 7.32 (s, 1H), 7.21 (s, 1H), 6.76 (m, 2H), 6.57 (m,
2H), 4.46 (m, 1H), 4.26 (m, 1H), 4.12 (m, 1H), 3.91 (m, 1H), 3.39 (m, 2H), 3.06 (m,
2H), 2.90 (m, 3H), 2.33 (s, 3H), 1.80-1.40 (m, 19H), 0.92 (m, 3H), 0.66 (m, 3H). MS
(M+H)" = 616. :
Step 4

A ssolution of the product of Step 3, Isomer 1 (13.5 mg, 22 mmol) in 20%

"~ TFA/CH,Cl, (2 ml) was stirred at RT for 1.5 h and ceoncentrated in vacuo. The

residue wras purified by reverse phase HPLC (Cond itions D) to give the product (11
mg, 89%). 'H NMR (CDs;OD, 400 MHz) 3 7.51 (s, 1), 7.33 (s, 1H), 7.28 (s, 1H), 6.82
(m, 2H), 6.71 (m, 1H), 4.21 (m, 1H), 3.85 (m, 1H), 3 .42 (m, 2H), 3.31(m, 2H), 3.15
(m, 3H), 2.99 (m, 1H), 2.79 (m, 1H), 2.08 (m, 1H), 1 .90-1.30 (m, SH), 0.95 (m, 3H),
0.66 (m, 3H). LCMS (Conditions A): ts = 4.34 min, CM+H)* = 516.

Example 10A
o
TN N N
~ H op H
Step 1:
- F
F _— S
BocHN H BocHN N

o OH
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To a stirred solution of Preparation 9 (2.20 g, 7.71 mmol) in anhydrous Et;0
(100 ml) at 0 °C was slowly added 6-methyl-2-py-ridylmagnesium bromide (0.25 M,
92.5 ml, 23.1 mmol). The reaction mixture was sstired at 0 °C for 1.5 h, then poured
into cold water. The mixture was extracted with €CH.Cl. (3x200 mi) and the combined
organic layers were dried (NazSO), filtered and sevaporated. The residue was
purified by silica gel chromatography (hexanes—»1:1 EtOAc/hexanes) to afford the
product as a mixture of diastereomers. The mix®ure was separated by chiral HPLC
(Chiralpak AD column; iPrOH/hexanes 1:93:20) and afforded Isomer 1 as a white
solid (179 mg, 6%) and Isomer 2 as a clear film €190 mg, 7%). Isomer 1: 'HNMR
(CDCla, 400 MHz) § 7.50 (m, 1H), 7.05 (m, 2H), .51 (m, 3H), 5.18 (m, br, 2H), 4.85
(s, 1H), 4.12 (m, 1H), 2.59 (m, 1H), 2.52 (s, 3H), 2.38 (m, 1H), 1.34 (s, SH). LCMS
(Conditions A): tg = 3.93 min, m/e 379. Isomer 2: 'H NMR (CDCls, 400 MHz) & 7.50
(m, 1H), 6.99 (m, 2H), 6.86 (M, 2H), 6.60 (m, 1H ), 5.37 (s, br. 1H), 4.80 (m, 1H), 4.60
(s, 1H), 4.14 (m, 1H), 2.97 (m, 2H), 2.48 (s, 3H), 1.16 (s, 9H). LCMS (Conditions A):
tg = 3.89 min, (M+H)* =379.

Step 2:
F F
| A (0] | x>
BocHN N° NN N N®
H \) H ou

By essentially the procedure set forth in E=xample 9, Step 2, the above product
was prepared from the product of Step 1, Isomewr 1 in 61% yield. '"H NMR (CDCl;,
400 MHz) & 7.50 (m, 2H), 7.41 (s, 1H), 7.23 (m, 2H), 7.12 (m, 1H), 7.02 (m, 1H), 6.58
(m, 2H), 6.49 (m, 1H), 5.14 (s, br, 1H), 4.91 (m, ~1H), 4.88 (m, 1H), 3.41 (m, 2H), 3.07
(m, 2H), 2.78 (m, 1H), 2.54 (s, 3H), 2.50 (m, 1H) , 2.33 (s, 3H), 1.62 (m, 2H), 1.45 (m,
2H), 0.92 (m, 3H), 0.68 (m, 3H). LCMS (Conditions A): tg = 4.63 min, (M+H)"* = 524.
Step 3:

A flask charged with the product of Step 22 (41.5 mg, 79.2 umol), AcOH (5 ml)
and PtO, (5 mg) was stirred under 1 atm of H, fcar 18 h at RT. The reaction mixture
was filtered and the filtrate was concentrated in wacuo. Purification of the residue by
reverse phase HPLC (Conditions D) gave the product as a clear film (24.5 mg, 0.0426
mmol, 54%). LCMS (Conditions A): ta = 4.51 mimn; t = 4.85 min (two major isomers),
(M+H)" = 530 (both isomers).
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Exampele 108
F
F
o o)
\/\N gy
\)J\Q/Ku OH N
Step 1:
F F
F
o 0
J.(N OJ<N .
N N
’ O HO Boc lio fo) éOC
<
_o

To a solution of the above starting ’material (418 mg, 0.797 mmol) [prepa_red
from Example 3 and trans-2(R)-formyl-6(S)-methyl-piperidine-1-carboxylic acid afert-
butyl ester (prepared according to J. Org. Chem. (1999), 64, 1932) prepared in
analogy to the procedure of Example 5, Step1] in anhydrous CH.Cl» (20 ml) wa-s
added ProNEt (0.42 ml, 2.39 mmol) and rmethoxymethyi chloride (0.09 mi, 1.2 rnmol).
The reaction mixture was stirred at RT for- 26 h and Nal (179 mg, 1.19 mmol) w as
then added. The reaction mixture was sti rred at RT for another 16 h and then Feated
at reflux for 9 h. To the reaction solution was then added additional Pr.NEt (0.250 mi)
and methoxymethyl chloride (0.1 ml). The reaction mixture was refluxed for 2.5 days,
cooled to RT, then poured into cold water and extracted with CHzCl» (3X). The=
combined organic layers were dried (Na2S0,), filtered and concentrated. PTLCC of the
residue (EtOAc/Hexane 1:1) gave the proeduct (310 mg, 68%) as a clear film. '
NMR (CDCls, 400 MHz) § 6.78 (m, 2H), 6 .50 (m, 1H), 4.63 (m, 2H), 4.32 (m, 2H1), 4.14
(m, 2H), 4.02 (m, 2H), 3.65 (m, 1H), 3.62 (s, 3H), 3.19 (m, 1H), 3.05 (m, 1H), 2 .04 (m,
1H), 1.80-1.50 (m, 6H), 1.43 (s, 9H), 1.27 (d, /=7.2 Hz, 3H), 0.74 (d, J=7.2 Hz, 3H),
0.41 (d, J=6.8 Hz, 3H). LCMS mv/e 569 (M+H)", ta=6.13 min. (condition A).

Step 2:
F F
O
N N HO>. N
O O Boc 0 Boc
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By essentially the procedure set forth in Exxample 5, Step 2, the product was
synthesized from the product of Step 1 in 96% yiseld. 'H NMR (CDCls, 400 MHz) §
6.78 (m, 2H), 6.55 (m, 1H), 4.61 (m, 2H), 4.40 (™, 1H), 3.79 (m, 2H), 3.33 (s, 3H),
2.98-2.78 (m, 3H), 2.01 (s, br., 1H), 1.81-1.68 (mm, 5H), 1.42 (s, 9H), 1.26 (d, J=6.8
Hz, 3H) LCMS m/e 458 (M+H)", 1z=3.50 min. (c ondition B).

e e

e
O "IN N7
H :
O 0 Boc <0 Boc

/ e

By essentially the procedure set forth in EExample 5, Step 4, the product was
synthesized from the product of Step 2 in 43% y~ield. 'H NMR (CDCl3, 400 MHz)
7.37-7.00 (m, 6H), 6.69 (m, 2H), 6.55 (m, 1H), 5 .89 (m, 1H), 5.00 (M, 1H), 4.86 (m,
1H), 4.74 (m, 1H), 4.57 (m, 1H), 4.08 (m, 1H), 4A.00-3.67 (m, 3H), 3.42 (s, 3H), 3.02
(m, 1H), 2.45 (m, 1H), 1.85-1.20 (m, 17H). MS a/e 563 (M+H)"

Step 4.

(:'A N N T NN

O Boc <O éoc

Po)

To a solution of the product of Step 3 (3.3 mg, 0.0592 mmol) in MeOH (5 mi)
was added 10% Pd/C (20 mg). The solution waas stirred under a balloon of H; at RT
for 2 h. The solution was then filtered through celite and concentrated in vacuo to
afford the product (25.3 mg, 100% vyield) as a cl.ear film. 'H NMR (CDCls, 400 MHz) §
6.75 (m, 2H), 6.59 (m, 1H), 4.75 (m, 1H), 4.64 (sm, 1H), 3.97-3.80 (m, 2H), 3.71 (m,
1H), 3.39 (s, 3H), 3.06 (M, 2H), 2.41 (m, 1H), 1. 85-1.50 (m, 6H), 1.44 (s, 9H), 1.25 (d,
J=6.8 Hz, 3H). MS m/e 429 (M+H)".
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Step 5:

.. [ R \/\N N v *ereg,
HoN N \/' H O Boc
<O Boc <
Ppe
O

By essentially the procesdure of Example 7, Step 2, the product was
synthesized from the product of Step 4 and Preparation1 in 55% yield. 'H M™NIMR
(CDCla, 400 MHz) § 7.82 (m, 1 H), 7.63 (s, 1H), 7.51 (s, 1H), 7.24 (s, 1H), 6. 75 (m,
2H), 6.57 (m, 1H), 4.82 (d, J=6.8 Hz, 1H), 4.71 (m, 1H), 4.62 (d, J/=6.8 Hz, <1H), 4.03
(m, 1H), 3.87 (m, 2H), 3.47 (s, 3H), 3.45 (m, 2H), 3.12 (m, 3H), 2.65 (m 1H®, 2.38 (s,
3H), 1.90-1.40 (m, 20H), 1.38 (d, J=6.8 Hz, 3H), 0.98 (m, 3H), 0.70 (m, 3H) . LCMS
m/e 674 (M+H)+, ta = 4.03 min. (condition B).

Step 6:

To a solution of the product of Step 5 (16.0 mg, 23.7 umol) in CH,Cl= (1.2 mi)
was added one drop of water and TFA (0.8 ml). The reaction mixture was =stirred at
RT for 21 h and then concentrated in vacuo. The residue was purified by reeverse
phase HPLC (C18 column, H20(0.1% HCOOH)/CH3CN(0.1% HCOOH)=5%%-95%) to
afford the formate salt of the product (10. mg, 75%) as a clear film. 'HNM R (CD50D,
400 MHz) § 7.50 (s, 1H), 7.33 (s, 1H), 7.28 (s, 1H), 6.81 (m, 2H), 6.69 (m, ~1H), 4.21
(m, 1H), 3.86 (m, 1H), 3.68 (M, 1H), 3.42 (m, 2H), 3.31 (m, 2H), 3.11 (m, 28H), 2.80
(m, 1H), 2.37 (s, 3H), 2.02 (m, 1H), 1.90-1.40 (m, 9H), 1.28 (d, J=6.8 Hz, 3H),0.95
(t, J=7.6 Hz, 3H), 0.66 (t, J<7.6 Hz, 3H). LCMS m/e 530 (M+H)*, ta=4.39 rein.
(condition A).

Example 11
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Step 1:
F F
F F |
——————er e =R
| P
Br\zN anN N

A solution of N, N-dimethylami noethaggl (2.60 ml, 26.2 mmol) in anhydrous
hexane (50 mi) was cooled to -5 °C waith stirring, to which nBuli (2.5 M/hexane, 21 -0
ml, 52.3 mmol) was added slowly. After the addition, the reaction mixture was
warmed to 0 °C and stirred for 0.5 h. The reaction mixture was then cooled to -78 °C,
and 4-chloropyridine (3.00 g, 26.2 mrmol) in anhydrous hexane (10 ml) was added
slowly. The reaction mixture was stirwed at -78 °C for 1.5 h, then a solution of
Preparation 10 (7.97 g, 21.8 mmol) ir anhydrous THF (20 mi) was added dropwise=.
After the addition, the reaction was alllowed to warm to 0 °C and stirred at 0 °C for -an
additional 0.5 h. The reaction mixtures was then poured into cold H>0 and extracte d
with CH,Cl» (3x). The combined orgaxnic layers were dried over Na;SO4. The
concentrated residue was purified by chromatography over silica gel (EtOAc/Hexame,
0%—25%) to afford the product as a light brown oil (4.45 g, 43%). 'H NMR (CDCl,
400 MHz) § 8.31 (d, J =2.8 Hz, 1H), 7.40-7.05 (m, 11H), 6.87 (d, J =1.6 Hz, 1H), 6.55
(m, 1H), 6.35 (m, 2H), 5.15 (s, br, 1H ), 4.51 (s, br, 1H), 3.95 (d, J =14.0 Hz, 2H), 3.68
(d, J =14 Hz, 1H), 3.14 (m, 1H), 2.93 (m, 1H), 2.45 (m, 1H). MS (M+H)" =479

(M+H)".
Step 2:
F
E |
»
Bn N N

OH
To a pressure tube was added the product of Step 1 (222 mg, 0.463 mmol)
and 0.50 M BnZnCl/THF (4.60 ml, 2.332 mmol). The reaction mixture was then purged
with argon for ~ 2 min, then Pd(PPh3), (107 mg, 0.0926 mmol) was added. The
reaction mixture was stirred at 110 °CC for 3 h, then allowed to cool to RT. The
reaction mixture was poured into satuirated NH,Cl and extracted with CH;Cl (3x).
The combined organic layers were deried over Na;SO4. The concentrated residue was
separated by PTLC (EtOAc/Hexane, 1:2) to give the product (176 mg, 71%) as a laght
yellow film. MS (M+H)* = 535
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Step 3:
F
O~
l = — e -

Bn,N N=
OH
The prociuct of Step 2 (176 mg, 0.330 mmol), 20% Pd(OH),/C (50 mg) and

ethanol (5 mL) -was stirred under 1 atm of Hz for 24 h at RT, then filtered through
celite. The cormcentrated residue was purified by reverse phase HPLC (Conditions D)
to provide the formate salt of the product (41.7 mg, 32%) as a cBear fim. 'H NMR
(CDsOD, 400 MHz) § 8.37 (d, J =5.2 Hz, 1H), 7.42 (s, 1H), 7.30 (m, 2H), 7.20 (m, 3H),
7.15 (m, 1H), 6 .75 (m, 1H), 6.87 (m, 2H), 4.93 (m, 1H), 4.01 (m, 3H),2.79 (m, 2H).
MS (M+H)* = 3 55.

