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EP 2 370 442 B9
Description

FIELD OF THE INVENTION

[0001] The present invention relates to compounds that modulate the activity of chemokine receptors, such as CCR2
and CCR5. The compounds can be used, for example, to treat diseases associated with chemokine receptor expression
or activity.

BACKGROUND OF THE INVENTION

[0002] The migration and transport of leukocytes from blood vessels into diseased tissues is involved in the initiation
of normal disease-fighting inflammatory responses. The process, also known as leukocyte recruitment, is also related
to the onset and progression of inflammatory and autoimmune diseases. The resulting pathology of these diseases
derives from the attack of the body’s immune system defenses on normal tissues. Accordingly, preventing and blocking
leukocyte recruitment to target tissues in inflammatory, autoimmune disease and cancer would be an effective approach
to therapeutic intervention.

[0003] The infiltration of monocytes/macrophages into sites of inflammation is related to proteins, such as monocyte
chemoattractant protein-1 (MCP-1, CCL2). Macrophages produce chemokines, such as macrophage inflammatory pro-
tein-1-beta (MIP-1$3, CCL4). Such proteins interacts with chemokine receptors, for example, CCR2 and CCR5. Modu-
lation, such as antagonism or inhibition, of CCR2 or CCR5 would be helpful to treat a wide range of diseases.

[0004] The identification of compounds that modulate the activity of chemokine receptors represents a desirable drug
design approach to develop pharmacological agents for the treatment of diseases associated with chemokine receptor
activity. The compounds of the present invention help fulfill these and other needs.

[0005] US2006/0020133 A1 discloses modulators of chemokine receptors containing a piperazine ring.

SUMMARY OF THE INVENTION

[0006] In an embodiment of the present invention, there is provided a compound of Formula I(a) or I(b):

2 Rl Q
N
“’WN\R" R«‘owN\HTI
R5 A R

H°R7 RER’
I(a) I(b)
or a pharmaceutically acceptable salt thereof, wherein:
Ais O or CFy;
W is CR13R'4, C(0), CHOR'S, CHF, CF,, O or S

R'is Hor C .6 alkyl optionally substituted by 1-3 substituents selected from halo, OH, CO,H, CO,-(C, ¢ alkyl), or
C,.3 alkoxy;

R2 and RS are each, independently, H, (C4-Cg)alkyl, (C4-Cg)haloalkyl, halo, (C5-Cg)cycloalkyl, CN, OH, OCOR2,
wherein said (C4-Cg)alkyl is optionally substituted with one or more substituents selected from F, (C4-C5) alkoxy,
OH, CN or CO,R12;

R8 and R9 are each, independently, H, (C4-Cg)alkyl, (C4-Cg)haloalkyl, (C5-Cg)cycloalkyl, (C5-Cg)cycloalkyloxy, CN,
OH, OCOR'2; wherein said (C4-Cg)alkyl is optionally substituted with one or more substituents selected from F,

(C4-Cz)alkoxy, OH, CN or CO,R2;

R2 and R?, taken together may form a 5-8 membered ring;
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EP 2 370 442 B9
R4 and R7, taken together may form a 5-8 membered ring.
R4 and R are each, independently, H, CN, (C4-Cg)alkyl, halo, (C4-Cs) alkoxy, (C4-Cs)haloalkoxy, (C5-Cg)cycloalkyl,
OH, CO,R12, OCOR'2 , wherein said (C4-Cg)alkyl is optionally substituted with one or more substituents selected
from F, (C4-C5) alkoxy, OH or CO,R2;
R6 and R7 are each, independently, H, CN, (C;-Cg)alkyl, halo, (C4-Cj)alkoxy, (C4-Cs)haloalkoxy, (C5-Cg)cycloalkyl,
OH, CO,R'2, OCOR'"2, wherein said (C4-Cg)alkyl is optionally substituted with one or more substituents selected
from F, (C4-Cj)alkoxy, OH or CO,R'2;
or RZ and R3 together with the carbon atom to which they are attached form a 3-7 membered spirocyclyl group;

or R4 and RS together with the carbon atom to which they are attached form a 4-7 membered spirocyclyl group;

or R3 and R# together with the C atoms to which they are attached form a fused 3-7 membered cycloalkyl group or
3-7 membered heterocycloalkyl group;

R10 is (C4-Cgalkyl, (C4-Cg)haloalkyl, (C4-Cg)hydroxyalkyl, (C4-Cg)alkoxy, (C5-Cg)cycloalkyl, hydroxy(Cs-Cg)cy-
cloalkyl, (C4-Cg)alkoxy cycloalkyl, OH, (C4-Cg)heterocyclyl, amino, aryl or CN,

R is aryl or heteroaryl, said R'! optionally, independently substituted by one or more (C4-Cg) alkyl, halo, (C4-Cg)
haloalkyl,(C4-Cg)alkoxy, OH, amino, C(O)NH,, NH,SO,, SF, or CN;

R12is H, (C4-C4)alkyl, or (C5-Cg)cycloalkyl;

R13is H, halo, (C4-C4)alkyl, (C{-C4)alkoxy,or OH;

R4 is H, halo, (C4-Cy4)alkyl, (C4-C,4)alkoxy or OH; and
R15is H, (C4-Cg)alkyl or (C5-Cg)cycloalkyl.

DETAILED DESCRIPTION OF THE INVENTION

[0007] These inventions are not limited to the embodiments described in this specification, and may be modified.
A. Definitions

[0008] For the following defined terms, these definitions shall be applied, unless a different definition is given in the
claims or elsewhere in this specification.

[0009] The term aryl groups is intended to include aromatic carbocylic groups such as phenyl, biphenylyl, indenyl,
naphthyl as well as aromatic carbocycles fused to a heterocycle such as benzothienyl, benzofuranyl, indolyl, quinolinyl,
benzothiazole, benzooxazole, benzimidazole, isoquinolinyl, isoindolyl, benzotriazole, indazole, and acridinyl.

[0010] The term heteroaryl includes mono- and poly-cyclic aromatic rings containing from 3 to 20, or from 4 to 10 ring
atoms, at least one of which is a heteroatom such as oxygen, sulphur, phosphorus or nitrogen. Examples of such groups
include furyl, thienyl, pyrrolyl, imidazolyl, triazolyl, thiazolyl, tetrazolyl, oxazolyl, isoxazolyl, pyrazolyl, pyridyl, pyrimidinyl,
pyrazinyl, pyridazinyl, triazinyl, quinolinyl, iosquinolinyl, quinoxalinyl, benzthiazolyl, benzoxazolyl, benzothienyl or ben-
zofuryl.

[0011] The term "cycloalkyl," refer to cyclized hydrocarbons (mono and polycyclic) such as cyclized alkyl, alkenyl, or
alkynyl groups. In some embodiments, the cycloalkyl groupis C3_14, C3.19, C3.5, C3.7, C3.6, Or C5_5. In SOMe embodiments,
cycloalkyl moieties each have from 3 to 14, from 3 to 10, or from 3 to 6 ring-forming carbon atoms. In some embodiments,
the cycloalkyl group has 0, 1 or 2 double or triple bonds. Examples of cycloalkyl groups include cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, cyclopentenyl, etc. In the present application, cycloalkyl is also intended to include
bridged cyclic hydrocarbons such as adamantyl groups and the like.

[0012] Heterocycles are carbocyclicrings (mono or polycyclic) which include one or more heteroatoms such as nitrogen,
oxygen or sulfurin the ring. In some embodiments, the heterocycle contains 3 to 8 ring members. In some embodiments,
the heterocycle contains 3 to 6 ring members. In some embodiments, the heterocycle contains 1, 2 or 3 heteroatoms.
Heterocycles can be saturated or unsaturated. In some embodiments, heterocycles contain 0, 1 or 2 double bonds or
triple bonds. Ring-forming carbon atoms and heteroatoms can also bear oxo or sulfide substituents (such as, CO, CS,
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S0, SO,, NO, and the like). Examples of heterocycles include tetrahydrofuranyl, tetrahydrothiophenyl, morpholino,
thiomorpholino, azetidinyl, pyrrolidinyl, piperazinyl, piperidinyl, pyrane, dioxane, and thiazolidinyl.

[0013] Monosubstituted aryl refers to an aryl group having one substituent. Polysubstituted aryl refers to aryl having
2 or more substitutents (such as 2-4 substituents). Monosubstituted heteroaryl refers to a heteroaryl group having one
substituent. Polysubstituted heteroaryl refers to heteroaryl having 2 or more substitutents (such as 2-4 substituents).
Monosubstituted cycloalkyl (or carbocycle) refers to a cycloalkyl group having one substituent. Polysubstituted cycloalkyl
(or carbocycle) refers to cycloalkyl having 2 or more substitutents (such as 2-4 substituents). Monosubstituted heterocycle
refers to a heterocycle having one substituent. Polysubstituted heterocycle refers to heterocycle having 2 or more
substitutents (such as 2-4 substituents).

[0014] The term halo, by itself or as part of another substituent, means, unless otherwise stated, a fluorine, chlorine,
bromine, oriodine. Similarly, terms such as haloalkyl, are meant to include monohaloalkyl and polyhaloalkyl. For example,
the term haloalkyl, such as halo(C;-C,)alkyl, is meant to include trifluoromethyl, 2,2,2-trifluoroethyl, 4-chlorobutyl, 3-
bromopropyl, and the like.

[0015] The term alkyl when used either alone or as a suffix includes straight chain and branched structures such as
primary alkyl groups, secondary alkyl groups and tertiary alkyl groups. These groups may contain up to 15, or up to 8,
or up to 4 carbon atoms. In some embodiments, the alkyl group is C4_4g, C4.g, C16, C1.5, C1.4, Or C4_3. Examples of alkyl
radicals include groups such as methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, isobutyl, and sec-butyl. Similarly the
terms alkenyl and alkynyl refer to unsaturated straight or branched structures containing for example from 2 to 12, or
from 2 to 6 carbon atoms. In some embodiments, the alkenyl or alkynyl group is C,_4g, Co.g, Co.6, Co.5, Co4, OF Cy_3.
Examples of alkenyl and alkynyl groups include vinyl, 2-propenyl, crotyl, 2-isopentenyl, 2-(butadienyl), 2,4-pentadienyl,
3-(1,4-pentadienyl), ethynyl, 1- and 3-propynyl, 3-butynyl, and the higher homologs and isomers.

[0016] Theterm "carrier" describes an ingredient other than a compound. Carriers may be pharmaceutically acceptable
material or vehicle. Examples include liquid or solid filler, diluent, excipient, solvent or encapsulating material.

[0017] The phrase"contacting achemokine receptor" means in vivo, ex vivo, or in vitro contact is made with a chemokine
receptor and includes administration of a compound or salt of the present invention to a subject having a chemokine
receptor, as well as, for example, introducing a compound or salt of the invention into a sample containing a cellular,
unpurified, or purified preparation containing a chemokine receptor. For example, contacting includes interactions be-
tween the compound and the receptor, such as binding.

[0018] The term "subject" refers to any animal, including mammals, such as mice, rats, other rodents, rabbits, dogs,
cats, pigs, cattle, sheep, horses, primates, or humans.

[0019] The term "treating" (and corresponding terms "treat" and "treatment") includes palliative, restorative, or pre-
ventative ("prophylactic") treating of a subject. The term "palliative treating" refers to treatment that eases or reduces
the effect or intensity of a condition in a subject without curing the condition. The term "preventative treating" (and the
corresponding term "prophylactic treating") refers to treatment that prevents the occurrence of a condition in a subject.
The term "restorative treating" ("curative") refers to treatment that halts the progression of, reduces the pathologic
manifestations of, or entirely eliminates a condition in a subject. Treating can be done with a therapeutically effective
amount of compound, salt or composition that elicits the biological or medicinal response of a tissue, system or subject
that is being sought by an individual such as a researcher, doctor, veterinarian, or clinician.

B. Compounds

[0020] In an embodiment of the present invention, there is provided a compound of I(a) or I(b):

i}@*w %ﬁ}oéw
RSR? RSR’
I(a) I(b)

or a pharmaceutically acceptable salt thereof, wherein:

Ais O or CFy;
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W is CR13R'4, C(O), CHOR'S, CHF, CF,, O or S

R'is H or C4_g alkyl optionally substituted by 1-3 substituents selected from halo, OH, CO,H, CO,-(C4 alkyl), or
C4.3 alkoxy;

R2 and RS are each, independently, H, (C;-Cg)alkyl, (C4-Cg)haloalkyl, halo, (C5-Cg)cycloalkyl, CN, OH, OCOR1Z;
wherein said (C4-Cg)alkyl is optionally substituted with one or more substituents selected from F, (C4-Cj)alkoxy,
OH, CN or CO,RZ

R8 and R are each, independently, H, (C4-Cg)alkyl, (C4-Cg)haloalkyl, (C5-Cg)cycloalkyl, CN, OH, OCOR'2; wherein
said (C4-Cg)alkyl is optionally substituted with one or more substituents selected from F, (C4-Cj)alkoxy, OH, CN or
CO,R12;

R2 and R?9, taken together may form a 5-8 membered ring;

R4 and R7, taken together may form a 5-8 membered ring.

R4 and R are each, independently, H, CN, (C4-Cg)alkyl, halo, (C4-C5)alkoxy, (C4-Cs)haloalkoxy, (C5-Cg) cycloalkyl,
OH, CO,R12, OCOR'2, wherein said (C;-Cg)alkyl is optionally substituted with one or more substituents selected
from F, C4_salkoxy, OH or CO,R'Z;

R6 and R” are each, independently, H, CN, (C4-Cg)alkyl, halo, (C4-C3)alkoxy, (C4-Cs)haloalkoxy, (C5-Cg)cycloalkyl,
OH, CO,R12, OCOR'2, wherein said (C4-Cg)alkyl is optionally substituted with one or more substituents selected
from F, (C4-C5) alkoxy, OH or CO,R2;

or R2 and R3 together with the carbon atom to which they are attached form a 3-7 membered spirocyclyl group;

or R4 and RS together with the carbon atom to which they are attached form a 3-7 membered spirocyclyl group;

or R3 and R# together with the C atoms to which they are attached form a fused 3-7 membered cycloalkyl group or
3-7 membered heterocycloalkyl group;

R10 is (C4-Cg)alkyl, (C4-Cg)haloalkyl,(C4-Cg)hydroxyalkyl, (C4-Cg)alkoxy, (Cs-Cg)cycloalkyl, hydroxy(Cs-Cg)cy-
cloalkyl, alkoxy cycloalkyl, OH, (C4-Cs)heterocyclyl, amino, aryl or CN,

R is aryl or heteroaryl, said R optionally, independently substituted by one or more (C4-Cg) alkyl, halo, (C{Cg)
haloalkyl,(C4-Cg)alkoxy, OH, amino, C(O)NH,, NH,SO,, SFs, or CN;

R12is H, (C4-C4)alkyl, or (C5-Cg)cycloalkyl;
R13is H, halo, (C4-C,)alkyl, (C;-C4)alkoxy, or OH;
R4 is H, halo, (C4-C,)alkyl, (C4-C4)alkoxy or OH; and

R15is H, (C4-Cg)alkyl or (C5-Cg)cycloalkyl.

[0021] In another embodiment of the present invention, there is provided a compound of Formula II:
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)
or a pharmaceutically acceptable salt thereof, wherein:
R1is H, (C4-Cg)alkyl or cyclopropyl, said (C4-Cg)alkyl optionally substituted by halo, CN, C(O)OH or OH;
R2is (C4-Cg)alkyl (C{-Cg)haloalkyl or (C4-Cg)cycloalkyl;
R3 R4, R%, R6, R7, R8 and R? are independently H, (C4-C,) alkyl, CN, halo or amino;

R10 is (C4-Cg)alkyl, (C4-Cg)haloalkyl, (C4-Cg)hydroxyalkyl, (C4-Cg)alkoxy, (C5-Cg)cycloalkyl, hydroxy(Cs-Cg)cy-
cloalkyl, alkoxy (C3-Cg)cycloalkyl, OH, (C4-Cg)heterocyclyl, amino, aryl or CN;

R is aryl or heteroaryl, said R'! optionally, independently substituted by one or more (C4-Cg) alkyl, halo, (C4-Cg)
haloalkyl, (C4-Cg)alkoxy, OH, amino, C(O)NH,, NH,SO,, SF5 or CN;

W is CR13R4, C(O), CHOR'®, CHF, CF,, O or S;
R13 and R4 are independently H, halo, (C4-C)alkyl, (C4-C,)alkoxy, or OH; and
R15is H, (C4-Cg)alkyl or (C5-Cg)cycloalkyl.

[0022] In another embodiment, there is provided a compound of Formula Il, or a pharmaceutically acceptable salt
thereof, wherein:

R'is H or (C4-Cg)alkyl
R2is (C4-Cg)alkyl or (C4-Cg)haloalkyl
R3, R4, R3, R6, R7, R8 and R? are each H;

R'is

O e
T
X\Y/Z or ™~ ’

wherein X, Y, Z, Q and D are independently N or CR'6, and wherein 0, 1, 2 or 3 of X, Y, Z, Q and D are N; and
wherein T, U and V are independently selected from CH, N, S, or O, provided that T and U are not both simultaneously

OorS;

each R'6 is independently H, halo, (C-Cg)alkyl, (C4-Cg)haloalkyl, (C4-Cg)alkoxy or CN;
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R17is H, (C4-Cg)alkyl, (C4-Cg)haloalkyl, or (C4-Cg)alkoxy; and
W is CR13R'4, C(0), CHOR'5, CHF or CF,.

[0023] Insome embodiments of the compound of Formula Il, or a pharmaceutically acceptable salt thereof, R2 is methyl.
[0024] In some embodiments of the compound of Formula Il, or a pharmaceutically acceptable salt thereof,

R1is H, (C4-Cg)alkyl or cyclopropyl, said (C-Cg)alkyl optionally substituted by halo, CN, C(O)OH or OH;

R2 is methyl;

R3 R4, R%, R6, R7, R8 and R? are independently H, C4-C,4 alkyl, CN, halo or amino;

R10 is (C4-Cg)alkyl, (C4-Cg)haloalkyl, (C4-Cg)hydroxyalkyl, (C4-Cg)alkoxy, (Cs-Cg)cycloalkyl, hydroxy(C4-Cg)cycloalkyl,
alkoxy (C5-Cg)cycloalkyl, OH, (C4-Cs)heterocyclyl, amino, aryl or CN;

R'is aryl or heteroaryl, said R optionally, independently substituted by one or more (C-Cg) alkyl, halo, (C;-C4)haloalky
(C4-Cg)alkoxy, OH, amino, C(O)NH,, NH,SO,, SF5 or CN;

W is CR13R'4, C(0), CHOR'S, CHF, CF,, O or S;

R13and R are independently H halo, (C4-C,)alkyl, (C-C4)alkoxy, or OH; and R15is H, (C4-Cg)alkyl or (C5-Cg)cycloalkyl.
[0025] In some embodiments of the compound of Formula Il, or a pharmaceutically acceptable salt thereof, R10 is

VR 11 ¥

nn . o S
T % Not w8 |
H
o , o , ! o ’ H3C o ’ \O/CH3 ’ O\CHs ,
FTF
F or F© F

[0026] In some embodiments of the compound of Formula Il, or a pharmaceutically acceptable salt thereof,
R1is H, (C4-Cg)alkyl or cyclopropyl, said (C4-Cg)alkyl optionally substituted by halo, CN, C(O)OH or OH;

R2 is methyl;

R3 R4, R5, R6, R7, R8 and R? are independently H, C4-C, alkyl, CN, halo or amino;

R0 s
T, X U ¥
3{}13’ HiC  HiC 3 HO CH;, o

’ s . ] ’ ] [}
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R is aryl or heteroaryl, said R'" optionally, independently substituted by one or more (C4-Cg) alkyl, halo, (C{Cg)haloalky
(C4-Cg)alkoxy, OH, amino, C(O)NH,, NH,SO,, SFs or CN;

EP 2 370 442 B9

W is CR13R'4, C(O), CHOR'®, CHF, CF,, O or S;
R13 and R4 are independently H,halo, (C;-C,)alkyl, (C4-C4)alkoxy, or OH;
R15is H, (C4-Cg)alkyl or (C5-Cg)cycloalkyl; and

R18is H or (C4-Cg)alkyl.

[0027] Insomeembodiments ofthe presentinvention, there is provided acompound of Formula ll, or a pharmaceutically

acceptable salt thereof, wherein R is

F

N A< p
F

&
F
NO_F
(Y F ¥
N/F o
F

/

F

or F F.

F
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HaC.
CH,

\(Ss 0 CN S F
ﬁ,@ ﬁ'/ />—§F,

CHs

o__F

CHg CHj ){O e
F

or

wherein R18 is H or (C4-Cg) alkyl.

[0028] Insomeembodiments ofthe presentinvention, there is provided acompound of Formula Il, or a pharmaceutically
acceptable salt thereof, wherein R is H, (C4-Cg)alkyl or cyclopropyl, said (C4-Cg)alkyl optionally substituted by halo,

CN, C(O)OH or OH;

R2 is methyl;

R3 R4, R%, R6, R7, R8 and R? are independently H, C4-C, alkyl, CN, halo or amino;
R15is

CH
“THa

CHs

o 9 )ﬁ'__l
CH \
3‘%»43 H,C  HyC 3 HO CHy o

¢ K
s’
CHy . $ Jj;cm
3‘ACO \%H "r{fo _-CHy \ HC 0, 3%

HaC

OH
S
TR N
FFoF FrLF

R'is
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Ny _

F

. F / F T e
FF

F R

F ReoF T Y %
™ F F ‘ N/
I I F N
N/F \N Hac

F

F
7/ \ E F F R e
F_NF WF?CH/N\ F ;S F
I I N. ~
F F N =N N A N ,
E
F
R F
F N N, F ~ :
/Nm)(pﬁ[j)ﬁ‘ﬁ\ Y
N N/ NFH N FH

/—CH3 /—CH3

ol

HaC

ja—

CHg

10

CH
TH,

CHg
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F
F

F

wherein R18 is H or (C4-Cg) alkyl;

W is CR13R'4, C(0), CHOR?'S, CHF, CF,, O or S;

R13and R4 are independently H, halo, (C4-C4)alkyl, (C4-C,)alkoxy, or OH; and R5is H, (C4-Cg)alkyl or (C5-Cg)cycloalkyl.
[0029] Insome embodiments, there is provided a compound of Formula Il, or pharmaceutically acceptable salt thereof,
wherein R10 is

b

H.C ,or HaC
and
R'is
F F
F F
SN YT
N. =
N\?N , or N .

[0030] Insomeembodiments, thereis provided a compound of Formula Il, or pharmaceutically acceptable salt thereof,
wherein

R1isH;
R2 is methyl;
R3 R4, RS, R, R7, R8 and R? are each H;
R10 s
;).r’
R is
F F
F F
x
Y °F | i
NN N ?Z
\/ , or N ;
and
W is CH,.

1"
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[0031] In another embodiment, there is provideded compound, or pharmaceutically acceptable salt thereof, selected
from the group consisting of:
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1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-ethyl-3-({(1S,4S)-5-[4-(trifluoromethyl)pyridin-2-yl]-2,5-diazabicyclo[2.2.1]
hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-ethyl-3-({(1S,4S)-5-[4-(trifluoromethyl)pyrimidin-2-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-ethyl-3-({(1S,4S)-5-[6-(trifluoromethyl)pyrimidin-4-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-ethyl-3-({(1S,4S)-5-[6-(trifluoromethyl)pyrazin-2-yl]-2,5-diazabicyclo[2.2.1]
hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-ethyl-3-({(1S,4S)-5-[2-(trifluoromethyl)pyrimidin-4-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-ethyl-3-({(1S,4S)-5-[6-(trifluoromethyl)pyridin-2-yl]-2,5-diazabicyclo[2.2.1]
hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-ethyl-3-({(1S,4S)-5-[2-(trifluoromethyl)pyridin-4-yl]-2,5-diazabicyclo[2.2.1]
hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-ethyl-3-({(1S,4S)-5-(3-fluoro-4-(trifluoromethyl)pyridin-2-yl]-2,5-diazabicyc-
lo[2.2.1]hept-2-yl}carbonyl)cyclopentylJamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-methyl-3-({(1S,4S)-5-[4-(trifluoromethyl) pyridin-2-ylI]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-methyl-3-({(1S,4S)-5-[6-(trifluoromethyl) pyrazin-2-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[4-(trifluoromethyl)pyridin-2-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[4-(trifluoromethyl)pyrimidin-2-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[6-(trifluoromethyl)pyrimidin-4-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[6-(trifluoromethyl)pyrazin-2-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[2-(trifluoromethyl)pyrimidin-4-ylI]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[6-(trifluoromethyl)pyridin-2-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[2-(trifluoromethyl)pyridin-4-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[5-(trifluoromethyl)pyridazin-3-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[2,6-bis(trifluoromethyl)pyridin-4-yl]-2,5-diazabicyclo[2.2.1]
hept-2-yl}carbonyl)-3-isopropylcyclopentyllamino}-2,3-dideoxy-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-({(1S,4S)-5-[3-fluoro-4-(trifluoromethyl)pyridin-2-yl]-2,5-diazabicyclo[2.2.1]
hept-2-yl}carbonyl)-3-isopropylcyclopentylJamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[6-methyl-4-(trifluoromethyl)pyridin-2-yl]-2,5-di-
azabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[3-(trifluoromethyl)phenyl]-2,5-diazabicyclo[2.2.1]
hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-({(1S,4S)-5-[3-fluoro-5-(trifluoromethyl)phenyl]-2,5-diazabicyclo[2.2.1]
hept-2-yl}carbonyl)-3-isopropylcyclopentylJamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(2,2-difluoroethyl)-3-([(1S,4S)-5-[6-(trifluoromethyl)pyrimidin-4-yl]-2,5-di-
azabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(2,2-difluoroethyl)-3-({(1S,4S)-5-[4-(trifluoromethyl) pyridin-2-yl]-2,5-di-
azabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(2,2-difluoroethyl)-3-({(1S,4S)-5-[2-(trifluoromethyl) pyridin-4-yl]-2,5-di-
azabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(2,2-difluoroethyl)-3-({(1S,4S)-5-[4-(trifluoromethyl) pyrimidin-2-yl]-2,5-di-
azabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(2,2-difluoroethyl)-3-({(1S,4S)-5-[6-(trifluoromethyl) pyridin-2-yl]-2,5-di-
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azabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(2,2-difluoroethyl)-3-({(1S,4S)-5-[6-(trifluoromethyl) pyrazin-2-yl]-2,5-di-
azabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(2,2-difluoroethyl)-3-({(1S,4S)-5-[2-(trifluoromethyl) pyrimidin-4-yl]-2,5-di-
azabicyclo[2.2.1]hep-2-yl}carbonyl)cyclopentyllJamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(2,2-difluoroethyl)-3-({(1S,4S)-5-[5-(trifluoromethyl) pyridazin-3-yl]-2,5-di-
azabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-4-O-methyl-3-{[(1R,3S)-3-(2,2,2-trifluoroethyl)-3-({(1S,4S)-5-[6-(trifluoromethyl) pyrimi-
din-4-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-4-O-methyl-3-{[(1R,3S)-3-(2,2,2-trifluoroethyl)-3-({(1S,4S)-5-[4-(trifluoromethyl) pyridin-2-
yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllJamino}-D-erythro-pentit;
1,5-anhydro-2,3-dideoxy-4-O-methyl-3-{[(1R,3S)-3-(2,2,2-trifluoroethyl)-3-({(1S,4S)-5-[2-(trifluoromethyl)pyridin-4-
yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]amino}-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-4-O-methyl-3-{[(1R,3S)-3-(2,2,2-trifluoroethyl)-3-({(1S,4S)-5-[4-(trifluoromethyl) pyrimi-
din-2-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-4-O-methyl-3-{[(1R,3S)-3-(2,2,2-trifluoroethyl)-3-({(1S,4S)-5-[6-(trifluoromethyl) pyridin-2-
yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-4-O-methyl-3-{[(1R,3S)-3-(2,2,2-trifluoroethyl)-3-({(1S,4S)-5-[6-(trifluoromethyl) pyrazin-
2-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-4-O-methyl-3-{[(1R,3S)-3-(2,2,2-trifluoroethyl)-3-({(1S,4S)-5-[2-(trifluoromethyl) pyrimi-
din-4-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-D-erythro-pentitol
1,5-anhydro-2,3-dideoxy-4-O-methyl-3-{[(1R,3S)-3-(2,2,2-trifluoroethyl)-3-({(1S,4S)-5-[5-(trifluoromethyl) pyri-
dazin-3-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1S,4S)-4-isopropyll-4-({(1S,4S)-5-[4-(trifluoromethyl)pyridin-2-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopent-2-en-1-ylJamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1S,4S)-4-isopropyll-4-({(1S,4S)-5-[4-(trifluoromethyl)pyrimidin-2-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopent-2-en-1-ylJamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1S,4S)-4-isopropyll-4-({(1S,4S)-5-[6-(trifluoromethyl)pyridin-2-yl]-2,5-diazabicyclo
[2.2.]hept-2-yl}carbonyl)cyclopent-2-en-1-ylJamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1S,4S)-4-isopropyll-4-({(1S,4S)-5-[6-(trifluoromethyl)pyrazin-2-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopent-2-en-1-ylJamino}-4-0-methyl-D-erythro-pentitol;
1,5-anhydro-3-{[(1R,3S)-3-{[(1S,4S)-5-(tert-butoxycarbonyl)-2,5-diazabicyclo[2.2.1]hept-2-yl]lcarbonyl}-3-ethylcy-
clopentyllamino}-2,3-dideoxy-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-3-{[(1R,3S)-3-{[(1S,4S)-5-(tert-butoxycarbonyl)-2,5-diazabicyclo[2.2.1]hept-2-yl]carbonyl}-3-(2,2,2-tri-
fluoroethyl)cyclopentyllJamino}-2,3-dideoxy-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({(1S,4S)-5-[6-(trifluoromethyl)pyridin-2-yl]-2,5-di-
azabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({(1S,4S)-5-[4-(trifluoromethyl)pyridin-2-yl]-2,5-di-
azabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({(1S,4S)-5-[4-(trifluoromethyl)pyrimidin-2-yl]-2,5-
diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({(1S,4S)-5-[2-(trifluoromethyl)pyrimidin-4-yl]-2,5-
diazabicyclo[2.2.1]hept-2-yl)carbonyl)cyclopentyl]Jamino}-4-O-methyl-D-erythro-pentitol
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({(1S,4S)-5-[6-(trifluoromethyl)pyrimidin-4-yl]-2,5-
diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({(1S,4S)-5-[6-(trifluoromethyl)pyrazin-2-yl]-2,5-di-
azabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-dideoxy-3-([(1R,3S)-3-(1-hydroxycyclobutyl)-3-({(1S, 4S)-5-[2-(trifluoromethyl)pyridin-4-yl]-2,5-di-
azabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-dideoxy-3-{[3-(1-hydroxy-1-methylethyl)-3-({5-[4-(trifluoromethyl)pyridin-2-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methylpentitol;
1,5-Anhydro-2,3-dideoxy-3-{[3-(1-hydroxy-1-methylethyl)-3-({5-[6-(trifluoromethyl)pyrimidin-4-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methylpentitol;
1,5-Anhydro-2,3-dideoxy-3-([3-(1-hydroxy-1-methylethyl)-3-({5-[4-(trifluoromethyl)pyrimidin-2-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methylpentitol;
1,5-Anhydro-2,3-dideoxy-3-{[3-(1-hydroxy-1-methylethyl)-3-({5-[5-(trifluoromethyl)pyridazin-3-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methylpentitol;
1,5-Anhydro-2,3-dideoxy-3-{[3-(1-hydroxy-1-methylethyl)-3-({5-[2-(trifluoromethyl)pyrimidin-4-yl]-2,5-diazabicyclo
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[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methylpentitol;
1,5-Anhydro-2,3-dideoxy-3-{[3-(1-hydroxy-1-methylethyl)-3-({5-[6-(trifluoromethyl)pyridin-2-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methylpentitol;
1,5-Anhydro-2,3-dideoxy-3-{[3-(1-hydroxy-1-methylethyl)-3-({5-[2-(trifluoromethyl)pyridin-4-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methylpentitol; and
1,5-Anhydro-2,3-dideoxy-3-{[3-(1-hydroxy-1-methylethyl)-3-({5-[6-(trifluoromethyl)pyrazin-2-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methylpentitol.

[0032] In another embodiment, there is provided a compound of formula:

CH,

/

o 0O

2T

or a pharmaceutically acceptable salt thereof..
[0033] In another embodiment, there is provided a compound of formula

/o

o]

o) N
H,C CH, I N \F
N
N

or a pharmaceutically acceptable salt thereof.

[0034] In another embodiment of the present invention, there is provided a composition comprising a compound of
Formula | or Il, or a pharmaceutically acceptable salt thereof, and a carrier.

[0035] In another embodiment, there is provided a compound for use in a method of treating a disease associated
with expression or activity of a chemokine receptor in a patient comprising administering to said patient a compound of
Formula | or I, or a pharmaceutically acceptable salt thereof.

[0036] In one embodiment of the method, said chemokine receptor is CCR2 or CCR5.

[0037] In another embodiment of the method, the disease is rheumatoid arthritis, atherosclerosis, lupus, multiple
sclerosis, pain, transplant rejection, diabetes, diabetic nephropathy, diabetic conditions, liver fibrosis, viral disease,
cancer, asthma, seasonal and perennial allergic rhinitis, sinusitis, conjunctivitis, age-related macular degeneration, food
allergy, scombroid poisoning, psoriasis, undifferentiated spondyloarthropy, gout, urticaria, pruritus, eczema, inflammatory
bowel disease, thrombotic disease, otitis media, fibrosis, liver cirrhosis, cardiac disease, Alzheimer’s disease, sepsis,
restenosis, Crohn’s disease, ulcerative colitis, irritable bowel syndrome, hypersensitivity lung diseases, drug-induced
pulmonary fibrosis, chronic obstructive pulmonary disease, arthritis, nephritis, atopic dermatitis, stroke, acute nerve
injury, sarcoidosis, hepatitis, endometriosis, neuropathic pain, hypersensitivity pneumonitis, eosinophilic pneumonias,
delayed-type hypersensitivity, interstitial lung disease, eye disorders or obesity.

[0038] In another embodiment of the present invention, there is provided the use of a compound of Formula | or II, or
a pharmaceutically acceptable salt thereof, in the manufacture of a medicament for the treatment of rheumatoid arthritis,
atherosclerosis, lupus, multiple sclerosis, pain, transplant rejection, diabetes, diabetic nephropathy, diabetic conditions,
liver fibrosis, viral disease, cancer, asthma, seasonal and perennial allergic rhinitis, sinusitis, conjunctivitis, age-related
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macular degeneration, food allergy, scombroid poisoning, psoriasis, undifferentiated spondyloarthropy, gout, urticaria,
pruritus, eczema, inflammatory bowel disease, thrombotic disease, otitis media, fibrosis, liver cirrhosis, cardiac disease,
Alzheimer’s disease, sepsis, restenosis, Crohn’s disease, ulcerative colitis, irritable bowel syndrome, hypersensitivity
lung diseases, drug-induced pulmonary fibrosis, chronic obstructive pulmonary disease, arthritis, nephritis, atopic der-
matitis, stroke, acute nerve injury, sarcoidosis, hepatitis, endometriosis, neuropathic pain, hypersensitivity pneumonitis,
eosinophilic pneumonias, delayed-type hypersensitivity, interstitial lung disease, eye disorders or obesity.

[0039] In another embodiment, the present invention relates to a combination for treating a CCR2 or CCR2/CCR5
mediated disease, disorder or condition, said combination comprising a compound of Formula | or Il as defined above,
or a pharmaceutically acceptable salt thereof, and one or more additional therapeutic agents.

[0040] In another embodiment, the present invention relates to a compound of formula | or Il as defined above, or a
pharmaceutically acceptable salt thereof, as defined above, for use as a medicament.

[0041] In another embodiment, the present invention is directed to a compound for use in a method of treating a CCR2
or CCR2/CCR5 mediated disease, disorder or condition in a subject in need of such treatment, by administering a
therapeutically effective amount of a compound of Formula | or Il as defined above, or a pharmaceutically acceptable
salt or solvate thereof to said subject.

[0042] In another embodiment, the present invention is directed to a compound of Formula | or Il as defined above,
or a pharmaceutically acceptable salt thereof, for use in treating a CCR2 or CCR2/CCR5 mediated disease, disorder or
condition.

[0043] In another embodiment, the present invention is directed to the use of a compound of Formula | or Il as defined
above, or a pharmaceutically acceptable salt or solvate thereof, for the manufacture of a medicament for treating a CCR2
or CCR2/CCR5 mediated disease, disorder or condition.

[0044] Salts of compounds of the invention can include the acid addition salts or base addition salts (including disalts)
thereof. The salts can be pharmaceutically acceptable.

[0045] Suitable acid addition salts are formed from acids which form non-toxic salts. Examples include the acetate,
aspartate, benzoate, besylate, bicarbonate/carbonate, bisulphate/sulphate, borate, camsylate, citrate, edisylate, esylate,
formate, fumarate, gluceptate, gluconate, glucuronate, hexafluorophosphate, hibenzate, hydrochloride/chloride, hydro-
bromide/bromide, hydroiodide/iodide, isethionate, lactate, malate, maleate, malonate, mesylate, methylsuiphate, naph-
thylate, 2-napsylate, nicotinate, nitrate, orotate, oxalate, palmitate, pamoate, phosphate/hydrogen phosphate/dihydrogen
phosphate, saccharate, stearate, succinate, tartrate, tosylate and trifluoroacetate salts. Suitable base salts are formed
from bases which form non-toxic salts. Examples include the aluminium, arginine, benzathine, calcium, choline, diethyl-
amine, diolamine, glycine, lysine, magnesium, meglumine, olamine, potassium, sodium, tromethamine and zinc salts.

[0046] Hemisalts of acids and bases may also be formed, for example, hemisulphate and hemicalcium salts.

[0047] For a review on suitable salts, see "Handbook of Pharmaceutical Salts: Properties, Selection, and Use" by
Stahl and Wermuth (Wiley-VCH, Weinheim, Germany, 2002).

[0048] A salt may be readily prepared by mixing together solutions of compounds of the present invention and the
desired acid or base, as appropriate. The salt may precipitate from solution and be collected by filtration or may be
recovered by evaporation of the solvent. The degree of ionization in the salt may vary from completely ionized to almost
non-ionized.

[0049] The compounds of the present invention may be administered as prodrugs. Thus, certain derivatives which
may have little or no pharmacological activity themselves can, when administered into or onto the body, be converted
into compounds of the presentinvention having the desired activity, for example, by hydrolytic cleavage. Such derivatives
are referred to as 'prodrugs’. Further information on the use of prodrugs may be found in 'Pro-drugs as Novel Delivery
Systems, Vol. 14, ACS Symposium Series (T Higuchiand W Stella) and 'Bioreversible Carriers in Drug Design’, Pergamon
Press, 1987 (ed. E B Roche, American Pharmaceutical Association).

[0050] Prodrugs can, for example, be produced by replacing appropriate functionalities present in the compounds of
the present invention with certain moieties known to those skilled in the art as 'pro-moieties’ as described, for example,
in "Design of Prodrugs" by H Bundgaard (Elsevier, 1985).

[0051] Some examples of such prodrugs include:

(i) where the compound contains an alcohol functionality (-OH), an ether thereof, for example, replacement of the
hydrogen with (C4-Cg)alkanoyloxymethyl; and

(ii) where the compound contains a secondary amino functionality , an amide thereof, for example, replacement of
hydrogen with (C4-C,,)alkanoyl. All stereoisomers, geometric (cis/trans or Z/E) isomers and tautomeric forms of the
compounds or salts are included in the scope of the present invention, including compounds or salts having more
than one type of isomerism, and mixtures of one or more thereof.

[0052] Also included are acid addition or base salts wherein the counterion is optically active, for example, D-lactate
or L-lysine, or racemic, for example, DL-tartrate or DL-arginine.
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[0053] Isomers may be separated by conventional techniques well known to those skilled in the art.

[0054] The present invention includes isotopically-labelled compounds of the invention wherein one or more atoms
are replaced by atoms having the same atomic number, but an atomic mass or mass number different from the atomic
mass or mass number usually found in nature.

[0055] Isotopically-labeled compounds of the invention can generally be prepared by conventional techniques known
to those skilled in the art or by processes analogous to those described in the accompanying Examples and Preparations
using an appropriate isotopically-labelled reagent in place of the non-labeled reagent previously employed.

[0056] For the treatment of the conditions referred to below, the compounds of the present invention can be admin-
istered. Salts of the compounds of the present invention could also be used.

C. Compositions

[0057] Compounds or salts of the present invention could be part of a composition. Compositions can also include
one or more compounds or salts of the present invention. The composition can also include an enantiomeric excess of
one or more compounds of the presentinvention. Other pharmacologically active substances and carriers can be included
in the composition.

[0058] One embodimentis a composition comprising a compound of Formula | or Il, or a salt thereof. Another embod-
iment is a composition comprising a compound of Formula | or Il, or a salt thereof and a carrier.

[0059] For example, the carrier can be an excipient. The choice of excipient will to a large extent depend on factors
such as the particular mode of administration, the effect of the excipient on solubility and stability, and the nature of the
dosage form.

[0060] The composition can be a solid, a liquid, or both, and may be formulated with the compound as a unit-dose
composition, for example, a tablet, which can contain from 0.05% to 95% by weight of the active compounds. Compounds
or salts of the present invention may be coupled with suitable polymers as targetable drug carriers.

D. Methods

[0061] In some embodiments, compounds of the invention can be used in methods that modulate activity of one or
more chemokine receptors. Accordingly, the invention includes methods comprising contacting a chemokine receptor
with a compound of Formula | or Il, or a salt thereof. In some embodiments, the chemokine receptor is CCR2. In other
embodiments, the chemokine receptor is CCR5. In other embodiments, the invention includes compounds for use in
methods of modulating a chemokine receptor by contacting the receptor with any one or more of the compounds or
compositions described herein. In some embodiments, compounds of the present invention can act as inhibitors or
antagonist of chemokine receptors. In further embodiments, the compounds of the invention can be used to modulate
activity of a chemokine receptor in an individual in need of modulation of the receptor by administering a modulating
amount of a compound of Formula | or Il, or a slat thereof.

[0062] Chemokine receptors to which the present compounds bind and/or modulate include any chemokine receptor.
In some embodiments, the chemokine receptor belongs to the CC family of chemokine receptors including, for example,
CCR1,CCR2, CCR3, CCR4, CCR5, CCR6, CCR7, CCR8, and CCR10. In some embodiments, the chemokine receptor
is CCR2 or CCR5. In other embodiments, the chemokine receptor is CCR2. In some embodiments, the chemokine
receptor is CCR5. In some embodiments, the chemokine receptor binds and/or modulates both CCR2 and CCR5.
[0063] The compounds of the invention can be selective, that is a compound binds to or inhibits a chemokine receptor
with greater affinity or potency, respectively, compared to at least one other chemokine receptor.

[0064] Compounds of the invention can be dual inhibitors or binders of CCR2 and CCR5, meaning that the compounds
of the invention can bind to or inhibit both CCR2 and CCRS5 with greater affinity or potency, respectively, than for other
chemokine receptors such as CCR1, CCR3, CCR4, CCR6, CCR7, CCRS8, and CCR10. In some embodiments, the
compounds of the invention have binding or inhibition selectivity for CCR2 and CCRS5 over any other chemokine receptor.
Binding affinity and inhibitor potency can be measured according to routine methods in the art, such as according to the
assays provided herein.

[0065] The presentinvention further provides compounds for use in methods of treating a chemokine receptor-asso-
ciated disease or disorder in an individual (e.g., patient) by administering to the individual in need of such treatment a
therapeutically effective amount or dose of a compound of the presentinvention or a pharmaceutical composition thereof.
In other embodiments, the invention includes compounds for use in method of treating a condition mediated by chemokine
receptor activity in a subject comprising administering to the subject a compound of Formula | or I, or a pharmaceutically
acceptable salt thereof.

[0066] A chemokine receptor-associated disease or condition can include any disease, disorder or condition that is
directly or indirectly linked to expression or activity of the chemokine receptor. A chemokine receptor-associated disease
or condition can alsoinclude any disease, disorder or condition that can be prevented, ameliorated, or cured by modulating
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chemokine receptor activity. A chemokine receptor-associated disease can further include any disease, disorder or
condition that is characterized by binding of an infectious agent such as a virus or viral protein with a chemokine receptor.
In some embodiments, the chemokine receptor-associated disease is a CCR5-associated disease such as HIV infection.
[0067] Examples ofa condition mediated by chemokine receptorinclude inflammation, inflammatory diseases, immune
disorders, pains, cancers, or viral infections.

[0068] Examples of acondition mediated by chemokine receptorinclude inflammation, inflammatory diseases, immune
disorders, pains, cancers, or viral infections.

[0069] Examples of inflammatory diseases include diseases believed to have an inflammatory component such as
asthma, seasonal and perennial allergic rhinitis, sinusitis, conjunctivitis, age-related macular degeneration, food allergy,
scombroid poisoning, psoriasis, undifferentiated spondyloarthropy, juvenile-onset spondyloarthritis, gout, urticaria, pru-
ritus, eczema, inflammatory bowel disease, thrombotic disease, otitis media, fibrosis, liver fibrosis, liver cirrhosis, cardiac
disease, Alzheimer’s disease, sepsis, restenosis, atherosclerosis, multiple sclerosis, Crohn’s disease, ulcerative colitis,
irritable bowel syndrome, inflammatory bowel disease, hypersensitivity lung diseases, drug-induced pulmonary fibrosis,
chronic obstructive pulmonary disease (COPD), arthritis, nephritis, ulcerative colitis, atopic dermatitis, stroke, acute
nerve injury, sarcoidosis, hepatitis, endometriosis, neuropathic pain, hypersensitivity pneumonitis, eosinophilic pneu-
monias, delayed-type hypersensitivity, interstitial lung disease (ILD) (e.g., idiopathic pulmonary fibrosis, or ILD associated
with rheumatoid arthritis, systemic lupus erythematosus, ankylosing spondylitis, systemic sclerosis, Sjogren’s syndrome,
polymyositis or dermatomyositis, eye disorders (e.g., retinal neurodegeneration, choroidal neovascularization, etc.) and
the like.

[0070] Exampleimmunedisordersinclude rheumatoid arthritis, psoriatic arthritis, systemic lupus erythematosus, myas-
tenia gravis, juvenile onset diabetes; glomerulonephritis, autoimmune throiditis, organ transplant rejection including
allograft rejection and graft-versus-host disease.

[0071] Examples of pain include nociceptive and neuropathic pain. The pain can be acute or chronic. Pain includes
cutaneous pain, somatic pain, visceral pain, and phantom limb pain. Pain also includes fibromyalgia, rheumatoid arthritis
pain, osteoarthritis pain, and pain associated with the other diseases and conditions detailed herein.

[0072] Example cancers include breast cancer, ovarian cancer, multiple myeloma and the like that are characterized
by infiltration of macrophages (e.g., tumor associated macrophages, TAMs) into tumors or diseased tissues.

[0073] Example viral infections include influenza, avian influenza, herpes infection, HIV infection or AIDS.

[0074] Further inflammatory or immune diseases treatable by administration of a compound of the present invention
include, for example, autoimmune nephritis, lupus nephritis, Goodpasture’s syndrome nephritis and Wegeners granu-
lomatosis nephritis, lupus erythematosus, Goodpasture’s syndrome and Wegeners granulomatosis.

[0075] Examples of diabetic conditions include diabetes, insulin resistance, diabetic neuropathy, diabetic nephropathy,
diabetic retinopathy, cataracts, hyperglycemia, hypercholesterolemia, hypertension, hyperinsulinemia, hyperlipidemia,
atherosclerosis, tissue ischemia, diabetic cardiomyopathy, diabetic microangiopathy ,diabetic macroangiopathy and foot
ulcers. Included in the treatment of diabetes is the prevention or attenuation of long term conditions such as neuropathy,
nephropathy, retinopathy or cataracts.

[0076] In some embodiments, the condition to be treated is rheumatoid arthritis, atherosclerosis, lupus, multiple scle-
rosis, neuropathic pain, transplant rejection, diabetes, diabetic nephropathy, diabetic conditions, or obesity.

[0077] In some embodiments, the condition is rheumatoid arthritis.

[0078] In some embodiments, the condition is diabetes.

[0079] In some embodiments, the condition is diabetic nephropathy.

[0080] In some embodiments, the condition is liver fibrosis.

[0081] In some embodiments, the condition is osteoarthritis pain.

[0082] In some embodiments, the condition is breast cancer, ovarian cancer or multiple myeloma.

[0083] In some embodiments, the condition is HIV infection.

E. Dosage and Administration
Pharmaceutical Formulations and Dosage Forms

[0084] When employed as pharmaceuticals, the compounds of Formula | or Il can be administered in the form of
pharmaceutical compositions. These compositions can be prepared in a manner well known in the pharmaceutical art,
and can be administered by a variety of routes depending upon whether local or systemic treatment is desired and upon
the areato be treated. Administration can be topical (including ophthalmic and to mucous membranes includingintranasal,
vaginal and rectal delivery), pulmonary (e.g., by inhalation or insufflation of powders or aerosols, including by nebulizer;
intratracheal, intranasal, epidermal and transdermal), oral or parenteral. Parenteral administration includes intravenous,
intraarterial, subcutaneous, intraperitoneal intramuscular or injection or infusion; or intracranial, e.g., intrathecal or in-
traventricular, administration. Parenteral administration can be in the form of a single bolus dose, or can be, for example,
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by a continuous perfusion pump. Pharmaceutical compositions and formulations for topical administration can include
transdermal patches, ointments, lotions, creams, gels, drops, suppositories, sprays, liquids and powders. Conventional
pharmaceutical carriers, aqueous, powder or oily bases, thickeners and the like may be necessary or desirable. Coated
condoms, gloves and the like may also be useful.

[0085] This invention also includes pharmaceutical compositions which contain, as the active ingredient, one or more
of the compounds of Formula | or Il above in combination with one or more pharmaceutically acceptable carriers. In
making the compositions of the invention, the active ingredient is typically mixed with an excipient, diluted by an excipient
or enclosed within such a carrier in the form of, for example, a capsule, sachet, paper, or other container. When the
excipient serves as a diluent, it can be a solid, semi-solid, or liquid material, which acts as a vehicle, carrier or medium
for the active ingredient. Thus, the compositions can be in the form of tablets, pills, powders, lozenges, sachets, cachets,
elixirs, suspensions, emulsions, solutions, syrups, aerosols (as a solid or in a liquid medium), ointments containing, for
example, up to 10% by weight of the active compound, soft and hard gelatin capsules, suppositories, sterile injectable
solutions, and sterile packaged powders.

[0086] In preparing a formulation, the active compound can be milled to provide the appropriate particle size prior to
combining with the other ingredients. If the active compound is substantially insoluble, it can be milled to a particle size
of less than 200 mesh. If the active compound is substantially water soluble, the particle size can be adjusted by milling
to provide a substantially uniform distribution in the formulation, e.g. about 40 mesh.

[0087] Some examples of suitable excipients include lactose, dextrose, sucrose, sorbitol, mannitol, starches, gum
acacia, calcium phosphate, alginates, tragacanth, gelatin, calcium silicate, microcrystalline cellulose, polyvinylpyrro-
lidone, cellulose, water, syrup, and methyl cellulose. The formulations can additionally include: lubricating agents such
as talc, magnesium stearate, and mineral oil; wetting agents; emulsifying and suspending agents; preserving agents
such as methyl- and propylhydroxy-benzoates; sweetening agents; and flavoring agents. The compositions of the in-
vention can be formulated so as to provide quick, sustained or delayed release of the active ingredient after administration
to the patient by employing procedures known in the art.

[0088] The compositions can be formulated in a unit dosage form, each dosage containing from about 5 to about 1000
mg (1 g), more usually about 100 to about 500 mg, of the active ingredient. The term "unit dosage forms" refers to
physically discrete units suitable as unitary dosages for human subjects and other mammals, each unit containing a
predetermined quantity of active material calculated to produce the desired therapeutic effect, in association with a
suitable pharmaceutical excipient.

[0089] In some embodiments, the compounds or compositions of the invention contain from about 5 to about 50 mg
of the active ingredient. One having ordinary skill in the art will appreciate that this embodies compounds or compositions
containing from about 5 to about 10, from about 10 to about 15, from about 15 to about 20, from about 20 to about 25,
from about 25 to about 30, from about 30 to about 35, from about 35 to about 40, from about 40 to about 45, or from
about 45 to about 50 mg of the active ingredient. In another embodiment, the dose can be 35-45 mg.

[0090] In some embodiments, the compounds or compositions of the invention contain from about 50 to about 500
mg of the active ingredient. One having ordinary skill in the art will appreciate that this embodies compounds or com-
positions containing from about 50 to about 75, from about 75 to about 100, from about 100 to about 125, from about
125 to about 150, from about 150 to about 175, from about 175 to about 200, from about 200 to about 225, from about
225 to about 250, from about 250 to about 275, from about 275 to about 300, from about 300 to about 325, from about
325 to about 350, from about 350 to about 375, from about 375 to about 400, from about 400 to about 425, from about
425 to about 450, from about 450 to about 475, or from about 475 to about 500 mg of the active ingredient.

[0091] In some embodiments, the compounds or compositions of the invention contain from about 500 to about 1000
mg of the active ingredient. One having ordinary skill in the art will appreciate that this embodies compounds or com-
positions containing from about 500 to about 550, from about 550 to about 600, from about 600 to about 650, from about
650 to about 700, from about 700 to about 750, from about 750 to about 800, from about 800 to about 850, from about
850 to about 900, from about 900 to about 950, or from about 950 to about 1000 mg of the active ingredient.

[0092] The active compound can be effective over a wide dosage range and is generally administered in a pharma-
ceutically effective amount. It will be understood, however, that the amount of the compound actually administered will
usually be determined by a physician, according to the relevant circumstances, including the condition to be treated, the
chosen route of administration, the actual compound administered, the age, weight, and response of the individual
patient, the severity of the patient’s symptoms, and the like.

[0093] For preparing solid compositions such as tablets, the principal active ingredient is mixed with a pharmaceutical
excipient to form a solid preformulation composition containing a homogeneous mixture of a compound of the present
invention. When referring to these preformulation compositions as homogeneous, the active ingredient is typically dis-
persed evenly throughout the composition so that the composition can be readily subdivided into equally effective unit
dosage forms such as tablets, pills and capsules. This solid preformulation is then subdivided into unit dosage forms of
the type described above containing from, for example, 0.1 to about 1000 mg of the active ingredient of the present
invention.
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[0094] The tablets or pills of the present invention can be coated or otherwise compounded to provide a dosage form
affording the advantage of prolonged action. For example, the tablet or pill can comprise an inner dosage and an outer
dosage component, the latter being in the form of an envelope over the former. The two components can be separated
by an enteric layer which serves to resist disintegration in the stomach and permit the inner component to pass intact
into the duodenum or to be delayed in release. A variety of materials can be used for such enteric layers or coatings,
such materials including a number of polymeric acids and mixtures of polymeric acids with such materials as shellac,
cetyl alcohol, and cellulose acetate.

[0095] The liquid forms in which the compounds and compositions of the present invention can be incorporated for
administration orally or by injection include aqueous solutions, suitably flavored syrups, aqueous or oil suspensions,
and flavored emulsions with edible oils such as cottonseed oil, sesame oil, coconut oil, or peanut oil, as well as elixirs
and similar pharmaceutical vehicles.

[0096] Compositions for inhalation or insufflation include solutions and suspensions in pharmaceutically acceptable,
aqueous or organic solvents, or mixtures thereof, and powders. The liquid or solid compositions may contain suitable
pharmaceutically acceptable excipients as described supra. In some embodiments, the compositions are administered
by the oral or nasal respiratory route for local or systemic effect. Compositions in can be nebulized by use of inert gases.
Nebulized solutions may be breathed directly from the nebulizing device or the nebulizing device can be attached to a
face masks tent, or intermittent positive pressure breathing machine. Solution, suspension, or powder compositions can
be administered orally or nasally from devices which deliver the formulation in an appropriate manner.

[0097] The amount of compound or composition administered to a patient will vary depending upon what is being
administered, the purpose of the administration, such as prophylaxis or therapy, the state of the patient, the manner of
administration, and the like. In therapeutic applications, compositions can be administered to a patient already suffering
from a disease in an amount sufficient to cure or at least partially arrest the symptoms of the disease and its complications.
Effective doses will depend on the disease condition being treated as well as by the judgment of the attending clinician
depending upon factors such as the severity of the disease, the age, weight and general condition of the patient, and
the like.

[0098] The compositions administered to a patient can be in the form of pharmaceutical compositions described above.
These compositions can be sterilized by conventional sterilization techniques, or may be sterile filtered. Aqueous solutions
can be packaged for use as is, or lyophilized, the lyophilized preparation being combined with a sterile aqueous carrier
prior to administration. The pH of the compound preparations typically will be between 3 and 11, or from 5 to 9, or from
7 to 8. It will be understood that use of certain of the foregoing excipients, carriers, or stabilizers will result in the formation
of pharmaceutical salts.

[0099] The therapeutic dosage of the compounds of the present invention can vary according to, for example, the
particular use for which the treatment is made, the manner of administration of the compound, the health and condition
of the patient, and the judgment of the prescribing physician. The proportion or concentration of a compound of the
invention in a pharmaceutical composition can vary depending upon a number of factors including dosage, chemical
characteristics (e.g., hydrophobicity), and the route of administration. For example, the compounds of the invention can
be provided in an aqueous physiological buffer solution containing about 0.1 to about 10% w/v of the compound for
parenteral adminstration. Some typical dose ranges are from about 1 wg/kg to about 1 g/kg of body weight per day. In
some embodiments, the dose range is from about 0.01 mg/kg to about 100 mg/kg of body weight per day. The dosage
is likely to depend on such variables as the type and extent of progression of the disease or disorder, the overall health
status of the particular patient, the relative biological efficacy of the compound selected, formulation of the excipient,
and its route of administration. Effective doses can be extrapolated from dose-response curves derived from in vitro or
animal model test systems.

[0100] The compounds of the invention can also be formulated in combination with one or more additional active
ingredients which can include any pharmaceutical agent such as antibodies, immune suppressants, anti-inflammatory
agents, chemotherapeutics, lipid lowering agents, HDL elevating agents, insulin secretagogues or sensitizers, drugs
used for the treatment of rheumatoid arthritis and the like.

Rheumatoid Arthritis (RA) Treatment Regimen

[0101] Rheumatoid arthritis (RA) patients, treated aggressively with disease modifying agents (methotrexate, antima-
larials, gold, penicillamine, sulfasalazine, dapsone, leflunamide, or biologicals), can achieve varying degrees of disease
control, including complete remissions. These clinical responses are associated with improvementin standardized scores
of disease activity, specifically the ACR criteria which includes: pain, function, number of tender joints, number of swollen
joints, patient global assessment, physician global assessment, laboratory measures of inflammation (CRP and ESR),
and radiologic assessment of joint structural damage. Current disease-modifying drugs (DMARDSs) require continued
administration to maintain optimal benefit. Chronic dosing of these agents is associated with significant toxicity and host
defense compromise. Additionally, patients often become refractory to a particular therapy and require an alternative
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regimen. For these reasons, a novel, effective therapy which allows withdrawal of standard DMARDs would be a clinically
important advance.

[0102] Patients with significant response to anti-TNF therapies (infliximab, etanercept, adalimumab), anti- IL-1 therapy
(kinaret) or other disease modifying anti-rheumatic drugs (DMARDS) including but not limited to methotrexate, cy-
closporine, gold salts, antimalarials, penicillamine or leflunamide, who have achieved clinical remission of disease can
be treated with a substance that inhibits expression and/or activity of CCR2 including, for example, nucleic acids (e.g.,
antisense or siRNA molecules), proteins (e.g., anti-CCR2 antibodies), small molecule inhibitors (e.g., the compounds
disclosed herein and other chemokine receptor inhibitors known in the art).

[0103] Insome embodiments, the substance that inhibits expression and/or activity of CCR2 is a small molecule CCR2
inhibitor (or antagonist). The CCR2 antagonist can be dosed orally g.d. or b.i.d at a dose not to exceed about 500 mgs
a day. The patients can be withdrawn from or have a decrease in the dosage of their current therapy and would be
maintained on treatment with the CCR2 antagonist. Treating patients with a combination of CCR2 antagonist and their
current therapy can be carried out for, for example, about one to about two days, before discontinuing or dose reducing
the DMARD and continuing on CCR2 antagonist.