Step 4:

The product of Step 3 (15.1 mg, 42.6 umol), Preparation 1(12.0 mg, 46.8
umol), EDCI (1 6.0 mg, 85.2 umol) and HOBt (9.0 mg, 63.9 umo 1) were dissolved in
anhydrous DM F (1.0 ml), and EtsN (60 pl, 426 umol) was added. After stirring for 22
h at RT, the reaction was poured into water. The aqueous layew was extracted with
CH,Cl> (3%). T he combined organic layers were dried over NaS0,4. The
concentrated reesidue was purified by PTLC (1:20 CH;OH/CH,.C=I,) to give the product
(14.6 mg, 57% ). 'H NMR (CDCl3, 400 MHz) 5 8.40 (d, J =4.4 H_z, 1H), 7.50 (s, 1H),
7.41 (s, 1H), 7-.32-7.18 (m, 4H), 7.14 (s, 1H), 7.11 (m, 2H), 7.02. (m, 1H), 6.92 (d, J
=8.8 Hz, 1H), 6.56-6.45 (m, 3H), 5.02 (d, J =5.2 Hz, 1H), 4.91 (rm, 1H), 4.66 (m, 1H),
3.90 (s, 2H), 3_41 (m, br., 2H), 3.08 (m, br., 2H), 2.77 (m, 1H), 2.47 (m, 1H), 2.36 (s,
3H), 1.65 (m, bar, 2H), 1.46 (m, br., 2H), 0.94 (m, br., 3H), 0.69 «(m, br., 3H). MS
(M+H)* = 600.

Step 5:

To the peroduct of Step 4 (10.0 mg, 16.7 umol), THF (2.7 ml) and acetic acid
(0.3 ml) was acdded PtO, (20 mg). The suspension was stirred aunder 1 atm H; for 4
h, then filtered through celite. The concentrated residue was puirified by PTLC (7M
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NHa/CHsOH:CH,Cl=1: 10) and then HPLC (Conditions C) to afford trme product as a
formate salt (3.1 mg, 371%). 'H NMR (CD;0D, 400 MHz) § 7.45 (s, 1), 7.28 (m, 2H),
7.21 (m, 2H), 7.12 (m, 3H), 6.81 (M, 2H), 6.70 (M, 1H), 4.18 (m, 1H), 3.86 (m, 1H),
3.45 (m, 2H), 3.31 (m, 2H), 3.25 (m, 3H), 2.92 (m, 1H), 2.78 (m, 1H),. 2.68 (m, 1H),
2.50 (m, 1H), 2.38 (s, 3H), 2.11 (d, J =14 Hz, 1H), 1.84-1.62 (m, 4H), 1.54-1.22 (m,
4H), 0.96 (t, J =7.6 Hz, 3H), 0.66 (t, J =7.6 Hz, 3H). LCMS (Conditio-ns A): ta=4.74
min, (M+H)" = 606.

By analogy to the procedure of Example 11, the following exaamples were

prepared.
Example Structure LChAS
(Conditaons A)
m/e 612 €M+H)*
1A (tr=5.94 rmin)
m/e 642 {M+H)"
11B (tr=5.40 rmin)
m/e 636 CM+H)*
11C (tr=4.80 rmin)
m/e 636 M+H)"
11D (tr=4.11 mmin)




WO 2005/016876 PCT/US2004/025018
m/e 636 (M+H)*
11E (tr=4.06 min)
m/e 558 (M+H)™
11F (ta=4.75 min)
(o]
OH u
m/e 620 (M+H)*
11G O (tr=4.23 min)
N
H
m/e 626 (M+H)*
11H (tr=5.54 min)
*Q*u 5,
Example 12
L)
N
*Q’KH r N
Step 1:
F
. J
! t —_— 7
OH

OH

To a solution of the product of Example 11, Step 1 (1.11 g, 2.32 mmol) in
Aabsolute ethanol (50 ml), sodium ethoxide (473 mg , 6.95 mmol) was added. The
weaction mixture was heated to refiux for 3 h, then axdditional EtONa (316 mg, 4.63
gnmol) was added. The mixture was refluxed for 19 h, then transferred to a glass
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pressure tukoe and additional EtONa (473 mg, 6.95 mmel) was added. The mixture
was heated at 120 °C for 22 h and then 150 °C for 8 h.  After the mixture had cooled
to AT, it wa-s poured to saturated NH,Ci and extracted wvith CH.Clz (3x). The
combined crganic layers were dried over Na,SO4. The concentrated residue was
separated by PTLC (EtOAc:hexane, 1:4) to afford the product (0.75 g, 66%). 'H NMR
(CDCl3, 400 MHz) § 8.21 (d, J =6.0 Hz, 1H), 7.40-7.05 (m, 10H), 6.62 (m, 1H), 6.58
(m, 1H), 6.31 (m, 2H), 6.20 (d, J =2.0 Hz, 1H), 5.19 (s, H), 4.06 (d, J =14.4 Hz, 2H),
3.90 (m, 1H), 3.78 (m, 1H), 3.69 (d, J =14.4 Hz, 2H), 3_10 (m, 1H), 2.92 (m, 1H), 2.35
(m, 1H), 1.535 (1, J =6.8, 3H). MS m/e 489 (M+H)".

Step 2:
S ()
F 0
\ N
Bn,N IN’ L
N2 HoN N
2!

The= product of Step 1 (161 mg, 0.330 mmol), 20% Pd(OH)./C (161 mg), and
acetic acidl (0.1 ml) in MeOH (10 ml) was stirred under 1 atm Ha for 3 h at RT then

~ filtered threough celite. The concentrated residue was sseparated by FTLC (7M

NHy/MoO:CH.Cl, 1:10) to give the product (73.2 mg, 72%). 'H NMR (CDCls, 400
MHz) & 8.30 (d, J =5.6 Hz, 1H), 6.84 (d, J =2.8 Hz, 1H),6.69 (m, 1H), 6.63 (m, 2H),
6.58 (m, 1 H), 4.66 (d, 1H), 4.05 (g, J =6.8 Hz, 2H), 3.38 (m, 1H), 2.63 (m, 1H), 2.38
(m, 1H), 1-40 (t, J =7.2 Hz, 3H). MS nve 309 (M+H)".

' Step 3:
F
3 J
J o
F F Q
Z N N
HoN N N
2 OH \) OH

The product was obtained from the product of Step 2 in analogy to the
procedure- of Example 11, Step 4, in 63% vield as a clear film. 'H NMR (CDCls, 400
MHz) & 8.330 (d, J =5.6 Hz, 1H), 7.51 (s, 1H), 7.41 (s, 1H), 7.23 (s, 1H), 6.91 (m, 1H),
6.77 (s, 1H1), 6.70 (m, 1H), 6.58 (m, 2H), 6.50 (m, 1H), 5.09 (d, 1H), 4.90 (m, 1H),
4.69 (m, 1 H), 4.01 (q, 1H), 3.41 (m, br, 2H), 3.08 (m, b, 2H), 2.79 (m, 1H}), 2.55 (m,
1H), 2.36 (s, 3H), 1.65 (m, br, 2H), 1.50 (m, br., 2H), ¥.39 (¢, J =7.2 Hz, 3H), 0.95 (m,
br, 3H), 0. 70 (m, br,, 3H). MS m/e 554 (M+H)".
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Step 4:

The product of Step 3 (14.3 mg, 0.0258 smmol), PtO2 (14 mg) and acetic acid
(2 mi) was stirred under 1 atm Hz for 2 h, then faltered through celite. The
concentrated residue was separated by PTLC (7M NH4/CH3OH:CH:Cl, 1:10) and
then HPLC (Conditions C) to afford the product as the formate salt (4.5 mg, 29%). 'H
NMR (CD3OD, 400 MHz) 8 7.56 (s, 1H), 7.32 (s, 1H), 7.28 (s, 1H), 6.75 (d, J =8.0 Hz,

© 2H), 6.70 (m, 1H), 4.23 (m, 1H), 3.89 (m, 1H), 3.60-3.20 (m, 10H), 3.10 (t, J =7.6 Hz,

2H), 3.04 (m, 1H), 2.78 (m, 1H), 2.52 (m, 1H), 2.37 (s, 3H), 2.10 (m, 1H), 1.70-1.35
(M, 7H), 1.14 (t, J =7.2 Hz, 3H), 0.95 (, J =7.2 HHz, 3H), 0.66 (t, J =0.72 Hz, 3H).
LCMS (Conditions A) t=3.58 min m/e 560 (M+ H)"

Using the appropriate starting material a nd essentially the same procedure set
forth in Example 12, the following examples we=re prepared.

Example Structure LCMS
(Conditions A)
3 J/ m/e 574 (M+H)"
12A F o (tr=3.59 min)
o) o)
~
SACERY.
F /H m/e 588 (M+H)*
12B ] o (tr=3.71 min)
o)
NN
\))k‘i;jn OH H
OY m/e 586 (M+H)*
12C F (tr=3.66 min)
0
NN
\)N n OH E'
F 1 m/e 574 (M+H)*
12D F o (tr=3.83 min)
' (o} 0
NN
\))kQ)LN OH H
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m/e 628 (M+H)*
12E (ta=4.45 min)
m/e 590 (M+H )"
12F (tr=2.97 min)
F N m/e 603 (M+Hp"*
12G Of (ta=3.07 min)
m/e 645 (M+HB)"
12H (tr=2.84 min)

By essentially the same procedure set forth in Example 12, except that
Preparaation 1 was replaced by Preparation 3in Step 3, the following examples vevere

prepare=d.
Example | Structure LCMS
(Conditions A)
F O m/e 604 (M+H)*
121 (tr=2.89 min)

m/e 604 (M+H)®

124 (ta=2.83 min)
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Example 12K

H

: Jj’
o V%
Y N N
Olﬁ\(;/u\“ OoH H

Step 1: "
F F Jj
F l F
A X
P |
anN N anN N
OH OH

Crushed, vacuum dried KOH (582 mg, 10.4 mmol) in anhydrous DMSO (10 ml)
was heated 1o 65 °C and stirred for 0.5 h , then 1,3-propanediol (0.75 mi, 10.4 mmol)
and the product of Example 11, Step 1 (624 mg, 1.30 mmol) were added. The
reaction mixture was stirred at 65 °C for = h, then aliowed to cool to RT. The mixture
was poured into cold water and extracted with CH2Cl.. The combined organic layers
were dried over Na.SQ,. The concentraed residue was purified by chromatography
over silica gel (EtOAc/Hexane, 0%—50%) to give the product (70 mg, 10%) as a clear
fim. 'H NMR (CDCls, 400 MHz) 6 8.21 («d, J =6.0 Hz, 1H), 7.30-7.00 (m, 10H), 6.61
(m, 1H), 6.55 (m, 1H), 6.31 (m, 2H), 6.23 (s, 1H), 5.15 (s, 1H), 4.03 (d, J =14 Hz, 2H),
3.97 (m, 1H), 3.85 (m, 1H), 3.81 (m, 2H), 3.67 (d, J =14 Hz, 2H), 3.10 (m, 1H), 2.92
(m, 1H), 2.35 (m, 1H), 1.97 (m, 2H). MS m/e 519 (M+H)".

Step 2

The title compound was obtained from the product of Step 1 in analogy to the
procedure of Example 12, Steps 2-4, sulbostituting Preparation 1 for Preparation 3 in
Step 3. 'H NMR (CD;0D, 400 MHz) 80 7.57 (s, 1H), 7.51 (s, 1H), 7.45 (s, 1H), 6.87
(m, 2H), 6.75 (m, 1H), 4.35 (m, 1H), 4.283 (m, 1H), 3.95 (m, 1H), 3.70-3.20 (m, 13H),
3.08 (m, 2H), 2.82 (m, 1H), 2.58 (m, 1H) 4, 2.64 (s, 3H), 2.20-1.40 (m, 10H). LCMS
(Conditions A) ta=2.72 min; m/e 604 (M+H)"*
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Example 12L
F

\o—,,,_' 0 T
@*@*N "

The title compound was prepared according to the procedure of Example 12K:
LCMS (Conditions A) m/e 590 {M+H)+, 1r=2.86 min.
5 Example 13

I
OH
The product of Example» 11, Step 1 (385 mg, 0.804 mmol), K2CO3 (333 mg,
2.41 mmol), pyrrolidin-2-one (1 37 mg, 1.61 mmol), Cul (15 mg, 0.0804 mmol) and
10 trans-N,N'-dimethyl-cyclohexarme-1,2-diamine (22 mg, 0.161 mmol) in anhyd rous 1,4-

|
X
e
BN2N N

dioxane (1.0 ml) was heated to 130 °C in a sealed tube. After 37 h, the reaction
mixture was allowed to cool, poured into cold water and extracted with CHzCCl; (3x).
The combined organic layers vwere dried over Na;SOs. The concentrated re-sidue was
purified by PTLC (EtOAc:hexame, 1:1) to afford the product (45 mg, 11%) ass a light
15 brown fim. 'H NMR (CDCls, 400 MHz) 5 8.35 (d, J =6.0 Hz, 1H), 7.69 (m, 1H), 7.25-
7.08 (m, 10H), 6.87 (s, 1H), 6.53 (m, 1H), 6.30 (d, J =6.8 Hz, 2H), 5.22 (m, B H), 4.95
(m, 1H), 4.03 (d, J =14 Hz, 2H), 3.66 (d, J =14.4 Hz, 2H), 3.61 (m, 1H), 3.50 (m, 1H),
3.10 (m, 1H), 2.91 (m, 1H), 2.6 1 (1, J =8.0 Hz, 2H), 2.31 (m, 1H), 2.15 (m, 2HH). MS
m/e 528 (M+H)".
20 Step2
The product was obtainead from the product of Step 1 in analogy to the
procedure of Example 12, Steps 2-4. 'H NMR (CD;0D, 400 MHz) § 7.50 (s.. 1H),
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7.32 (s, 1H), 7.25 (s, TH), 6.82 (m, 22H), 6.66 (m, 1H), 4.28 (m, 1H), 3.90 (m, 1H4),
3.62 (m, 1H), 3.60-3.00 (m, 8H), 2.7 1 (m, 2H), 2.63 (m, 1H), 2.37 (s, 3H), 2.31 (m,
2H), 1.99 (m 2H), 1.1.85 (m, 1H), 1.880-1.35 (m, 7H), 0.95 (m, 3H), 0.66 (m, 3H).
LCMS (Conditions A) tg=3.28 min; r@ve 599 (M+H)".

Example 14 le 14
Step 1:
F
O O«
F Cl ) F
N ———————et AN
- |
anN N anN N
OH OH

To a Parr pressure vessel was added the product of Example 11, Step 1 (711
mg, 1.48 mmol), EtsN (0.25 ml, 1.86 mmol), PPh; (97 mg, 0.37 mmol) and Me®OH (15
ml). The mixture was purged with N, for ~ 5 min, then PdCly(PPh3). (52 mg, 0074
mmol) was added. The vessel was charged with carbon monoxide at 60 psi amnd the
reaction mixture was stirred at 150 <=C for 17 h. The mixture was allowed to caeol and
poured into water and the aqueous layer was extracted with CH,Cl> (3x). The
combined organic layers were driedl over Na;SO4. The concentrated residue wwvas
purified by chromatography over siliica gel (EtOAc/Hexane, 0%-30%) to afford the
product MS m/e 503 (M+H)".
Step 2:
The title compound was obtained freom the product of Step 1 in analogy to the
procedure of Example 12, Steps 2-4, substituting Preparation 1 for Preparatior 3 in
Step 3. LCMS (Conditions A) tg=2."79 min; m/e 588 (M+H)*.