[0104] Advantages of substituting traditional DMARDS with CCR2 antagonists are numerous. Traditional DMARDs
have serious cumulative dose-limiting side effects, the most common being damage to the liver, as well as immunosup-
pressive actions. CCR2 antagonism is expected to have an improved long-term safety profile and will not have similar
immunosuppressive liabilities associated with traditional DMARDs. Additionally, the half-life of the biologicals is typically
days or weeks, which is an issue when dealing with adverse reactions. The half-life of an orally bioavailable CCR2
antagonist is expected to be on the order of hours so the risk of continued exposure to the drug after an adverse event
is very minimal as compared to biological agents. Also, the current biologic agents (infliximab, etanercept, adalimumab,
kinaret) are typically given either i.v. or s.c., requiring doctor’s administration or patient self-injection. This leads to the
possibility of infusion reaction or injection site reactions. These are avoidable using an orally administered CCR2 an-
tagonist.

Diabetes and Insulin Resistance Treatment Regimen

[0105] Type 2 diabetes is one of the leading causes of morbidity and mortality in western societies. In the vast majority
of patients, the disease is characterized by pancreatic beta-cell dysfunction accompanied by insulin resistance in the
liver and in peripheral tissues. Based on the primary mechanisms that are associated with disease, two general classes
of oral therapies are available to treat type 2 diabetes: insulin secretagogues (sulfonylureas such as glyburide) and
insulin sensitizers (metformin and thiazolidinediones such as rosiglitazone). Combination therapy that addresses both
mechanisms has been shown to manage the metabolic defects of this disease and in many instances can be shown to
ameliorate the need for exogenous insulin administration. However, with time, insulin resistance often progresses,
leading to the need for further insulin supplementation. In addition, a prediabetic state, referred to as the metabolic
syndrome, has been demonstrated to be characterized by impaired glucose tolerance, particularly in association with
obesity. The majority of patients who develop type 2 diabetes begin by developing insulin resistance, with the hyperg-
lycemia occurring when these patients can no longer sustain the degree of hyperinsulinemia necessary to prevent loss
of glucose homeostasis. The onset of the insulin resistance component is highly predictive of disease onset and is
associated with an increase in the risk of developing type 2 diabetes, hypertension and coronary heart disease.
[0106] One of the strongest correlates of impaired glucose tolerance and of the progression from an insulin resistant
state to type 2 diabetes is the presence of central obesity. Most patients with type 2 diabetes are obese and obesity
itself is associated with insulin resistance. It is clear that central adiposity is a major risk factor for the development of
insulin resistance leading to type 2 diabetes, suggesting that signals from visceral fat contribute to the development of
insulin resistant and progression to disease. In addition to the secreted protein factors, obesity induces a cellular inflam-
matory response in which bone-marrow derived macrophages accumulate in adipose depots, becoming adipose tissue
macrophages. Adipose tissue macrophages accumulate in adipose tissue in proportion to measures of adiposity. Tissue
infiltrating macrophages are a source of many of the inflammatory cytokines that have been demonstrated to induce
insulin resistance in adipocytes.

[0107] Adipose tissue produces MCP-1 in proportion to adiposity, suggesting that its activity by signaling through
CCR2 also might play an important role in the accumulation of macrophages in adipose tissue. It is unknown whether
the MCP-1/CCR2 interaction is directly responsible for monocyte recruitment to adipose tissue, whether reduced re-
cruitment of macrophages to adipose tissue in humans will directly lead to the reduced production of proinflammatory
molecules and whether the proinflammatory molecule production is directly linked to insulin resistance.

[0108] Patients who demonstrate insulin resistance, either prediabetic (normoglycemic) or diabetic (hyperglycemic),
could be treated with a substance that inhibits the expression and/or activity of CCR2 including, for example, nucleic
acids (e.g., antisense or siRNA molecules), proteins (e.g., anti-CCR2 antibodies), small molecule inhibitors (e.g., the
compounds disclosed herein and other chemokine receptor inhibitors known in the art). In some embodiments, the
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substance that inhibits expression and/or activity of CCR2 is a small molecule CCR2 inhibitor (or antagonist). The CCR2
antagonist can be dosed orally g.d. or b.i.d. The patients can be withdrawn from or have a decrease in the dosage of
their current therapy and would be maintained on treatment with the CCR2 antagonist. Alternately CCR2 antagonist
treatment may be used to supplement their current therapy to enhance its effectiveness or to prevent progression to
further insulin dependence.

[0109] Advantages of substituting or supplementing traditional agents with CCR2 antagonists are numerous. Such
agents may be useful, for example, to preclude progression from a prediabetic, insulin resistant state to a diabetic state.
Such agents may reduce or replace the need for the use of insulin sensitizers, with their attendant toxicities. Such agents
may also reduce the need for, or prolong the period until, exogenous insulin supplementation is required.

Atherosclerosis Treatment Regimen

[0110] Atherosclerosis is a condition characterized by the deposition of fatty substances in arterial walls. Plaque
encompasses such deposits of fatty substances, cholesterol, cellular waste products, calcium and other substances
that build up in the inner lining of an artery. Plaques can grow large enough to significantly reduce the blood’s flow
through an artery. However, more significant damage occurs when the plague becomes unstable and ruptures. Plaques
that rupture cause blood clots to form that can block blood flow or break off and travel to other parts of the body. If the
clot blocks a blood vessel that feeds the heart, it causes a heart attack. If it blocks a blood vessel that feeds the brain,
it causes a stroke. Atherosclerosis is a slow, complex disease that typically starts in childhood and often progresses as
people grow older.

[0111] A high level of cholesterol in the blood is a major risk factor for coronary heart disease. Based on cholesterol
as a primary composition of plaque, the advance of plaque formation has been managed by the reduction of circulating
cholesterol or by elevation of cholesterol-carrying high density lipoproteins (HDL). Circulating cholesterol can be reduced,
for example, by inhibiting its synthesis in the liver using or by reducing update from food. Such medicaments that act
through these mechanism may include medicines that are used to lower high cholesterol levels: bile acid absorbers,
lipoprotein synthesis inhibitors, cholesterol synthesis inhibitors and fibric acid derivatives. Circulating HDL can additionally
be elevated by administration of, for example, probuchol or high doses of niacin. Therapy that addresses multiple
mechanisms has been shown to slow disease progression and progression to plaque rupture.

[0112] Atherosclerosis is typically accompanied by a cellular inflammatory response in which bone-marrow derived
macrophages accumulate in fatty streaks along the vessel wall, becoming foam cells. Foam cells are a source of many
of the inflammatory cytokines that have been demonstrated to induce plaque progression and of the enzymes that can
promote plaque destabilization. Atherosclerotic tissue also produces MCP-1, suggesting that its activity by signaling
through CCR2 also might play an important role in the accumulation of macrophages as foam cells in plaques. CCR2-/-
mice have been demonstrated to have significantly reduced macrophages in fatty streaks generated as a result of high
fat diet or genetic alteration in lipid metabolism.

[0113] Patients who demonstrate high circulating cholesterol, low HDL, or elevated circulating CRP or present with
vessel wall plaque by imaging, or any other evidence of the presence of atherosclerosis could be treated with a substance
that inhibits the expression and/or activity of CCR2 including, for example, nucleic acids (e.g., antisense or siRNA
molecules), proteins (e.g., anti-CCR2 antibodies), small molecule inhibitors (e.g., the compounds disclosed herein and
other chemokine receptor inhibitors known in the art). In some embodiments, the substance that inhibits expression
and/or activity of CCR2 is a small molecule CCR2 inhibitor (or antagonist) such as a compound of the invention. The
CCR2 antagonist can be dosed orally q.d. or b.i.d at a dose not to exceed about 500 mgs a day. The patients can be
withdrawn from or have a decrease in the dosage of their current therapy and would be maintained on treatment with
the CCR2 antagonist. Alternately CCR2 antagonist treatment may be used to supplement their currenttherapy to enhance
its effectiveness in, for example, preventing plaque progression, stabilizing plaque that has already formed or inducing
plaque regression.

[0114] Advantages of substituting or supplementing traditional agents with CCR2 antagonists are numerous. Such
agents may be useful, for example, to preclude progression of the plaque to a stage of instability with its associated risk
of plaque rupture. Such agents may reduce or replace the need for the use of cholesterol modifying drugs or HDL
elevating drugs, with their attendant toxicities including, but not limited to, flushing, liver damage and muscle damage
such as myopathy. Such agents may also reduce the need for, or prolong the period until, surgery is required to open
the vessel wall or until use of anticoagulants is required to limit damage due to potential plaque rupture.

Labeled Compounds and Assay Methods
[0115] Another aspect of the present invention relates to fluorescent dye, spin lable, heavy metal or radio-labeled

compounds of Formula | that would be useful not only in imaging but also in assays, both in vitro and in vivo, for localizing
and quantitating the chemokine receptor in tissue samples, including human, and for identifying chemokine receptor
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ligands by inhibition binding of a labeled compound. Accordingly, the present invention includes chemokine receptor
assays that contain such labeled compounds.

[0116] The presentinvention further includes isotopically-labeled compounds of Formula I. An "isotopically" or "radio-
labeled" compound is a compound of the invention where one or more atoms are replaced or substituted by an atom
having an atomic mass or mass number different from the atomic mass or mass number typically found in nature (i.e.,
naturally occurring). Suitable radionuclides that may be incorporated in compounds of the present invention include but
are not limited to 2H, 3H (also written as T for tritium), 11C, 13C, 14C, 13N, 15N,150, 170, 160, 18F, 353, 36ClI, 82Br, 75Br,
76Br, 77Br, 123|, 124| 125| gnd 131|. The radionuclide thatis incorporated in the instant radio-labeled compounds will depend
on the specific application of that radio-labeled compound. For example, for in vitro chemokine receptor labeling and
competition assays, compounds that incorporate 3H, 14C, 82Br, 125], 131], or 35S will generally be most useful. For radio-
imaging applications 11C, 18F, 125] 123| 124| 131] 75Br, 76Br or 77Br will generally be most useful.

[0117] Itis understood that a "radio-labeled" or "labeled compound" is a compound that has incorporated at least one
radionuclide. In some embodiments the radionuclide is selected from the group consisting of 3H, 14C, 125|, 35S and 82Br.
[0118] Synthetic methods for incorporating radio-isotopes into organic compounds are applicable to compounds of
the invention and are well known in the art. A radio-labeled compound of the invention can be used in a screening assay
to identify/evaluate compounds. In general terms, a newly synthesized or identified compound (i.e., test compound) can
be evaluated for its ability to reduce binding of the radio-labeled compound of the invention to the chemokine receptor.
Accordingly, the ability of a test compound to compete with the radio-labeled compound for binding to the chemokine
receptor directly correlates to its binding affinity.

Kits

[0119] The present invention also includes pharmaceutical kits useful, for example, in the treatment or prevention of
chemokine-associated diseases which include one or more containers containing a pharmaceutical composition com-
prising a therapeutically effective amount of a compound of Formula I. Such kits can further include, if desired, one or
more of various conventional pharmaceutical kit components, such as, for example, containers with one or more phar-
maceutically acceptable carriers, additional containers, etc., as will be readily apparent to those skilled in the art. In-
structions, either as inserts or as labels, indicating quantities of the components to be administered, guidelines for
administration, and/or guidelines for mixing the components, can also be included in the kit.

Combination

[0120] The compounds or salts of the invention, or mixtures thereof, may be administered in combination with one or
more other therapeutic agents, such as a drug. The compound of the presentinvention or salt thereof may be administered
at the same time or different time as one or more other therapeutic agents.

[0121] For example, "in combination" includes: simultaneous administration of a combination of compound or salt of
the invention and a therapeutic agent to a subject, when such components are formulated together into a single dosage
form which releases said components at substantially the same time to said subject; substantially simultaneous admin-
istration of a combination of compound or salt of the invention and a therapeutic agent to a subject in need of treatment,
when such components are formulated apart from each other into separate dosage forms which are taken at substantially
the same time by said subject, whereupon said components are released at substantially the same time to said subject;
sequential administration of a combination of compound or salt of the invention and a therapeutic agent to a subject,
when such components are formulated apart from each other into separate dosage forms which are taken at consecutive
times by said subject with a significant time interval between each administration, whereupon said components are
released at substantially different times to said subject; and sequential administration of such combination of compound
or salt of the invention and a therapeutic agent to a subject, when such components are formulated together into a single
dosage form which releases said components in a controlled manner whereupon they are concurrently, consecutively,
and/or overlappingly administered at the same and/or different times by said subject, where each part may be administered
by either the same or different route.

[0122] One or more additional pharmaceutical agents such as, for example, antibodies, anti-inflammatory agents,
immunosuppressants, chemotherapeutics can be used in combination with the compounds of the present invention for
treatment of chemokine receptor-associated diseases, disorders or conditions.

[0123] One or more additional pharmaceutical agents such as, for example, antiviral agents, antibodies, anti-inflam-
matory agents, insulin secretagogues and sensitizers, serum lipid and lipid-carrier modulating agents, and/or immuno-
suppressants can be used in combination with the compounds of the present invention for treatment of chemokine
receptor-associated diseases, disorders or conditions. The agents can be combined with the present compounds in a
single or continuous dosage form, or the agents can be administered simultaneously or sequentially as separate dosage
forms.
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[0124] Suitable antiviral agents contemplated for use in combination with the compounds of the present invention can
comprise nucleoside and nucleotide reverse transcriptase inhibitors (NRTIs), non-nucleoside reverse transcriptase in-
hibitors (NNRTIs), protease inhibitors and other antiviral drugs.

[0125] Suitable antiviral agents contemplated for use in combination with the compounds of the present invention can
comprise nucleoside and nucleotide reverse transcriptase inhibitors (NRTIs), non-nucleoside reverse transcriptase in-
hibitors (NNRTIs), protease inhibitors, entry inhibitors, fusion inhibitors, maturation inhibitors, and other antiviral drugs.
[0126] Example suitable NRTIs include zidovudine (AZT); didanosine (ddl); zalcitabine (ddC); stavudine (d4T); lami-
vudine (3TC); abacavir (1592U89); adefovir dipivoxil [bis(POM)-PMEA]; lobucavir (BMS-180194); BCH-10652; emitric-
itabine [(-)-FTC]; beta-L-FD4 (also called beta-L-D4C and named beta-L-2’, 3’-dicleoxy-5-fluoro-cytidene); DAPD, ((-)-be-
ta-D-2,6,-diamino-purine dioxolane); and lodenosine (FddA).

[0127] Typical suitable NNRTIs include nevirapine (BI-RG-587); delaviradine (BHAP, U-90152); efavirenz (DMP-266);
PNU-142721; AG-1549; MKC-442 (1-(ethoxy-methyl)-5-(1-methylethyl)-6-(phenylmethyl)-(2,4(1H,3H)-pyrimidi nedi-
one); and (+)-calanolide A (NSC-675451) and B.

[0128] Typical suitable protease inhibitors include saquinavir (Ro 31-8959); ritonavir (ABT-538); indinavir (MK-639);
nelfnavir (AG-1343); amprenavir (141W94); lasinavir (BMS-234475); DMP-450; BMS-2322623; ABT-378; and AG-1 549.
[0129] Other antiviral agents include hydroxyurea, ribavirin, IL-2, IL-12, pentafuside, enfuvirtide, C-34, the cyclotria-
zadisulfonamide CADA, PA-457 and Yissum Project No.11607.

[0130] In some embodiments, anti-inflammatory or analgesic agents contemplated for use in combination with the
compounds of the present invention can comprise, for example, an opiate agonist, a lipoxygenase inhibitor such as an
inhibitor of 5-lipoxygenase, a cyclooxygenase inhibitor such as a cyclooxygenase-2 inhibitor, an interleukin inhibitor such
as an interleukin-1 inhibitor, a TNF inhibitor such as infliximab, etanercept, or adalimumab an NNMA antagonist, an
inhibitor of nitric oxide or an inhibitor of the synthesis of nitric oxide, a non-steroidal antiinflammatory agent, or a cytokine-
suppressing antiinflammatory agent, for example, such as acetaminophen, aspirin, codeine, fentanyl, ibuprofen, in-
domethacin, ketodolac, morphine, naproxen, phenacetin, piroxicam, a steroidal analgesic, sufentanyl, sunlindac, tenidap,
and the like. Similarly, the instant compounds can be administered with a pain reliever; a potentiator such as caffeine,
an H2-antagonist, simethicone, aluminum or magnesium hydroxide; a decongestant such as phenylephrine, phenylpro-
panolamine, pseudophedrine, oxymetazoline, ephinephrine, naphazoline, xylometazoline, propylhexedfine, or levo-des-
oxyephedrine; an antfitussive such as codeine, hydrocodone, caramiphen, carbetaperitane, or dextramethorphan; a
diuretic; and a sedating or non-sedating antihistamine.

[0131] In some embodiments, pharmaceutical agents contemplated for use in combination with the compounds of the
present invention can comprise but are not limited to (a) VLA-4 antagonists such as those described in US 5,510,332,
W095/15973, W096/01644, W096/06108, W096/20216, W096/229661, W096/31206, W096/4078, W097/030941,
W097/022897 WO 98/426567 W098/53814, W098/53817, W098/538185, W098/54207, and W098/58902; (b) steroids
such as beclornethasone, methylpi-ednisolone, betarnethasone, prednisone, dexamethasone, and hydrocortisone; (c)
immunosuppressants such as cyclosporin, tacrolimus, raparnycin and other FK506 type immunosuppressants; (d) an-
tihistamines (HI-histamine antagonists) such as bromopheniramine, chlorpheniramine, dexchlorpheniramine, triprolidine,
clemastine, diphenhydramine, diphenylpyraline, tripelennamine, hydroxyzine, methdilazine, promethazine, trimeprazine,
azatadine, cyproheptadine, antazoline, pheniramine pyrilarnine, asternizole, terfenadine, loratadine, cetirizine, fexofena-
dine, desearboethoxyloratadine, and the like; (e) non-steroidal antiasthmatics such as terbutaline, metaproterenol, fenot-
erol, isoethaiine, albuterol, bitolterol, pirbuterol, theophylline, cromolyn sodium, atropine, ipratropium bromide, leukotriene
antagonists (e.g., zafirlukast, montelukast, pranlukast, iralukast, pobilukast, SKB-106,203), leukotriene biosynthesis
inhibitors (e.g., zileuton, BAY-1005); (f) nonsteroidal antiinflammatory agents (NSAIDs) such as propionic acid derivatives
(e.g., alminoprofen, benoxaprofen, bucloxic acid, carprofen, fenbufen, fenoprofen, fluprofen, flurbiprofen, ibuprofen,
indoprofen, ketoprofen, miroprofen, naproxen, oxaprozin, pirprofen, pranoprofen, suprofen, tiaprofenic acid, and tioxa-
profen), acetic acid derivatives (e.g., indomethacin, acernetacin, alclofenac, clidanac, diclofenac, fenclofenac, fenclozic
acid, fentiazac, furofenac, ibufenac, isoxepac, oxpinac, sulindac, tiopinac, tolmetin, zidometacin, and zomepirac), fenamic
acid derivatives (flufenarnic acid, meclofenamic acid, rnefenamic acid, niflumic acid and tolfenarnic acid), biphenylcar-
boxylic acid derivatives (diflunisal and flufenisal), oxicarns (isoxicarn, piroxicam, sudoxicam and tenoxican), salicylates
(acetyl salicylic acid, sulfasalazine) and the pyrazolones (apazone, bezpiperylon, feprazone, mofebutazone, oxyphenb-
utazone, phenylbutazone); (g) cyclooxygenase-2 (COX-2) inhibitors; (h) inhibitors of phosphodiesterase type IV (PDE-
IV); (i) other antagonists of the chemokine receptors, especially CXCR-4, CCR1, CCR2, CCR3 and CCRS5 (j) cholesterol
lowering agents such as HMG-CoA reductase inhibitors (lovastatin, sirrivastatin and pravastatin, fluvastatin, atorvastatin,
and other statins), sequestrants (cholestyramine and colestipol), nicotinic acid, fenofibric acid derivatives (gemfibrozil,
clofibrat, fenofibrate and benzafibrate), and probucol; (k) anti-inflammatory biologic agents such as anti-TNF therapies,
anti-IL-1 receptor, CTLA-4lg, anti-CD20, and anti-VLA4 antibodies; () antidiabetic agents such as insulin, sulfonylureas,
biguanides (metformin), U.-glucosidase inhibitors (acarbose) and orlitazones (troglitazone and pioglitazone); (m) prep-
arations of interferon beta (interferon beta- lo., interferon beta-1 P); (n) other compounds such as aminosalicylic acids,
antimetabolites such as azathioprine and 6-mercaptopurine, and cytotoxic cancer chemotherapeutic agents. The weight
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ratio of the compound of the compound of the present invention to the second active ingredient may be varied and will
depend upon the effective dose of each ingredient.

[0132] For example, a CCR2 and/or CCR5 antagonist can be used in combination with an anti-inflammatory pharma-
ceutical agent in the treatment of inflammation, metabolic disease, autoimmune disease, pain, cancer or viral infection
to improve the treatment response as compared to the response to the therapeutic agent alone, without exacerbation
of its toxic effects. Additive or synergistic effects are desirable outcomes of combining a CCR2 and/or CCRS5 antagonist
of the present invention with an additional agent. Furthermore, resistance of cancer cells to agents such as dexameth-
asone can be reversible upon treatment with a CCR2 and/or CCR5 antagonist of the present invention.

F. Use in the Preparation of a Composition or Medicament

[0133] Inone embodiment,the presentinvention describes methods for the preparation of a composition or medicament
comprising the compounds or salts of the presentinvention for use in treating condition mediated by chemokine receptors.
[0134] In another embodiment, the invention describes the use of one or more compounds or salts of the present
invention in the preparation of a composition or a medicament for inflammation, inflammatory disease, immune disorder,
pain, cancer, or viral infection.

[0135] The present invention also includes the use of one or more compounds or salts of the present invention for
preparation of a composition or a medicament for treating one or more conditions detailed in the Methods section.

G. Schemes

[0136] The compounds of the presentinvention may be prepared using the methods illustrated in the general synthetic
schemes and experimental procedures detailed below. The reactions of the synthetic methods herein are carried out in
suitable solvents which may be readily selected by one skilled in the art of organic synthesis, said suitable solvents
generally being any solvent which is substantially nonreactive with the starting materials (reactants), the intermediates,
or products at the temperatures at which the reactions are carried out. A given reaction may be carried out in one solvent
or a mixture of more than one solvent. Depending on the particular reaction step, suitable solvents for a particular reaction
step may be selected.

[0137] Preparation of compounds of the invention can involve the protection and deprotection of various chemical
groups. The need for protection and deprotection, and the selection of appropriate protecting groups can be readily
determined by one skilled in the art. The chemistry of protecting groups can be found, for example, in T.W. Greene and
P.G.M. Wuts, Protective Groups in Organic Synthesis, 3rd. Ed., Wiley & Sons, Inc., New York (1999).

[0138] Reactions can be monitored according to any suitable method known in the art. For example, product formation
can be monitored by spectroscopic means, such as nuclear magnetic resonance spectroscopy (e.g., 'H or 13C) infrared
spectroscopy, spectrophotometry (e.g., UV-visible), or mass spectrometry, or by chromatography such as high perform-
ance liquid chromatography (HPLC) or thin layer chromatography.

[0139] The starting materials used herein are either commercially available or may be prepared by routine synthetic
methods.

[0140] The general synthetic schemes are presented for purposes of illustration and are not intended to be limiting.

Scheme 1 Preparation of Examples 1- 23

[0141]
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a) LDA or NaHMDS, R-X, THF; b) 2.5N NaOH, MeOH; c) 2.2.1-Boc, DMF, DIPEA, Bop; d) H,NOH*HCI, MeOH, NH,OH
(aq); e) 5% Pd/C, MeOH, 50 psi H,; f) pyranone, DCM, Na(OAc),;BH; g) 4N HCI/1,4-dioxane; h) cond a or cond b or
cond c or cond d

cond a = Ar-X, DMSO, Et;3N, 120 °C

cond b = Ar-X, Cs,CO3, XantPhos, Pd,(dba)s;, dioxane, DMSO

cond ¢ = Ar-X, 1,4-dioxane, Et3N, 100°C

cond d = Ar-X, NaOtBu, catalyst 1, Pd,(dba),, dioxane, DMSO

1 O P(Cy),

n=1or2

Example 1

[0142]

- CF3
10
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-ethyl-3-({(1S,4S)-5-[4-(trifluoromethyl)pyridin-2-yl]-2,5-diazabicyclo[2.2.1]hept-

2-yl)carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol

Step 1: Preparation of methyl (1R.4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-ethylcyclopent-2-ene-1-carboxylate

[0143]
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[0144] A -400C solution of 2M (in THF/ethylbenzene/heptane) LDA (68ml, 138mmol) in tetrahydrofuran (120ml) was
treated with methyl (1R,4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)cyclopent-2-ene-1-carboxylate (14.02g, 63.9mmol) while
keeping the temperature less than -330C. The cold reaction was stirred for 40 minutes and then a solution of ethyl iodide
(13.63g, 87.4mmol) in tetrahydrofuran (5ml) was added slowly while keeping the temperature less than -330C. The
reaction was stirred with the cold bath in place for four hours and allowed to slowly warm. The reaction was poured into
NH4Cl soln (300ml), then extracted with ethyl acetate (2x200ml), washed with brine dried over MgSO,, and concentrated
under reduced pressure. The resulting brown oil was passed through acolumn of silica gel with10% ethyl acetate/hexanes
to give methyl (1R,4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-ethylcyclopent-2-ene-1-carboxylate as a brown oil (12.96g,
82%). "H NMR (400 MHz, CDCl5) § ppm 5.98-5.96 (1H), 5.93-5.91 (1H), 5.73 (2H), 5.30-5.24 (1H), 3.71 (3H), 2.45-2.34
(2H), 2.19 (6H), 1.79-1.73 (2H), 0.91-0.87 (3H).

Step 2: Preparation of (1R,4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-ethylcyclopent-2-ene-1-carboxylic acid

[0145]

[0146] A solution of methyl (1R,4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-ethylcyclopent-2-ene-1-carboxylate (12.94g,
52.3mmol) in methanol (100ml) was treated with 2.5N NaOH (30ml, 75.0mmol) and stirred at room temperature. After
15 hours more 2.5N NaOH (10ml, 25.0mmol) was added and the reaction was stirred for an additional four days. The
methanol was removed under reduced pressure and the residue partitioned between diethyl ether and water. The layers
were separated and the aqueous was acidified with 4N HCI, extracted twice with ethyl acetate, washed with brine, dried
over MgSQO,, and concentrated under reduced pressure to give (1R,4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-ethylcyclopent-
2-ene-1-carboxylic acid as a brown oil (11.83g, 97%). TH NMR (400 MHz, CDCl5) § ppm 5.98-5.96 (2H), 5.73 (2H),
5.30-5.26 (1H), 2.47-2.35 (2H), 2.20 (6H), 1.82-1.77 (2H), 0.96-0.92 (3H).

Step 3: Preparation of tert-butyl (1S.4S)-S-{[(1R.4S)-4-(2.5-dimethyl-1H-pyrrol-1-yl)-1-ethylcyclopent-2-en-1-yllcarbon-
yl}-2.5-diazabicyclo[2.2.1]heptane-2-carboxylate

[0147]

o

[0148] BOP= benzotriazol-1-yloxytris(dimethylamino) phosphoniumhexafluorophosphate

[0149] A solution of (1R,4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-ethylcyclopent-2-ene-1-carboxylic acid (6.59g,
28.2mmol) in DMF (40ml) was treated with N,N-diisopropylethylamine (14.7ml, 84.4mmol) and BOP (14.51g, 32.8mmol)
and stirred under nitrogen at room temperature for 20 minutes. A solution of (1S,4S)-2-BOC-2,5-diazabicyclo[2.2.1]
heptane (5.66g,28.5mmol) in DMF (5ml) was added and the reaction was stirred for 24 hours. The reaction was diluted
with ethyl acetate (100ml) and washed with 60% saturated NaHCO5 (125ml). The aqueous layer was extracted with
ethyl acetate. The organic layers were combined, washed with brine, dried over MgSO,4 and concentrated under reduced
pressure to give a brown oil (21.25g). The oil was passed through a column of silica gel with 50% ethyl acetate/hexanes
to give tert-butyl (1 S,4S)-5-{[(1R,4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-ethylcyclopent-2-en-1-yl]carbonyl}-2,5-diazabi-
cyclo[2.2.1]heptane-2-carboxylate as a white foam (8.14g, 70%). 'H NMR (400 MHz, CDCl3) § ppm 6.24-6.17 (1H),
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5.90-5.86 (1H), 5.73-5.68 (2H), 5.34-5.22 (1H), 5.02-4.41 (2H), 3.71-3.24 (4H), 2.61-2.39 (1H), 2.27-2.16 (7H), 1.89-1.59
(4H), 1.49-1.32 (9H), 0.95-0.85 (3H).

Step 4: Preparation of tert-butyl (1S.,4S)-5-{[(1R.4S)-4-amino-1-ethylcyclopent-2-en-1-yl]carbonyl}-2,5-diazabicyclo
[2.2.1]heptane-2-carboxylate

[0150]

K

[0151] A solution of tert-butyl (1S,4S)-5-{[(1R,4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-ethylcyclopent-2-en-1-ylJcarbon-
yl}-2,5-diazabicyclo[2.2.1]heptane-2-carboxylate (2.61 g, 6.3mmol) in methanol (40ml) and water (10ml) was treated
with hydroxylamine hydrochloride (2.73g, 39.1 mmol) and 50 weight% solution of hydroxylamine (2.4ml, 39.2mmol). The
reaction was stirred under nitrogen and heated to 680C for 38.5 hours. The reaction was cooled to room temperature,
diluted with water, and made basic (pH~11) by the addition of 2.5N NaOH. The reaction mixture was extracted with ethyl
acetate (3x100ml), washed with brine, dried over MgSO, and concentrated under reduced pressure to give a crude
mixture of tert-butyl (1S,4S)-5-{[(1R,4S)-4-amino-1-ethylcyclopent-2-en-1-yl]carbonyl}-2,5-diazabicyclo[2.2.1]heptane-
2-carboxylate as a yellow oil (2.68g, theoretical yield 2.12g) which was used without further purification in the next step.

Step 5: Preparation of tert-butyl (1S,4S)-5-{[(1S.3R)-3-amino-1-ethylcyclopentyl]carbonyl}-2.5-diazabicyclo[2.2.1]hep-
tane-2-carboxylate

[0152]

X
N 2

§ K

[0153] A mixture of tert-butyl (1S,4S)-5-{[(1R,4S)-4-amino-1-ethylcyclopent-2-en-1-yl]carbonyl}-2,5-diazabicyclo
[2.2.1]heptane-2-carboxylate (2.12g, 6.32mmol) and 5% palladium on carbon in methanol (35ml) was stirred at room
temperature under 48psi of hydrogen for 21 hours. The reaction was filtered through celite and the filter cake washed
with methanol. The filtrate and washings were concentrated under reduced pressure to give tert-butyl (1S,4S)-5-{[(1S,
3R)-3-amino-1-ethylcyclopentyl]carbonyl}-2,5-diazabicyclo[2.2.1]heptane-2-carboxylate as a brown oil/foam (2.46g, the-
oretical yield 2.13g) which was used without further purification in the next step.

Step 6: Preparation of (1S,4S)-tert-butyl 5-((1S,3R)-1-ethyl-3-((3S,4R)-3-methoxy-tetrahydro-2H-pyran-4-ylamino)cy-
clopentanecarbonyl)-2,5-diazabicyclo[2.2.1]heptane-2-carboxylate

[0154]

MeOQO H

N

3 K

[0155] A 00C solution of tert-butyl (1S,4S)-5-{[(1S,3R)-3-amino-1-ethylcyclopentyl]carbonyl}-2,5-diazabicyclo[2.2.1]
heptane-2-carboxylate (1.58g, 4.7mmol) in dichloromethane (25ml) was treated with sodium triacetoxyborohydride
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(2.36g, 11.1mmol) and 3R)-3-methoxytetrahydro-4H-pyran-4-one (0.76g, 7.6mmol). The reaction was stirred under
nitrogen at 00C for 30 minutes then allowed to warm to room temperature and stirred for 15 hours. The reaction was
treated with 2.5N NaOH (10mL) and stirred for 10 minutes. The reaction was diluted with water and the layers separated.
The aqueous layer was extracted twice with ethyl acetate. The dichloromethane layer was concentrated under reduced
pressure and partitioned between ethyl acetate and water. The organic layers were combined, washed with brine, dried
over MgSQ,, concentrated under reduced pressure and purified with the Biotage (0-100% methanol/ethyl acetate, 15
column volumes) to give the desired product, 1,5-anhydro-3-{[(1R,3S)-3-{[(1S,4S)-5-(tert-butoxycarbonyl)-2,5-diazabi-
cyclo[2.2.1]hept-2-yl]carbonyl}-3-ethylcyclopentyl]Jamino}-2,3-dideoxy-4-O-methyl-D-erythro-pentitol.. LC/MS (M+H) =
452.3124 exp, 452.3135 obs; "HNMR (400 MHz, CDCl3) § ppm 4.94-4.41 (2H), 4.11-4.04 (1H), 3.97-3.91 (1H), 3.53-3.18
(11H), 2.83-2.75 (1H), 2.60-2.30 (1H), 2.03-1.55 (10H), 1.48-1.37 (11H), 0.85-0.78 (3H)

Step 7: Preparation of (1S,4S)-2,5-diaza-bicyclo[2.2.1]heptan-2-yl((1S,3R)-1-ethyl-3-((3S,4R)-3-methoxy-tetrahydro-
2H-pyran-4-ylamino)cyclopentyl)methanone

[0156]

/

[0157] Toasolution of (1S,4S)-tert-butyl 5-((1S,3R)-1-ethyl-3-((3S,4R)-3-methoxy-tetrahydro-2H-pyran-4-ylamino)cy-
clopentanecarbonyl)-2,5-diaza-bicyclo[2.2.1]heptane-2-carboxylate(1.22g, 2.89mmol) in 1,4-dioxane (15ml) was added
4N HCI/1,4-dioxane (15ml). The reaction was stirred at room temperature for 18 hours. The liquid was decanted leaving
a gummy solid which was dissolved in methanol and concentrated under reduced pressure. The residue was dissolved
in methylene chloride and concentrated to give the product HCI salt of as a brown foam (1.23g, theoretical yield 1.03g)
which was used in the next step without further purification.

Step 8: Preparation of 1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-ethyl-3-({(1S,4S)-5-[4-(trifluoromethyl) pyridin-2-yl]-2,5-di-
azabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol

[0158]

[0159] To a solution of HCI salt of (1S,4S)-2,5-diaza-bicyclo[2.2.1]heptan-2-yl((1S,3R)-1-ethyl-3-((3S,4R)-3-methoxy-
tetrahydro-2H-pyran-4-ylamino)cyclopentyl)methanone (118mg, 0.33mmol) in DMSO (2ml) was added triethylamine
(0.15ml, 1.08mmol) and the 2-chloro-4-(trifluoromethyl)pyridine (183mg, 1.01 mmol). The reaction was heated to 1200C
for 15 hours. The reaction was cooled to room temperature, and added to stirring ice water. The mixture was extracted
with ethyl acetate(3x). The combined organics were washed with brine, dried over MgSO, concentrated under reduced
pressure and purified with the Biotage (0-100% methanol/ethyl acetate, 15 column volumes) to give the product as a
brown foam (40mg 26%). LC/MS (M+H) = 497.2739 exp, 497.2884 obs; "H NMR (400 MHz, CDCl;) 5 ppm 8.25-8.24
(1H), 6.75-6.74 (1H), 6.51-6.45 (1H), 5.13-4.76 (2H), 4.10-4.03 (1H), 3.95-3.90 (1H), 3.72-3.16 (11H), 2.82-2.67 (1H),
2.58-2.36 (1H), 2.06-1.36 (12H), 0.86-0.67 (3H)

Example 2

[0160]
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1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-ethyl-3-({(1S,4S)-5-[4-(trifluoromethyl)pyrimidin-2-yl]-2,5-diazabicyclo[2.2.1]
hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol

[0161] Prepared as described in example 1 using 2-chloro-4-(trifluoromethyl)pyrimidine in place of 2-chloro-4-(trifluor-
omethyl)pyridine and modifying step 8 as follows. The HCI salt of amine (91 mg, 0.25mmol) was placed in flask with
1,4-dioxane (3ml). Triethylamine (0.12ml, 0.86mmol) was added as well as 2-chloro-4-(trifluoromethyl) pyrimidine (148mg,
0.81 mmol). DMSO (0.3ml) was added for solubility and the reaction was heated to 1000C for 20 hours. The reaction
was cooled to room temperature and concentrated under reduced pressure. The residue was partitioned between ethyl
acetate and water. The aqueous layer was extracted with ethyl acetate and the combined organics were washed with
brine, dried over MgSO,, concentrated under reduced pressure and purified with the Biotage (0-100% methanol/ethyl
acetate 15 column volumes) to give the product as a brown foam (43mg, 58%). LC/MS (M+H) = 498.2692 exp, 498.2799
obs; TH NMR (400 MHz, CDCl5) § ppm 8.48-8.47 (1H), 6.80-6.78 (1H), 5.16-4.71 (2H), 4.09-4.00 (1H), 3.93-3.86 (1H),
3.70-3.51 (3H), 3.45-3.13 (8H), 2.85-2.66 (1H), 2.60-2.33 (1H), 2.06-1.35 (12H), 0.87-0.66 (3H)

Example 3

[0162]

1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-ethyl-3-({(1S,4S)-5-[6-(trifluoromethyl)pyrimidin-4-yl]-2,5-diazabicyclo[2.2.1]
hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol

[0163] Prepared as described in example 1 using 4-chloro-6-(trifluoromethyl)pyrimidine in place of 2-chloro-4-(trifluor-
omethyl)pyridine and modifying step 8 as follows.The HCI salt of amine (227mg, 0.63mmol) was placed in a flask with
1,4-dioxane (3ml). To the stirred solution was added Xantphos (26mg, 0.045mmol), Pd,(dba); (39mg, 0.042mmol),
Cs,CO3 (258mg, 0.79mmol), and 4-chloro-6-(trifluoromethyl)pyrimidine (261 mg, 1.43mmol) dissolved in 1,4-dioxane
(1ml). DMSO (0.3ml) was added for solubility and the reaction was heated to 1002C for 15 hours. The reaction was
allowed to cool to room temperature and filtered through celite. The filirate was concentrated under reduced pressure
and purified with the Biotage (0-100% methanol/ethyl acetate 15 column volumes) to give the product as a brown foam
(93mg, 37%). LC/MS (M+H) = 498.2692 exp, 498.2853 obs; 'H NMR (400 MHz, CDCl;) 5 ppm 8.63 (1H), 6.76-6.42
(1H), 5.31-4.54 (2H), 4.12-4.03 (1H), 3.96-3.85 (1H), 3.72-3.15 (11H), 2.80-2.66 (1H), 2.57-2.35 (1H), 2.09-1.33 (12H),
0.88-0.64 (3H)

Example 4

[0164]

1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-ethyl-3-({(1S,4S)-5-[6-(trifluoromethyl)pyrazin-2-yl]-2,5-diazabicyclo[2.2.1]
hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol
[0165] Prepared as described in example 3 using 2-iodo-6-(trifluoromethyl)pyrazine in place of 4-chloro-6-(trifluor-
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omethyl)pyrimidine in step 8. LC/MS (M+H) = 498.2692 exp, 498.2867 obs; TH NMR (400 MHz, CDCly) § ppm 8.16 (1H),
8.05-7.97 (1H), 5.18-4.78 (2H), 4.12-4.02 (1H), 3.99-3.88 (1H), 3.74-3.14 (11H), 2.82-2.66 (1H), 2.61-2.36 (1H), 2.07-1.36
(12H), 0.86-0.68 (3H)

Example 5

[0166]

1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-ethyl-3-({(1S,4S)-5-[2-(trifluoromethyl)pyrimidin-4-yl]-2,5-diazabicyclo[2.2.1]
hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol

[0167] Prepared as described in example 3 using 4-chloro-2-(trifluoromethyl)pyrimidine in place of 4-chloro-6-(trifluor-
omethyl)pyrimidine in step 8. LC/MS (M+H) = 498.2692 exp, 498.2839 obs; 'H NMR (400 MHz, CDCl5) § ppm 8.24-8.22
(1H), 6.54-6.19 (1H), 5.31-4.50 (2H), 4.09-4.00 (1H), 3.90-3.85 (1H), 3.72-3.17 (11H), 2.78-2.62 (1H), 2.55-2.35 (1H),
2.04-1.32 (12H), 0.85-0.63 (3H)

Example 6

[0168]

1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-ethyl-3-({(1S,4S)-5-[6-(trifluoromethyl)pyridin-2-yl]-2,5-diazabicyclo[2.2.1]hept-
2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol

[0169] Prepared as described in example 1 using 2-chloro-6-(trifluoromethyl)pyridine in place of 4-chloro-6-(trifluor-
omethyl)pyrimidine in step 8. LC/MS (M+H) = 497.2739 exp, 497.2641 obs; '"H NMR (400 MHz, CDCl5) § ppm 7.56-7.52
(1H), 6.92-6.90 (1H), 6.52-6.41 (1H), 5.11-4.73 (2H), 4.08-4.03 (1H), 3.95-3.89 (1H), 3.73-3.13 (11H), 2.82-2.64 (1H),
2.58-2.35 (1H), 2.05-1.35 (12H), 0.85-0.66 (3H)

Example 7

[0170]

1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-ethyl-3-({(1S,4S)-5-[2-(trifluoromethyl)pyridin-4-yl]-2,5-diazabicyclo[2.2.1]hept-
2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol

[0171] Prepared as described in example 3 using using 4-iodo-2-(trifluoromethyl)pyridine in place of 4-chloro-6-(trif-
luoromethyl)pyrimidine in step 8. LC/MS (M+H) = 497.2739 exp, 497.2878 obs; "H NMR (400 MHz, CDCl;) § ppm
8.30-8.28 (1H), 6.76-6.69 (1H), 6.52-6.44 (1H), 5.16-4.79 (1H), 4.54 (1H), 4.07-4.04 (1H), 3.93-3.90 (1H), 3.68-3.14
(11H), 2.81-2.64 (1H), 2.59-2.31 (1H), 2.08-1.35 (12H), 0.87-0.65 (3H)
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Example 8

[0172]

1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-ethyl-3-({(1S,4S)-5-[3-fluoro-4-(trifluoromethyl)pyridin-2-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-methyl-D-erythro-pentitol

[0173] Prepared as described in example 3 using 2-chloro-3-fluoro-4-(trifluoromethyl)pyridine in place of 4-chloro-
6-(trifluoromethyl)pyrimidine in step 8. LC/MS (M+H) = 515.2645 exp, 515.2772 obs; "H NMR (400 MHz, CDCl3) § ppm
8.00-7.99 (1H), 6.75-6.73 (1H), 5.09-4.69 (2H), 4.09-4.04 (1H), 3.96-3.90 (1H), 3.86-3.78 (1H), 3.69-3.53 (3H), 3.42-3.17
(7H), 2.81-2.68 (1H), 2.57-2.38 (1H), 2.04-1.36 (12H), 0.88-0.69 (3H)

Example 9

[0174]

1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-methyl-3-({(1S,4S)-5-[4-(trifluoromethyl) pyridin-2-yl]-2,5-diazabicyclo[2.2.1]
hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol

[0175] Prepared as described in example 1 using methyl iodide in place of ethyl iodide in step 1. LC/MS (M+H) =
483.2583 exp, 483.2543 obs; "HNMR (400 MHz, CDCl3) § ppm 8.25-8.24 (1H), 6.75-6.74 (1H), 6.51-6.45 (1H), 5.09-4.76
(2H), 4.09-4.03 (1H), 3.96-3.90 (1H), 3.70-3.23 (11H), 2.81-2.65 (1H), 2.53-2.27 (1H), 2.07-1.02 (13H); HRMS m/z
483.2543 (calcd for M+H, 483.2583).

Example 10

[0176]

1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-methyl-3-({(1S,4S)-5-[6-(trifluoromethyl) pyrazin-2-yl]-2,5-diazabicyclo[2.2.1]
hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol

[0177] Prepared as described in example 3 using methyl iodide in place of ethyl iodide in step 1 and 2-iodo-6-(trifluor-
omethyl)pyrazine in place of 4-chloro-6-(trifluoromethyl)pyrimidine in step 8. LC/MS (M+H) = 483.2583 exp, 483.2543
obs; 'H NMR (400 MHz, CDCl3) & ppm 8.25-8.24 (1H), 6.75-6.74 (1H), 6.51-6.45 (1H), 5.09-4.76 (2H), 4.09-4.03 (1H),
3.96-3.90 (1H), 3.70-3.23 (11H), 2.81-2.65 (1H), 2.53-2.27 (1H), 2.07-1.02 (13H)

Example 11

[0178]
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1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[4-(trifluoromethyl)pyridin-2-yl]-2,5-diazabicyclo[2.2.1]
hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol

[0179] Prepared as described in example 1 starting with (1S,4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-isopropylcyclopent-
2-ene-1-carboxylic acid and skipping steps 1 and 2. LC/MS (M+H) = 511.2896 exp, 511.3218 obs; TH NMR (400 MHz,
CDCl3) 6 ppm 8.23-8.22 (1H), 6.73-6.72 (1H), 6.49-6.44 (1H), 5.11-4.73 (2H), 4.06-4.03 (1H), 3.92-3.89 (1H), 3.67-3.52
(2H), 3.44-3.22 (8H), 3.12-3.03 (1H), 2.80-2.61 (1H), 2.51-2.40 (1H), 2.09-1.72 (6H), 1.68-1.42 (4H), 1.35-1.25 (1H),
0.92-0.75 (6H)

Example 12

[0180]

1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[4-(trifluoromethyl)pyrimidin-2-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-methyl-D-erythro-pentitol

[0181] Prepared as described in example 2 starting with (1S,4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-isopropylcyclopent-
2-ene-1-carboxylic acid and skipping steps 1 and 2. LC/MS (M+H) = 512.2849 exp, 512.2827 obs; 'H NMR (400 MHz,
CDCl3) 6 ppm 8.45-8.44 (1H), 6.77-6.76 (1H), 5.09-4.71 (2H), 4.07-4.01 (1H), 3.92-3.87 (1H), 3.67-3.51 (3H), 3.42-3.23
(7H), 3.15-3.08 (1H), 2.83-2.76 (1H), 2.58-2.33 (2H), 2.11-1.56 (8H), 1.51-1.42 (1H), 1.38-1.30 (1H), 0.91-0.74 (6H)

Example 13

[0182]

1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[6-(trifluoromethyl)pyrimidin-4-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-methyl-D-erythro-pentitol

[0183] Prepared as described in example 3 starting with (1S,4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-isopropylcyclopent-
2-ene-1-carboxylic acid and skipping steps 1 and 2. LC/MS (M+H) = 512.2849 exp, 512.3227 obs; 'H NMR (400 MHz,
CDCl3) 3 ppm 8.61 (1H), 6.73-6.44 (1H), 5.25-4.52 (2H), 4.05-4.01 (1H), 3.91-3.86 (1H), 3.68-3.46 (2H), 3.38-3.17 (8H),
3.10-3.03 (1H), 2.76-2.63 (1H), 2.48-2.37 (1H), 2.07-1.39 (10H), 1.34-1.23 (1H), 0.90-0.74 (6H)

Example 14

[0184]
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AN

1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[6-(trifluoromethyl)pyrazin-2-yl]-2,5-diazabicyclo[2.2.1]
hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol

[0185] Prepared as described in example 3 starting with (1S,4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-isopropylcyclopent-
2-ene-1-carboxylic acid and skipping steps 1 and 2 and using 2-iodo-6-(trifluoromethyl)pyrazine in place of 4-chloro-
6-(trifluoromethyl)pyrimidine in step 8. LC/MS (M+H) = 512.2849 exp, 512.3221 obs; 'H NMR (400 MHz, CDCl5;) § ppm
8.12 (1H), 8.01-7.97 (1H), 5.14-4.75 (2H), 4.05-4.01 (1H), 3.90-3.87 (1H), 3.67-3.56 (2H), 3.44-3.20 (8H), 3.11-3.02
(1H), 2.78-2.60 (1H), 2.48-2.39 (1H), 2.10-1.86 (4H), 1.82-1.71 (2H), 1.68-1.53 (2H), 1.50-1.38 (2H), 1.33-1.24 (1H),
0.91-0.74 (6H)

Example 15

[0186]

1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[2-(trifluoromethyl)pyrimidin-4-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-methyl-D-erythro-pentitol

[0187] Prepared as described in example 3 starting with (1S,4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-isopropylcyclopent-
2-ene-1-carboxylic acid and skipping steps 1 and 2 and using 4-chloro-2-(trifluoromethyl)pyrimidine in place of 4-chloro-
6-(trifluoromethyl)pyrimidine in step 8. LC/MS (M+H) = 512.2849 exp, 512.2891 obs; 'H NMR (400 MHz, CDCl;) § ppm
8.25-8.24 (1H), 6.52-6.23 (1H), 5.30-4.47 (2H), 4.05-4.02 (1H), 3.91-3.88 (1H), 3.70-3.54 (2H), 3.52-3.18 (8H), 3.12-3.03
(1H), 2.78-2.61 (1H), 2.49-2.39 (1H), 2.08-1.85 (5H), 1.82-1.72 (1H), 1.68-1.41 (4H), 1.35-1.24 (1H), 0.93-0.75 (6H)

Example 16

[0188]

;\@&ﬁﬁ,

1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[6-(trifluoromethyl)pyridin-2-yl]-2,5-diazabicyclo[2.2.1]
hept-2-yllcarbonyl)cyclopentyl]Jamino}-4-O-methyl-D-erythro-pentitol

[0189] Prepared as described in example 1 starting with (1S,4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-isopropylcyclopent-
2-ene-1-carboxylic acid and skipping steps 1 and 2 and using 2-chloro-6-(trifluoromethyl)pyridine in place of 2-chloro-
4-(trifluoromethyl)pyridine in step 8. LC/MS (M+H) = 511.2896 exp, 511.2856 obs; 'H NMR (400 MHz, CDCl3) § ppm
7.54-7.50 (1H), 6.90-6.88 (1H), 6.50-6.41 (1H), 5.08-4.70 (2H), 4.08-3.99 (1H), 3.94-3.87 (1H), 3.73-3.46 (2H), 3.46-3.13
(8H), 3.13-2.97 (1H), 2.81-2.58 (1H), 2.52-2.38 (1H), 2.10-1.70 (5H), 1.70-1.40 (5H), 1.36-1.25 (1H), 0.94-0.73 (6H)
0.75 (6H)

Example 17

[0190]
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1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[2-(trifluoromethyl)pyridin-4-yl]-2,5-diazabicyclo[2.2.1]
hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol

[0191] Prepared as described in example 3 starting with (1S,4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-isopropylcyclopent-
2-ene-1-carboxylic acid and skipping steps 1 and 2 and using 4-iodo-2-(trifluoromethyl)pyridine in place of 2-chloro-
4-(trifluoromethyl)pyridine in step 8. LC/MS (M+H) = 511.2896 exp, 511.2958 obs; 'H NMR (400 MHz, CDCl5;) & ppm
8.27-8.26 (1H), 6.72-6.69 (1H), 6.49-6.44 (1H), 5.09-4.75 (1H), 4.52 (1H), 4.05-4.02 (1H), 3.91-3.88 (1H), 3.65-3.50
(3H), 3.41-3.03 (8H), 2.78-2.55 (1H), 2.49-2.35 (1H), 2.08-1.87 (4H), 1.84-1.72 (2H), 1.68-1.53 (2H), 1.51-1.38 (2H),
1.34-1.26 (1H), 0.92-0.75 (6H)

Example 18

[0192]

CF

=
N

3

1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[5-(trifluoromethyl)pyridazin-3-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-methyl-D-erythro-pentitol

[0193] Prepared as described in example 2 starting with (1S,4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-isopropylcyclopent-
2-ene-1-carboxylic acid and skipping steps 1 and 2 and using 3-chloro-5-(trifluoromethyl)pyridazine in place of 2-chloro-
4-(trifluoromethyl)pyrimidine in step 8. LC/MS (M+H) = 512.2849 exp, 512.2864 obs; TH NMR (400 MHz, CDCl3) § ppm
8.73 (1H), 6.75-6.68 (1H), 5.32-4.79 (2H), 4.07-4.04 (1H), 3.93-3.89 (1H), 3.80-3.55 (2H), 3.52-3.16 (8H), 3.13-3.03
(1H), 2.82-2.63 (1H), 2.51-2.38 (1H), 2.09-1.42 (10H), 1.36-1.24 (1H), 0.93-0.75 (6H)

Example 19

[0194]

1,5-anhydro-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[2,6-bis(trifluoromethyl) pyridin-4-yl]-2,5-diazabicyclo[2.2.1]hept-2-
yl}carbonyl)-3-isopropylcyclopentyllamino}-2,3-dideoxy-4-O-methyl-D-erythro-pentitol

[0195] Prepared as described in example 3 starting with (1S,4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-isopropylcyclopent-
2-ene-1-carboxylic acid and skipping steps 1 and 2 and using 4-chloro-2,6-bis(trifluoromethyl)pyridine in place of 4-
chloro-6-(trifluoromethyl)pyrimidine in step 8. LC/MS (M+H) = 579.2770 exp, 579.2667 obs; TH NMR (400 MHz, CDCl5)
8ppm 6.94-6.67 (2H),5.17-4.78 (1H), 4.60 (1H), 4.06-4.04 (1H), 3.92-3.89 (1H), 3.68-3.57 (2H), 3.42-3.16 (8H), 3.13-3.05
(1H), 2.79-2.62 (1H), 2.48-2.37 (1H), 2.08-1.86 (3H), 1.83-1.54 (6H), 1.52-1.42 (1H), 1.37-1.24 (1H), 0.92-0.76 (6H)
[0196] Example 20
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1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-({(1S,4S)-5-[3-fluoro-4-(trifluoromethyl)pyridin-2-yl]-2,5-diazabicyclo[2.2.1]
hept-2-yl}carbonyl)-3-isopropylcyclopentyllamino}-4-O-methyl-D-erythro-pentitol

[0197] Prepared as described in example 3 starting with (1S,4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-isopropylcyclopent-
2-ene-1-carboxylic acid and skipping steps 1 and 2 and using 2-chloro-3-fluoro-4-(trifluoromethyl)pyridine in place of 4-
chloro-6-(trifluoromethyl)pyrimidine in step 8. LC/MS (M+H) = 529.2802 exp, 529.3431 obs; 'H NMR (400 MHz, CDCl,)
8 ppm 7.98-7.97 (1H), 6.73-6.71 (1H), 5.07-4.67 (2H), 4.08-4.02 (1H), 3.94-3.88 (1H), 3.84-3.78 (1H), 3.64-3.47 (3H),
3.40-3.21 (6H), 3.13-3.04 (1H), 2.80-2.69 (1H), 2.49-2.39 (1H), 2.10-1.56 (9H), 1.54-1.42 (1H), 1.37-1.28 (1H), 0.92-0.75
(6H)

Example 21

[0198]

1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[6-methyl-4-(trifluoromethyl) pyridin-2-yl]-2,5-diazabicy-
clo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol

[0199] Prepared as described in example 3 starting with (1S,4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-isopropylcyclopent-
2-ene-1-carboxylic acid and skipping steps 1 and 2 and using 2-chloro-6-methyl-4-(trifluoromethyl)pyridine in place of
4-chloro-6-(trifluoromethyl)pyrimidine in step 8. LC/MS (M+H) = 525.3052 exp, 525.3242 obs; "H NMR (400 MHz, CDCl,)
dppm 6.61(1H),6.29-6.24 (1H), 5.14-4.71 (2H), 4.17-4.04 (2H), 3.98-3.90 (1H), 3.70-3.49 (3H), 3.48-3.13 (7H), 2.91-2.72
(1H), 2.50-2.32 (4H), 2.11-1.39 (11 H), 0.94-0.71 (6H)

Example 22

[0200]

1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[3-(trifluoromethyl)phenyl]-2,5-diazabicyclo[2.2.1]hept-
2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol

[0201] Prepared as described in example 3 starting with (1S,4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-isopropylcyclopent-
2-ene-1-carboxylic acid and skipping steps 1 and 2 and using 3-iodo-benzotrifluoride in place of 4-chloro-6-(trifluorome-
thyl)pyrimidine in step 8. LC/MS (M+H) = 510.2943 exp, 510.2976 obs; 'H NMR (400 MHz, CDCls;) § ppm 7.30-7.25
(1H),6.92-6.90 (1H), 6.72-6.65 (2H), 5.06-4.68 (1H), 4.44 (1H), 4.07-3.99 (1H), 3.94-3.86 (1H), 3.71-3.51 (2H), 3.48-3.19
(7H), 3.14-3.01 (1H), 2.81-2.69 (1H), 2.61-2.35 (1H), 2.09-1.54 (9H), 1.51-1.40 (1H), 1.35-1.27 (1H), 0.94-0.72 (6H)

Example 23

[0202]
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1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-({(1S,4S)-5-[3-fluoro-5-(trifluoromethyl)phenyl]-2,5-diazabicyclo[2.2.1]hept-2-
yl}carbonyl)-3-isopropylcyclopentyllamino}-4-O-methyl-D-erythro-pentitol

[0203] Prepared as described in example 3 starting with (1S,4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-isopropylcyclopent-
2-ene-1-carboxylic acid and skipping steps 1 and 2 and using 3-bromo-5-fluorobenzotrifluoride in place of 4-chloro-
6-(trifluoromethyl)pyrimidine in step 8. LC/MS (M+H) = 528.2849 exp, 528.2996 obs; 'H NMR (400 MHz, CDCl;) § ppm
6.61-6.58 (1H), 6.48 (1H), 6.35-6.33 (1H), 5.06-4.69 (1H), 4.39 (1H), 4.06-4.00 (1H), 3.94-3.86 (1H), 3.65-3.50 (2H),
3.46-3.15 (7H), 3.12-3.00 (1H), 2.80-2.70 (1H), 2.49-2.32 (1H), 2.06-1.73 (6H), 1.69-1.40 (4H), 1.36-1.27 (1H), 0.94-0.72
(6H)

Scheme 2. Preparation of examples 24-44

[0204]

~ le} \\ (o] s O
b
- ,R
R’ Cc l HN N~g°c
o
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¥ e HoN N a [T Q
O R Boc “R N-gBoc
‘1
R o R, o
o ~/"R NH . o R Ar

a) LDA or NaHMDS, R-X, THF; b) 2.5N NaOH, MeOH; c) 2.2.1-Boc, DMF, DIPEA, Bop; d) H,NOH*HCI, MeOH, NH,OH
(aq); e) pyranone, DCM, Na(OAc);BH; f) 4N HCI/1,4-dioxane; g) cond a or cond b or cond ¢

cond a = Ar-X, DMSO, Et;3N, 120 °C

cond b = Ar-X, Cs,CO3, XantPhos, Pd,(dba)s;, dioxane, DMSO

cond c = Ar-X, 1,4-dioxane, Et3N, 100 °C

Example 24

[0205]
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1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(2,2-difluoroethyl)-3-({(1S,4S)-5-[6-(trifluoromethyl) pyrimidin-4-yl]-2,5-diazabi-
cyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-methyl-D-erythro-pentitol

Step 1: Preparation of 2,2-difluoroethyl trifluoromethanesulfonate

[0206]

QP
F\T"\o’s"CF3
F

[0207] Triflicanhydride (27.9g, 99.1mmol) was placed in a flask and cooled with an ice bath. 2,2-Difluoroethanol (8.1g,
99.1mmol) was added and the reaction was heated to 840C for 1 hour. The reaction was cooled in an ice bath and
poured into 100ml cold 5%NaHCO3; solution. The mixture was extracted with diethyl ether, dried over MgSO,, and
concentrated under reduced pressure to remove the ether. The residue was vaccuum distilled to give 2,2-difluoroethyl
trifluoromethanesulfonate as a clear liquid (13.6g, 64%, bp~550C). TH NMR (400 MHz, CDCl;) § ppm 6.17-5.88 (1H),
4.61-4.13 (2H)

Step 2: Preparation of methyl (1S,4S)-1-(2,2-difluoroethyl)-4-(2,5-dimethyl-1H-pyrrol-1-yl)cyclopent-2-ene-1-carboxy-
late

[0208]

[0209] A -400C solution of 2M (in Ethylbenzene/THF/Heptane) LDA (36ml, 72mmol) in THF (80ml) was placed in flask
with THF (80ml) was treated with a solution of methyl (1R,4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)cyclopent-2-ene-1-carbox-
ylate (7.9g, 36.3mmol) in THF (17ml) while keeping the temperature less than -320C. The reaction was stirred for 30min
and then 2,2-difluoroethyl trifluoromethanesulfonate was added slowly, keeping the temperature <-280C. The reaction
was stirred with cold bath in place and allow to slowly warm. After 4 hours the reaction was poured into NH,CI solution
and extracted twice with ethyl acetate. The combined organics were washed with brine, dried over MgSO, and concen-
trated to give a brown oil. The oil was passed through a column of silica gel with 10% ethyl acetate/hexanes to give
methyl (1S,4S)-1-(2,2-difluoroethyl)-4-(2,5-dimethyl-1H-pyrrol-1-yl)cyclopent-2-ene-1-carboxylate as a brown oil. (7.5g,
73%). "H NMR (400 MHz, CDCl5) § ppm 6.07-6.04 (1H), 6.02-6.00 (0.25H) 5.98-5.96 (1H), 5.88-5.86 (0.5H), 5.75-5.72
(2.25H), 5.36-5.30 (1H), 3.74 (3H), 2.53-2.41 (2H), 2.39-2.22 (2H), 2.19 (6H)

Step 3: Preparation of (1S.4S)-1-(2,2-difluoroethyl)-4-(2,5-dimethyl-1H-pyrrol-1-yl)cyclopent-2-ene-1-carboxylic acid

[0210]

[0211] Asolution of methyl (1S,4S)-1-(2,2-difluoroethyl)-4-(2,5-dimethyl-1H-pyrrol-1-yl)cyclopent-2-ene-1-carboxylate
(7.54g, 26.6mmol) in methanol (60ml) was treated with 2.5N NaOH (15ml, 37.5mmol) and stirred at room temperature
for 22 hours. The methanol was removed under reduced pressure and the residue partitioned between diethyl ether and
water. The layers were separated and the aqueous was acidified with 4N HCI, extracted with ethyl acetate, washed with
brine, dried over MgSO,, and concentrated under reduced pressure to give (1S,4S)-1-(2,2-difluoroethyl)-4-(2,5-dimethyl-
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1H-pyrrol-1-yl)cyclopent-2-ene-1-carboxylic acid as a brown oil (6.59g, 92%). "H NMR (400 MHz, CDCl;) 5 ppm 6.12-6.09
(1H), 6.07-6.05 (0.25H), 5.99-5.96 (1H), 5.93-5.91 (0.5H), 5.79-5.76 (0.25H), 5.74 (2H), 5.38-5.32 (1H), 2.54-2.46 (2H),
2.43-2.25 (2H), 2.20 (6H).