Example 15 Ie 15
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Step 1:
F
F
—— A
F ’ | )
BocHIN BocHN N

To?l solution of 2-brom%t|5-methylpyridine (1.8 g, 11 mmol) in anhydrous
tolueme (50 ml) cooled to -78 °C was added nBuLi (% .6 M/hexane, 5.5 ml, 8.8 mmol).
The reaction mixture was stirred at -78 °C for 30 mir. Preparation 9 (1.0 g, 3.5 mmol)
in an hydrous toluene (10 mi) was added at -78 °C. “The reaction mixture was stirred
at -78 °C for 30 min and at RT for 1 h. The reaction was quenched with saturated
NH4Cl aqueous solution, extracted with EtOAc, driedd (MgSQ,), filtered and
concentrated. The residue was subjected to silica g el flash chromatography (5:95
EtOAG/CH,Cly) to afford the product as a mixture of diasterecisomers (0.5 g, 38%).
Step 2.

F

AN
I — 7N

BocHIN N <

OH
A flask was charged with product from Step 1 (0.5 g), TFA (6 ml) and CH.Cl,
(25 nnl). The reaction mixture was stirred at RT for 2 h then concentrated in vacuo.
The residue was dissolved in a solution [5:95 (2M N H; in MeOH)/CH.Cl2], washed

resid ue was subjected to flash chromatography [5:9:5 (2M NH; in MeOH)/CHzCl;] to
isolate the slower moving diastereoisomer as the int-ermediate product (100 mg,
0.265 mmol).

The intermediate product from above was tre. ated with Preparation 1 (105 mg,
0.398 mmol), anhydrous DMF (10 ml) and EDC (109 mg, 0.530 mmol). The reaction
mixtusre was stirred at RT for 4 h, then concentrated. The residue was dissolved in
EtOAc, washed with water and brine, dried (MgSOa)», filtered and concentrated. The
residaie was subjected to silica gel flash chromatograaphy (50:50 EtOAc/Hexane) to
give the product (125 mg, 91%).
Step 3:

A flask charged with the product of Step 2 (1225 mg), AcOH (10 ml) and PtO,
(35 mig) was stirred under H; (1 atmosphere) for 1.5 h, then filtered and concentrated.
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The resiciue was separated on PTLC [10:90 (2M NHa in MeOH)/CH.Cl,] to give the
desired Product as a white solid (15 mg). LCMS (Conditiors A) te= 3.71 min; m/e 530
(M+H)*.

Example 16
F

0o O
TN N N
P H oy H
Step 1:
| = - . /(Y Br
N Br” N
A mixture of 2-bromo-5-methylpyridine (10 g, 58 mnol), N-bromosuccinimide
(15.5 g, 87.2 mmol), and azobis'isobutyronitrile (0.25 g) in aanhydrous CHzCl, (100 ml)
was heatted at 55 °C under irradiation (200W lamp) for 6 h. The mixture was cooled
down to RT, diluted with CH2Cl» (200 ml), washed with saturated NaHCO; solution,
dried (MS0.), filtered and concentrated. The residue wass subjected to silica gel
flash chreomatography (5—7% EtOAc/hexanss) to afford thee product (6.75 g, 46%).
Step 2:

AN Br I\
I/ ~
N

Br” N
To a solution of the product from Step 1 (3.5 g, 14 mmol) in anhydrous THF
(60 ml) a_t 0 °C was added benzylmagnesium chloride (2.0 M/THF, 10.6 mil, 21 mmol).
The reac=tion mixture was stirred at 0 °C for 30 min and at FRT for 2 h. The reaction
was querched with saturated NH,Cl aqueous solution, extr-acted with EtOAc, dried
(MgSQ,).. filtered and concentrated. The residue was subjexcted to silica gel flash
chromatography (5:95 EtOAc/hexanes) to afford the product (2.4 g, 66%). -
Step 3:

Br

Br

F
F e ———— RS O
H P
BocHN BocHN N
(0] OH

By~ essentially the same procedure set forth in Examgple 15, Step 1, the above
product wsas prepared from the product of Step 2 in 61% vyieald.
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Step 4:
F
l N
BocHN N’

OH

A flask was charged with product from Step 3 (350 mg), TFA (2 ml) and CH2Clz
(10 mi). The reaction mixture was stirred at RT for 2 h then concentrated in vacuo.
The residue was dissolved in a solution [5:95 (2M NHg in MeOH)/CH.Cl], washed
with saturated NaHCO; solution, dried (M gSOs), filtered and concentrated. The
residue was subjected to flash chromatoggraphy [3:97 (2M NH; in MeOH)/CH2Cl:] to
isolate the intermediate product as a mixt ure of diasterecisomers (100 mg, 22%).

The intermediate product from above was treated with Preparation 1 (100 mg,
0.40 mmol), anhydrous DMF (5 ml) and EEDC (100 mg, 0.54 mmol). The reaction
mixture was stirred at RT for 4 h, then comcentrated. The residue was dissolved in
EtOAc, washed with water and brine, drieed (MgSO0s), filtered and concentrated. The
residue was subjected to PTLC (40:60 EtOAc/Hexane) to isolate the slower moving

- diastereoisomer as the desired product (57 mg).

Step 5:

A flask charged with the product 0¥ Step 4 (21 mg), AcOH (5 ml) and PtO. (20
mg) was stirred under Hz (1 atmosphere) for 2 h, then filtered and concentrated. The
residue was separated on PTLC [7:93 (2M NH3 in MeOH)/CHCl;] to give the desired
product as a white solid (8 mg). LCMS (Conditions A) ta= 5.65 min; m/e 626 (M+H)*.

Exa mple 17
F

o) o
SN N N
\) H OH H

S

L

Step 1:
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A mixture of the product from Example 16, Step 1 (0.70 g, 2.8 mmol), gohenol
(O.19 g, 2.0 mmol), and K.COs (0.58 g, 4.2 mmol) in anhydrous DMF (10 ml) was
h-eated to 90 °C for 2 h. The mixture was cooled down to RT, diluted with wa_ter,
e-xtracted with ether, dried (MgSOs,), filtered and concentrated. The residue wwvas
s-ubjected to flash chromatography (5:95 EtO.Ac/hexanes) to afford the produ ct as
wwrhite solid (0.38 g, 71%).
Ste 2:

S

2

ocHN BocHN N
OH

By essentually the same procedure set forth in Example 15, Step 1, thue above
goroduct was prepared from the product of Step 1 in 30% yield.

SStep 3:
F

e WKQi%J@

OH

By essentially the same procedure set forth in Example 16, Step 4, tthe above
product was prepared from the product of Step 2.

Step 4:

By essentially the same procedure set forth in Example 16, Step 5, tBhe above
product was prepared from the product of Step 3 (11 mg, 0.018 mmol) as a.n off-white
gum (2 mg, 18%). LCMS (Conditions A) tr==4.48 min; m/e 628 (M+H)™.

Example 18
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Step 1:

(o)
By essenftially the same procedure set forth in Exam ple 15, Steps 1 and 2, the

F
XN Br
F T e~ |N,
N N
BocHN™ $ NoJ

- above product wwas prepared using 2,5-dibromopyridine.

Step 2:

(o 0 I\B’
N

A mixture of the product from Step 1 (50 mg, 0.085 mmol), Pd(PPhg)s (10 mg),
3-methoxybenzwylzinc chloride (0.5 M/THF, 1.5 ml, 0.85 mrol) was heated at 120 °C
for 24 h. The reaction was quenched with saturated NH4C -1 aqueous solution,
extracted with EE1OAc, dried (MgSQs,), filtered and concentr-ated. The residue was
subjected to flassh chromatography (10:90 EtOAc/CH.Cl,) tko afford the product as a
white solid (42 rng, 80%).

Step 3:

Example 18 was prepared from the product of Step 2 (40 mg) by essentially
the same proce-dure set forth in Example 15, Step 3. Off-wwhite solid (12 mg). LCMS
(Conditions A) t-g = 5.16 min; mve 636 (M+H)*

Example 19

Following proce=dures similar to those described in Examplle 18 and using an
appropriate orgaanozinc derivative, the title compound was prepared. LCMS
(Conditions A) sshows two isomers, ta = 4.78 min and 4.98 min; both with 606 (M+H)*.
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Example 20

Following procexdures similar to those described in  Example 16, Step 5, the title
compound was- prepared from Example 19. LCMS (Conditions A) shows three
isomers, ta= 5.231 min, 5.38 min and 5.52 min; all wvith 612 (M+H)".

Example 21

o o x-BY
P

N N N

SRR —

A mixture of the product of Example 18, Stegp 1 (75 mg), Pd(PPhs)s (5 mg),
phenylboronic aacid (78 mg), K-CO; (88 mg), ethanol (0.5 mi), water (1 mi), and
toluene (2 ml) wsas heated at 120 °C for 16 h. The reaction was diluted with EtOAc,
washed with satturated NaHCO3 aqueous solution, edried (MgSQ.,), filtered and
concentrated. W he residue was subjected to PTLC [3:97 (2M NH3 in MeOH)/CH2Cl,]
to afford the prowduct (69 mg, 92%).

Step 2:

By essemmtially the same procedure set forth i n Example 15, Step 3, the above
product was pre=pared from the product of Step 1 ass a white solid. LCMS (Conditions
A) ta=4.78 min; m/e 592 (M+H)".
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Example 22

Following procedures similar to tho-se described in Example 21 and using an
appropriate organoboron derivative, the tittle compound was prepared. LCMS
(Conditions A) shows two isomers, ta= 4.5 min and 5.01 min; both with 622 (M+H)".

Exarmple 23
F

(o 0o
N N N

Following procedures similar to those described in Example 16, Step 5, the titie=

. compound was prepared from Example 21. LCMS (Conditions A) shows two
. isomers, tg= 5.12 min and 5.32 min; both with 598 (M+H)".

Exa mple 24
F F

(0 o ‘\Bf

A mixture of the product from Exa mple 18, Step 1 (50 mg), PdCl(PPh3)2 (10
mg), 1-ethynyl-3-flucrobenzene (40 ul), Cul (4 mg), and diisopropylamine (3 mi) was
heated at 100 °C for 16 h then concentraated in vacuo. The residue was dissolved in
a solution [3:97 (2M NH; in MeOH)/CH,CCl,], washed with saturated NH4CI solution,
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dried (MgSO.), filtered and concentrated. The residue was subjected to PTLC {3:97
(2M NH, in MeOH)/CH,Cl,] to afford the product (40 mg).
Step 2:

By essentially the sarmee procedure set forth in Example 15, Step 3, the above
product was prepared from the product of Step 1 as a white solid. LCMS (& onditions
A) ta= 4.31 min; m/e 638 (M+-H)".

Following procedures analogous to those described in Example 24 aand using
an appropriate terminal alkyme derivative, the following compounds were p repared:

LCMS
Example Structure (Conditieons A)
ta, MS
13
25 5.05-5.=35 min;
620 (M +H)+
26 3.98 min;
636 (MA-+H)+
27 4.45 mein;
634 (M¥+H)+
28 3.27 min;
627 (M1+H)+

Step 1:

v — 0

IZ 2Z2Zx
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Piperazin-2-one (1 g, 10 mmol) was dissolved in CH2Clz (40 ml), and BocO
(2.4 g, 11 mmol, 1.1 eq), EtsN (2.02 g, 20 m mol, 2 eq) and DMAP (0.024 g, 0.2 mmol.
2 mol%) were added. After the mixture wass stirred at RT for 16 h, it was acidified with
1 N HCI. The organic layer was separated, washed with saturated NaHCO3, brine,
dried (Na2S0O4), and concentrated in vacuo —to give the product (1.8 g, 90%) as a white
solid. 'H NMR (CDCl3, 300 MHz) § 6.70 (1H1, bs), 4.08 (2H, s), 3.62(2H,t, J=6.0
Hz), 3.37 (2H, m), 1.46 (9H, s).

Step 2:
ON o N/©
L) — )
Boc Boc
To a solution of the product of Step 1 (1.17 g, 5.87 mmol) in DMF (25 ml) at
RT was added NaH (60% dispersion in mireral oil, 352 mg, 8.8 mmol, 1.5 eq) and thme
resulting mixture was stirred at RT for 2h.  Benzyl bromide (0.84 ml, 7.04 mmol, 1.2
eq) was added and the reaction was heate dat 70 °C for 16 h. The reaction mixture
was cooled to RT and the excess NaH wass quenched carefully by the dropwise
addition of MeOH. The solvent was evaposrated in vacuo and the residue was
chromatographed on silica (70% EtOAc/he2xanes) to give the product (1.6 g, 95%) ass
a white solid. 'H NMR (CDCls, 300 MHz) & 7.28 (5H, m), 4.62 (2H, s), 4.16 (2H, s),
3.58 (2H, m, J =5.1 Hz), 3.25 (2H, m, J = 554 Hz), 1.46 (9H, s).

Step 3:

Boc OH Boc
iNj BN AN
O N O%N

F\q
© r O

To a solution of diisopropylamine (3.712 g, 36.68 mmol) in anhydrous THF (220
mi) at -78 °C was added 2.5 M butyllithium in hexanes (14.2 ml, 35.5 mmol). After S
min, the solution was placed in an ice-wateer bath and stirred for 30 min. The mixtur-e
was cooled to -78 °C again and a solution of the product of Step 2 (8.875 g, 30.57
mmol) in THF (30 ml) was added and the mixture was stirred for 1.5 hat-78 °C. A
solution of Preparation 10 (12.1 g, 33.11 rmmol) in THF (20 mi) was added and the
resulting mixture was allowed to warm to FRT overnight. The mixture was partitionecd
between ether (150 ml) and water (200 m®). The aqueous layer was extracted with
ether (3x150 ml). The combined organic Bayers were dried (MgSO.), concentrated,
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and purified by colLamn chromatography (gradient 0-20% EtOAc/Hexanes) to give a
light yellow solid (9 .00 g, 41%). MS m/e 656 (M+H)".

Step 4:
QH Boc OH Boc

BN AN HzN\/\/N

o N - FO/ o N
O rO

A mixture of" the product of Step 3 (495 mg, 0.755 mmal), 20% Pd(OH)./C (493
mg), and a catalytiec amount of acetic acid in EtOH (15 ml) waas stirred under Hz (1
atm) for 5 h at RT. The mixture was filtered through a pad o¥ Celite and
concentrated. The= residue was dissolved in CH,Cl, (50 ml) &and washed with aq.
NH4OH (15 ml). Thhe organic layer was dried (MgSQ,) and ceoncentrated to give the

product (326 mg, M 1%). MS m/e 476 (M+H)".
Step 5: ) ‘

OH Boc
HaN\,-/\/Nj )

A mixture of the product of Step 4 (42 mg, 0.09 mmol), Preparation 1 (27 mg,
0.10 mmol), HOBt «(14 mg, 0.10 mmol), EDCI (18 mg, 0.09 nrmmol), and triethylamine
(50 ul, 0.37 mmol) in DMF (2 ml) was stirred at RT for 16 h. ~The mixture was diluted
with CH2Cl, (50 mij, washed with 0.5 N NaOH and H,0, driecd (MgS0Q,), concentrated,
and purified by PTL_C (3.5% MeOH/CH,Cl,) to give the produsct (20 mg, 31%). MS
m/e 721 (M+H)*.
Step 6:

An ice-cold ssolution of the product of Step 5 (69 mg, O .096 mmol) and TFA
(0.4 mi) in CH2Cl, (~4 ml) was stirred for 30 min, then allowed to warm to RT and
stirred for 3 h. The mixture was diluted with CH2Cl, (50 ml), =and washed with 5N
NH,OH (10 mi). Thrwe organic layer was dried (MgSOs), conceantrated and purified by
PTLC (5:95 MeOH/ CHCl,) to give the product (47 mg, 79%)_ LCMS (Conditions E)
ta = 5.99 min; 621.2 (M+H)*. 'H NMR (CDCl;, 400 MHz) 5 7.%50 (m, 2H), 7.4-7.0 (m,
7H), 6.85 (m, 2H), 6.60 (m, 1H), 4.68 (m, 2H), 4.23 (m, 1H), @.11 (m, 1H), 3.66 (m,
1H), 3.43 (m, 2H), 3.32 (m, 1H), 3.25-2.9 (m, 8H), 2.37 (s, 3HE), 1.67 (m, 2H), 1.48 (m,
2H), 0.96 (m, 3H), O.70 (t, 3H, J =7.2 H2).



WO 2005/0 16876 PCT/US2004/025018
78

The followi ng Examples were prepared from the product of Example 29, Step 4 and
the approperiate acid, in analogy to Example 29, Steps 5 zand 6

Exarmnple Acid Example LCMS data
i (Conditions A)
ta; m/e
29 A Preparation 6 om. B 3.01 min;
£ ) [651 (M+H)*
MeO— HN N
Caca
OMe
298 Preparation 4 Bn 2.83 min;
F +
o o mdyd | 622 (MeH)
cASa
N/

29C Preparation 5 8n 3.06 min;
F +
Moo, "I L) [e22 M)

29D Preparation 3 8n 3.45 min;
J | 635 (MeH)*

Thee title compound was prepared by essentially ®he procedure of Example 29_
using Pregparation 11 in place of Preparation 10. 'H NMER (CDCls, 400 MHz): §=7.57
(m, 2H), 77.1-7.3 (m, 6H), 6.84 (d, 1H, J =9.6 Hz), 4.64 (ad, 1H, J =14.4 Hz), 4.47 (m,
1H), 4.06 (m, 2H), 3.0-3.5 (m, 8H), 2.89 (m, 1H), 2.35 (ss, 3H), 1.3-1.7 (m, 7H), 0.91
(m, 9H), .68 (m, 3H). LCMS (Conditions A): ta=3.72 muin; m/e 551 (M+H)"*
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Example 31

OH
/\/N \/\,N

OA

O N

The title compound wras prepared by essentially the procedure of Exammple 29,

using Preparation 12 in plac of Preparation 10. '"H NMR (CDCls, 400 MHz)= §=7.61
(m, 2H), 7.30 (m, 4H), 7.18 Cm, 2H), 6.80 (d, 1H, J =9.6 Hz), 4.67 (d, 1H, J =14.4 H2),
4.53 (m, 1H), 4.14 (d, 1H, J =14.4 Hz), 4.10 (m, 1H), 2.9-3.6 (m, 9H), 2.40 (s -, 3H),
0.65-2.0 (m, 24H). MS m/e 591 (M+H)*

Example 32

Perw(fj\(N\/\/ij
Step 1:
/e #
q,mo — iﬁoj/(
NHBoc o En

The product was obtasined by essentially the procedure of Dinsmore, etal.,
Org. Lett. (2001), 865-868. To a solution of benzylamine (0.72 ml, 6.6 mmol ) and (S)-
N-Boc-allylglycinal (1.3 g, 6.6 mmol) in 1,2-dichloroethane (20 mi) at 0 °C waas added
4 A molecular sieves followed by sodium triacetoxyborohydride (2.1 g, 10.0 rmmol).
The reaction was allowed to warm to RT, then stirred for 14 h. The mixture wvas
poured into EtOAc, washed with saturated NaHCO3, brine, dried (Na;SOy,), fliltered
and concentrated. Purificati on by silica gel column chromatography (4%
CH3;OH/CH:CI) gave 1.9 g (83%) of the reductive alkylation product as a yel .low oil.
'H NMR (CDCl3, 300 MHz2) & 7.33-7.25 (m, 5H), 5.84-5.70 (m, 1H), 5.10-5.01 (m, 2H),
4.69 (bs, 1H), 3.79 (q, J = 13.2 Hz, 2H), 2.68 (d, J = 5.4 Hz, 2H), 2.27 (t, J= “7.2 Hz,
2H), 1.44 (s, 9H). MS (ESI) m/e291.1 (M+H)*. To a solution of the reductives
alkylkation product (1.9 g, 6. 5 mmol) in a 1:1 solution of EtOAc and saturatect
NaHCO3 (40 ml) at 0 C, chloroacetyl chloride (1.0 ml, 13.0 mmol) was addec and the
mixture was stirred for 0.5 h. The layers were separated and the aqueous la~yer was
extracted with EtOAc (3x). T he organic layers were combined, washed with Bbrine,
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dried (NazSO,), filtered and concentrated to give 2.3 g (85%) of the chloride which
was used without further purification. 'H NMR (CDCl,, 300 MHz) & 7.40-7.1 7 (m, 5H),
5.79-5.68 (m, 1H), 5.11-5.06 (m, 2H), 4.82-4.78 (m, 1H), 4.65(q, J= 17.3 Hz, 1H),
4.38-4.19 (m, 1H), 4.06 (d, J = 1.8 Hz, 1H), 3.98-3.88 (m, 1H), 3.57-3.37 (M, 1H),
3.05 (d, J=8.4 Hz, 1H), 2.23 (t, J= 5.7 Hz, 2H), 1.43 (s, 9H). MS (ESI) m/=389.2
(M+Na)*. To a solution of the chloride (2.0 g, 5.5 mmol) in DMF (20 ml) was added
cesium carbonate (3.6 g, 10.9 mmol) and the mixture was heated to 65°C for2h,
cooled to 25 °C and poured into a 90% solution of EtOAc/Hexane. The orgaanic layer
was washed (1 x H20, 1x brine), dried (NazSQ,), filtered and concentrated.
Purification by silica gel column chrormatography (50% EtOAc/Hexane) gave the
product (1.1 g, 61%) as a white solid . 'H NMR (CDCl,, 300 MHz) § 7.36-7. 26 (m,
5H), 5.60-5.51 (m, 1H), 5.01-4.77 (m, 3H), 4.41-4.32 (m, 3H), 3.83 (d, J= 18.6 Hz,
1H), 3.46 (dd, J = 12.6, 4.5 Hz, 1H), 3.07 (d, J= 12.3 Hz, 1H), 2.27 (q, J= 7.2 Hz,
1H), 2.11 (q, J= 7.2 Hz, 1H),1.45 (s, 9H). MS (ESI) m/e 330.8 (M+H)".

Step 2:

e W g
B Ay

F
1M LDA in THF (1.0 ml, 1.0 mamol) was added dropwise to a solutiom of the

product of Step 1 (0.25 g, 0.76 mmof) in THF (5 ml) at -78 °C under argon. After 10
min at -78 °C, a solution of Preparation 10 (0.28 g, 0.76 mmol) in THF (1 nl) was
added dropwise and the mixture wass stirred for 0.5 h. The reaction mixture was
quenched with saturated aqueous N#H,CI, then partitioned between EtOAc (25 mi)
and saturated NaHCO;. The organic layer was dried (NazSO,), filtered an«d
concentrated. the residue was subjexcted to silica gel column chromatogra phy (3:7
EtOAc/hexanes) to give the product (0.20 g, 38%). 'H NMR (CDCls, 300 NMHZ) §
7.42-6.99 (15H, m), 6.78-6.64 (3H, mn), 5.47-6.24 (1H, m), 4.95 (1H, d, J= 10.2 Hz),
4.70-4.62 (3H, m), 4.51-4.46 (3H, m), 3.94 (2H, d, J= 14.1 Hz), 3.73-3.69 (1H, m),
3.59-3.54 (1H, m), 3.45 (2H, d, J= 1 4.7 Hz), 3.30-3.28 (1H, m), 3.18-3.12 (1H, m),
3.01-2.87 (1H, m), 2.38-2.20 (m, 1H), 2.05-1.98 (m, 1H), 1.40 (9H, s). MS (ESI) m/e
696.1 (M+H)™.
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Step 3:

o G
- &

F
i A flask containing the product of Step 2 (0.10 g, 0.14 mmol) in ethancai (40 mi)

. was flushed with aargon gas. To the solution was added 10% palladium on c-arbon (20

mg) and a catalytiec amount (2 drops) of concentrated HCI and the mixture w as stirred
under 1 atm H; foxr 2 h. The reaction was flushed with argon, filtered and thee volatiles
were removed in wacuo to give 0.070 g (88%) of the HCI salt of the product wwhich was
used without furth er purification. 'H NMR (CD2OD, 300 MHz) § 7.65-7.23 (m, 5H),
7.07-6.87 (m, 3H) , 5.03-4.83 (m, 1H), 5.58 (m, 1H), 4.35-4.29 (m, 2H), 3.96—3.83 (m,
2H), 3.69-3.19 (m , 3H), 3.05-2.91 (g, 1H), 1.45 (s, 9H), 1.39-1.20 (m, 2H), 1 .09-0.87
(m, 2H), 0.86-0.63 (m, 3H). '
Step 4

Using esse=ntially the procedure of Example 29, Steps 5-6, the title compound
was obtained. LC@MS (Conditions E) tg = 6.3 min; 663.1 (M+H)*. 'H NMR (CED,0OD,
300 MHz) 5 7.68 s, 1H), 7.54 (s, 1H), 7.37 (s, 1H), 7.31-7.29 (m, 3H), 7.28- 7.22 (m,
2H), 6.89 (dd, J= 8.6, 2.3 Hz, 2H), 6.82-6.71 (m, 1H), 4.99-4.83 (m, 1H), 4.5 (dd, J
= 9.8, 2.7 Hz, 1Hp, 4.59-4.49 (m, 1H), 4.31 (d, J = 2.7 Hz, 1H), 3.91-3.81 (m , 1H),
3.64 (dd, J=13.8, 4.2 Hz, 1H), 3.49-3.43 (m, 4H), 3.23-3.13 (m, 3H), 3.01-2.91 (m,
1H), 2.44 (s, 3H), 1.80-1.40 (m, 5H), 1.29 (bs, 1H), 1.28-1.10 (m, 1H), 1.02--0.87 (m,
4H), 0.81 (t, J= 7 .1 Hz, 3H), 0.66 (t, J = 7.2 Hz, 3H).

Example 33

4 OH /
B;/ WNW,%JJ
o~ _—
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To a stirred solution of th e product of Example 32, Step 1 (0.33 g, 1 -0 mmol) in
THF (5 ml) cooled to -78 °C uncller argon was added 1M LDA in THF (2.0 nnl, 2.0
mmol) dropwise. After stiring 1 0 min at -78 °C, a solution of Preparation & (0.28 g,
1.0 mmol) in THF (1 ml) was adlded dropwise and the mixture was stirred for 1 h. The
reaction mixture with saturated aqueous NH,CI, then partitioned between EStOAC (25
ml) and NaHCOs. The organic layer was dried (Na,S0O,), filttered and concentrated,
followed by silica gel column charomatography (3:7 EtOAc/hexanes) to gives the
product (0.16 g, 26%). 'H NMR (CDCl, 300 MHz) 8 7.34-7.19 (SH, m), 6.88-6.58
(3H, m), 5.42-5.12 (2H, m), 4.93-4.60 (3H, m), 4.40 (1H, d, J=6.3 Hz), 4.32-4.26
(1H, m), 4.13-3.90 (2H, m), 3.6 8-3.57 (1H, m), 3.19-2.80 (3H, m), 2.13-1.774 (2H, m),
1.50-1.30 (m, 18H). MS (ESI) #1ve 638.1 (M+Na)*.
Step 2: o

H
OH Boc 4 9” Bo(?
BocHN. AN BocHN _A_N

F : O N F F e ) N
F F

The oxidation was based on the procedure of Itoh, et al, Org. Lett. (2002),
2469-2472. To a stirred solution of the product of Step 1 (0.026 g, 0.042 mmol) in
MeCN-H,0 (2:1; 3 ml) was added 4% OsO, in H20 (0.027 mi, 0.0042 mrwol) and
NMO (0.029 mg, 0.211 mmol) at 25 °C. After stirring 2 days, a saturated ssolution of
aqueous NapS20; (1 mi) was aadded and the mixture was stirred for 1 h armd extracted
with CHCIl3. The organic layers were combined, washed with a saturated aqueous
solution of sodium chloride, dri ed over Na,SO,, filtered and purified by column
chromatography (2-10% CHaOrH/CH,Cl,) to give the product (0.014 g, 5124). 'H NMR
(CDCls, 300 MHz) § 7.41-7.09 (m, 8H), 5.76-5.49 (m, 1H), 4.95-4.72 (m, 2H), 4.43-
4.09 (m, 3H), 3.87-3.72 (m, 2H), 3.49-3.39 (m, 1H), 3.09 (m, 1H), 2.45-2.37 (m, 1H),
2.31-2.19 (m, 1H), 2.18-2.02 (rn, 1H), 2.00-0.73 (m, 22H). MS (ES!) m/e ©49.8
(M+H)*.