Step 4: Preparation of tert-butyl (1S.4S)-5-{[(1S.4S)-1-(2.2-difluoroethyl)-4-(2,5-dimethyl-1H-pyrrol-1-yl)cyclopent-2-en-
1-yllcarbonyl}-2,5-diazabicyclo[2.2.1]heptane-2-carboxylate

[0212]

BOP= benzotriazol-1-yloxytris(dimethylamino) phosphoniumhexafluorophosphate

[0213] A solution of (1S,4S)-1-(2,2-difluoroethyl)-4-(2,5-dimethyl-1H-pyrrol-1-yl)cyclopent-2-ene-1-carboxylic acid
(6.12g, 22.6mmol) in DMF (45ml) was treated with N,N-diisopropylethylamine (11.7ml, 67.2mmol) and BOP (11.93g,
27.0mmol) and stirred under nitrogen at room temperature for 40 minutes. The (1S,4S)-2-BOC-2,5-diazabicyclo[2.2.1]
heptane (4.46g,22.5mmol) was added and the reaction was stirred for 18 hours.The reaction was diluted with ethyl
acetate (100ml) and washed with 60% saturated NaHCO4 (125ml). The aqueous layer was extracted with ethyl acetate.
The organic layers were combined, washed with brine, dried over MgSO, and concentrated under reduced pressure to
give a brown oil (16.8g). The oil was passed through a column of silica gel with 50% ethyl acetate/hexanes to give tert-
butyl (1S,4S)-5-{[(1S,4S)-1-(2,2-difluoroethyl)-4-(2,5-dimethyl-1H-pyrrol-1-yl)cyclopent-2-en-1-yl]carbonyl}-2,5-diazabi-
cyclo[2.2.1]heptane-2-carboxylate as a brown foam (7.86g, 78%). 'H NMR (400 MHz, CDCl3) § ppm 6.25-6.19 (1H),
6.04-5.96 (1.25H), 5.85-5.81 (0.5H), 5.74-5.68 (2.25H), 5.37-5.25 (1H), 4.98-4.43 (2H), 3.73-3.29 (4H), 2.77-2.29 (2H),
2.26-2.09 (8H), 1.93-1.67 (2H), 1.46-1.34 (9H).

Step 5: Preparation of tert-butyl (1S,4S)-5-{[(1S,4S)-4-amino-1-(2,2-difluoroethyl)cyclopent-2-en-1-yl]carbonyl}-2,5-di-
azabicyclo[2.2.1]heptane-2-carboxylate

[0214]

"0 By

[0215] A solution of tert-butyl (1S,4S)-5-{[(1S,4S)-1-(2,2-difluoroethyl)-4-(2,5-dimethyl-1H-pyrrol-1-yl)cyclopent-2-en-
1-ylJcarbonyl}-2,5-diazabicyclo[2.2.1]heptane-2-carboxylate (7.86g, 17.5mmol) in methanol (100ml) and water (30ml)
was treated with hydroxylamine hydrochloride (6.35g, 91.0mmol) and 50 weight% solution of hydroxylamine (5.0ml,
81.6mmol). The reaction was stirred under nitrogen and heated to 660C for 39 hours. The reaction was cooled to room
temperature, diluted with water, and made basic (pH~11) by the addition of 2.5N NaOH. The reaction mixture was
extracted with ethyl acetate (3x150ml), washed with brine, dried over MgSO, and concentrated under reduced pressure
to give a crude mixture of tert-butyl (1S,4S)-5-{[(1S,4S)-4-amino-1-(2,2-difluoroethyl)cyclopent-2-en-1-yl]carbonyl}-2,5-
diazabicyclo[2.2.1]heptane-2-carboxylate as a brown oil (9.12g, theoretical yield 6.50g) which was used without further
purification in the next step.

Step 6: Preparation of tert-butyl (1S,4S)-5-{[(1S.3R)-3-amino-1-(2,2-difluoroethyl)cyclopentyllcarbonyl}-2.5-diazabicyclo
[2.2.1]heptane-2-carboxylate

[0216]
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0 e

[0217] A mixture of tert-butyl (1S,4S)-5-{[(1S,4S)-4-amino-1-(2,2-difluoroethyl)cyclopent-2-en-1-yllcarbonyl}-2,5-di-
azabicyclo[2.2.1]heptane-2-carboxylate (6.50g, 17.5mmol) and 5% palladium on carbon in methanol (100ml) was stirred
at room temperature under 46psi of hydrogen for 21 hours. The reaction was filtered through celite and the filter cake
washed with methanol. The filtrate and washings were concentrated under reduced pressure to give tert-butyl (1S,4S)-
5-{[(1S,3R)-3-amino-1-(2,2-difluoroethyl)cyclopentyllcarbonyl}-2,5-diazabicyclo[2.2.1]heptane-2-carboxylate as a
brown oil (6.67g, theoretical yield 6.54g) which was used without further purification in the next step.

Step 7: Preparation of 1,5-anhydro-3-{[(1R.3S)-3-{[(1S.4S)-5-(tert-butoxycarbonyl)-2,5-diazabicyclo[2.2.1]hept-2-yl]car-
bonyl}-3-(2,2-difluoroethyl)cyclopentyl]amino}-2,3-dideoxy-4-O-methyl-D-erythro-pentitol

[0218]

2 Py

[0219] A 09C solution of tert-butyl (1S,4S)-5-{[(1S,3R)-3-amino-1-(2,2-difluoroethyl)cyclopentyl]carbonyl}-2,5-diazabi-
cyclo[2.2.1]heptane-2-carboxylate (3.45g, 9.2mmol) in dichloromethane (50ml) was treated with sodium triacetoxyboro-
hydride (5.34g, 25.2mmol) and (3R)-3-methoxytetrahydro-4H-pyran-4-one (2.31 g, 17.8mmol). The reaction was stirred
under nitrogen at 00C for 30 minutes then allowed to warm to room temperature and stirred for 47 hours. The reaction
was treated with 2.5N NaOH (35mL) and stirred for 10 minutes. The reaction was diluted with water and the layers
separated. The aqueous layer was extracted twice with ethyl acetate. The dichloromethane layer was concentrated
under reduced pressure and partitioned between ethyl acetate and water. The organic layers were combined, washed
with brine, dried over MgSQ,, concentrated under reduced pressure and purified with the Biotage (0-100% methanol/
ethyl acetate, 15 column volumes) to give1,5-anhydro-3-{[(1R,3S)-3-{[(1S,4S)-5-(tert-butoxycarbonyl)-2,5-diazabicyclo
[2.2.1]hept-2-yl]carbonyl}-3-(2,2-difluoroethyl)cyclopentyllamino}-2,3-dideoxy-4-O-methyl-D-erythro-pentitol  (2.13g,
47%) which was used without further purification in the next step.

Step 8: Preparation of 1.5-anhydro-2.3-dideoxy-3-{[(1R.3S)-3-{[(1S.,4S)-2.5-diazabicyclo[2.2.1]hept-2-yl]carbonyl}-
3-(2,2-difluoroethyl)cyclopentyl]amino}-4-O-methyl-D-erythro-pentitol (HCI salt)

[0220]

[0221] To a solution of 1,5-anhydro-3-{[(1R,3S)-3-{[(1S,4S)-5-(tert-butoxycarbonyl)-2,5-diazabicyclo[2.2.1]hept-2-yl]
carbonyl}-3-(2,2-difluoroethyl)cyclopentyl]Jamino}-2,3-dideoxy-4-O-methyl-D-erythro-pentitol (2.13g, 4.4mmol) in 1,4-di-
oxane (20ml) was added 4N HCI/1,4-dioxane (20ml). The reaction was stirred at room temperature for 16 hours. The
liquid was decanted leaving a gummy solid which was dissolved in methanol and concentrated under reduced pressure.
The residue was dissolved in methanol/methylene chloride and concentrated to give the HCI salt of 1,5-anhydro-2,3-
dideoxy-3-{[(1R,3S)-3-{[(1S,4S)-2,5-diazabicyclo[2.2.1]hept-2-yl]carbonyl}-3-(2,2-difluoroethyl)cyclopentyllamino}-4-
O-methyl-D-erythro-pentitol as a brown foam (2.23g, theoretical yield 1.85g) which was used in the next step without
further purification.
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Step 9: Preparation of 1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(2,2-difluoroethyl)-3-{[(1S,4S)-5-[6-(trifluoromethyl)pyri-
midin-4-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol

[0222]

[0223] The HCI salt of 1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-{[(1S,4S)-2,5-diazabicyclo[2.2.1]hept-2-yl]carbonyl}-
3-(2,2-difluoroethyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol (177mg, 0.42mmol) was placed in a flask with 1,4-
dioxane (3ml). To the stirred solution was added Xantphos (36mg, 0.062mmol), Pd,(dba); (22mg, 0.024mmol), Cs,CO5
(350mg, 1.07mmol), and 4-chloro-6-(trifluoromethyl)pyrimidine (195mg, 1.07mmol) dissolved in 1,4-dioxane (1ml). DM-
SO (0.5ml) was added for solubility and the reaction was heated to 1000C for 21.5 hours. The reaction was allowed to
cool to room temperature and filtered through celite. The filtrate was concentrated under reduced pressure and purified
with the Biotage (0-100% methanol/ethyl acetate 15 column volumes) to give 1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-
3-(2,2-difluoroethyl)-3-{[(1S,4S)-5-[6-(trifluoromethyl)pyrimidin-4-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cy-
clopentyllamino}-4-O-methyl-D-erythro-pentitol as a white foam (43mg, 20%). LC/MS (M+H) = 534.2504 exp, 534.2597
obs; 'TH NMR (400 MHz, CDCl3) § ppm 8.62 (1H), 6.74-6.46 (1H), 5.93-5.62 (1H), 5.29-4.50 (2H), 4.08-4.03 (1H),
3.93-3.88 (1H), 3.77-3.55 (2H), 3.52-3.32 (6H), 3.30-3.21 (3H), 2.76-2.65 (1H), 2.51-2.33 (1H), 2.21-1.84 (7H), 1.70-1.40
(5H)

Example 25

[0224]

% F

3
F—-( \
3 p

1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(2,2-difluoroethyl)-3-({(1S,45)-5-[4-(trifluoromethyl)pyridin-2-yl]-2,5-diazabicyc-
lo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-methyl-D-erythro-pentitol

[0225] Prepared as described in example 24 using 2-chloro-4-(trifluoromethyl)pyridine in place of 4-chloro-6-(trifluor-
omethyl)pyrimidine in step 9. LC/MS (M+H) = 533.2551 exp, 533.2651 obs; TH NMR (400 MHz, CDCls) & ppm 8.24-8.20
(1H), 6.74-6.73 (1H), 6.49-6.44 (1H), 5.95-5.57 (1H), 5.07-4.73 (2H), 4.06-4.01 (1H), 3.93-3.87 (1H), 3.70-3.49 (2H),
3.45-3.30 (6H), 3.28-3.20 (3H), 2.77-2.64 (1H), 2.53-2.36 (1H), 2.23-1.81 (7H), 1.73-1.41 (5H)

Example 26

[0226]

N

7 F
=4 o5
F Z

1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(2,2-difluoroethyl)-3-({(1S,4S)-5-[2-(trifluoromethyl)pyridin-4-yl]-2,5-diazabicyc-
lo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-methyl-D-erythro-pentitol

[0227] Prepared as described in example 24 using 4-iodo-2-(trifluoromethyl)pyridine in place of 4-chloro-6-(trifluor-
omethyl)pyrimidine in step 9. LC/MS (M+H) = 533.2551 exp, 533.2598 obs; TH NMR (400 MHz, CDCls) § ppm 8.29-8.27
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(1H), 6.74-6.70 (1H), 6.50-6.43 (1H), 5.93-5.59 (1H), 5.09-4.74 (1H), 4.54 (1H), 4.07-4.02 (1H), 3.93-3.88 (1H), 3.68-3.48
(2H), 3.39-3.20 (7H), 2.74-2.62 (1H), 2.51-2.37 (1H), 2.19-1.77 (7H), 1.70-1.40 (5H)

Example 27

[0228]

1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(2,2-difluoroethyl)-3-({(1S,4S)-5-[4-(trifluoromethyl) pyrimidin-2-yl]-2,5-diazabi-
cyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-methyl-D-erythro-pentitol

[0229] Prepared as described in example 24 using 2-chloro-4-(trifluoromethyl)pyrimidine in place of 4-chloro-6-(trif-
luoromethyl)pyrimidine and modifying step 9 as follows. The HCI salt of 1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-{[(1S,
45)-2,5-diazabicyclo[2.2.1]hept-2-yl]carbonyl}-3-(2,2-difluoroethyl)cyclopentylJamino}-4-O-methyl-D-erythro-pentitol
(175mg, 0.41 mmol) was placed in flask with 1,4-dioxane (3ml). Triethylamine (0.2ml, 1.43mmol) was added as well as
2-chloro-4-(trifluoromethyl)pyrimidine (237mg, 1.30mmol). DMSO (0.3ml) was added for solubility and the reaction was
heated to 1000C for 14.5 hours. The reaction was cooled to room temperature and partitioned between ethyl acetate
and water. The aqueous layer was extracted with ethyl acetate and the combined organics were washed with brine,
dried over MgSQO,, concentrated under reduced pressure and purified with the Biotage (0-100% methanol/ethyl acetate
15 column volumes) to give 1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(2,2-difluoroethyl)-3-({(1S,4S)-5-[4-(trifluoromethyl)
pyrimidin-2-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]amino}-4-O-methyl-D-erythro-pentitol as a brown
foam (126mg, 58%). LC/MS (M+H) = 534.2504 exp, 534.2452 obs; "TH NMR (400 MHz, CDCl3)  ppm 8.48-8.45 (1H),
6.79-6.78 (1H), 5.96-5.58 (1H), 5.10-4.71 (2H), 4.07-4.01 (1H), 3.93-3.87 (1H), 3.69-3.55 (4H), 3.39-3.32 (4H), 3.30-3.21
(3H), 2.77-2.66 (1H), 2.52-2.40 (1H), 2.23-1.82 (7H), 1.70-1.39 (5H)

Example 28

[0230]

1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(2,2-difluoroethyl)-3-({(1S,4S)-5-[6-(trifluoromethyl)pyridin-2-yl]-2,5-diazabicyc-
l0[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-methyl-D-erythro-pentitol

[0231] Prepared as described in example 24 using 2-chloro-6-(trifluoromethyl)pyridine in place of 4-chloro-6-(trifluor-
omethyl)pyrimidine and modifying step 9 as follows. To a solution of HCI salt of 1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-
{[(1S,4S)-2,5-diazabicyclo[2.2.1]hept-2-yl]carbonyl}-3-(2,2-difluoroethyl)cyclopentyllamino}-4-O-methyl-D-erythro-pen-
titol (183mg, 0.43mmol) in DMSO (2ml) was added triethylamine (0.2ml, 1.43mmol) and 2-chloro-6-(trifluoromethyl)
pyridine (179mg, 1.05mmol). The reaction was heated to 120 oC for 14.5 hours. The reaction was cooled to room
temperature, and added to stirring ice water. The mixture was extracted with ethyl acetate(3x). The combined organics
were washed with brine, dried over MgSO, concentrated under reduced pressure and purified with the Biotage (0-100%
methanol/ethyl acetate, 15 column volumes) to give 1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(2,2-difluoroethyl)-3-({(1S,
4S)-5-[6-(trifluoromethyl) pyridin-2-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-
erythro-pentitol as a brown foam (58mg 28%). LC/MS (M+H) = 533.2551 exp, 533.2546 obs; 'H NMR (400 MHz, CDCl,)
8 ppm 7.54-7.51 (1H), 6.91-6.89 (1H), 6.51-6.38 (1H), 5.94-5.54 (1H), 5.11-4.70 (2H), 4.06-4.01 (1H), 3.93-3.87 (1H),
3.70-3.53 (2H), 3.51-3.31 (6H), 3.27-3.20 (3H), 2.78-2.61 (1H), 2.53-2.36 (1H), 2.20-1.80 (7H), 1.68-1.38 (5H)
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Example 29

[0232]

1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(2,2-difluoroethyl)-3-({(1S,4S)-5-[6-(trifluoromethyl)pyrazin-2-yl]-2,5-diazabicy-
clo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol

[0233] Prepared as described in example 24 using 2-iodo-6-(trifluoromethyl)pyrazine in place of 4-chloro-6-(trifluor-
omethyl)pyrimidine in step 9. LC/MS (M+H) = 534.2504 exp, 534.2548 obs; "H NMR (400 MHz, CDCl3) § ppm 8.13 (1H),
8.01-7.93 (1H), 5.92-5.57 (1H), 5.09-4.75 (2H), 4.06-4.01 (1H), 3.92-3.87 (1H), 3.68-3.48 (4H), 3.38-3.30 (4H), 3.28-3.20
(3H), 2.74-2.63 (1H), 2.51-2.32 (1H), 2.21-1.83 (7H), 1.75-1.42 (5H)

Example 30

[0234]

1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(2,2-difluoroethyl)-3-({(1S,4S)-5-[2-(trifluoromethyl) pyrimidin-4-yl]-2,5-diazabi-
cyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-methyl-D-erythro-pentitol

[0235] Prepared as described in example 24 using 4-chloro-2-(trifluoromethyl)pyrimidine in place of 4-chloro-6-(trif-
luoromethyl)pyrimidine in step 9. LC/MS (M+H) = 534.2504 exp, 534.2521 obs; "H NMR (400 MHz, CDCl;) § ppm
8.28-8.26 (1H), 6.52-6.24 (1H), 5.93-5.62 (1H), 5.33-4.38 (2H), 4.08-4.03 (1H), 3.94-3.89 (1H), 3.71-3.57 (2H), 3.49-3.33
(6H), 3.29-3.21 (3H), 2.75-2.66 (1H), 2.50-2.36 (1H), 2.22-1.86 (7H), 1.69-1.41 (5H)

Example 31

[0236]

=/ ~
FF bL/

1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(2,2-difluoroethyl)-3-({(1S,4S)-5-[5-(trifluoromethyl) pyridazin-3-yl]-2,5-diazabi-
cyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-methyl-D-erythro-pentitol

[0237] Prepared as described in example 27 using 3-chloro-5-(trifluoromethyl)pyridazine in place of 2-chloro-4-(trif-
luoromethyl)pyrimidine in step 9. LC/MS (M+H) = 534.2504 exp, 534.2531 obs; 'H NMR (400 MHz, CDCl5;) § ppm 8.76
(1H), 6.74-6.68 (1H), 5.96-5.90 (1H), 5.37-4.84 (2H), 4.10-4.04 (1H), 3.96-3.90 (1H), 3.81-3.54 (3H), 3.47-3.34 (4H),
3.32-3.22 (4H), 2.77-2.67 (1H), 2.51-2.37 (1H), 2.22-1.86 (7H), 1.72-1.46 (5H)

Example 32

[0238]
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1,5-anhydro-2,3-dideoxy-4-O-methyl-3-{[(1R,3S)-3-(2,2,2-trifluoroethyl)-3-({(1S,4S)-5-(6-(trifluoromethyl)pyrimidin-4-
yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-D-erythro-pentitol

[0239] Prepared as described in example 24 using 3,3,3-trifluoroethanol in place of 2,2-difluoroethanol in step 1.
LC/MS (M+H) = 552.2409 exp, 552.2432 obs; 'H NMR (400 MHz, CDCl3) & ppm 8.61 (1H), 6.70-6.45 (1H), 5.26-5.21
(1H), 5.08-4.96 (1H), 4.08-4.03 (1H), 3.92-3.87 (1H), 3.68-3.61 (2H), 3.53-3.44 (1H), 3.42-3.20 (8H), 2.72-2.65 (1H),
2.56-2.27 (3H), 2.08-1.88 (5H), 1.80-1.47 (5H)

Example 33

[0240]

1,5-anhydro-2,3-dideoxy-4-O-methyl-3-{[(1R,3S)-3-(2,2,2-trifluoroethyl)-3-({(1S,4S)-5-[4-(trifluoromethyl) pyridin-2-yl]-
2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-D-erythro-pentitol

[0241] Prepared as described in example 24 using 3,3,3-trifluoroethanol in place of 2,2-difluoroethanol in step 1 and
using 2-chloro-4-(trifluoromethyl)pyridine in place of 2-chloro-6-(trifluoromethyl)pyridine in step 9. LC/MS (M+H) =
551.2457 exp, 551.2703 obs; 'H NMR (400 MHz, CDCl5) § ppm 8.22-8.21 (1H), 6.74-6.73 (1H), 6.47-6.43 (1H), 5.06-4.71
(2H), 4.06-4.01 (1H), 3.92-3.87 (1H), 3.65-3.50 (3H), 3.40-3.20 (8H), 2.72-2.63 (1H), 2.53-2.27 (3H), 2.08-1.82 (5H),
1.78-1.45 (5H)

Example 34

[0242]

1,5-anhydro-2,3-dideoxy-4-O-methyl-3-{[(1R,38)-3-(2,2,2-trifluoroethyl)-3-({(1S,4S)-5-[2-(trifluoromethyl) pyridin-4-yl]-
2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-D-erythro-pentitol

[0243] Prepared as described in example 24 using 3,3,3-trifluoroethanol in place of 2,2-difluoroethanol in step 1 and
using 4-iodo-2-(trifluoromethyl)pyridine in place of 2-chloro-4-(trifluoromethyl)pyrimidine in step 9. LC/MS (M+H) =
551.2457 exp, 551.2610 obs; 'H NMR (400 MHz, CDCl5) § ppm 8.26-8.25 (1H), 6.71-6.68 (1H), 6.46-6.42 (1H), 5.09-4.83
(1H), 4.55-4.52 (1H), 4.05-4.01 (1H), 3.90-3.85 (1H), 3.66-3.48 (3H), 3.36-3.18 (8H), 2.70-2.62 (1H), 2.51-2.27 (3H),
2.06-1.87 (5H), 1.80-1.45 (5H)

Example 35

[0244]
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1,5-anhydro-2,3-dideoxy-4-O-methyl-3-{[(1R,3S)-3-(2,2,2-trifluoroethyl)-3-({(1S,4S)-5-[4-(trifluoromethyl) pyrimidin-2-
yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllJamino}-D-erythro-pentitol

[0245] Prepared as described in example 27 using 3,3,3-trifluoroethanol in place of 2,2-difluoroethanol in step 1.
LC/MS (M+H) =552.2409 exp, 551.2426 obs; "H NMR (400 MHz, CDCl;) 5 ppm 8.50-8.46 (1H), 6.81-6.80 (1H), 5.11-4.74
(2H), 4.13-4.06 (1H), 3.97-3.92 (1H), 3.67-3.59 (4H), 3.41-3.25 (7H), 2.90-2.75 (1H), 2.54-2.33 (3H), 2.07-1.88 (5H),
1.79-1.58 (5H)

Example 36

[0246]

FF

1,5-anhydro-2,3-dideoxy-4-O-methyl-3-{[(1R,3S)-3-(2,2,2-trifluoroethyl)-3-({(1S,4S)-5-[6-(trifluoromethyl) pyridin-2-yl]-
2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-D-erythro-pentitol

[0247] Prepared as described in example 27 using 3,3,3-trifluoroethanol in place of 2,2-difluoroethanol in step 1 and
using 2-chloro-6-(trifluoromethyl)pyridine in place of 2-chloro-4-(trittuoromethyl)pyrimidine in step 9.. LC/MS (M+H) =
551.2457 exp, 551.2581 obs; 'H NMR (400 MHz, CDCl5) § ppm 7.55-7.51 (1H), 6.92-6.90 (1H), 6.47-6.40 (1H), 5.12-4.70
(2H), 4.07-4.03 (1H), 3.93-3.88 (1H), 3.72-3.47 (3H), 3.40-3.31 (5H), 3.28-3.20 (3H), 2.73-2.64 (1H), 2.53-2.25 (3H),
2.10-1.80 (5H), 1.77-1.44 (5H)

Example 37

[0248]

4 cF,

1,5-anhydro-2,3-dideoxy-4-O-methyl-3-{[(1R,3S)-3-(2,2,2-trifluoroethyl)-3-({(1S,4S)-5-[6-(trifluoromethyl) pyrazin-2-yl]-
2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-D-erythro-pentitol

[0249] Prepared as described in example 24 using 3,3,3-trifluoroethanol in place of 2,2-difluoroethanol in step 1 and
using 1-iodo-6-(trifluoromethyl)pyrazine in place of 4-chloro-6-(trifluoromethyl)pyrimidine in step 9. LC/MS (M+H) =
552.2409 exp, 552.2443 obs; 'TH NMR (400 MHz, CDCl3) § ppm 8.16 (1H), 8.01-7.96 (1H), 5.09-4.96 (2H), 4.09-4.04
(1H), 3.94-3.89 (1H), 3.68-3.57 (3H), 3.53-3.49 (1H), 3.39-3.23 (7H), 2.74-2.67 (1H), 2.54-2.29 (3H), 2.09-1.90 (5H),
1.81-1.49 (5H)

Example 38

[0250]
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FF

1,5-anhydro-2,3-dideoxy-4-O-methyl-3-{[(1R,3S)-3-(2,2,2-trifluoroethyl)-3-({(1S,4S)-5-[2-(trifluoromethyl) pyrimidin-4-
yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllJamino}-D-erythro-pentitol

[0251] Prepared as described in example 24 using 3,3,3-trifluoroethanol in place of 2,2-difluoroethanol in step 1 and
using 4-chloro-2-(trifluoromethyl)pyrimidine in place of 4-chloro-6-(trifluoromethyl)pyrimidine in step 9. LC/MS (M+H) =
552.2409 exp, 552.3073 obs; 'H NMR (400 MHz, CDCl5) 5 ppm 8.23-8.21 (1H), 6.49-6.22 (1H), 5.25-4.93 (2H), 4.04-3.99
(1H), 3.89-3.83 (1H), 3.65-3.57 (2H), 3.46-3.17 (9H), 2.68-2.62 (1H), 2.52-2.26 (3H), 2.05-1.85 (5H), 1.76-1.43 (5H)

Example 39

[0252]

1,5-anhydro-2,3-dideoxy-4-O-methyl-3-{[(1R,3S)-3-(2,2,2-trifluoroethyl)-3-({(1S,4S)-5-[5-(trifluoromethyl) pyridazin-3-
yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllJamino}-D-erythro-pentitol

[0253] Prepared as described in example 27 using 3,3,3-trifluoroethanol in place of 2,2-difluoroethanol in step 1 and
using 3-chloro-5-(trifluoromethyl)pyridazine in place of 2-chloro-4-(trifluoromethyl)pyrimidine in step 9. LC/MS (M+H) =
552.2409 exp, 552.2344 obs; 'H NMR (400 MHz, CDCl5;) § ppm 8.72 (1H), 6.72-6.64 (1H), 5.32-4.82 (2H), 4.06-4.01
(1H), 3.91-3.86 (1H), 3.78-3.53 (3H), 3.42-3.18 (8H), 2.69-2.64 (1H), 2.52-2.24 (3H), 2.07-1.84 (5H), 1.76-1.44 (5H)

Example 40

[0254]

é:fEJ’N~‘::7EE%j:§:Lsﬂ:::]/FFa

1,5-anhydro-2,3-dideoxy-3-{[(1S,4S)-4-isopropyll-4-({(1S,4S)-5-[4-(trifluoromethyl) pyridin-2-yl]-2,5-diazabicyclo[2.2.1]
hept-2-yl}carbonyl)cyclopent-2-en-1-ylJamino}-4-O-methyl-D-erythro-pentitol