Step 3:

o 0 o °
\./l )kQ/ \) o

To a solution of Preparation 1 (0.30 g, 1.14 mmol) in CHzCl> (20 mul) was
added N-hydroxysuccinimide (€0.26 g, 2.28 mmol, 2 eq), HOBt (0.31 g, 2.28 mmol, 2
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eq), DIEA (1.0 ml, 5.7 mmol, 5 eq), and EDC (0.65 g, 3.42 mmol, 3 eq). Whe mixture
was stirred at RT fosr 16 h, then washed with H,O (10 ml), dried (MgSQs), and
concentrated in vaccuo. The residue was chromatographed (SiOz, 30% to= 60%
EtOAc/hexanes) to give the product (0.29 g, 72%). 'H NMR (CDCls, 300 MHz) § 7.97
(s, 1H), 7.90 (s, 1H®, 7.49 (s, 1H), 3.45 (m, 2H), 3.15 (m, 2H), 2.91 (s, 4HD, 2.45 (s, ‘
3H), 1.68 (m, 2H), A .55 (m, 2H), 0.98 (m, 3H), 0.77 (m, 3H).
Step 4:

The product of Step 2 was treated with 1:1 TFA/CH.CI, (1 ml) at R™T for 1h.
The reaction mixtur-e was diluted with toluene, concentrated in vacuo, anc the
procedure was repexated twice to remove residual TFA. The product was dissolved in
CH.Cl> (2 ml) and tareated with DIEA (0.016 mi, 0.091 mmol) and the prodiuct of Step
3 (0.013 g, 0.036 mamol) at RT for 16 h. The reaction mixture was partitio ned
between EtOAc (208 ml) and sat'd NaHCOs;. The organic layer was dried € NazSOy),
fitered and evaporaated. Reverse phase hplc gave the product as a mixtumre of
diastereomers. ta = 5.9 min (conditions E). 'H NMR (CDsCl, 300 MHz) & 7.65-7.49
(m, 2H), 7.38-7.00 Cm, 5H), 6.97-6.73 (m, 2H), 6.70-6.51 (m, 1H), 5.16-2_90 (m, 18
H), 2.32 (s, 3H), 1.773-1.60 (m, 2H), 1.59-1.40 (m, 2H), 0.94 (t, J=7.5 Hz, 3H), 0.74 (t,
J=6.9 Hz, 3H). MSS (ESI) m/e 695.2 (M+H)*.

Example 34

P"aN)(@ﬁ( \/=\/

oé\

ZI

N

Using essent ially the procedure of Example 33, Step 4, the title cormpound was
obtained from the pmroduct of Example 33, Step 1 after column chromatogaraphy (SiO,,
gradient; 2:98-5:95%6 CH30H/CH,Cl;). LCMS (Conditions E) tg = 6.2 min; 661.1
(M+H)*. 'H NMR (CEDsCI, 300 MHz) § 7.55 (s, 1H), 7.50 (s, 1H), 7.28-7.23 (m, 5H),
7.13-7.10 (m, 1H), 65.86-6.81 (m, 2H), 6.67-6.61 (m, 1H), 5.69-5.60 (m, 1HE), 5.06-4.94
(m, 2H), 4.76 (dd, 18H), 4.63 (d, /= 14.7, 1H), 4.12 (d, J= 14.1 Hz, 1H), 3.-83 d,J=
7.2 Hz, 1H), 3.62 (d. J=7.5 Hz, 1H), 3.52-3.32 (m, 2H), 3.22-2.91 (m, 6H®, 2.38 (s,
3H),2.08 (t, J=6.6 Hz, 2H), 1.79-1.59 (m, 2H), 1.55-1.43 (m, 2H), 0.97 (t,. J=7.8 Hz,
3H), 0.71 (t, J= 7.8 WHz, 3H).
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Following thex procedures described in Example 29 and &3, the following
compounds were prrepared using the appropriate piperazinone sstarting material and
the aldehyde indica ted below:

Ex. | Aldehyde Example LCMS
(Coenditions E)
mr7e, tg (min)
34A Prep. 9 H 4 oM 639.1
~N N %5 = 6.04
o] . o g o0™N
F F
34B Prep. 9 ‘\ f 0 M 651.2
~N \/:\_/N .
¥ 57 OAN) ta= 6.01
34C Prep. 9 |\ #ij\(” oH 1 651.2
A~ MY te=5.94

34D Prep. 9 '\ " OH 655.2
~N NN ta= 6.21
o) e 0 i OJ\N] . )
. F; :
34E Prep. 9 g v oH 646.2
~N N\:/'\,n 4. =6.14
O O i o’:‘N] R=D

34F | Prep. 10 N 4 oHy 697.2
AN N\!/'\E,N] 1a=6.56

F o”N
Y %
34G Prep. 10 3 H oH H 697.3
o ?;[ ) tz=6.24
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Ex. | Aldehyde Example LCMS
(_Conditions E)
m/e, tp (Min)
7.1
34H | Prep. 10 n OHp 69
—~N NAN tz=6.72
OANJ
F‘Q/ ®
o
341 | Prep. 10 W OH K 531.1
N NAN ta=5.48
58T 4
F\Q,/' H
F
34J | Prep. 10 h OHp 545.1
AN N\g/-\le] ‘R=545
F
34K | Prep. 10 4 OHH 559.1
DR EN |
Ao
F
34L Prep. 9 H OHu 573.2
N MY tr=5.65
F
34M | Prep. 10 ) J: ! QHH 587.2
o Yy tr=5.98
F
34N | Prep. 10
Y H OHh 585.2
A~N N\E/:\:/N] tR=5-84
O O OA'?\V
F
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Step 1:

Boc

Boc N
iN] - oiN]
o™ @

To a solution of 1-Boc-3-©xo-piperazine (Example 29, Step 1; 015 g, 0.75
mmol), iodobenzene (0.070 ml, 0.63 mmol), N,N’-dimethylethylenediarmine (0.007 ml,
0.063 mmol) and potassium phOsphate (0.27 g, 1.3 mmol) in toluene ( 1 ml) was
added copper iodide (6.0 mg, 0-031 mmol). The reaction mixture was heated to 80
°C for 5 h. The reaction mixture» was cooled to 25 °C, diluted with CHo+Cl, (25 ml) and
filtered through a plug of silica Lasing 40% EtOAc/Hexane as eluent to egive 0.10 g
(58%) of the product as a white solid. 'H NMR (CDCl3, 300 MHz) § 7.244-7.39 (m,
5H), 4.26 (s, 2H), 3.79-3.74 (m, 4H), 1.50 (s, 9H). MS (ESI) m/e 276.9O (M+H)*.
Step 2:

Following procedures of Example 29, the title compound was olibtained.
tr (Conditions E) = 5.8 min; 607.1 (M+H)*. '"H NMR (CDsOD, 300 MHz) 87.51 (d,J=
9.9 Hz, 2H), 7.32 (s, 1H), 7.17-7.11 (m, 3H), 6.89 (dd, J=8.6, 2.3 Hz, 2H), 6.82-6.71
(m, 3H), 4.71 (dd, J= 10.2, 2.6 Hz, 1H), 4.47-4.36 (M, 2H), 4.11-4.02 - (m, 1H), 3.91-
3.85 (m, 1H), 3.74-3.66 (m, 2H, 3.55-3.38 (m, 3H), 3.08 (t, J = 7.2 Hz:, 2H), 2.98-2.89
(m, 1H), 2.26 (s, 3H), 1.76-1.68 (m, 2H), 1.50-1.42 (m, 2H), 0.99 (t, J = 7.4 Hz, 3H),
0.63 (t, J= 7.4 Hz, 3H).

Example 36

Yéym

L@
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Step 1:

i i

N> - OLN> :

To a RT solution of 3-benzyl-4-imidazoli dinone (1.07 g, 6.07 mmol), prepared

according to Pinza, et al. Liebigs Ann. Chem. ( 1988), 993, in CH.Cl, (80 ml) was
added Et:N (7 drops) and Boc,O (1.39 g, 6.38 mmol). After 20 h at RT, the reaction
mixture was diluted with water and stirred vigowously for 10 min. The phases were
separated, and the aqueous phase was extrac=ted with CH,Cl; (2x). The organic
portions were combined, washed with brine, dried over MgSO., filtered and
concentrated. The crude residue was purified by chromatography (silica, 0->50%
EtOAc/hexanes) to give the desired product (1 .37 g, 4.96 mmol, 82%). LCMS
(Conditions A) ta = 4.13 min; 277 (M+H)".

(o]

Step 2:
OH
Boc H
;N) BngN\/\_,N
&N o/"N

O OO

Toa-78°C solutior’\: of diisopropylamine (0.17 ml, 1.20 mmol) in THF (1 ml)
was added n-BuLi (1.55 M in hexanes, 0.74 mul, 1.15 mmol). After 5 min, the mixture
was warmed to 0 °C, and after an additional 2€0 min, it was cooled back to -78 °C. T o
this mixture was added a -78 °C solution of the product of Step 1 (304 mg, 1.10
mmol) in THF (3.5 ml). The resulting mixture wvas stirred at -78 °C for 1 h. At that
time, a -78 °C solution of the product of Prepa_ration 10 (366 mg, 1.00 mmol) in THF
(2 mi) was added. The resulting mixture was sstirred for 1.5 h at -78 °C and was themn
diluted with water and Et;O. After warming to RT, the phases were separated, and
the aqueous phase was extracted with Et;O (3x). The organic portions were
combined, washed with brine, dried over MgS®Q,, filtered and concentrated. The
crude residue was purified by chromatography (silica, 0>65% EtOAc/hexanes) to
give the product (288 mg, 0.449 mmol, 45%). MS m/e 643 (M+H)*.
Step 3:

Using a procedure analogous to that of Example 29, Steps 4-6 (substituting &4
N HCl/dioxane for TFA in Step 6), the title compound was obtained. 'H NMR (300
MHz, CD3;OD) § 7.63 (s, 1 H), 7.48 (s, 1 H), 7.331 (m, 6 H), 6.89 (m, 2 H), 6.76
(apparent tt, J=9.3,2.4 Hz, 1 H), 4.74 (m, 1 H4), 4.62 (br ABQq, Jag = 6.9 HZ, Avap =
21.4 Hz, 2 H), 4.44 (m, 4 H), 3.45 (m, 2 H), 3.35 (dd, unresolved, overlapping solverit
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peak, 1 H), 3.16 (m, 2 H), 2.97 (dd, J = 15.0, 11.1 Hz, 1 H), 2.41 (s,3H),1.70 (m, 2
H), 1.50 (m, 2 H), 0.98 {t, J= 7.2 Hz, 3H), 0.67 (, J=7.2 Hz, 3 H); LCMS (Corditions
A) tg = 4.69 min, 607 (M+H).

Example 36A

The product was prepa red by essentially the same procedure as Exampole 36,
substituting Preparation 3 for Preparation 1. LCMS (Conditions A) tp = 3.13 m3n, 621

(M+H).
Example 37
o/
[
N NoAN
o) o i 1
Y
F‘g 0=8=0
£ )
10 /N
Step 1.
OH Boc OH Boc
HzN\/\,Nj HZN\_/-\_,NJ
F PN ——— AN
Y % Y o

To a solution of the product of Example 29, Step 4 (326 mg, 0.687 mmosl) in
THF (3 ml) was added 2M BHx-SMe: in THF (2.0 mi) and the mixture was heat ed to
15  60°C for 16 h. The mixture was treated with saturated citric acid (40 ml) and
extracted with EtOAc (3x30 ml). The combined organic layers were concentrated and
the residue partitioned betwee nn CH,Cl, (60 ml) and aqueous NH,OH (20 mi). "The
organic layer was dried (MgSQO,) and concentrated to give the product (190 mgn,
60%). MS m/e 462 (M+H)".
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Step 2:

OH Boc
&Q/ N o) \/\/ »
EAN Y
F \© [: )| K@

A mixture of the product of Step 1 (324 mg, 0 704 mmol), Preparatiors 3 (191
mg, 0.689 mmol), EDC! (135 mg, 0.704- mmol), HOBt (37 mg, 0.72 mmol), and EtN
(190 pi, 1.36 mmol) in CHzClz (12 mi) w-as stirred at RT for 16 h. The mixture was
diluted with CH,Cl, (40 ml) and washed with 1N NaOH (20 ml). The organic layer
was dried (MgSOy), concentrated, and gourified by PTLC (3% MeOH/CH:Cl.) to give
the product (212 mg, 42%). MS m/e 7221(M+H)".

Step 3:
o~ o~
J J
C, H OH Boc O H OH Boc
N\/\/N N N\/\/N
H

s b s

A mnxture of the product of Step 2 (212 mg, 0.':294 mmol), 20% Pd(OH)./C (230
mg), and catalytic amount of AcOH in EEtOH (10 mi) was stirred under Hz (1 atm) for 8
h at RT. The mixture was filtered throu-gh a pad of Celite and concentrated. The
residue was taken up in CH>Ch (40 ml) and washed with 1N NaOH (20 ml). The
organic layer was dried (MgSQO,) and concentrated to give the product (157 mg,

84%). MS m/e 631 (M+H)"

Step 4:

o~ o~

J S
H OH Boc " H OH Boc
G"Y@\VN‘-/\’N Q& N AN
o o i '\N) o o ¢ :\Nj
H RQ/ 0=§=0
7N

.n
.

Sz
=

A mixture of the product of Step 3 (39 mg, 0.062 mmol), 1-methyl-1H -
imidazole-4-sulfonyl chioride (12 mg, 0. 066 mmol), and NEt; (20 ul, 0.14 mrnol) in
CHCl, (5 mi) was stirred at RT for 16 hw. The mixture was diluted with CH.Cl, (40 mi)
and washed with 1N NaOH (15 ml). Thae organic layer was dried (MgSQs),
concentrated, and purified by PTLC (5%%6 MeOH/CH2Cl,) to give the product (34 mg,
71%). MS m/e 775 (M+H)*
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Step 5:

A mixture of —the product of Step 4 (34 mg, 0.044 mmol) and TFA (0.8 ml) in
CH,Cl> (5 ml) was sstirred in an ice-water bath for 30 min, then at RT for3h . The
mixture was diluted with CH2Cl (45 ml) and washed with aqueous NH,OH &(15 mi).
The organic layer wras dried (MgSQOa), concentrated, and purified by PTLC 7%
MeOH/CH,Cl,) to ggive the product (26 mg, 87%). 'H NMR (CDCl3, 400 MHR2) § 7.2-
7.5 (m, 6H), 6.86 (rn, 2H), 6.57 (M, 1H), 4.51 (m, 1H), 4.37 (m, 1H), 3.86 (N, 1H),
3.76 (M, 1H), 3.2-3 .7 (m, 10H), 2.75-3.1 (m, 6H), 2.64 (m, 2H), 2.29 (s, 3HM, 1.6-2.1
(m, 6H). LCMS (Conditions A): tg=2.68 min; m/e 675 (M+H)"

Exam le 37A

Using 3-me-thylbenzenesulfonyl chlioride and essentially the proceduire
described in Exarmaple 37, the titte compound was prepared. LCMS (Condtions A):
tr=4.24 min; m/e &85 (M+H)*

Using the appropriate sulfonyl chloride and Preparation 1 in place osf

Preparation 3, the following compounds were prepared by essentially the porocedure
outlined in ExampBe 37.

Exampl e Structure LCMS
(Conditions E)
MH" : ta (min)
378 657.1
H OHy
/\/ N \/\/Nj tr=6.08
o} N
0
@ S
37C l\’ 671.2
H 9“ H
\N
g j/ O=,$ :
0
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 Step 1:

OH
HoN_A_ N

r\@: \EQ — /\l}ﬁc’(@\gﬁ\:}%i‘;

F

The product of Example 37, Step 1 was subjected to the sexquence of reactions
of Example 37, Steps 2 and 3, except that Preparation 1 was used in place of
Preparation 3, to give the product.