[0255] Prepared as described in example 1 starting with (1S,4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-isopropylcyclopent-
2-ene-1-carboxylic acid and skipping steps 1, 2 and 5. LC/MS (M+H) = 509.2739 exp, 509.2724 obs; "H NMR (400 MHz,
CDCl3) & ppm 8.19 (1H), 6.72-6.68 (1H), 6.46-6.38 (1H), 5.90-5.75 (2H), 5.09-4.82 (2H), 4.02-3.12 (13H), 2.86-2.67
(1H), 2.46-2.16 (1H), 2.08-1.47 (7H), 0.84-0.64 (6H)

Example 41

[0256]
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1,5-anhydro-2,3-dideoxy-3-{[(1S,4S)-4-isopropyll-4-({(1S,4S)-5-[4-(trifluoromethyl) pyrimidin-2-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopent-2-en-1-ylJamino}-4-O-methyl-D-erythro-pentitol

[0257] Prepared as described in example 2 starting with (1S,4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-isopropylcyclopent-
2-ene-1-carboxylic acid and skipping steps 1, 2 and 5. LC/MS (M+H) = 510.2692 exp, 510.2926 obs; "H NMR (400 MHz,
CDCl3) 5 ppm 8.43-8.42 (1H), 6.75-6.74 (1H), 5.90-5.77 (2H), 5.09-4.80 (2H), 4.01-3.16 (13H), 2.86-2.69 (1H), 2.45-2.17
(1H), 2.08-1.30 (7H), 0.82-0.66 (6H)

Example 42

[0258]

CF

1,5-anhydro-2,3-dideoxy-3-{[(1S,4S)-4-isopropyll-4-({(1S,4S)-5-[6-(trifluoromethyl) pyridin-2-yl]-2,5-diazabicyclo(2.2.1]
hept-2-yl}carbonyl)cyclopent-2-en-1-ylJamino}-4-O-methyl-D-erythro-pentitol

[0259] Prepared as described in example 1 starting with (1S,4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-isopropylcyclopent-
2-ene-1-carboxylic acid and skipping steps 1, 2 and 5. LC/MS (M+H) = 509.2739 exp, 509.2680 obs; H NMR (400 MHz,
CDCl3) 5 ppm 7.55-7.52 (1H), 6.94-6.89 (1H), 6.52-6.40 (1H), 5.96-5.78 (2H), 5.12-4.84 (2H), 4.07-3.16 (13H), 2.90-2.69
(1H), 2.49-2.21 (1H), 2.12-1.42 (7H), 0.87-0.68 (3H)

Example 43

[0260]

1,5-anhydro-2,3-dideoxy-3-{[(1S,4S)-4-isopropyll-4-({(1S,4S)-5-[6-(trifluoromethyl) pyrazin-2-yl]-2,5-diazabicyclo[2.2.1]
hept-2-yl}carbonyl)cyclopent-2-en-1-ylJamino}-4-O-methyl-D-erythro-pentitol

[0261] Prepared as described in example 3 starting with (1S,4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-isopropylcyclopent-
2-ene-1-carboxylic acid and skipping steps 1 and 2, skipping step 5, using (3R)-3-methoxytetrahydro-4H-pyran-4-one
in step 6, and 2-chloro-6-(trifluoromethyl)pyrazine in place of 4-chloro-6-(trifluoromethyl)pyrimidine in step 8. LC/MS
(M+H) = 510.2692 exp, 510.2699 obs; '"H NMR (400 MHz, CDCl3) & ppm 8.15 (1H), 8.04-7.95 (1H), 5.93-5.82 (2H),
5.17-4.91 (2H), 4.16-3.18 (13H), 2.91-2.69 (1H), 2.48-2.21 (1H), 2.10-1.52 (7H), 0.85-0.67 (6H)

Preparative Example 44

[0262]
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1,5-anhydro-3-{[(1R,3S)-3-{[(1S,4S)-5-(tert-butoxycarbonyl)-2,5-diazabicyclo[2.2.1]hept-2-yl]carbonyl}-3-(2,2,2-trifluor-
oethyl)cyclopentyllamino}-2,3-dideoxy-4-O-methyl-D-erythro-pentitol

[0263] Prepared as described in example 24 using 2,2,2-trifluoroethanol in place of 2,2-difluoroethanol in step 1 and
skipping steps 8 and 9. LC/MS (M+H) = 506.2842 exp, 506.3033 obs; "H NMR (400 MHz, CDCl3) § ppm 4.86-4.65 (1H),
4.52-4.38 (1H),4.09-4.03 (1H), 3.93-3.87 (1H), 3.68-3.23 (11H), 2.73-2.68 (1H), 2.55-2.24 (3H), 2.10-2.03 (1H), 1.96-1.89
(1H), 1.85-1.59 (7H), 1.54-1.47 (1H), 1.44-1.39 (9H)

Scheme 3. Preparation of Examples 45-59
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a) NaOH, MeOH, H,0; b) BnOH, EDC, DMAP; c) LDA, R{CORy; d) NH,OH*HCI, NH,OH*H,0, MeOH; e) MeO-pyranone,
Na(OAc)3BH; f) TFAA; g) AcCl, pyridine; h) Hy, Pt/C: i) (COCI),; j) arylpiperazine; k) K,CO3, MeOH; [) NaBH,4; m) HCI/
dioxane; n) Ar-Cl, heat or Pd catalyst

Example 45

[0264]

1,5-Anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({(1S,4S)-5-[6-(trifluoromethyl)pyridin-2-yl]-2,5-di-
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azabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol

Step 1. Benzyl (4S)-4-(2,5-dimethy)-1H-pyrrol-1-yl)cyclopent-2-ene-1-carboxylate

[0265]

——

N\ N\@‘NCOZBn

[0266] A solution of 11.04 g (50.4 mmol) of methyl (1R,4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)cyclopent-2-ene-1-carbox-
ylate and 40 mL of 2.5 M sodium hydroxide in 100 mL of MeOH was stirred at ambient temperature for 45 minutes, then
concentrated under reduced pressure to remove methanol. The residual aqueous solution was added to a stirred mixture
of 20 g citric acid, 100 mL of water, and 100 mL of dichloromethane. The phases were separated and the aqueous
extracted with two additional portions of dichloromethane. The organic phase was dried (Na,SO,) and concentrated
under reduced pressure to provide the correponding acid as a brown gum (10.98 g).

[0267] To a stirred solution of this acid, 10 mL (96 mmol) of benzyl alcohol, and 1.74 g (14 mmol) of DMAP in 50 mL
of dichloromethane was added 13 g (69 mmol) of EDC, in five equal portions over 30 min. After 18 h, the solution was
concentrated under reduced pressure, and the residual syrup partitioned between ether and water. The organic phase
was washed with water and brine, with one back-extraction of the aqueous phases with ether. The combined organic
phase was dried (MgSQy,), and concentrated under reduced pressure. Flash chromatography of the crude material on
silica using 10% ethyl acetate in heptane afforded 13.75 g (93%) of the title compound as a colorless oil. 1H NMR (400
MHz, CHLOROFORM-d) showed a 60:40 mixture of epimers: 6 ppm 2.09 - 2.32 (m, 1 H) 2.20 (s, 6 H) 2.67 - 2.85 (m,
1H)3.62-3.70 (m, 0.6 H) 3.85-3.92 (m, 0.4 H) 5.16 (2s, 2 H) 5.26 - 5.34 (m, 0.6 H) 5.49 - 5.56 (m, 0.4 H) 5.74 (br. s.,
2H)5.93-6.04 (m,2H) 7.30-7.42 (m, 5 H). TLC Rf 0.32 and 0.25 (10% ethyl acetate in hexane). LC-MS ES+ 296.2.

Step 2. Benzyl (1R,4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-(1-hydroxycyclobutyl)cyclopent-2-ene-1-carboxylate

[0268]

At aas

nolJ

[0269] Toa cold(-78 C), stirred solution of 6.17 g (20.9 mmol) of benzyl (4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)cyclopent-
2-ene-1-carboxylate (Preparation SRT-0233) in 40 mL of dry THF, under Ar, was slowly added 23.3 mL of a commercial
1.8 M solution of LDA. The resulting solution was warmed to O C, stirreed at that temperature for 10 min, and then
recooled to -78 C for the addition of 2.3 mL (31 mmol) of cyclobutanone. This solution was stirred at -78 C for 1 h, then
quenched at -78 C by the slow addition of a solution of 4.0 mL of 12N HCI in 10 mL of THF. Ethyl acetate and excess
1 M citric acid were added and the mixture was allowed to warm to RT. Extractive workup was followed by flash chro-
matography on silica using 25% ethyl acetate in heptane to provide 5.55 g (73%) of the title compound as a thick amber
oil. TH NMR (400 MHz, CHLOROFORM-d) & ppm 1.44 - 1.56 (m, 1H) 1.88 - 2.31 (m, 6 H) 2.12 (s, 6 H) 2.27 (dd, J=14.7,
7.5Hz, 1 H) 2.76 (dd, J=14.5, 9.0 Hz, 1 H) 5.18 (s, 2 H) 5.26 - 5.32 (m, 1 H) 5.71 (s, 2 H) 6.06 (dd, 1 H) 6.10 (dd, 1 H)
7.30-7.39 (m, 5 H). TLC Rf 0.36 (30% ethyl acetate in hexane). LC-MS ES+ 366.2.

Step 3. Benzyl (R.4S)-4-amino-1-(1-hydroxycyclobutyl)cyclopent-2-ene-1-carboxylate

[0270]

H2N \QCOZBH
o'
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[0271] A mixture of 5.52 g (15.1 mmol) of benzyl (1R,4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-(1-hydroxycyclobutyl)cy-
clopent-2-ene-1-carboxylate (Preparation SRT-0229), 8.20 g (120 mmol) of hydroxylamine hydrochloride, and 7.0 mL
of 50% aqueous hydroxylamine (100 mmol) in 50 mL of methanol was heated at 68 C for 8 h, then cooled. Sufficient
water was added to dissolve the crystals which deposited, and the solution was concentrated under reduced pressure
to remove methanol. The resulting mixture was brought to pH -10 with aq. NaOH and then extracted with several portions
of dichloromethane. The organic phase was dried over Na,SO, and then concentrated under reduced pressure to afford
4.15 g (96%) of the title amine as a nearly colorless oil, of sufficient purity for the subsequent reaction. TH NMR (400
MHz, CHLOROFORM-d) & ppm 1.42 - 1.53 (m, 1 H) 1.85 (dd, 1H) 1.88 - 2.08 (m, 4 H) 2.19 - 2.27 (m, 1 H) 2.46 (dd,
J=14.5,8.3 Hz, 1 H) 3.97 - 4.02 (m, 1 H) 4.70 (s, 1 H) 5.16 (s, 2 H) 5.84 (dd, J=5.6, 1.6 Hz, 1 H) 5.98 (dd, J=5.6, 2.1
Hz, 1 H) 7.31 - 7.38 (m, 5 H). LC-MS ES+ 288.2.

Step 4. 1,5-Anhydro-3-{[(1S,4R)-4-[(benzyloxy)carbonyl]-4-(1-hydroxycyclobutyl)cyclopent-2-en-1-ylJamino}-2,3-dide-
oxy-4-O-methyl-D-erythro-pentitol

[0272]

OMe

o) y
Ho'T_J

[0273] A solution of 3.83 g (13.3 mmol) of benzyl (1R,4S)-4-amino-1-(1-hydroxycyclobutyl)cyclopent-2-ene-1-carbox-
ylate (Preparation SRT-0235) and 1.89 g (14.5 mmol) of (3R)-3-methoxytetrahydro-4H-pyran-4-one in 26 mL of dichlo-
romethane was stirred with activated 3A molecular sieves for 10 min, then cooled to 0 C. Sodium triacetoxyborohydride
(3.35 g, 15.8 mmol) was added in several portions over 10 min, and the mixture was stirred for 1.5 h. The cloudy mixture
was added to dichloromethane and aqueous NaHCO5 + NaOH (pH ~14), and the aqueous phase was extracted with
several additional portions of dichloromethane. The organic phase was dried (Na,SO,) and concentrated under reduced
pressure. Flash chromatography of the residue on silica using 3-5% methanolic ammonia (7M) in dichloromethane
afforded 3.94 g (74%) of the title compound as a yellow oil. 'TH NMR (400 MHz, CHLOROFORM-d) & ppm 1.41 - 1.52
(m, 1 H)1.55-1.64 (m, 1H) 1.64 - 1.79 (m, 2 H) 1.86 - 2.09 (m, 5 H) 2.19 - 2.29 (m, 1 H) 2.41 (dd, J=14.2, 7.7 Hz, 1 H)
2.84-291(m,1H)3.17-3.44 (m, 4 H) 3.34 (s, 3 H) 3.88 - 3.96 (m, 2 H) 4.00 (dd, J=12.3, 4.4 Hz, 1 H) 5.10 - 5.20 (m,
2 H)5.88-5.93 (m, 1 H) 6.00 (dd, J=5.6, 1.9 Hz, 1 H) 7.28 - 7.39 (m, 5 H). TLC Rf 0.41 (4% 7M methanolic ammonia
in dichloromethane). LC-MS ES+ 402.1.

Step 5. 1,5-Anhydro-3-{[(1S,4R)-4-[(benzyloxy)carbonyl]-4-(1-hydroxycyclobutyl)cyclopent-2-en-1-yl](trifluoroacetyl)
amino}-2.3-dideoxy-4-O-methyl-D-erythro-pentitol

[0274]

OMe (':OCF3

N\gCOZBn
© noT]

[0275] To a cold (0 C), stirred solution of 805 mg (2.00 mmol) of 1,5-anhydro-3-{[(1S,4R)-4-[(benzyloxy)carbonyl]-
4-(1-hydroxycyclobutyl)cyclopent-2-en-1-ylJamino}-2,3-dideoxy-4-O-methyl-D-erythro-pentitol and 0.87 mL (5.0 mmol)
of diisopropylethylamine in 6 mL of dichloromethane was added dropwise 0.61 mL (4.4 mmol) of trifluoroacetic anhydride.
The solution was stirred for 2 h, then stirred with aqueous sodium citrate for 30 min. The organic phase was separated,
dried (Na,S0O,), and concentrated under reduced pressure to 1.36 g of brown oil. This was dissolved in 5 mL of methanol
and treated with 2 mL of 7M methanolic ammonia. After 1 h, the solution was concentrated under reduced pressure,
and the residue chromatographed on silica using 15-20% ethyl acetate in dichloromethane to provide 1.11 g (111%) of
the title compound as an amber oil, still retaining some solvent. TH NMR (400 MHz, CHLOROFORM-d) & ppm 1.37 -
1.49 (m, 1H) 1.50 - 1.57 (m, 1H) 1.78 - 2.00 (m, 3 H) 2.01 - 2.10 (m, 1H) 2.26 - 2.38 (m, 3 H) 2.40 - 2.53 (m, 1H) 3.10
(br. s., 0 H) 3.31 (d, J=13.0 Hz, 1H) 3.39 - 3.45 (m, 1H) 3.43 (s, 3 H) 3.50 (t, J=11.4 Hz, 1H) 3.89 (d, J=11.6 Hz, 1H)
4.06 - 4.14 (m, 1H) 4.19 (d, J=13.0 Hz, 1H) 5.00 (t, 1H) 5.14 (d, J=12.3 Hz, 1H) 5.30 (d, J=12.3 Hz, 1H) 5.78 (dd, J=5.8,
2.0 Hz, 1H) 6.12 (dd, J=5.8, 2.0 Hz, 1H) 6.57 (br. s., 1H) 7.28 - 7.42 (m, 5 H). TLC Rf 0.34 (25% ethyl acetate in
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dichloromethane). LC-MS ES+ 498.2.

Step 6. 3-{[(1S.4R)-4-[1-(Acetyloxy)cyclobutyl]-4-[(benzyloxy)carbonyllcyclopent-2-en-1-yl}(trifluoroacetyl)amino]-
1.5-anhydro-2,3-dideoxy-4-O-methyl-D-erythro-pentitol

[0276]

OMe GOCF,

N\QCO2BD
o) =
aco ]

[0277] To a stirred solution of 3.58 g (7.2 mmol) of 1,5-anhydro-3-{[(1S,4R)-4-[(benzyloxy)carbonyl]-4-(1-hydroxycy-
clobutyl)cyclopent-2-en-1-yl](trifluoroacetyl)amino}-2,3-dideoxy-4-O-methyl-D-erythro-pentitol, 1.6 mL (9.2 mmol) of di-
isopropylethylamine, and 100 mg (0.82 mmol) of DMAP in 10 mL of dichloromethane was added dropwise 5.1 mL (72
mmol) of acetyl chloride. The solution was stirred at ambient temperature for 18 h, then cooled in ice and quenched with
aqueous NaHCO,. The aqueous phase was extracted with additional dichloromethane, and the combined organic phases
dried (Na,SO,) and concentrated under reduced pressure. Flash chromatography of the residue on silica using 8-10%
ethyl acetate in dichloromethane provided 2.63 g (68%) of the title compound as a viscous yellow oil. TH NMR (400 MHz,
CHLOROFORM-d) & ppm 1.35-1.48 (m, 1 H) 1.54 - 1.61 (m, 1 H) 1.82-1.94 (m, 1 H) 1.88 (s, 3 H) 2.17 - 2.26 (m, 1
H) 2.34 (dd, J=14.7, 9.9 Hz, 1 H) 2.43 - 2.64 (m, 5 H) 3.32 (d, J=12.6 Hz, 1 H) 3.37 - 3.43 (m, 1 H) 3.43 (s, 3 H) 3.46 -
3.55(m, 1 H)3.84-3.94 (m, 1H)4.09-4.15(m, 1 H) 4.19 (d, J=13.0 Hz, 1 H) 4.98 - 5.05 (m, 1 H) 5.08 (d, J=12.3 Hz,
1 H)5.23 (d, J=12.3 Hz, 1 H) 5.75 (dd, J=5.8, 2.0 Hz, 1 H) 6.16 (dd, J=5.8, 2.4 Hz, 1 H) 7.28 - 7.43 (m, 5 H). TLC Rf
0.39 (10% ethyl acetate-dichloromethane). LC-MS ES+ 540.2.

Step 7. 3-{[(1R.3S)-3-[1-(Acetyloxy)cyclobutyl]-3-carboxycyclopentyl}(trifluoroacetyl)amino]-1,5-anhydro-2,3-dideoxy-
4-O-methyl-D-erythro-pentitol

[0278]

OMe COCF,

N\O,COOH
© ACOD

[0279] A mixture of 2.62 g (4.86 mmol) of 3-{[(1S,4R)-4-[1-(acetyloxy)cyclobutyl]-4-[(benzyloxy)carbonyl]cyclopent-2-
en-1-yl}(trifluoroacetyl)amino]-1,5-anhydro-2,3-dideoxy-4-O-methyl-D-erythro-pentitol and 750 mg each of 5% Pt/C and
5% Pd/C in 10 mL of acetic acid was stirred rapidly under 50 psi hydrogen gas for 18 h, then filtered through diatomaceous
earth to remove catalyst. The filtrate was concentrated under reduced pressure, with added toluene to azeotropically
remove acetic acid, to provide 2.25 g (103%) of the title compound as a white foam. TH NMR (400 MHz, CHLOROFORM-
d)dppm 1.50-1.71 (m, 3H) 1.74 - 1.84 (m, 1 H) 2.02 (s, 3 H) 2.04 - 2.17 (m, 1H) 2.34 - 2.55 (m, 5 H) 2.60 (dd, J=14.3,
8.5 Hz, 1H) 2.66 - 2.81 (m, 2 H) 3.30 (d, J=13.0 Hz, 1 H) 3.35- 3.39 (m, 1 H) 3.42 (s, 3 H) 3.47 - 3.56 (m, 1 H) 3.83 -
3.91 (m, 1 H) 4.13 (dd, J=11.6,4.4 Hz, 1 H) 4.16 - 4.23 (m, 1 H) 4.26 - 4.38 (m, 1 H). LC-MS ES+ 452.1.

Step 8. 3-{[(1R,3S)-3-[1-(Acetyloxy)cyclobutyl]-3-{[(1S.4S)-5-(tert-butoxycarbonyl)-2,5-diazabicyclo[2.2.1]hept-2-yl]car-

bonyllcyclopentyl](trifluoroacetyl)amino}-1,5-anhydro-2,3-dideoxy-4-O-methyl-D-erythro-pentitol

[0280]
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[0281] A stirred solution of 1.42 g (3.15 mmol) of 3-{[(1R,3S)-3-[1-(acetyloxy)cyclobutyl]-3-carboxycyclopentyl}(trif-
luoroacetyl)amino]-1,5-anhydro-2,3-dideoxy-4-O-methyl-D-erythro-pentitol in 6 mL of dichloromethane was treated un-
der argon with 6.5 mL of a 2M dichloromethane solution of oxalyl chloride and 2 drops of dry DMF. After 2 h, the solution
was taken to dryness under reduced pressure to give the acid chloride as a yellow foam.

[0282] This material was dissolved in 8 mL of dichloromethane. To 6 mL of the stirred solution was added 562 mg
(2.84 mmol) of (1S,4S)-(-)-2-Boc-2,5-diazabicyclo[2.2.1]heptane and 1.2 mL (6.9 mmol) of diisopropylethylamine. The
reaction mixture was stirred at ambient temperature for 18 h, then partitioned between dichloromethane and 1M aqueous
citric acid. The organic phase was dried (Na,SO,) and concentrated under reduced pressure. Flash chromatography
of the residue on silica using 40-50% ethyl acetate in dichloromethane afforded 1.44 g (97%) of the title compound as
a white foam. TH NMR (400 MHz, CHLOROFORM-d) & ppm 1.34 - 1.62 (m, 12 H) 1.73 - 1.88 (m, 2 H) 1.88 - 2.27 (m,
7 H)2.29 -2.41 (m, 1 H) 2.40 - 2.65 (m, 4 H) 2.66 - 2.80 (m, 1 H) 3.27 - 3.64 (m, 9 H) 3.81 - 3.89 (m, 1 H) 4.08 - 4.24
(m, 2H)4.37-4.60 (m, 2H) 4.85-4.94 (m, 1 H). TLC Rf 0.36 (1:1 ethyl acetate in dichloromethane). LC-MS ES+ 632.3.

Step 9. 1,5-Anhydro-3-{[(1R,3S)-3-({(1S,4S)-5-(tert-butoxycarbonyl)-2,5-diazabicyclo[2.2.1]hept-2-yl]carbonyl}-3-(1-hy-
droxycyclobutyl)cyclopentyl](trifluoroacetyl)amino}-2, 3-dideoxy-4-O-methyl-D-erythro-pentitol

[0283]

[0284] A mixture of 1.43 g (2.26 mmol) of 3-{[(1R,3S)-3-[1-(acetyloxy)cyclobutyl]-3-{[(1S,4S)-5-(tert-butoxycarbonyl)-
2,5-diazabicyclo[2.2.1]hept-2-yl]carbonyl}cyclopentyl](trifluoroacetyl)amino}-1,5-anhydro-2,3-dideoxy-4-O-methyl-D-
erythro-pentitol and 1.60 g (11.6 mmol) of powdered potassium carbonate in 8 mL of methanol was stirred at ambient
temperature for 18 h, then partitioned between dichloromethane and brine, with sufficient water to dissolve solids. The
organic phase was dried (Na,SO,) and concentrated under reduced pressure. Flash chromatography of the residue on
silica using acetate to provide 1.33 g (100%) of the title compound as a white foam. 'H NMR (400 MHz, CHLOROFORM-
d) 8 ppm 1.34 - 1.62 (m, 10 H) 1.66 - 2.93 (m, 15 H) 3.20 - 3.63 (m, 8 H) 3.66 - 4.03 (m, 3 H) 4.06 - 4.24 (m, 3 H) 4.25
-4.65(m, 2 H) 4.68 - 5.29 (m, 1H). TLC Rf 0.33 (EtOAc). LC-MS ES+ 590.3.

Step 10. 1,5-Anhydro-3-{[(1R,35)-3-{[(1S,4S)-5-(tert-butoxycarbonyl)-2,5-diazabicyclo[2.2.1]hept-2-yl]carbony}-
3-(1-hydroxycyclobutyl)cyclopentyllamino}-2,3-dideoxy-4-O-methyl-D-erythro-pentitol

[0285]
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[0286] Amixtureof1.31g(2.23 mmol)of 1,5-anhydro-3-{[(1R,3S)-3-{[(1S,4S)-5-(tert-butoxycarbonyl)-2,5-diazabicyclo
[2.2.1]hept-2-yl]carbonyl}-3-(1-hydroxycyclobutyl)cyclopentyl](trifluoroacetyl)amino}-2,3-dideoxy-4-O-methyl-D-eryth-
ro-pentitol and 860 mg (23 mmol) of sodium borohydride in 6.3 mL of ethanol was stirred at ambient temperature for 18
h, then partitioned between water and dichloromethane. The aqueous phase was extracted with additional dichlorometh-
ane, and the combined organic phase dried (Na,SO,) and concentrated under reduced pressure. Flash chromatography
on silica using 6-15% methanol in dichloromethane afforded 1.08 g (98%) of the title compound as a white foam. 'H
NMR (400 MHz, CHLOROFORM-d) & ppm 1.42 - 1.47 (m, 9 H) 1.56 - 2.35 (m, 14 H) 2.72 (br. s., 1H) 3.11 - 3.68 (m, 10
H) 3.90 - 3.98 (m, 1H) 4.08 (dd, J=12.6, 2.7 Hz, 1H) 4.38 - 4.58 (m, 1H) 4.84 - 5.16 (m, 1H). LC-MS ES+ 494.3. HRMS
calculated for CogH,3N304: 494.3230; found: 494.3260.

Step 11. 1,5-Anhydro-2,3-dideoxy-3-{[(1R,3S)-3-[(1S,4S)-2,5-diazabicyclo[2.2.1]hept-2-ylcarbonyl]-3-(1-hydroxycy-
clobutyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol dihydrochloride

[0287]

o H O
9 Neyy

HO

[0288] To0902mg(1.827 mmol)of 1,5-anhydro-3-{[(1R,3S)-3-{[(1S,4S)-5-(tert-butoxycarbonyl)-2,5-diazabicyclo[2.2.1]
hept-2-yllcarbonyl}-3-(1-hydroxycyclobutyl)cyclopentyllamino}-2,3-dideoxy-4-O-methyl-D-erythro-pentitol was added
10 mL of 4M HCl in dioxane, and a few drops of methanol sufficient to give a clear solution. The solution was stirred at
ambient temperature for 45 minutes, then concentrated under reduced pressure to give 973 mg of the intermediate salt
as a foam. TH NMR (400 MHz, MeOD) & ppm 1.57 - 1.70 (m, 1 H) 1.73 - 1.93 (m, 4 H) 1.93 - 2.10 (m, 4 H) 2.14 - 2.28
(m,2H)2.29-2.44 (m, 3H)2.46 - 2.59 (m, 2 H) 3.35- 3.77 (m, 12 H) 3.98 (dd, J=11.6, 4.4 Hz, 1H) 4.26 (d, J=13.3 Hz,
1H) 4.45 (s, 1H) 5.21 (br. s., 1H). LC-MS ES+ 394.2.

Example 45

[0289]

1,5-Anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({(1S,4S)-5-[6-(trifluoromethy)pyridin-2-yl]-2,5-diazabi-
cyclo[2.2.1]hept-2-yl]carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol

[0290] Asolution of 93 mg(0.20 mmol)of 1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-[(1S,4S)-2,5-diazabicyclo[2.2.1]hept-
2-ylcarbonyl]-3-(1-hydroxycyclobutyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol dihydrochloride, 91 mg (0.49
mmol) of 2-chloro-6-trifluoromethylpyridine, and 0.14 mL (0.80 mmol) of diisopropylethylamine in 0.5 mL of DMSO was
heated at 80 C for 18 h, then cooled and partitioned between ethyl acetate and water. The organic phase was dried
(Na,SO,) and concentrated under reduced pressure. The crude material was purified by preparative RP-HPLC using
as the mobile phase acetonitrile-water containing 0.05% TFA. "H NMR (400 MHz, CHLOROFORM-d) § ppm 1.46 - 2.52
(m, 16 H) 3.26 - 3.54 (m, 8 H) 3.53 - 3.92 (m, 4 H) 4.02 (dd, J=11.8, 4.3 Hz, 1H) 4.22 (d, J=13.0 Hz, 1H) 5.01 (d, J=14.3
Hz, 2 H) 6.47 (d, J=8.5 Hz, 1H) 6.93 (d, J=7.5 Hz, 1H) 7.56 (t, J=8.0 Hz, 1H). HRMS calculated for C,;H37N4O4F5:
539.2845; found: 539.2894.

Example 46

[0291]

52



10

15

20

25

30

35

40

45

50

55

EP 2 370 442 B9

1,5-Anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({(1S,4S)-5-[4-(trifluoromethyl) pyridin-2-yl]-2,5-di-
azabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol

[0292] The title compound was prepared in a fashion analogous to that described in Preparation Ex. 45. TH NMR (400
MHz, CHLOROFORM-d) 6 ppm 1.57 - 2.31 (m, 14 H) 2.33 - 2.47 (m, 2 H) 2.49 - 2.62 (m, 1H) 3.28 - 3.54 (m, 7 H) 3.57
-3.91 (m, 4 H) 4.02 (dd, J=11.8, 4.3 Hz, 1H) 4.22 (d, .1=13.3 Hz, 1H) 5.07 (br. s., 1H) 5.25 (s, 1H) 6.88 - 6.96 (m, 2 H)
8.14 (d, J=6.5 Hz, 1H). HRMS calculated for C27H37N404F 3: 539.2845; found: 539.2894.

Example 47
[0293]
~o o)
0 1 NN
T S g
N~

1,5-Anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({(1S,4S)-5-[4-(trifluorornethyl) pyrimidin-2-yl]-2,5-di-
azabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol

[0294] The title compound was prepared in a fashion analogous to that described in Preparation Example 45. TH NMR
(400 MHz, CHLOROFORM-d) & ppm 1.65-2.51 (m, 15 H) 2.52 - 2.64 (m, 1H) 3.35 (s, 3 H) 3.44 (d, J=13.7 Hz, 1H) 3.49
-3.98 (m, 7 H) 4.19 (dd, J=11.4, 4.6 Hz, 1H) 4.35 (d, J=14.0 Hz, 1H) 5.07 - 5.48 (m, 2 H) 7.16 (d, J=6.5 Hz, 1H) 8.49
(d, J=6.5 Hz, 1H). HRMS calculated for C26H36N504F3: 540.2797; found: 540.2812.

Example 48

[0295]

o] %mt\%i

1,5-Anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({(1S,4S)-5-[2-(trifluoromethyl) pyrimidin-4-yl]-2,5-di-
azabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol

[0296] The title compound was prepared in a fashion analogous to that described in Preparation Example 45. TH NMR
(400 MHz, CHLOROFORM-d) & ppm 1.57 -2.53 (m, 16 H) 3.31 (d, J=13.3 Hz, 1H) 3.35-3.79 (m, 10 H) 4.03 (dd, J=11.4,
4.3 Hz, 1H) 4.23 (d, J=12.6 Hz, 1H) 5.11 (s, 1H) 5.29 (br. s., 1H) 6.23 - 6.75 (m, 2 H) 8.30 (d, J=6.1 Hz, 1H). HRMS
calculated for C26H36N504F 3: 540.2797; found: 540.2891.

Example 49

[0297]
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1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({(1S,4S)-5-[6-(trifluoromethyl)pyrimidin-4-yl]-2,5-di-
azabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol

[0298] The title compound was prepared in a fashion analogous to that described in Preparation Example 45. TH NMR
(400 MHz, CHLOROFORM-d) 8 ppm 1.56 - 2.35 (m, 14 H) 2.36 - 2.44 (m, 1H) 2.45 - 2.54 (m, 1H) 3.32 (d, J=13.3 Hz,
1H) 3.36 - 3.92 (m, 10 H) 4.04 (dd, J=12.3, 4.1 Hz, 1H) 4.24 (d, J=13.0 Hz, 1H) 5.15 (s, 1H) 5.23 - 5.30 (m, 1H) 6.45 -
7.05 (m, 3 H) 8.67 (s, 1H). HRMS calculated for C26H36N504F 3: 540.2797; found: 540.2830.

Example 50

[0299]

0
o) 1 N_ _N
~
N

1,5-Anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({(1S,4S)-5-[6-(trifluoromethyl) pyrazin-2-yl}-2,5-di-
azabicyclo[2.2.1]hept-2-yl)carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol

[0300] Asolution of 93 mg(0.20 mmol)of 1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-[(1S,4S)-2,5-diazabicyclo[2.2.1]hept-
2-ylcarbonyl]-3-(1-hydroxycyclobutyl)cyclopentyllamino]-4-O-methyl-D-erythro-pentitol dihydrochloride 121 mg (0.442
mmol) of 2-iodo-6-trifluoromethylpyrazine, 326 mg (1.0 mmol) of cesium carbonate, 24 mg (40 umol) of XantPhos, and
16 mg (28 umol) of tris(dibenzylideneacetone) palladium (0) in 0.8 mL of dioxane and 0.4 mL of DMSO was heated at
80 C under argon for 18 h, then cooled and partitioned between ethyl acetate and water. The organic phase was dried
(Na,S0O,) and concentrated under reduced pressure. Flash chromatography of the residue on silica using 0-2-4% meth-
anolic ammonia and 3% methanol in dichloromethane afforded 89 mg (82%) of the title compound. TH NMR (400 MHz,
CHLOROFORM-d) & ppm 1.51 - 2.40 (m, 16 H) 2.65 - 2.74 (m, 1H) 3.09 - 3.49 (m, 10 H) 3.54 (d, J=9.6 Hz, 1H) 3.61 -
3.80 (m, 2 H) 3.88 - 3.96 (m, 1H) 4.06 (dd, J=12.5, 2.9 Hz, 1H) 4.96 (br. s., 1H) 5.21 (br. s., 1H) 8.02 (s, 1H) 8.15 (s,
1H). HRMS calculated for C26H36N504F 3: 540.2797; found: 540.2896.

Example 51

[0301]

h o)
o) 1 N
HOD i ~ F
~N

1,5-Anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({(1S,4S)-5-[2-(trifluoromethyl) pyridin-4-yl]-2,5-di-
azabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol

[0302] The title compound was prepared in a fashion analogous to that described in Example 45. TH NMR (400 MHz,
CHLOROFORM-d) & ppm 1.51-2.40 (m, 18 H) 2.65 - 2.73 (m, 1H) 3.04 - 3.47 (m, 8 H) 3.59 (d, J=8.5 Hz, 1H) 3.70 (d,
J=9.9 Hz, 1H) 3.86 - 3.95 (m, 1H) 4.05 (dd, J=12.3, 2.4 Hz, 1H) 4.52 (s, 1H) 5.17 (br. s., 1H) 6.48 (br. s., 1H) 6.72 (br.
s., 1H) 8.26 (d, J=5.8 Hz, 1H). HRMS calculated for C27H37N404F3: 539.2845; found: 539.2979.
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Example 52

1,5-Anhydro-2,3-dideoxy-3-{[3-(1-hydroxy-1-methylethyl)-3-({5-[4-(trifluoromethyl)pyridin-2-yl]-2,5-diazabicyclo[2.2.1]
hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methylpentitol

Step 1. Benzyl4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-(1-hydroxy-1-methylethyl)cyclopent-2-ene-1-carboxylate

[0304]

= O
Fon

[0305] The title compound was prepared in a manner analogous to that described in Example 45, Step 2 above. H
NMR (400 MHz, CHLOROFORM-d) 6 ppm 1.18 (s, 3 H) 1.22 (s, 3 H) 2.11 (s, 6 H) 2.22 (dd, J=14.7, 7.5 Hz, 1H) 2.88
(dd, J=14.7, 8.5 Hz, 1H) 3.43 (s, 1H) 5.15-5.23 (m, 2 H) 5.24 - 5.31 (m, 1H) 5.71 (s, 2 H) 5.99 (dd, 1H) 6.03 (dd, 1H)
7.30 - 7.40 (m, 5 H). TLC Rf 0.29 (30% ethyl acetate in hexane). LC-MS ES+ 354.2.

Step 2 Benzyl 4-amino-1-(1-hvdroxy-1-methylethyl)cyclopent-2-ene-1-carboxylate

[0306]

e T

[0307] The title compound was prepared in a manner analogous to that described in Example 45, Step 3 above. H
NMR (400 MHz, CHLOROFORM-d) 6 ppm 1.11 (s, 3 H) 1.14 (s, 3 H) 1.81 (dd, J=14.5, 4.9 Hz, 1H) 1.85 - 1.92 (m, 1H)
2.67 (dd, J=14.3, 8.2 Hz, 1H) 3.97 - 4.03 (m, 1H) 5.18 (s, 2 H) 5.83 (dd, 1H) 5.89 (dd, 1 H) 7.32 - 7.42 (m, 5 H). LC-MS
ES+ 276.2.

Step 3 1,5-Anhydro-3-({4-[(benzyloxy)carbonyl-4-(1-hydroxy-1-methylethyl)cyclopent-2-en-1-yl}Jamino)-2,3-dideoxy-
4-O-methylpentitol

[0308]
O
O
5 .
[on
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[0309] The title compound was prepared in a manner analogous to that described in Example 45,step 4 above. H
NMR (400 MHz, CHLOROFORM-d) & ppm 1.11 (s, 3 H) 1.15 (s, 3 H) 1.41 -1.66 (m, 2 H) 1.68 - 1.80 (m, 1 H) 1.87 -
1.94 (m, 1 H) 2.56 - 2.65 (m, 1H) 2.82 - 2.89 (m, 1H) 3.24 - 3.46 (m, 7 H) 3.87 - 3.97 (m, 2 H) 3.98 - 4.07 (m, 1H) 5:11
-5.21(m,2H)5.84-597 (m,2H) 7.30 - 7.41 (m, 5 H). TLC Rf 0.34 (4% methanolic ammonia in dichloromethane).
LC-MS ES+ 390.2.

Step 4. 1,5-Anhydro-3-[{4-[(benzyloxy)carbonyl]-4-(1-hydroxy-1-methylethyl)cyclopent-2-en-1-yl)(trifluoroacetyl)ami-
nol-2,3-dideoxy-4-O-methylpentitol

[0310]

F
0 F
"o YkF o)
N
0 .
Fon

[0311] The title compound was prepared in a manner analogous to that described in example 45, step 5 above. H
NMR (400 MHz, CHLOROFORM-d) & ppm 1.35-1.75(m, 2 H) 1.78 - 2.08 (m, 4 H) 2.24 - 2.54 (m, 4 H) 3.31 (d, J=12.6
Hz, 1H) 3.38 - 3.45 (m, 2 H) 3.43 (s, 3H) 3.45-3.55 (m, 1H) 3.84 - 3.94 (m, 1H) 4.07 - 4.14 (m, 1H) 4.19 (d, J=13.0 Hz,

1H) 4.95 - 5.05 (m, 1H) 5.14 (d, J=12.3 Hz, 1 H) 5.31 (d, 1H) 5.78 (dd, J=5.6. 2.2 Hz, 1H) 6.12 (dd, J=5.8, 2.4 Hz, 1H)
7.27 - 7.44 (m, 5 H). Rf-0.34 (25% ethyl acetate-dichloromethane). LC-MS ES+ 498.2.

Step 5. 3-[{4-[1-(acetyloxy)-1-methylethyl]-4-[(benzyloxy)carbonyllcyclopent-2-en-1-yl}(trifluoroacetyl)amino]-1,5-anhy-
dro-2,3-dideoxy-4-O-methylpentitol

[0312]

F
~o O%F o
0

o)

o

[0313] The title compound was prepared in a manner analogous to that described in example 45, step 6 above. H
NMR (400 MHz, CHLOROFORM-d) 6 ppm 1.49 (s, 3 H) 1.53 - 1.61 (m, 4 H) 1.82 - 1.86 (m, 3 H) 2.38 - 2.57 (m, 2 H)
3.32(d, J=13.0 Hz, 1H) 3.37 - 3.44 (m, 3 H) 3.45-3.56 (m, 2 H) 3.84 - 3.95 (m, 1H) 4.05-4.23 (m, 2 H) 4.93 - 5.04 (m,
1H) 5.08 - 5.15 (m, 1H) 5.26 - 5.36 (m, 3 H) 6.11 (dd, J=5.8, 2.4 Hz, 1H) 7.28 - 7.42 (m, 5 H). TLC Rf 0.29 (40% ethyl
acetate-hexane). LC-MS ES+ 550.2 for M+Na.

7\\\

Step 6. 3-[{3-[1-(Acetyloxy)-1-methylethyl]-3-carboxycyclopentyl}(trifluoroacetyl)amino]-1,5-anhydro-2,3-dideoxy-4-O-
methylpentitol

[0314]
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[0315] The title compound was prepared in a manner analogous to that described in example 45, step 7 above. H
NMR (400 MHz, CHLOROFORM-d) & ppm 0.86 (none, 1H) 1.51 - 1.91 (m, 10 H) 2.02 - 2.04 (m, 3 H) 2.24 - 2.54 (m, 3
H) 3.31 (d, J=13.0 Hz, 1H) 3.37 (br. s., 1H) 3.41 - 3.46 (m, 3 H) 3.46 - 3.56 (m, 1H) 3.82 - 3.91 (m, 1H) 4.08 - 4.16 (m,
1H) 4.16 - 4.23 (m, 1H) 4.25 - 4.39 (m, 1H). LC-MS ES+ 440.2.

Step 7. 3-[(3-[1-(Acetyloxy)-1-methylethyl]-3-{[5-(tert-butoxycarbonyl)-2,5-diazabicyclo[2.2.1]hept-2-yl]carbonyl}cy-
clopentyl)(trifluoroacetyl)aminol-1,5-anhydro-2.3-dideoxy-4-O-methylpentitol

[0316]

i
\Oo§r)<§ o

N N
- OE@TK

[0317] The title compound was prepared in a manner analogous to that described in example 45, step 8 above. H
NMR (400 MHz, CHLOROFORM-d) & ppm 1.35-1.51 (m, 9 H) 1.54 - 1.66 (m, 6 H) 1.72 - 1.87 (m, 2 H) 1.97 - 2.33 (m,
7 H)2.36-2.65(m,2H)3.25-3.68 (m, 9 H)3.80-3.90 (m, 1H) 4.06 - 4.25 (m, 2 H) 4.34 - 4.64 (m, 2 H) 4.88 - 4.99
(m, 1H). TLC Rf 0.38. LC-MS ES+ 642.3 (M+Na).

Step 8. 1,5-Anhydro-3-{[3-{[5-(tert-butoxycarbonyl)-2,5-diazabicyclo[2.2.1]hept-2-yl]carbonyl}-3-(1-hydroxy-1-methyle-
thyl)cyclopentyl](trifluoroacetyl)amino}-2.3-dideoxy-4-O-methylpentitol

[0318]

9]

N
7 N._ O
Fou™"r K
O
The title compound was prepared in a manner analogous to that described in example 45, Step 9 above. 'H NMR (400

MHz, CHLOROFORM-d) & ppm 1.08 - 1.28 (m, 5 H) 1.36 - 2.77 (m, 18 H) 3.25 - 3.57 (m, 8 H) 3.68 - 3.91 (m, 2 H) 4.06
-4.24 (m, 2 H) 4.37 - 4.73 (m, 2 H) 4.82 - 5.00 (m, 1H). TLC Rf 0.30 (2% MeOH in ethyl acetate). LC-MS ES+ 578.3.

Step 9. 1,5-anhydro-3-{[3-{[5-(tert-butoxvcarbonyl)-2,5-diazabicyclo[2.2.1]hept-2-yl]carbonyl}-3-(1-hydroxy-1-methyle-
thyl)cyclopentyl]lamino}-2.3-dideoxy-4-O-methylpentitol

[0319]
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[0320] The title compound was prepared in a manner analogous to that described in example 45, step 10. TH NMR
(400 MHz, CHLOROFORM-d) 8 ppm 1.10-1.26 (m, 6 H) 1.37 - 1.90 (m, 16 H) 2.23 - 2.52 (m, 2 H) 2.63 - 2.74 (m, 1H)
3.10-3.72 (m, 10 H) 3.84 - 3.97 (m, 1H) 4.03 - 4.12 (m, 1H) 4.34 - 4.62 (m, 1H) 4.80 - 4.99 (m, 1H). TLC Rf 0.19 (4%
methanolic ammonia in dichloromethane). HRMS calculated for C25H43N306: 482.3230; found: 482.3276.

Step 10 1,5-Anhydro-2,3-dideoxy-3-{[3-(2,5-diazabicyclo[2.2.1]hept-2-ylcarbonyl)-3-(1-hydroxy-1-methylethyl)cy-
clopentyllamino}-4-O-methylpentitol

[0321]

[0322] The title compound was prepared in a manner analogous to that described in example 45, step 11 above. H
NMR (400 MHz, CD30D) 6 ppm 1.16 (s, 3 H) 1.23 - 1.25 (m, 3 H) 1.62 - 2.34 (m, 7 H) 2.66 (br. s., 2 H) 3.33 - 3.68 (m,
14 H) 3.98 (dd, J=11.8, 4.6 Hz, 1H) 4.26 (d, J=13.3 Hz, 1H) 4.44 (s, 1H). LC-MS ES+ 382.3.

Example 52

[0323]

~0 o)
o) A N
/SSQ i Y F
N_

1,5-Anhydro-2,3-dideoxy-3-{[3-(1-hydroxy-1-methylethyl)-3-({5-[4-(trifluoromethyl)pyridin-2-yl]-2,5-diazabicyclo[2.2.1]
hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methylpentitol

[0324] The title compound was prepared in a manner analogous to that described in Example 45. TH NMR (400 MHz,
DMSO-dg) & ppm 1.00 - 1.20 (m, 6 H) 1.48 - 1.60 (m, 1H) 1.65 - 2.47 (m, 8 H) 3.13 - 3.22 (m, 1H) 3.23 - 3.54 (m, 8 H)
3.55 - 3.64 (m, 1H) 3.80 - 3.90 (m, 1H) 4.08 - 4.16 (m, 1H) 4.87 - 5.02 (m, 1H) 5.15 - 5.26 (m, 1H) 6.84 (d, J=5.1 Hz,
1H) 8.28 (d, J=5.5 Hz, 1H). HRMS calculated for C26H37N404F3: 527.2845; found: 527.2939.

Example 53

[0325]
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1,5-Anhydro-2,3-dideoxy-3-{[3-(1-hydroxy-1-methylethyl)-3-({5-[6-(trifluoromethyl)pyrimidin-4-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methylpentitol

[0326] The title compound was prepared in a manner analogous to that described in Example 45. TH NMR (400 MHz,
DMSO-dg) 3 ppm 0.92 - 1.19 (m, 6 H) 1.48 - 1.62 (m, 1H) 1.64 - 2.47 (m, 8 H) 3.09 - 3.68 (m, 10 H) 3.81 - 3.91 (m, 1H)
4.06 -4.18 (m, 1H) 4.87 - 5.04 (m, 1H) 5.09 - 5.33 (m, 1H) 8.29 - 8.64 (m, 2 H). HRMS calculated for C25H36N504F 3:
528.2797; found: 528.2812.

Example 54

[0327]

~o o)
ﬁ@ﬁ@Yf
N~

1,5-Anhydro-2,3-dideoxy-3-{[3-(1-hydroxy-1-methylethyl)-3-({5-[4-(trifluoromethyl)pyrimidin-2-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyl)amino)-4-O-methylpentitol

[0328] The title compound was prepared in a manner analogous to that described in Example 45. TH NMR (400 MHz,
DMSO-dg) 3 ppm 0.99 - 1.20 (m, 6 H) 1.45 - 1.64 (m, 1H) 1.63 - 2.18 (m, 7 H) 2.25 - 2.47 (m, 2 H) 3.13 - 3.65 (m, 10 H)
3.78 - 3.91 (m, 1H) 4.12 (dd, 1H) 4.87 - 5.04 (m, 2 H) 5.20 (br. s., 1H) 8.67 (d, J=3.8 Hz, 1H). HRMS calculated for
C25H36N504F3: 528.2797; found: 528.2856.

Example 55

[0329]

1,5-Anhydro-2,3-dideoxy-3-([3-(1-hydroxy-1-methylethyl)-3-({5-[5-(trifluoromethyl)pyridazin-3-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino)-4-O-methylpentitol

[0330] The title compound was prepared in a manner analogous to that described in Example 45. TH NMR (400 MHz,
DMSO-dg) 3 ppm 0.87 - 1.20 (m, 7 H) 1.49 - 2.46 (m, 10 H) 3.16 - 3.73 (m, 10 H) 3.79 - 3.89 (m, 1H) 4.08 - 4.17 (m, 1H)
5.20-5.31 (m, 1H) 8.30 - 8.61 (m, 2 H) 8.84 (s, 1H). HRMS calculated for C25H36N504F 3: 528.2797; found: 528.2863.

Example 56

[0331]

59



10

15

20

25

30

35

40

45

50

55

EP 2 370 442 B9

1,5-Anhydro-2,3-dideoxy-3-{[3-(1-hydroxy-1-methylethyl)-3-({5-[2-(trifluoromethyl)pyrimidin-4-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methylpentitol

[0332] The title compound was prepared in a manner analogous to that described in Example 45. TH NMR (400 MHz,
DMSO-dg) 3 ppm 0.96 - 1.20 (m, 6 H) 1.45 - 2.48 (m, 9 H) 3.08 - 3.66 (m, 10 H) 3.80 - 3.89 (m, 1H) 4.08 - 4.17 (m, 1H)
4.85-5.11 (m, 1H) 5.16 - 5.29 (m, 1H) 8.27 - 8.34 (m, 1H). HRMS calculated for C25H36N504F3: 528.2797; found:
528.2927.

Example 57

[0333]

~o 0
0 7 N.__N
f?Sh | F
o

1,5-Anhydro-2,3-dideoxy-3-{[3-(1-hydroxy-1-methylethyl)-3-({5-[6-(trifluoromethyl)pyridin-2-yl]-2,5-diazabicyclo[2.2.1]
hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methylpentitol

[0334] The title compound was prepared in a manner analogous to that described in Example 45. TH NMR (400 MHz,
CHLOROFORM-d) 6 ppm 0.82 - 1.37 (m, 6 H) 1.64 - 2.67 (m, 10 H) 3.19 - 3.78 (m, 11 H) 3.91 - 4.08 (m, 1 H) 4.15 -
4.28 (m, 1 H) 4.93 - 5.09 (m, 1H) 6.40 - 6.54 (m, 1H) 6.92 (d, J=7.2 Hz, 1H) 7.55 (t, J=8.0 Hz, 1H). HRMS calculated
for C26H37N404F3: 527.2845; found: 527.2869.

Example 58

[0335]

~No- o)
YO
& . ! F
fEi+ | N F
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1,5-Anhydro-2,3-dideoxy-3-{[3-(1-hydroxy-1-methylethyl)-3-({5-[2-(trifluoromethyl)pyridin-4-yl]-2,5-diazabicyclo[2.2.1]
hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methylpentitol

[0336] The title compound was prepared in a manner analogous to that described in Example 45. TH NMR (400 MHz,
DMSO-dg) 3 ppm 0.99 - 1.19 (m, 6 H) 1.47 - 1.62 (m, 1H) 1.64 - 2.46 (m, 9 H) 3.08 - 3.68 (m, 11 H) 3.80 - 3.91 (m, 1H)
4.07-4.18 (m, 1H) 4.75-5.28 (m, 2 H) 8.24 (d, J=5.8 Hz, 1H) 8.30- 8.77 (m, 2 H). HRMS calculated for C26H37N404F 3:
527.2845; found: 527.2943.

Example 59

[0337]
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1,5-Anhydro-2,3-dideoxy-3-{[3-(1-hydroxy-1-methylethyl)-3-({5-[6-(trifluoromethyl)pyrazin-2-yl]-2,5-diazabicyclo[2.2.1]
hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methylpentitol

[0338] The title compound was prepared in a manner analogous to that described in Example 50. TH NMR (400 MHz,
DMSO-dg) 3 ppm 0.99-1.19 (m, 6 H) 1.45-2.48 (m, 10 H) 3.15 - 3.69 (m, 10 H) 3.80 - 3.90 (m, 1H) 4.07 - 4.17 (m, 1H)
4.88-5.31(m,2H)8.20 (s, 1H) 8.28 - 8.63 (m, 3 H). HRMS calculated for C25H36N504F 3: 528.2797; found: 528.2905.

~o o)
N
o) oNl\ i
N~

((1S,3R)-3-((3S,4S)-3-methoxy-tetrahydro-2H-pyran-4-ylamino)-1-(tetrahydrofuran-3-yl)cyclopentyl)((1S,4S)-5-(4-(trif-
luoromethyl)pyridin-2-yl)-2,5-diaza-bicyclo[2.2.1]heptan-2-yl)methanone

[0340] 'HNMR (400 MHz, CD50D) § 8.20 (d, 1H), 7.18 (s, 1H), 6.97 (d, 1H), 5.11 (m, 2H), 4.24 (d, 1H), 3.38-3.99 (m,
17H), 2.87 (m, 1H), 2.65 (m, 1H), 2.48 (m, 1H), 1.90-2.39 (m, 8H), 1.81 (m, 2H), 1.65 (m, 1H).

[0341] 'HNMR (400 MHz, CD30D) § 8.20 (d, 1H), 7.18 (s, 1H), 6.97 (d, 1H), 5.11 (m, 2H), 4.24 (d, 1H), 3.38-3.99 (m,
17H), 2.87 (m, 1H), 2.65 (m, 1H), 2.48 (m, 1H), 1.90-2.39 (m, 8H), 1.81 (m, 2H), 1.65 (m, 1H).

Example 60/61

[0339]

Example 62/63

[0342]

~o o)
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N OF
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((1S,3R)-3-((3S,4S)-3-methoxy-tetrahydro-2H-pyran-4-ylamino)-1-(2,2,2-trifluoro-1-hydroxyethyl)cyclopentyl)((1S,4S)-
5-(4-(trifluoromethyl)pyridin-2-yl)-2,5-diazabicyclo[2.2.1]heptan-2-yl)methanone

[0343] 'HNMR (400 MHz, CD30D) & 8.23 (d, J= 8Hz, 1H), 6.8 (d, J=8Hz, 1H), 6.72 (d, J=8 Hz, 1H), 5.0 (m, 1H), 4.2,
(m, 1H), 3.85 (m, 2H), 3.6 (m, 1H), 3.52 (m, 1H), 3.30 (s, 3H) 3.4 (m, 4H), 2.7 (m, 2H), 2.4 (m,1H), 2.0 (m, 4H), 1.8 (m,
4H), 1.6 (m, 4H)

[0344] 1HNMR (400 MHz, CD30D) 5 8.23 (d, J= 8Hz, 1H), 6.8 (d, J=8Hz, 1H), 6.72 (d, J=8 Hz, 1H), 5.0 (m, 1H), 4.2,
(m, 1H), 3.85 (m, 2H), 3.6 (m, 1H), 3.30 (s, 3H), 3.52 (m, 1H),3.4 (m, 4H), 2.7 (m, 2H), 2.4 (m,1H), 2.0 (m, 4H), 1.8 (m,
4H), 1.6 (m, 4H)

Example 64

[0345]
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((1S,3R)-3-((3S,4S)-3-methoxy-tetrahydro-2H-pyran-4-ylamino)-1-(2,2,2-trifluoro-1-hydroxyethyl)cyclopentyl)((1S,4S)-
5-(2-(trifluoromethyl)pyrimidin-4-yl)-2,5-diaza-bicyclo[2.2. 1]heptan-2-yl)methanone

[0346] 'HNMR (400 MHz, CD30OD) § 8.23(m, 1H), 6.6 (m, 1H), 4.25 (m, 1H), 4.0 (m, 2H), 3.85 (m, 1H), 3.7 (m, 1H)
3.6 (m, 4H), 3.42 (m, 4H), 2.52 (m, 2H), 2.25 (m, 2H), 2.1 (m, 2H) 2.0 (m, 4H), 1.6 (m, 2H)

Example 65

[0347]

~o o)
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((1S,3R)-3-((3S,4S)-3-methoxy-tetrahydro-2H-pyran-4-ylamino)cyclopentyl)((1S,4S)-5-(4-(trifluoromethyl) pyridin-2-yl)-
2,5-diazabicyclo[2.2.1]heptan-2-yl)methanone

[0348] 'HNMR (400 MHz, CD30D) § 8.23 (d, J= 8Hz, 1H), 6.8 (d, J=8Hz, 1H), 6.72 (d, J=16 Hz, 1H), 5.0 (m, 1H),
4.2, (m, 1H), 3.9 (m, 1H), 3.85 (m, 1H), 3.8 (m, 4H), 3.4 (m, 4H), 3.30 (m, 3H), 3.2 (m, 4H), 2.0 (m, 4H), 1.8 (m, 4H)
Example 66

[0349]
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((1S,4S)-5-(3-fluoro-5-(trifluoromethyl) phenyl)-2,5-diaza-bicyclo[2.2. 1]heptan-2-y1)((1S,3R)-3-((3S,4S)-3-methoxy-tet-
rahydro-2H-pyran-4-ylamino)-1-(tetrahydrofuran-3-yl)cyclopentyl)methanone

[0350] 1HNMR (400Mhz, CD30D), § 6.6 (m, 3H), 5.0 (m, 1H), 4.6 (m, 1H), 4.25 (d, J=4Hz, 1H), 4.0 (m, 1H), 3.85 (m,
1H), 3.8 (m, 2H), 3.7 (m, 2H), 3.65 (m, 2H) 3.5 (m, 2H), 3.4 (3H), 3.2 (d, J=4Hz, 2H), 2.8 (m, 1H), 2.6 (m, 1H), 2.5 (m,
1H), 2.35 (m, 1H), 2.2 (m, 1H), 2.1 (m, 2H), 2.05 (m, 2H), 2.0 (m, 2H), 1.8 (m, 2H),1.6 (m, 2H)

Preparation of Examples 67-71

[0351]
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Scheme. Prep of F-221

—
HO@N‘Bn HOT\ NH HOQ N \(j
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AFID Therapeutics, Inc. l
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a) Boc,0, DIPEA; b) NBS, CCl, then 10% Pd/C, Hy; c) Cl-pyridine-CF5, DIPEA, DMF; d) DAST,
DCM, 0°C; e) 4N HCl/dioxane, rt

Step 1. Preparation of (1R,4S)-tert-butyl 7-hydroxy-5-(4-(trifluoromethyl)pyridin-2-yl)-2,5-diaza-bicvclo[2.2.1]heptane-
2-carboxylate

[0352] To a solution of alcohol (2.48 g, 11.6 mmol) in DMSO (30 mL) was added 2-chloro-5-(trifluoromethyl)pyridine
(2.0 g, 11.0 mmol) and TEA (3.4 mL, 24.2 mmol). After heating the mixture at 95 °C overnight the mixture was poured
into H,O and the aqueous mixture extracted 2X with ether. The organic extracts were dried (Na,SO,) and the solvent
removed to give an oil, which after chromatography (silica, EtOAc:Heptane) gave the product (1.0 g). LC/MS (M+Na) =
382 exp, 382 obs.

Step 2. Preparation of (1R,4S)-tert-butyl 7-fluoro-5-(4-(trifluoromethyl)pyridin-2-yl)-2,5-diaza-bicyclo[2.2.1]heptane-
2-carboxylate

[0353] To a solution of alcohol in DCM at 0 °C was added DAST dropwise. After addition was complete the reaction
mixture was allowed to warmto rtand stirred at rt overnight. The reaction mixture was poured into saturated NaHCO,/DCM
and the layers separated. The organic layer was collected, dried (Na,SO,) and the solvent removed to give an oil, which
after chromatography (silica, EtOAc:Heptane) gave the desired product (750 mg). LC/MS (M+H) = 362.1491 exp,
362.1491 obs. 1H NMR (400 MHz, DMSO-dg) 6 ppm 8.31 (1H, d, J=5.5 Hz), 6.85 - 6.96 (2 H, m), 5.35 (1H, d, J=55.6
Hz), 4.90 (1H, br. s.), 4.47 (1H, d, J=22.7 Hz), 3.64 (1H, dd, J=10.2, 1.8 Hz), 3.47 - 3.57 (1H, m), 3.39 - 3.46 (1H, m),
3.26-3.32 (1H, m), 1.39 (9 H, d, J=12.4 Hz).