Step 2:

To a solution of the product of Step 1 (12 mg, 0.019 mmol) in CH2Cl> (10 mi)
was added nicotinoyl chiloride hydrochloride (3.2 mg, 0.018 mmol) and DIEA (0.015
ml, 0.090 mmol). After stirring at RT for 16 h, the mixture was wasshed with water,
dried (MgS03) and concentrated. PTLC of the residue (7:3 EtOAc/hexanes) gave the

‘coupled product (2.6 mg, 20%). This product was treated with 3:7~ TFA/ CHzClz (10

mi) at RT for 1h, diluted with toluene (5 ml) and concentrated in vacuo. The residue
was twice taken up in tosluene and evaporated to remove residual “TFA, to give the
product. LCMS (Conditiions E) tg=5.16 min; 622.2 (M+H)".

Using the appropriaate acid chloride the following compounds -~were prepared:

Example Structure LCMS
(Conditions E)
m/e MH*;

tr (mm)

38A k‘ o 621.2
o~ N AN th=5.64
0 o i iNJ
. :
A0
38B 622.2
N\/\,ﬁ tr=5.43
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Exa.mple Structure LCMS
(Condi tions E)
m/e MBH';
tr (mine)
3:8C |\ 6227.2
H M oy
AN N AN tr=5.79
§07 1)
3 ’ S
Q/ G
3-8D 6430.3
H
"\/\/N tr)=5.55
3 8E 6W22
"\/\/” tR==5.51
3_8F k‘ 587.0
H OH
~UN N_AN trR=7.79
o o \N]
. :
oy
F
380G k‘ 5839.2
H oy
AN NAN tr="5.54
S SRe
. ;
F
388H K 6655.1
H My
A "\;./\,/"j =:6.11
0 o i £
3 N
FO/ OJ\/Q\D/
F
38 H 6591.2
H 9"y
N NOAN tr=+6.13
° ° E\N]
. :
T
O
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Example 38J

‘\ H 9H
AN N AN

Q

\Q/ o |N‘j
F N’

To a solution of Example 38, Step 1 (11 mg, 0.018 mmol) in CHzCl> (10 mi}
was added pyrazine 2-carboxylic acid (3.1 mg, 0.025 mmol), EDC (6 mg, 0.031
mmol), HOBt (4 mg, 0.030 mmol), and DIEEA (0.018 ml, 0.11 mmol). After stirring at
RT for 16 h, the mixture was washed with #H,0, dried (MgSO,) and concentrated.
Silica gel chromatography of the residue (3:2 EtOAc/hexanes, then 1:9 MeOH/
CH2Cl,) gave the coupled product (6 mg, 46%). This product was treated with 3:7°
TFA/ CH.Cl, (10 mi) at RT for 1h, diluted wvith toluene (5 ml) and concentrated in
vacuo. The residue was twice taken up in toluene and evaporated to remove resisdual
TFA, to give the product. :LCMS (Conditioms E) tg=5.52 min; m/e 623.2 (M+H)".

Using procedures known 1o those s killed in the art, the following Examples
were prepared: '

wQ

Example Structusre LCMS
(Conditions E)
m/e MH*;
tr (Min)
38K 654.1
k} #H oo O
/\,NYG\'(N\_/\/N tp=6.26
r-ry 1)

38L kl 666.2
OH
N 2\/5\,&‘] 1r=6.06
A
38M H 630.3
H OH _
! S te=5.56
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38N 517.2
AN - y t
iA R=5.07
380 H 573.2
Yéﬁr : tR=5.49
AN y
38P u\‘ 607.2
Y@(H Mo tR=5.46
AN N\:,_/\:,N]

o
o]
z
/'§
z
/

2T
0
. § I
/
Zx
/

r4

o]
(o]
(]

R
_<_

O
vl\)N
Step 1:
oep i F E
F F H.F
H _— ° o)
BnoN Bn,N Y
0 OeH BOC

A solution of Preparation 10 (395 mgg, 1.08 mmol) in EtzO (5 ml) was cooled to
-78 °C, and borontrifiuoride-etherate (270 w_!, 2.15 mmol) was added. After adding N—
Boc-2-tert-butyldimethylsiloxypyrrole (Tian, et al., J. Org. Proc. Res. Dev. (2002), 6,
416-418) (960 mg, 3.24 mmol), the reactior was stirred for 4 h at -78 °C, diluted at
-78 2C with sat. aq. NaHCO3 (5 mi) and wawmed to 23 2C. The mixture was diluted
with Et;0, and the organic layer washed witth NaHCOj; (2x), water (1x) and brine (1 X,
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followed by drying over Mg@SO, and concentration in vacuo. The residue was purified
by chromatography over silica gel (5—50% EtOAc/hexanes) to give the produ<ctas a
single diastereomer (228 rng, 416 umol, 39%). 'H NMR (400 MHz, CDCls) § = 7.28-
7.16 (m, 10H), 6.81 (m, 2H), 6.65 (m, 1H), 5.90 (m, 1H), 5.84 (m, 1H), 5.32 (M, 1H),

4.58 (m, 1H), 3.78 (d, J = 13.2 Hz, 2H), 3.42 (d, J = 13.2 Hz, 2H), 3.12 (m, 1H[), 2.96
(m, 2H), 2.10 (bs, 1H), 1.42 (s, 9H).

Step 2:

Boc

OH
To a solution of the product of Step 1 (100 mg, 180 umol) in Et20 (3 me 1) at
23 °C was added Pd(OAc). (10 mg, 44 pmol) and diazomethane (~2 mmol in 7 ml
Et:0). After the initial foasming subsided, the reaction was stirred for 18 h at 23 °C.
After filtration, the filtrate was concentrated, then subjected to reverse-phase "HPLC

(Conditions D, 15 min ramp) to give the cyclopropane intermediate (67 mg, 1220 umol,
66%); LCMS (Conditions B): tg = 3.71 min, m/e 563 (M+H)"; 463 (M-Boc+H)* _ The
above intermediate (67 mg, 120 umol) was dissolved in THF (1.5 ml), and B, THF
(500 ul of 1 M solution, 500 umol) was added at 23 °C. After the gas evolutiom
subsided, the reaction was heated at 72 2C for 60 min, cooled to 23 ¢C, dilutexd with
Et2O and quenched with sat. NH.Cl solution. The organic layer was washed wvith 5%
aq. citric acid (1x), water (2x) and brine (1x), then dried over MgSO, and concCentrated
under reduced pressure to give the cyclopropanated pyrrolidine (92 mg, 109 umol,
92%); LCMS (Conditions B): ts = 3.38 min, m/e 549 (M+H)". To a solution of -the
cyclopropanated pyrrolidime (92 mg, 109 umol) in MeOH (4 ml) at 23 °C was added
palladium(il) hydroxide ory carbon (20%, 50 mg). The reaction mixture was st irred
under an atmosphere of H; (1 atm) for 6 h at 23 °C, followed by filtration thromugh a
plug of celite. Concentration in vacuo afforded the product (40.5 mg, 110 umol,
100%), which was directly used in the next step.
Step 3:

To EDC-resin (216 mg, 330 umol at 1.53 mmol/g loading) was added =&
solution of the product of Step 2 (40.5 mg, 110 umol in 2 ml THF/CH3CN, 1:1 v/v),
followed by a solution of HOBt (27 mg, 180 umol) and Preparation 1 (35 mg, 130
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umol) in 4 rnl THF/CH3CN, 1:1 v/v). After gently shaking &he reaction for 18 h at 23 °C,
PS-trisamirme resin (Argonaut Technologies, 195 mg, 660® pmol at 3.38 mmol/g
loading) ansd PS-NCO resin (Argonaut Technologies, 2248 mg, 330 umol at 1.47
mmol/g loaeding) were added. After 6 h of further shaking , the reactions were filtered,
the resin waashed with THF (2 x 1 ml), and the volatiles resmoved under vacuum. The
residue wass purified by reverse-phase HPLC (Conditionss D, 15 min ramp) to give the
intermediat-e Boc-protected amide (24.8 mg, 40 umol, 37 %). LCMS (Conditions A): t=
=4.98 min, m/e 614 (M+H)*, 558 (M-tBu+H)" and 514 (Vl-Boc+H)*. The amide (20
mg, 32 umol) was deprotected using 20% TFA/CHzCl, (33 ml) for 6 h at 23 °C,
followed by removal of the volatiles under vacuum. The r: esulting residue was
exposed to 1 M HCI/MeOH (300 uL) for 30 min at 23 2C, then concentrated under
vacuum to egive the product (17.5 mg, 32 umol, 100%). LCCMS (Conditions A): tg =
4.26 min, m/e 514 (M+H-HCl)".

Example 40

F N, —F
anN N anN N O
OH

O Boc Boc

To a solution of the product from Example 39, Stegp 1 (111 mg, 0.2 mmol) in
MeOH (1.5 ml) at 0 °C was carefully added NiCl>-6H.0 ('8 7 mg, 0.07 mmol) and
NaBH, (8 mmg, 0.2 mmol). After 90 min, the reaction mixtumre was diluted with sat.
NH4CI and CCH2Cl>. The aqueous layer was twice extracte=d with CH.Cl,, and the
combined o rganic layers were dried (MgSQ,), concentratead and directly taken into the
next step.
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Step 2:
E
F . F
8n,N N H,N N O
2 2
on Boc on Boc

The product from stesp 1 (104 mg, 0.18 mmol) was stirred with 20%
Pd(OH)s/carbon (75 mg) in MeOH (3 ml) under a 50 psi atmosphere of Hz a-t RT until
TLC indicated the completion of the reaction. After filtering the reaction mixt ure over
celite, the filtrate was conce=ntrated to give the desired product in quantitativee yield.
Step 3:

The product of Step 2 and Preparation 1 were coupled and the result ant
product deprotected in analeogy to the method of Example 2, Step 6 to give the
product. LCMS (Conditions A) 4.13 min: 516 (M+H)*

Example 41

iéiw

PN
Step 1:
F
F
Bn,N L Boc Bna?MSO goc

TMSCI (1.14 ml, 8.96 mmol) was added to a solution of the product fr<om
Example 39, step 1 (1.23 g, 2.24 mmol) in pyridine (10 ml) at 0 °C. After 6 h, the
reaction mixture was diluted with water and CH,Cl,. The aqueous layer was —twice
extracted with GH2Cl,, and tkhe combined organic layers were dried (MgSOs)..
concentrated and directly tal<en into the next step.

Step 2:
F
F
8n,N goc BnN
TMSO TMSO
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Stesp 2 and Step 3 of Example 41 were adapted from Hanessian et. al (J. Org.
Chem. (20302), 4261-4274). DIBAL (1 M in toluene, 0.4 6 ml, 0.46 mmol) was added
to a soluti=on of the product from step 1 (145 mg, 0.23 nnmol) in THF (2 ml) at -78 °C.
After 2.5 h, the reaction mixture was diluted with water, stirred for 40 min and
concentraated. The residue was redissolved in 3 M NaO»H, extracted with EtOAc (3x),
and the o wganic layer dried (MgSO,) and concentrated. The residue was treated with
a catalytic amount of pTSA in MeOH at RT for 18 h, then concentrated. The residue
was redis solved in EtOAc, washed with sat. NaHCO3, a&nd the organic layer was dried
(MgS0.), concentrated and directly taken into the next step.

Step 3:
F
F
OMe
Bn,N N Bn,N N
™SO Boe TMsO BoC

MeMgBr (1.4 M in THF, 0.67 ml, 0.93 mmol) wa_.s added to a suspension of
CuBr-DMLS (196 mg, 0.93 mmol) in THF (3 ml) at -40 °«C. After 60 min at -30 °C, the
yellow so-lution was cooled to -78 °C, and BF3-OEt» (0. 115 ml, 0.93 mmol) was
added. A-fter 30 min, a solution of the product from stego 2 (160 mg, 0.23 mmol) in
THF (1.5 mi) was added, and the reaction was warmed to RT over 2 h. After an
additiona.] hour at RT, the reaction was diluted with sat . NH;C/NH4OH (pH 7) and
Et:0. Fol lowing extraction of the aqueous layer with Et0, the organic layers were
washed (1 x NH,Cl, 1 x water, 1x brine), dried (MgSQO, } and concentrated. The
residue vwas subjected to reverse-phase HPLC (Conditions C) to give the desired
product [R.CMS (Conditions B: 4.71 min, 623 (M+H)"], along with material without the
TMS-progecting group [LCMS (Conditions B: 3.49 min; 551 (M+H)"].

Step 4:

The product from step 3 was converted into Example 41 by essentially the
same procedures set forth in Example 40, step 2 and 3. LCMS (Conditions A) 4.62
min; 516 (M+H)*
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Example 42

CHg
, on
HoJ K
o F. © O” N
¢ C
Step 1:

HO™™""0OH — TOTT0Tt

To a solution of trifluoromethanessulfonic anhydride (22 ml, 131 mmol, 2 eq) in
CH.Cl> (100 mi) at 0 °C and was added dropwise a solution of 1,3-propanediol (5.0 g,
66 mmol, 1 eq) and pyridine (10.6 g, 1371 mmol, 2 eq) in CH2Clz (100 ml) over 1 h.
The precipitate formed was filtered off a nd the filtrate was washed with H>O (3X100
mi), dried (MgSQ,), and concentrated irm vacuo. The residue was chromatographed
on silica gel by eluting with 70% EtOAc/Bhexanes to give the product (13.34 g, 61%)
as a brown oil. 'H NMR (CDCla, 300 MIz) § 4.67 (t, 4H), 2.36 (m, 2H).

Step 2:

Boc
, =
IO ~"OTt _ 04[ N>

OMe
To a suspension of NaH (1.03 g, 11.8 mmol, 60% suspension in mineral oil) in

Et.O (20 ml) was added the product of Step 1 (3.46 g, 11.76 mmol, 1 eq) in EtoO (20
ml). The reaction mixture was stirred at: 0 °C for 30 min. Then a solution of [(4-
methoxybenzylcarbamoyl)methyljcarbarmic acid tert-butyl ester (4.0 g, 11.8 mmol, 1
eq) was added dropwise to the reaction mixture while the reaction temperature was
kept at 0 °C. After the mixture was stirread at RT for 1 h, a second portion of NaH
(1.44g, 16.44 mmol, 1.4 eq) was added and the reaction mixture was stirred at RT fowr
2 d. The reaction mixture was poured irto a 1:1 mixture of 1N HC! and ice water (15
mi). The aqueous phase was extracted with Et;0 (3 X 100 ml). The organic layers
were combined, dried (MgSO,), and corcentrated in vacuo. The residue was
chromatographed (SiO;, 5% MeOH/CH=CI,) to give the product (1.5 g, 40%) as a
yellow oil. 'H NMR (CDCls, 300 MHz) 8 7.18 (d, 2H), 6.83 (d, 2H), 4.50 (s, 2H),
4.13(m, 2H), 3.78 (s, 3H), 3.49 (m, 2H), 3.30 (m, 2H), 1.68 (m, 2H), 1.47 (s, 9H).
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Step 3:

The product of Step 2 was condensed with Preparation 9 by essentially the
procedure of Example 33, Step 1. The resultant product was subjected to the
procedure of Example 33, Step 4. After purification (SiO2, 80% EtOAc/hexanes theen
10%MeOH/EtOAc) the product was obtained. 'H NMR (CDCl5, 300 MHz) § 7.54 (S,
1H), 7.41 (s, 1H), 7.24 (m, 2H), 7.11 (m, 2H), 6.82-6.25 (m, 3H), 6.59 (t, 1H), 4.76
(m,1H), 4.57 (m, 2H), 3.92 (t, 1H), 3.79 (s, 3H), 3.51 (m, 3H), 3.26 (m, 3H), 2.99 (MmN,
1H), 2.47 (s, 3H), 1.69 (m, 2H), 1.64 (m, 2H), 1.50 (m, 2H), 0.99 (t, 3H), 0.85 (m, 33H).
MS(ES!): MH* = 665.2.

Using the appropriate starting materials and essentially the same procedure2
the following Examples were prepared:

LCMS
Example | Structure (Conditions
E) m/e MH*;
ta (min)
A H \/\/N> th=6.22
O . 9 o™y
F
o } on 669.2
~N NoAS tr=6.44
F : "Cl

BACE-1 Cloning, Protein Expression and Purification.

A piedicted soluble form of human BACE1 (sBACE1, corresponding to ami no
acids 1-454) was generated from the full fength BACE1 cDNA (full iength human
BACE1 cDNA in pCDNA4/mycHisA construct; University of Toronto) by PCR using
the advantage-GC cDNA PCR kit (Clontech, Palo Alto, CA). A Hindlil/Pmel fragmment
from pCDNA4-sBACE1 myc/His was blunt ended using Klenow and subcloned into
the Stu | site of pFASTBACI(A) (Invitroge n). A sBACE1mycHis recombinant bacmid
was generated by transposition in DH10Bac cells(GIBCO/BRL). Subsequently, th-e
sBACE1mycHis bacmid construct was transfected into sf9 celis using CeliFectin
(Invitrogen, San Diego, CA) in order to generate recombinant baculovirus. Sf9 cellls
were grown in SF 900-11 medium (invitrogen) supplemented with 3% heat inactivatted
FBS and 0.5X penicillin/streptomycin solution (Invitrogen). Five milliliters of high tater
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plaque purified sSBACEmyc/His virus was used to i nfect 1L of logarithmically growing
sf9 cells for 72 hours. Intact cells were pelleted by centrifugation at 3000xg for 15
minutes. The supematant, containing secreted sSBBACE1, was collected and diluted
50% v/v with 100 mM HEPES, pH 8.0. The diluted medium was loaded onto a Q-
sepharose column. The Q-sepharose column wass washed with Buffer A (20 mM

. HEPES, pH 8.0, 50 mM NaCl).

Proteins, were eluted from the Q-sepharose column with Buffer B (20 mM
HEPES, pH 8.0, 500 mM NaCl). The protein peakcs from the Q-sepharose column
were pooled and loaded onto a Ni-NTA agarose column. The Ni-NTA column was
then washed with Buffer C (20 mM HEPES, pH 8.0, 500 mM NaCl). Bound proteins
were then eluted with Buffer D (Buffer C+250 mM imidazole). Peak protein fractions
as determined by the Bradford Assay (Biorad, CA) were concentrated using a
Centricon 30 concentrator (Millipore). sBACE1 pu rity was estimated to be ~90% as
assessed by SDS-PAGE and Commassie Blue staining. N-terminal sequencing
indicated that greater than 90% of the purified sSBA.CE1 contained the prodomain;

" hence this protein is referred to as sproBACE1.

Peptide Hydrolysis Assay.
The inhibitor, 25 nM EuK-biotin labeled APPPsw substrate (EuK-

KTEEISEVNLDAEFRHDKC-biotin; CIS-Bio Internaational, France), 5 uM unlabeled
APPsw peptide (KTEEISEVNLDAEFRHDK; Americcan Peptide Company, Sunnyvale,
CA), 7 nM sproBACE1, 20 mM PIPES pH 5.0, 0.1%4%Brij-35 (protein grade,
Calbiochem, San Diego, CA), and 10% glycerol we=re preincubated for 30 min at
30°C. Reactions were initiated by addition of substrate in a 5 ul aliquot resulting in a
total volume of 25 pl. After 3 hr at 30" C reactions =were terminated by addition of an
equal volume of 2x stop buffer containing 50 mM T ris-HCI pH 8.0, 0.5 M KF, 0.001%
Brij-35, 20 ng/ml SA-XL665 (cross-linked allophyco=cyanin protein coupled to
streptavidin; CIS-Bio International, France) (0.5 pg/well). Plates were shaken briefly
and spun at 1200xg for 10 seconds to pellet all liqu id to the bottom of the plate before
the incubation. HTRF measurements were made oen a Packard Discovery® HTRF
plate reader using 337 nm laser light to excite the s ample followed by a 50 us delay
and simultaneous measurements of both 620 nm aand 665 nm emissions for 400 ps.
ICso determinations for inhibitors, (1), were destermined by measuring the
percent change of the relative fluorescence at 665 m divided by the relative
fluorescence at 620 nm, (665/620 ratio), in the pres ence of varying concentrations of /
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and a fixed concentration of enzyme and substrate. Nonlinear regression analysis of

. this data was performed using GraphPad Prism 3.0 software selecting four parameter

logistic equation, that allows for a variable slope. Y=Bottom + (Top-Bottom)/
(1+10/(LogEC50-X)*Hill Slope)); X is the» logarithm of concentration of |, Y is the
percent change in ratio and Y starts at bottom and goes to top with a sigmoid shape.

Compounds of the present invention have an ICs range from about 0.1 to
about 30,000 nM, preferably about 0.1 to about 1000 nM, more preferably about 0.1
to about 100 nM. Compounds of the preferred stereochemistry have ICg; values in a
range of about 0.1 to about 500 nM, prefexrably about 0.1 to about 100 nM. Example
29D has an ICsg of 1.4 nM.

For preparing pharmaceutical comapositions from the compounds described by
this invention, inert, pharmaceutically acceptable carriers can be either solid or liquid.
Solid form preparations include powders, tablets, dispersible granules, capsules,
cachets and suppositories. The powders and tablets may be comprised of from
about 5 to about 95 percent active ingrediient. Suitable solid carriers are known in the
art, e.g. magnesium carbonate, magnesitum stearate, taic, sugar or lactose. Tablets,
powders, cachets and capsules can be u sed as solid dosage forms suitable for oral
administration. Examples of pharmaceutically acceptable carriers and methods of
manufacture for various compositions may be found in A. Gennaro (ed.), Remington'ss
Pharmaceutical Sciences, 18th Edition, (1990), Mack Publishing Co., Easton,
Pennsylvania.

Liquid form preparations include solutions, suspensions and emulsions. As ara
example may be mentioned water or water-propylene glycol solutions for parenteral
injection or addition of sweeteners and opoacifiers for oral solutions, suspensions and
emulsions. Liquid form preparations mayy also include solutions for intranasal
administration.

Aerosol preparations suitable for ishalation may include solutions and solids ire
powder form, which may be in combination with a pharmaceutically acceptable
carrier, such as an inert compressed gas , e.g. nitrogen.

Also included are solid form preparations which are intended to be converted,
shortly before use, to liquid form preparations for either oral or parenteral
administration. Such liquid forms include» solutions, suspensions and emulsions.

The compounds of the invention may also be deliverable transdermally. The
transdermal compositions can take the form of creams, lotions, aerosols and/or
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emulsions and can Bbe included in a transdermal patch of the matrix o r reservoir type
as are conventional in the art for this purpose.

Preferably thee compound is administered orally.

Preferably, ttie pharmaceutical preparation is in a unit dosage —form. in such
form, the preparatiosn is subdivided into suitably sized unit doses cont.aining
appropriate quantitiees of the active component, e.g., an effective amount to achieve
the desired purpose=.

The quantity of active compound in a unit dose of preparation mmay be varied or
adjusted from aboutt 1 mg to about 100 mg, preferably from about 1 reng to about 50
mg, more preferablyy from about 1 mg to about 25 mg, according to thme particular
application.

The actual deosage employed may be varied depending upon tlhe requirements
of the patient and tie severity of the condition being treated. Determ ination of the
proper dosage regirmen for a particular situation is within the skill of tHe aft. For
convenience, the to-tal daily dosage may be divided and administered in portions
during the day as re=quired.

The amount zand frequency of administration of the compoundss of the invention
and/or the pharmac eutically acceptable salts thereof will be regulatedll according to
the judgment of the attending clinician considering such factors as agge, condition and
size of the patient a. s well as severity of the symptoms being treated. A typical
recommended daily- dosage regimen for oral administration can range from about 1
mg/day to about 3060 mg/day, preferably 1 mg/day to 50 mg/day, in twso to four divided
doses.

When a comgpound of formula 1 is used in combination with a B-secretase
inhibitors other than. those of formula I, an HMG-CoA reductase inhib&tor, a gamma-
secretase inhibitor, aa non-steroidal anti-inflammatory agent, an N-mehyl-D-aspartate
receptor antagonist,. a cholinesterase inhibitor or an anti-amyloid antitoody to treat a
cognitive disorder owr neurodegenerative disorder, the active compone=nts may be co-
administered simulta=aneously or sequentially, or a single pharmaceutical composition
comprising a compoaund of formula | and one of the other agents in a
pharmaceutically ac=ceptable carrier can be administered. The compoOnents of the
combination can be administered individually or together in any conve=ntional oral or
parenteral dosage form such as capsule, tablet, powder, cachet, suspension,
solution, suppositoryy, nasal spray, etc. The dosage of the -secretasee inhibitors other
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than those of formula |, HMG-€oA reductase inhibitor, gamma-secretasse inhibitor,
non-steroidal anti-inflammatorsy agent, N-methyl-D-aspartate receptor @ntagonist,

' cholinesterase inhibitor or anti~amyloid antibody can be determined fromm published

material, and may range from 0.001 to 100 mg/kg body weight.

When separate pharmaceutical compositions of a compound of formula | and a
B-secretase inhibitors other than those of formula I, an HMG-CoA redu-ctase inhibitor,
a gamma-secretase inhibitor, & non-steroidal anti-inflammatory agent, &n N-methyl-D-
aspartate receptor antagonist, a cholinesterase inhibitor or an anti-amywloid antibody
are to be administered, they caan be provided in a kit comprising in a sirgle package,
one container comprising a coompound of formula | in a pharmaceuticallly acceptable
carrier, and a separate contaimer comprising the other agent in a pharrmnaceutically
acceptable carrier, with the co- mpound of formula | and the other agent: being present
in amounts such that the comibination is therapeutically effective. A kit is
advantageous for administerirag a combination when, for example, the components
must be administered at differ<ent time intervals or when they are in diffFerent dosage
forms.

The invention also incluades muiti-agent compositions, kits and ranethods of
treatment, e.g., a compound of formula | can be administed in combination with an
HMG-CoA reductase inhibitor and a non-steroidal anti-inflammatory aggent.

While the present invertion has been described in conjunction v=vith the specific
embodiments set forth above, many alternatives, modifications and vasriations thereof
will be apparent to those of ordinary skill in the art. All such alternative-s,
modifications and variations axe intended to fall within the spirit and sceope of the
present invention.
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We claim:
1. A compound having the structural formula

or a pharmaceutically acceptable salt or solvate t hereof, wherein

R'is 3
Rl 0 R4 o R14 o R ~ o
1 ) ) N
R R SN S or R .
0
]

R¥0-P

R is ~C(O)-N(R*)(R®) or OR?.

R%is H, alkyl, cycloalkyl, heterocycloalkyl, cycloalkylalky!, heterocycloalkylaikyl,
aryl, heteroaryl, arylalkyl, heteroarylalkyl, alkenyt ©r alkynyt;

R® is H or alky!;

R*is H or alkyl;

R® is H, alkyl, cycloalkyl, cycloalkylalkyi, arwl, arylalkyl, heteroaryl,
heteroarylalkyl, heterocycloalkyl or heterocycloalkwylalkyl;

R'is 1 to 4 substituents independently selected from the group consisting of
H, alk=yl, alkenyl, alkynyl, halo, -CN, haloalkyl, cycleoalkyl, cycloalkylalkyl, aryl,
heteroaryl, heterocybloalkyl, arylalkyl, heteroarylallkyl, heterocycloalkylaikyl, -OR%,
-N(R®*®)(R%) and —SR*;

R% and R are independently selected frorn alkyl, cycloalkyl, cycloalkylalkyl,
aryl, aaylalkyl, heteroaryl, heteroarylalkyl, heterocyecloalkyl, heteracycloalkylalkyl,
hydroxyalkyl, and alkoxyalkyl;

or R and R? together with the nitrogen to -which they are attached, form an
unsubsstituted 3-7 membered heterocycloalkyl ring, or a 3-7 membered
heteroacycloalky! ring substituted by 1-3 substituent s independently selected from the
group «consisting of alkyl, alkoxyalkyl, haloalkoxyallyl, cycloalkyl, cycloalkylalkyl and

cycloaP kyl-alkoxyalkyl;
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each R?® is independently selected from H, alkyl, cycloaalkyl, cycloalkylalkyl,

aryl, arylalkyl, hesteroaryl, heteroarylalkyl, heterocycloalkyl, heteerocycloalkylalkyl,

hydroxyalkyl, ared alkoxyalky;
and wherein |, n ,m, Y, and R®, R7, R®, R®, R'°, R"', R'2 and R™? are as defined in the

following groupss (A) to (C):

(A)

when lis 0-3;nis 0-3; mis 0 ormis 1 and Y is -C(R®)«(R%")-; and the sum of |

and n is 0-3:

or

or

or

)

(€)

() R®, R”,R® R% R'°andR'' are independently selecteead from the group
consistinag of H, alkyl, cycloalkyl, cycloalkylalkyl, aryl, he=teroaryl,
heterocyczloalkyl, arylalkyl, heteroarylalkyl, heterocycloa_lkylalkyl, alkenyl,
alkynyl, Fmalo, -NOz, -CN, -N(R")(R'®), -OR"7, -SR"", -CCO)R"®, -N(R™)-C(O)R",
-C(O)OR V", -C(O)N(R")(R'®), -O-C(O)R"” and -S(0)1.F"; and

R'? and FR" are independently selected from the group consisting of H, alkyl,
cycloalky~1, cycloalkylalkyl, aryl, heteroaryl, heterocycloa_tkyl, arylalkyl,
heteroanwlalkyl, heterocycloalkylalkyl, alkenyl, alkynyl, -CS(O)R'® and

-C(O)OR V';

(i) R” armd R®, together with the ring carbens to which tlihey are attached, form
a fused c=ycloalkyl or fused heterocycloalkyl group and FR°, R?, R'%, R'!, R'? and
R'3 are a_s defined in (A)(i); or R'® and R", together witkh the ring carbon to
which theay are attached, form —C(O)-; or R'? and R'?, together with the ring
carbon to which they are attached, form —C(O)-;

(i) R®armd R’, together with the ring carbon to which thaey are attached, form
—-C(=0)-, andR® R% R'%, R'"", R"? and R are as definexd in (A)(i);

(iv) R® ard R’ together with the ring carbon to which tiney are attached,

form —C(==0)-, and R®, R’, R'%, R"", R'? and R'® are as Hefined in (A)(i);
whenlis 1;nis0-2; and mis O:

R®and R®, together with the ring carbons to which they are attached, form

a fused awryl group or a fused heteroaryl group, R’ and FR’ form a bond, and
R'%, R", R'"and R" are as defined in (A)(i);

whenlis 0-3;nis0-3;mis 1 and Y is -O-, -NR'*-, -S-, —SO- or -SO>-; and the

sum of | and n iss 0-3:

R®, R, R®, R® R'? and R are independently selected from the group
consistingg of H, alkyl, cycloalkyl, cycloalkylalkyl, aryl, he-teroaryl,
heterocyccloalkyl, arylalkyl, heteroarylalkyl, heterocycloaBkylalkyl, alkenyl,
alkynyl, -CC(O)N(R')(R'®), -C(O)R'®, -C(O)OR'" and -O-~«C(O)R'"; and R*’ ang
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R'" are as defined in (A)(i), or R'® and R"', together with the ring carbon to
which they are attached, form —C(O)-; or R'? and R'?, together with the ring
carbon to which they are attached, form —C(QO) -; or when Y is —O- or ~NR™-,
R® and R, together with the ring carbon to which they are attached, form
—C(O)-; orwhen Y is —O- or —-NR'"-, R® and R®, together with the ring carbon
to which they are attached, form —-C(O)-;

whewein R' is H or alkyl;
R s H, alkyl, cycloalkyl, cycloalkylalkyl, aryl, heteroaryl, heterocycloalkyl,

‘ arylalkyl, heteroarylalkyl, heterocycloalkylalkyl, alkenyl or alkynyl;

or R'® and R'®, together with the nitrogen to which they are attached, form a
hete rocycloalkyl ring;

R'is H, alkyl, cycloalkyl, aryl, heteroaryl, cycloalkylalkyl, arylalkyl,
hete-roarylalkyl, heterocycloalkyl, heterocycloalkylalky 1, alkenyl or alkynyl;

R'®is H, alkyi, cycloalkyl, aryl, heteroaryl, cyclOalkylalkyl, arylalkyl,
heterroarylalkyi, heterocycloalkyl, heterocycloalkylalky 1, alkenyl, alkyny! or
-N(R*)(R®);

R'"is H, alkyl, cycloalkyl, cycloalkylalkyl, aryl, hheteroaryl, heterocycloalkyl,
arylalkyl, heteroarylalkyl, heterocycloalkylalkyl, -COR %, -C(O)OR", -SOR'8, -SO,R"®
or —CCN; ,
R* and R® are independently selected from the group consisting of H, alkyl,
cycloalkyl, cycloalkylalkyl, aryl, heteroaryl, heterocycloalkyl, arylalkyl, heteroarylalkyl,
hete rocycloalkylalkyl, alkenyl and alkynyl;

or R?* and R?® together with the nitrogen to wh ich they are attached, form a 3-7
memibered heterocycloalkyl ring;

R¥is H, alkyl, cycloalkyl, cycloaikylalkyl, aryl, heteroaryl, heterocycloalkyl,
arylalkyl, heteroarylalkyl, heterocycloalkylalkyl, alkenyl, alkynyl, halo, -NQO,, -CN,
-N(R™)(R'®), -OR", -SR", -C(O)R'®, -N(R")-C(O)R'”, -C(O)OR'"", -C(O)N(R'*)(R'®),
-0-C(0)R" or -S(0)12R™;

R* is H or alkyl;

and wherein each of the alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl,
hetewocycloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, alkenyl and alkynyl
grou psin Rz’ Ra, R‘, R5, Rs' R7, Ha, Rs’ Rto, R", R’Z, Hw, RM, R15, RIS, R", Rta' l:‘19’
R*, R* and R® are independently unsubstituted or s ubstituted by 1 to 5 R* groups
independently selected from the group consisting of healo, alkyl, cycloalkyl,
cycloalkylalkyl, heterocycloalkyl, heterocycloalkylalkyl, aryl, arylalkyl, heteroaryl,
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heteroarylalkyl, -NEO,, -CN, haloalkyl, haloalkoxy, -N(R®)(R**), -NH(cwycloalkyl),
acyloxy, -OR%, -S=R®, -C(O)R%, -C(O)OR®, -PO(OR%),, -NR*C(0)R*,
-NR®C(O)ORY, -INR¥S(0)02R™, and —S(0)o2R®; or two R* groupss on the same
ring carbon atom iin cycloalkyl, cycloalkylalkyl, heterocycloalkyl or
heterocycloalkylal kyl together form =O;

R*® and R®** are independently selected from the group consis-ting of H and
alkyl;

R is H, allkyl, cycloalkyl, aryl, heteroaryl, cycloalkylalkyl, arylamlky!,
heteroarylalkyl, hexterocycloalkyl, heteracycloalkylalky!, alkenyl or alkywsnyl;

R is H, allkyl, cycloalkyl, aryl, heteroaryl, cycloakylalkyl, arylaBkyl,
heteroarylalkyl, hexterocycloalkyl, heterocycloalkylalkyl, alkenyl, alkynwyior
-NR*)(R*);

R% and R3® are independently selected from the group consis—ting of H, alkyl,
cycloalkyl, cycloal kylalkyl, aryl, heteroaryl, heterocycloalkyl, arylalkyl, heteroarylalkyl,
heterocycloalkylal kyl, alkenyl and alkynyl;

or R¥ and R together with nitrogen to which they are attachexd, form a 3-7

- membered hetero-cycloalkyl ring;

R¥ is alkyl,. aryl, heteroaryl, arylalkyl, heteroarylalkyl, heterocy-cloalkyl,
heterocycloalkylalikyl, alkenyl or alkynyl; and

R* is alkyl, cycloalkyl, aryl, heteroaryl, cycloalkylalkyl, arylalky |, heteroarylalkyl,
heterocycloalkyl, Feterocycloalkylalkyl, alkenyl or alkynyl.

2. A compourad of claim 1 wherein R?, R* and R® are hydrogen amnd R?is
arylalkyl.
3. A compournd of claim 1 wherein R' is

Rl4 0
RN .
4. Acompoun dof claim 1 wherein R is -C(0)-N(R%")(R%).

5. A compoun d of claim 1 wherein m is zero; the sum of | and n iss 1 or 2; and R®,
R’, R R% R'%, R' ', R" and R" are each hydrogen; or wherein R®, Re’, R®, R®, R,
R'! and R'® are eaach hydrogen and R' is methyl; or wherein R®, R7, .R®, R®, R" and
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R'' are each Bhydrogen and R'2 and R™ together are =O; or wherein R®, R, R®, R,
R'?and R'™ a re each hydrogen and R'® and R'' togethexr are =O.

6. A compoound of claim 1 wherein m is zero; nis 1 and the sum of n and lis 1 or
2: RS, R®, R'_ R'', R'? and R" are each hydrogen; and R and R°® are as defined in

(A).

7. A comgoound of claim 1 wherein mis1; Y is <C(RS)(R™)-; is 0; n is 1; and R®,
R’, R®, R%, R 2and R'® are each hydrogen.

8. A compoound of claim 1 wherein m is zero; | is 1, mis 1 or 2, and the sum of |
and nis 1 or 2; R” and R® form a fused cycloalkyl group ; and R®, R®, R'%, R"!, R'? and
R' are each #hydrogen.

9. A compound of claim 1 wherein mis zero; lis 1 aand nis 1 or 2; R® and R® form
a fused aryl g roup; R’ and R® form a bond; and R'’, R'' , R'?and R* are each
hydrogen.

10. A compoound of claim 1 wherein mis1; | is 0-3 and n is 0-3, provided that the
sum of land M is 1-3; Y is =O-, -NR'%-, -S-, -SO- or —=SO -, wherein R' is alkyl,
arylalkyl or —S02R'®, and R%, R7, R®, R®, R'®, R"!, R*? and R" are each hydrogen, or
R® R R'%, R ', R'?and R'" are each hydrogen and R® and R’ together are =O, or
R%, R’, R°, R"©,R'" and R'? are each hydrogen and R® aand R'? are as defined in part
A(j) of claim 1 .

11. A compound of claim 10 wherein mis 1; Y is -NFR™-; 1is 0; nis 1; R®, R®, R'},
and R' are H ; and R® and R’ together are =O.

12. A compound of claim 10 wherein mis 1; Y is -NFR™-; 1is 0; n is 0; R®, R®, R'?,
and R*? are H ; and R® and R’ together are =O.

13. A compound of claim 1 wherein the cycloamino ri ng portion is selected from
the group conssisting of
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wherein:

R®is H, OH, alkoxy, phenoxy or optionally substituted benzyloxy;

R'2is H, alkyl, alkeryl or di-hydroxyalkyl;

R is H, alkyl, optio nally substituted benzyl, benzoyl, -SO2alkyl, -SOz(optionallyw

substituted phenyl), -SO.N(alkyl)2, phenyl, -C(O)alkyl, -C(O)-heteroaryl,

-C(0O)-NH(optionally~ substituted phenyt), -C(O)-O-benzyl, -C(0)-CH.-O-alkyl,

-SO,-(optionally sutastituted heteroaryl), -C(O)-morpholinyl or cycloalkylalkyl;

R'% is optionally sulbstituted benzyl; and

R¥® is —OC(O)-alky!, optionally substituted phenyl, optionally substituted phenyl alkyl,

alkyl, alkoxy, cycloa lkylalkyl, cycloalkylalkoxy, hydroxyalkoxy, dialkylaminoalkosy,

alkoxyalkoxy, optiormally substituted heterocycloalkyl, heterocycloalkylalkyl,

heterocycloalkylalkcaxy, or —C(O)-O-alkyl;

wherein the optiona:1 substituents on phenyl or benzyl are R* substituents seleected

from the group conssisting of halo, alkyl, alkoxy, cyano and phenyl, wherein het-eroaryl

is selected from the group consisting of pyridyl, oxazolyl, pyrazinyl, thienyl and

imidazolyl and the o-ptional substituents on heteroaryl are selected from alkyl ard

halo.

14. A compound of claim 1 having the stereochemical structure
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16. The compound of claim 1 which is
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17.  The compound of claim 1 which is
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18. A pharmaceutical composition comprising an effective amount of a compound of

claim 1 and a pharmaceutically effective carrier.

19. The use of a compound of claim 1 for the preparation of a medicament for inh ibiting
the formation, or the formation and deposition of B-amyloid plaques in, on or around

neurological tissue.

20.  The use of a compound of claim 1 for the preparation of a medicament for treaating a

cognitive or neurodegenerative disea se.
21, Use of claim 20 wherein Alzheimer's disease is treated.
22. A pharmaceutical composition comprising an effective amount of a compouand of

claim 1, and an effective amount of & B-secretase inhibitor other than those of formula 1, an

HMG-CoA reductase inhibitor, a gamma-secretase inhibitor, a non-steroidal anti-
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inflammatory agent, an N- methyl-D-aspartate receptor antagonist, a choliresterase inhibitor

or an anti-amyloid antibodyw in a pharmaceutically effective carrier.

23. The use of a comp-ound of claim 1 for the preparation of a medicarment for treating a
cognitive or neurodegenserative disease for use in combination withh a medicament
comprising a B-secretase inhibitor other than those of formula I, an HVMBG-CoA reductase
inhibitor, a gamma-secretamse inhibitor, a non-steroidal anti-inflammatory aggent, an N-methyl-

D-aspartate receptor antaggonist, a cholinesterase inhibitor or an anti-amylo#id antibody.

24, A kit comprising in separate containers in a single packagee pharmaceutical
compositions for use in combination, in which one container comprisess a compound of
formula | in a pharmaceutically acceptable carrier and a second containesr comprises a B-
secretase inhibitor other th an those of formula I, an HMG-CoA reductase imhibitor, a gamma-
secretase inhibitor, a non-steroidal anti-inflammatory agent, an N-nmethyl-D-aspartate
receptor antagonist, a cholinesterase inhibitor or an anti-amyloid antibody in a
pharmaceutically acceptalole carrier, the combined quantities being an ef fective amount to

treat a cognitive disease or— neurodegenerative disease.

25.  The use of a compound of claim 1 and a B-secretase inhibitor otther than those of
formula I, an HMG-CoA reductase inhibitor, a gamma-secretase inhibitosr, a non-steroidal
anti-inflammatory agent, a&an N-methyl-D-aspartate receptor antagonist, a cholinesterase
inhibitor or an anti-amylolid antibody for the preparation of a medicameent for treating a

cognitive or neurodegenerative disease.

26. A substance or cormposition for use in a method for inhibiting the: formation, or the
formation and deposition of B-amyloid plaques in, on or around neurological tissue, said
substance or composition comprising a compound of claim 1, and said nmethod comprising

administering said substan ce or composition.
27. A substance or c—omposition for use in a method for treatin g a cognitive or
neurodegenerative disease2, said substance or composition comprising a czompound of claim

1, and said method compri=sing administering said substance or compositior.

28. A substance or cormposition for use in a method of treatment acceording to claim 27

wherein Alzheimer's diseasse is treated.

29. A substance or cormposition for use in combination with a B-secret ase inhibitor other

than those of formula |, a.n HMG-CoA reductase inhibitor, a gamma-sec=retase inhibitor, a
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reon-steroidal anti-inflammatory agent, an N-methyl-D-aspartate receptor antagonist, a
¢ holinesterase inhibitor or an anti-amyloid antibody, in a method for treating a cognitive or
n eurodegenerative disease, said substance or composition comprising a compound of clalim
1, and said method comprising administering said substance or composition, and samid

imhibitor, agent, antagonist or antibody.

30 A substance or composition for use in a method for treating a cognitive or
neeurodegenerative disease, said substance or composition comprising a compound of clai m
1 and a B-secretase inhibitor other than those of formula I, an HMG-CoA reductase inhibitor,
a gamma-secretase inhibitor, a non-steroidal anti-inflammatory agent, an N-methyl-[D-
asspartate receptor antagonist, a cholinesterase inhibitor or an anti-amyloid antibody, amd

saaid method comprising administering said substance or composition.

31. A compound according to any one of claims 1 to 17, substantially as herein describexd

armd illustrated.

32. A composition according to claim 18 or claim 22, substantially as herein describe=d

amd illustrated.

33. Use according to any one of claims 19 to 21, 23 or 25, substantially as herei n

deascribed and illustrated.
34. A kit according to claim 24, substantially as herein described and illustrated.

35. A substance or composition for use in a method of treatment according to any one of

claims 26 to 30, substantially as herein described and illustrated.

36 . A new compound; a new composition; a new use of a compound as claimed in clairn
1 and/or a B-secretase inhibitor other than those of formula I, an HMG-CoA reductasee
inkibitor, a gamma-secretase inhibitor, a non-steroidal anti-inflammatory agent, an N-methyBl-
D-aaspartate receptor antagonist, a cholinesterase inhibitor or an anti-amyloid antibody; a newv
kitz or a substance or composition for a new use in a method of treatment, substantially a=s

hexein described.
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