Step 3. Preparation of (1S,4R)-7-fluoro-2-(4-(trifluoromethyl) pyridin-2-yl)-2,5-diaza-bicyclo[2.2.1]heptane

[0354] To a solution of (1R,4S)-tert-butyl 7-fluoro-5-(4-(trifluoromethyl)pyridin-2-yl)-2,5-diaza-bicyclo[2.2.1]heptane-
2-carboxylate (700 mg, 1.9 mmol) in dioxane (2 ml) was added 4N HCl/dioxane (5 mL). The reaction mixture was stirred
at rt for 5 hr and then diluted with ether to give a precipitate that was filtered and collected to give the product as the
HCl salt (506 mg). LC/MS (M+H) = 262.0967 exp, 262.1308 obs; 1H NMR (400 MHz, METHANOL-d,) & ppm 8.26 (1H,
d, J=6.1 Hz), 7.40 (1H, s), 7.20 (1H, dd, J=6.3, 1.0 Hz), 5.65 (1H, dd, J=52.4, 1.9 Hz), 5.28 (1H, s), 4.70 (1H, s), 3.92 -
4.09 (2H, m), 3.66 - 3.81 (2 H, m), 3.62 (1H, s)

Step 4. Preparation of (1S.4R)-7-hydroxy-2-(4-(trifluoromethyl)pyridin-2-yl)-2,5-diaza-bicyclo[2.2.1]heptane

[0355] Toasolutionof (1R,4S)-tert-butyl 7-hydroxy-5-(4-(trifluoromethyl)pyridin-2-yl)-2,5-diaza-bicyclo[2.2.1]heptane-
2-carboxylate (5 g, 14 mmol) in dioxane (5 ml) was added 4N HCl/dioxane (15 mL). The reaction mixture was stirred at
rt for 6 hr and then diluted with ether to give a precipitate that was filtered and collected to give the product as the HCI
salt (4.0 g). LC/MS (M+H) = 260.0 exp, 260.0 obs; 1H NMR (500 MHz, DMSO-dg) § ppm 3.42 - 3.50 (m, 1H) 3.67 - 3.72
(m, 1H) 3.75 - 3.82 (m, 1H) 4.16 (br. s., 1H) 4.50 (d, J=1.81 Hz, 1H) 4.72 (br. s., 1H) 6.95 (d, J=5.13 Hz, 2 H) 8.31 (d,
J=5.43 Hz, 1H) 9.34 (br. s., 1H) 9.75 (br. s., 1 H)
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Scheme 5
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a) DCM, TEA, R1R2NH, rt; b) 50% NaOH, EtOH, rt; c) DAST, DCM, 0 oC

Scheme 6
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a) DCM, TEA, R1R2NH, rt; b) 50% NaOH, EtOH, rt; c) DAST, DCM, 0 oC; d) 4N HCl/dioxane; e) Pyr-Cl Et3N, DMSO,

100 oC
Example 67

[0356]
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((1R,4R,7S)-7-fluoro-5-(4-(trifluoromethyl)pyridin-2-yl)-2,5-diazabicyclo[2.2.1]heptan-2-yl)((1S,3R)-1-isopropyl-3-((3S,
48S)-3-methoxy-tetrahydro-2H-pyran-4-ylamino)cyclopentyl)methanone

[0357] Prepared in a manner analogous to example 1, except using (1 R,4R,7R)-7-fluoro-2-(4-(trifluoromethyl)pyridin-
2-yl)-2,5-diaza-bicyclo[2.2.1]heptane as the coupling amine. LC/MS (M+H) = 529 exp, 529 obs; 1H NMR (400 MHz,
DMSO-dg) 6 ppm 8.31 (1H, d, J=5.1 Hz), 6.92 (2 H, d, J=5.1 Hz), 5.39 (1H, d, J=55.6 Hz), 4.81 - 4.98 (2 H, m), 3.78 -
3.88 (1H, m), 3.66 - 3.75 (2 H, m), 3.57 - 3.65 (1 H, m), 3.37 - 3.43 (1H, m), 3.23 - 3.31 (2 H, m), 3.15- 3.22 (4 H, m),
3.06 - 3.10 (1H, m), 2.95 - 3.03 (1H, m), 2.68 - 2.77 (1H, m), 2.22 - 2.32 (1H, m), 1.93 - 2.09 (2 H, m), 1.61 - 1.72 (2 H,
m), 1.35- 1.53 (3 H, m), 1.21 - 1.29 (1H, m), 1.08 - 1.20 (1H, m), 0.82 (2 H, d, J=6.2 Hz), 0.64 - 0.77 (4 H, m)

Example 68

[0358]

((1R,4R,7S)-7-hydroxy-5-(4-(trifluoromethyl)pyridin-2-yl)-2,5-diazabicyclo[2.2.1]heptan-2-yl)((1S,3R)-1-isopropyl-
3-((3S,4S)-3-methoxy-tetrahydro-2H-pyran-4-ylamino)cyclopentyl)methanone

[0359] To a solution of the (1S,3R)-1-isopropyl-3-(2,2,2-trifluoro-N-((3S,4S)-3-methoxy-tetrahydro-2H-pyran-4-yl)
acetamido)cyclopentanecarbonyl chloride (185mg, 0.463mmol) in CH,CI, (2mL) was added Et;N (0.161ml, 1.16mmol)
and (1R,4R,7R)-7-hydroxy-2-(4-(trifluoromethyl)pyridin-2-yl)-2,5-diazabicyclo[2.2.1]heptane (100mg, 0.386mmol). The
mixture was stirred for 4 hrs. at RT. The solution was then washed with NaHCO5 (1 X 3ml), and brine (1 X3ml). The
organic layer was then dried over MgS04, filtered and concentrated, purified by chromatopraphy with (100% EtOAc-
70% MeOH/EtOAC) to yield TFA protected product, which was then treated with 2N NaOH (0.5ml, 1mmol) in THF (2ml)
at RT for 4 hrs., then purified by chromatography with (100% EtOAc- 100% MeOH) to yield 60 mg desired product (30%).
LC/MS (M+H) = 527.2845 exp, 527.2996 obs; 1H NMR (400 MHz, DMSO-dg) 5 ppm 0.64 - 0.76 (m, 4 H) 0.77 - 0.88 (m,
3H)1.13 (d, J=1.83 Hz, 1H) 1.34 (br. s., 1H) 1.36 - 1.48 (m, 3 H) 1.66 (dt, J=7.69, 3.84 Hz, 1H) 1.77 - 1.90 (m, 1H) 1.99
(dt, J=13.55, 6.77 Hz, 2 H) 2.29 (dd, J=12.08, 8.05 Hz, 1H) 2.73 - 2.79 (m, 1H) 2.97 - 3.04 (m, 1H) 3.07 - 3.14 (m, 2 H)
3.15-3.24 (m, 5 H) 3.59 (br. s., 1H) 3.61 - 3.72 (m, 2 H) 3.75 - 3.88 (m, 1H) 4.26 (d, J=0.73 Hz, 1H) 4.44 - 4.55 (m, 2
H) 5.72 (d, J=3.29 Hz, 1 H) 6.75 - 6.85 (m, 2 H) 8.27 (d, J=5.49 Hz, 1H)

Example 69

[0360]

65



10

15

20

25

30

35

40

45

50

55

EP 2 370 442 B9

((1R,4R)-7-fluoro-5-(4-(trifluoromethyl)pyridin-2-yl)-2,5-diazabicyclo[2.2.1]heptan-2-yl)((1S,3R)-1-isopropyl-3-((3S,
48S)-3-methoxy-tetrahydro-2H-pyran-4-ylamino)cyclopentyl)methanone

[0361] 2,2,2-trifluoro-N-((1R,3S)-3-((1R,4R,78)-7-hydroxyl-2-(4-(trifluoromethyl)pyridin-2-yl)-2,5-diaza-bicyclo[2.2.1]
heptane-5-carbonyl)-3-isopropy[cyclopentyl)-N-((3S,4S)-3-methoxy-tetrahydro-2H-pyran-4-yl)acetamide (30 mg, 0.057
mmol) in CH,Cl, (2ml) was cooled to 0 °C and DAST (0.025ml, 0.086mmol) was added to the solution. The reaction
mixture was stirred overnight and purified by chromatography (10% EtOAc to 100% MeOH) to yield desired product
(16mg, 32%). LC/MS (M+H) = 529.2802 exp, 529.3112 obs; 1H NMR (400 MHz, DMSO-dg) 6 ppm 0.67 - 0.78 (m, 5 H)
0.82 (d, J=6.59 Hz, 3 H) 1.23 (br. s., 1H) 1.50 (d, J=3.66 Hz, 3 H) 1.75 (d, J=4.39 Hz, 2 H) 1.94 - 2.03 (m, 1H) 2.24 -
2.32 (m, 1 H) 2.98 (s, 1H) 3.12 (br. s., 1H) 3.18 - 3.23 (m, 4 H) 3.31 - 3.34 (m, 1H) 3.40 (d, J=10.98 Hz, 1H) 3.62 (d,
J=12.08 Hz, 1H) 3.72 (d, J=10.62 Hz, 3 H) 3.80 - 3.92 (m, 1H) 4.87 (br. s., 1H) 4.90 - 4.96 (m, 1H) 5.31 (d, J=1.83 Hz,
1H)5.40 - 5.46 (m, 1H) 6.86 - 6.94 (m, 2 H) 8.31 (d, J=5.49 Hz, 1H)

Preparative Example 70

[0362]

H
N O
o] WE€OH

N
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(1R,4R,7S)-tert-butyl 7-hydroxy-5-((1S)-1-isopropyl-3-(3-methoxy-tetrahydro-2H-pyran-4-ylamino)cyclopentanecarbo-
nyl)-2,5-diaza-bicyclo[2.2.1]heptane-2-carboxylate

[0363] To a solution of the (1S,3R)-1-isopropyl-3-(2,2,2-trifluoro-N-((3S,4S)-3-methoxy-tetrahydro-2H-pyran-4-yl)
acetamido)cyclopentanecarboxylic acid (0.95g, 2.5mmol) in CH,Cl, (5mL) under N2 at 0 °C is added oxalyl chloride
(623mg, 4.98mmol) and DMF (3 drops). The mixture is allowed to warm to RT and stir for 2 hr, It was then concentrated.
The acid chloride was redissolved in DCM (10ml), cooled to 0 °C, and treated with (1R,4R,7S)-tert-butyl 7-hydroxy-2,5-
diazabicyclo[2.2.1]heptane-2-carboxylate (534mg, 0.249mmol), followed by Et3N (0.1 ml, 0.75mmol). The resulting
mixture was warmed to RT and stirred for 2hrs. The solution was then washed with NaHCO3; (1 X5ml), and brine (1 X
5ml). The organic layer was then dried over MgS04, filtered and concentrated, purified by chromatography (100% EtOAc-
60% MeOH/EtOAC) to yield crude intermediate which was dried and concentrated. Then it was dissolved in EtOH (2ml)
and treated with NaOH ( 3ml, 7.5mmol) overnight. The reaction mixture was then purified by chromatography (100%
EtOAc- 100% MeOH) to yield desired product (300mg, 25%). LC/MS (M+H) = 482.3230 exp, 482.3334 obs; 1TH NMR
(400 MHz, DMSO-dg) & ppm 0.67 (dd, J=6.95, 3.66 Hz, 3 H) 0.80 (dd, J=6.59, 2.93 Hz, 3 H) 1.22 (br. s., 1H) 1.35 - 1.41
(m, 12 H) 1.43-1.48 (m, 2 H) 1.55-1.68 (m, 2 H) 1.85 - 1.93 (m, 1 H) 1.95 - 2.04 (m, 1H) 2.16 - 2.28 (m, 1H) 2.66 -
2.80 (m, 1 H) 2.97 - 3.02 (m, 1H) 3.03 - 3.10 (m, 2 H) 3.17 - 3.29 (m, 5 H) 3.37 - 3.47 (m, 1 H) 3.47 - 3.58 (m, 1H) 3.61
-3.74 (m, 1H) 3.81 - 3.89 (m, 1H) 3.94 - 4.04 (m, 2 H) 4.24 (br. s., 1H) 5.65 - 5.77 (m, 1H)

Preparative Example 71

[0364]

0 N\Q"T‘(@F
N
K

tert-butyl  7-fluoro-5-((1S,3R)-1-isopropyl-3-((3S,4S)-3-methoxy-tetrahydro-2H-pyran-4-ylamino)cyclopentanecarbo-
nyl)-2,5-diaza-bicyclo[2.2.1]heptane-2-carboxylate
[0365] tert-butyl 7-hydroxy-5-((1S)-1-isopropyl-3-(2,2,2-trifluoro-N-(3-methoxy-tetrahydro-2H-pyran-4-yl)acetamido)
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cyclopentanecarbonyl)-2,5-diazabicyclo[2.2.1]heptane-2-carboxylate (100 mg, 0.173 mmol) in CH,Cl, (2 ml) was cooled
to 0 °C and DAST (0.036ml, 0.259mmol) was added to the solution. The reaction mixture was stirred overnight and
purified by chromatography (10% EtOAc to 100% MeOH) to yield TFA protected product, which was then treated with
2.5N NaOH (0.014ml, 0.5mmol) in THF (2ml) at RT for 4 hrs., then purified by chromatopraphy with (100% EtOAc- 100%
MeOH) to yield 12 mg desired product (14%). LC/MS (M+H) = 484.3187 exp, 484.3197 obs; 1TH NMR (400 MHz, DMSO-
dg) 3 ppm 0.63 - 0.72 (m, 3 H) 0.81 (dd, J=7.14, 1.65 Hz, 3 H) 1.22 (br. s., 1H) 1.36 - 1.48 (m, 13 H) 1.56 - 1.68 (m, 2
H) 1.85-1.96 (m, 2 H) 2.16 - 2.28 (m, 1H) 2.68 - 2.79 (m, 1H) 2.95 - 3.05 (m, 1H) 3.15 (br. s., 1H) 3.17 - 3.29 (m, 7 H)
3.52(d, J=10.62 Hz, 2 H) 3.66 - 3.74 (m, 1H) 3.82- 3.90 (m, 1H) 4.27 - 4.37 (m, 1H) 4.69 (br. s., 1H) 5.08 - 5.35 (m, 1H)

Biological Data

CCR2 in vitro assays

[0366] The capacity of the novel compounds of the invention to antagonize chemokine receptor (e.g., CCR2) function
can be determined using a suitable screen (e.g., high through-put assay). For example, an agent can be tested in an
extracellular acidification assay, calcium flux assay, ligand binding assay or chemotaxis assay (see, for example, Hes-
selgesser et al., J Biol. Chem. 273(25):15687-15692 (1998); WO 00/05265 and WO 98/02151).

[0367] In a suitable assay, a CCR2 protein which can be isolated or recombinantly derived is used which has at least
one property, activity or functional characteristic of a mammalian CCR2 protein. The specific property can be a binding
property (to, for example, a ligand or inhibitor), a signalling activity (e.g., activation of a mammalian G protein, induction
of rapid and transient increase in the concentration of cytosolic free calcium [Ca++]i, cellular response function (e.g.,
stimulation of chemotaxis or inflammatory mediator release by leukocytes), and the like.

[0368] In an example binding assay, a composition containing a CCR2 protein or variant thereof is maintained under
conditions suitable for binding. The CCR2 receptor is contacted with a compound to be tested, and binding is detected
or measured.

[0369] In an example cell-based assay, cells are used which are stably or transiently transfected with a vector or
expression cassette having a nucleic acid sequence which encodes the CCR2 receptor. The cells are maintained under
conditions appropriate for expression of the receptor and are contacted with an agent under conditions appropriate for
binding to occur. Binding can be detected using standard techniques. For example, the extent of binding can be determined
relative to a suitable control. Also, a cellular fraction, such as a membrane fraction, containing the receptor can be used
in lieu of whole cells.

[0370] Detection of binding or complex formation in an assay can be detected directly or indirectly. For example, the
agent can be labeled with a suitable label (e.g., fluorescent label, label, isotope label, enzyme label, and the like) and
binding can be determined by detection of the label. Specific and/or competitive binding can be assessed by competition
or displacement studies, using unlabeled agent or a ligand as a competitor.

[0371] The CCR2 antagonist activity of compounds of the invention can be reported as the inhibitor concentration
required for 50% inhibition (IC50 values) of specific binding in receptor binding assays using 125I-labeled MCP-1, as
ligand, and Peripheral Blood Mononuclear Cells (PBMCs) prepared from normal human whole blood via density gradient
centrifugation. Specific binding is defined as the total binding (e.g., total cpm on filters) minus the non-specific binding.
Non-specific binding is defined as the amount of cpm still detected in the presence of excess unlabeled competitor (e.g.,
MCP-1).

CCR2 binding ICs,

[0372] Human PBMCs were used to test compounds of the invention in a binding assay. For example, 200,000 to
500,000 cells were incubated with 0.1 to 0.2 nM 125I-labeled MCP-1, with or without unlabeled competitor (10 nM MCP-
1) or various concentrations of compounds to be tested. 125I-labeled MCP-1, were prepared by suitable methods or
purchased from commercial vendors (Perkin EImer, Boston MA). The binding reactions were performed in 50 to 250 pL
of a binding buffer consisting of 1 M HEPES pH 7.2, and 0.1% BSA (bovine serum albumin), for 30 minutes at room
temperature. The binding reactions were terminated by harvesting the membranes by rapid filtration through glass fiber
filters (Perkin Elmer) which was presoaked in 0.3% polyethyleneimine or Phosphate Buffered Saline (PBS). The filters
were rinsed with approximately 600 L of binding buffer containing 0.5 M NaCl or PBS, then dried, and the amount of
bound radioactivity was determined by counting on a Gamma Counter (Perkin Elmer).

[0373] More specifically, the following assay may be employed to determine ICg values for the compounds of the
present invention.
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hCCR2 (125-1 hMCP-1) Small Molecule Binding Assay

[0374] The following reagents and supplies have been used in the preceding assay:

[0375] MCP-1

Biosource # PHC1013

1mg

reconstitute with 2 ml binding buffer (0.5 mg per ml or 60 uM)

[0376] 125] MCP-1

Perkin Elmer #NEX332

25 uCi

reconstitute with 0.2 ml PBS

[0377] RPMI 1640 with L-glutamine

MediaTech/Cellgro # 10-040-CM

[0378] BSA

Sigma # A2153

[0379] HEPES

1 M solution

MediaTech/Cellgro # 25-060-CL

[0380] NaCl

Sigma # S7653

[0381] SUPPLIES

Muliscreen BV Filter Plates

Millipore # MABVN1250

[0382] Multiscreen Punch Tips

Millipore #MADP19650

[0383] Multiscreen Filtration System Vacuum Manifold

Millipore # MAVMO0960R

[0384] Normal human leukophoresis pack contents, available from Biological Specialty Corporation, Colmar, PA., is
diluted 1:1 with PBS, divided into 50ml conical tubes (preferably less than 40mls per tube), and underlayed with 10 mls
of Ficoll-Paque PLUS (GE Healthcare 17-1440-02). The tubes are centrifuged at 2800rpm in a clinical centrifuge at room
temperature for 30 minutes, with no brake. The plasma layer is suctioned, and the buffycoat layer is collected. The
collected buffycoat layer is washed twice with 50 mls PBS, and centrifuged at 1400rpm with brake. The cells are counted.
The cells are then diluted to 1x107 cells per ml in binding buffer. 96 well plates (such as, for example, Millipore
MultiScreen96 plates) are pre-wet with about 100 pl binding buffer (RPMI+0.1% BSA + 20mM HEPES), and blotted just
prior to compound addition.

[0385] Plates with compound to be tested may be advantagously stored or managed with an automated system, such
as, for example,.TelCel (Hamilton Storage Technologies, Inc., 103 South Street, Hopkinton, MA 01748 USA) 5 pl of 50
wM test compounds in 100% DMSO are dotted onto U-bottom polypropylene 96-well plates.

[0386] 245 pl per well of Binding Buffer is added to each well for 1uM compound concentration in 2% DMSO.
[0387] 50pl of 1uM compound is transferred to pre-wetted Millipore plates. 50 wl per well of 1x10E7 cells per ml of
freshly prepared human PBMCs are added.

[0388] The samples are pre-incubated at room temperature for 30 minutes or 1 hour.

[0389] 50 pl of 450pM 125-I-hMCP-1 (Perkin-Elmer/NEN cat#NEX332025UC) is added for a final concentration 125-
I-hMCP-1 of 150pM per well.

[0390] The final test compound concentration is 0.333uM in 150p.l total volume with 0.67% DMSO in all wells. Controls
for this assay consist of 0% inhibition and 100% inhibition with 1 uM hMCP-1 (saturating conditions). All wells are run
in duplicate. Controls may be in replicates of eight.

[0391] The samples are incubated at room temperature for 30 minutes.

[0392] The buffer is suctioned through the Millipore plates. The plates are washed three times with Wash Buffer (PRMI
+0.1% BSA + 20mM HEPES + 0.4 M NaC).

[0393] The plate underdrain is removed. The plate filters are allowed to dry. The filters are then punched out into
plastic tubes.

Finally, the sample is counted on a Gamma Counter.

[0394] Al IC50 plates were repeated for an n=2.

[0395] The following table summarizes the I1C5, values identified through the described assay.
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Table 1. Biological Data

Example | ICg, (nM) 30 min preinc | IC5y(nM) 1 hrpreinc

1 2.47

2 3.16

3 17.8

4 3.98

5 13.3

6 1.73

7 17.1

8 10.7

9 30.7

10 83.8

11 6.72 2.44
12 11.1 1.7
13 25.4 3.68
14 10.4 2.3
15 40 4.6
16 9.95 1.1
17 13.7 5.8
18 37.6 8.5
19 20.4 6.35
20 8.59

21 3.1
22 1.1
23 0.94
24 79.7 8.87
25 6.58 0.93
26 29.3 7.85
27 16.2 2.04
28 1.88
29 2.75
30 32.9 11.8
31 6.35
32 13.8 1.7
33 57.3 1.7
34 66.5 6.94
35 28.4 5.52
36 12.6 2.19
37 3.68
38 68.7 2.02
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(continued)

Example | ICg, (nM) 30 min preinc | IC5y(nM) 1 hrpreinc
39 82.9 5.81
40 18.3
41 63.6
42 70.9
43 47.3
44 8.1
45 253
46 3.19
47 6.16
48 253
49 35.8
50 7.14
51 22.8
52 5.4
53 27.6
54 8.46
55 28.3
56 32.8
57 4.34
58 38.5
59 17.7
60 2.4
61 5.9
62 1.3
63 1.1
64 4.7
65 1.5%@300nM
66 1.7
67 3.4
68 5.4
69 4.3
70 8.7
71 3.7

Diabetic Nephropathy Rat Model

[0396] A rat model of diabetic nephropathy was used to determine the renal protective effect of pharmacological
inhibition of CCR2. The streptozotocin (STZ)-induced diabetic rat model has been extensively used for studying the
progression of diabetic renal disease. STZ injection causes immediate destruction of pancreatic p-cells, consequently
hyperglycemia and progression of nephropathy similar to that seen in human diabetes mellitus. Diabetes was induced
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in male Wistar rats by single administration of STZ (45 mg/kg, iv). Three days after the induction of diabetes, fasting
blood glucose levels were assessed. Animals with fasting blood glucose levels higher than 200mg/dL were included in
the study. All the treatments were then initiated. 1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[6-(trif-
luoromethyl)pyrimidin-4-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-methyl-D-erythro-penti-
tol was administered at doses of 0.03, 0.3, 1, and 10 mg/kg (mpk) (in the chow) for 11 weeks. 24-hour urine collections
were obtained at 1, 4, 8, and 11 weeks after the treatment for assessing 24-hour urinary albumin excretion (UAE). As
expected, following the induction of diabetes there was a persistent elevation in UAE over the 11 week course of this
study. 1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,45)-5-[6-(trifluoromethyl)pyrimidin-4-yl]-2,5-diazabicyc-
lo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jaminol-4-O-methyl-D-erythro-pentitol treatment significantly reduced UAE at
doses of 0.3 mpk (1.73+0.69 mg/24h), 1 mpk (1.09=0.20 mg/24h), and 10 mpk (0.71=0.22 mg/24h) compared to
untreated STZ rats (4.32+1.34 mg/24h) at week 8, and at all doses (2.17+1.31, 1.96+0.85, 1.66+0.65, and 1.02+0.32
mg/24h, at 0.03, 0.3, 1, and 10 mpk dose, respectively, vs. 6.36=2.08 mg/24h, untreated STZ rats) at week 11. These
data demonstrate that pharmacological inhibition of CCR2 provides renal protection during the development and pro-
gression of diabetic nephropathy and support CCR2 antagonism as a new therapeutic strategy to treat diabetic renal
disease.

Claims

1. A compound of Formula I(a) or I(b):

I(a)

or a pharmaceutically acceptable salt thereof, wherein:

Ais O or CFy;

W is CR13R'4, C(O), CHOR'S, CHF, CF,, O or S

R1is H or (C4-Cg)alkyl optionally substituted by 1-3 substituents selected from halo, OH, CO,H, CO,-(C4-Cg)
alkyl, or (C4-C3) alkoxy;

R2and R3are each, independently, H, (C4-Cg)alkyl, (C4-Cg) haloalkyl, halo, (C5-Cg) cycloalkyl, CN, OH, OCORZ;
wherein said (C4-Cg)alkyl is optionally substituted with one or more substituents selected from F, (C4-C3) alkoxy,
OH, CN or CO,RZ;

R8 and R? are each, independently, H, (C4-Cg)alkyl, (C4-Cg)haloalkyl, (C5-Cg)cycloalkyl, CN, OH, OCOR'Z;
wherein said (C4-Cg)alkyl is optionally substituted with one or more substituents selected from F, (C,-C5) alkoxy,
OH, CN or CO,R12

R2 and R8, taken together may form a 5-8 membered ring;

R4 and R7, taken together may form a 5-8 membered ring;

R4 and R® are each, independently, H, CN, (C4-Cg)alkyl, halo, (C4-Cs)alkoxy, (C4-Cs)haloalkoxy, (C5-Cg)cy-
cloalkyl, OH, CO,R12, OCOR2, wherein said (C4-Cg)alky! is optionally substituted with one or more substituents
selected from F, (C4-C5) alkoxy, OH or CO,R12;

R6 and R7 are each, independently, H, CN, (C4-Cg)alkyl, halo; (C4-Cg)alkoxy, (C4-Cs)haloalkoxy, (C5-Cg)cy-
cloalkyl, OH, CO,R'2, OCOR'2 , wherein said (C4-Cg)alkyl is optionally substituted with one or more substituents
selected from F, (C4-Cg)alkoxy, OH or CO,R12;

or R2 and R3 together with the carbon atom to which they are attached form a 3-7 membered spirocyclyl group;
or R4 and R5 together with the carbon atom to which they are attached form a 3-7 membered spirocyclyl group;
or R3 and R4 together with the C atoms to which they are attached form a fused 3-7 membered cycloalkyl group
or 3-7 membered heterocycloalkyl group;

R10 is (C4-Cg)alkyl, (C4-Cg)haloalkyl, (C;-Cg)hydroxyalkyl, (C4-Cg)alkoxy, (C5-Cg)cycloalkyl, hydroxy(Cs-Cg)
cycloalkyl, alkoxy cycloalkyl, OH, (C4-Cg)heterocyclyl, amino, aryl or CN,

R'is aryl or heteroaryl, said R'1 optionally, independently substituted by one or more (C4-Cg) alkyl, halo, (C4Cg)
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haloalkyl, (C4-Cg)alkoxy, OH, amino, C(O)NH,, NH,SO,, SF5, or CN;

R12is H, (C4-C4)alkyl, or (C5-Cg)cycloalkyl;

R13is H, halo, (C4-C,)alkyl, (C;-C4)alkoxy,or OH;

R4 is H, halo, (C4-Cy)alkyl, (C4-C,4)alkoxy or OH; and

R15is H ,(C4-Cg)alkyl or (C5-Cg)cycloalkyl wherein aryl is an aromatic carbocyclic group such as phenyl, biphe-
nylyl, indenyl, naphthyl; or an aromatic carbocycle fused to a heterocycle such as benzothienyl, benzofuranyl,
indolyl, quinolinyl, benzothiazole, benzooxazole, benzimidazole, isoquinolinyl, isoindolyl, benzotriazole, inda-
zole and acridinyl.

2. A compound of Formula II:

or a pharmaceutically acceptable salt thereof, wherein:

R1is H, (C4-Cg)alkyl or (C5-Cg)cycloalkyl, said (C4-Cg)alkyl optionally substituted by halo, CN, C(O)OH or OH;
R2is (C4-Cg)alkyl, (C4-Cg)haloalkyl or (C5-Cg)cycloalkyl;

R3 R4, R5, R6, R7, R8 and R? are independently H, C4-C, alkyl, CN, halo or amino;

R10 is (C4-Cg)alkyl, (C4-Cg)haloalkyl, (C;-Cg)hydroxyalkyl, (C4-Cg)alkoxy, (C5-Cg)cycloalkyl, hydroxy(C4-Cg)
cycloalkyl, alkoxy (C5-Cg)cycloalkyl, OH, (C4-Cs)heterocyclyl; amino, aryl or CN;

R is aryl or heteroaryl, said R'! optionally, independently substituted by one or more (C4-Cg) alkyl, halo;
(C4-Cg)haloalkyl; (C4-Cg)alkoxy, OH, amino, C(O)NH,, NH,SO,, SF¢ or CN;

W is CR13R'4, C(0), CHOR'S, CHF, CF,, O or S;

R3 and R4 are independently H, halo, (C4-Cy4)alkyl (C4-C4)alkoxy, or OH; and

R15is H, (C4-Cg)alkyl or (C5-Cg)cycloalkyl wherein aryl is an aromatic carbocyclic group such as phenyl, biphe-
nylyl, indenyl, naphthyl; or an aromatic carbocycle fused to a heterocycle such as benzothienyl, benzofuranyl,
indolyl, quinolinyl, benzothiazole, benzooxazole, benzimidazole, isoquinolinyl, isoindolyl, benzotriazole, inda-
zole and acridinyl.

3. The compound of claim 2 or a pharmaceutically acceptable salt thereof, wherein:

R'is H or (C4-Cg)alkyl

R2 is (C4-Cg)alkyl or (C4-Cg)haloalkyl

R3, R4, R5, R6, R7, R8 and R? are each H:
R'is

~c D\ \ v
Q N

X L /

Y/ or T\U

,wherein X, Y, Z, Q and D are independently N or CA'6, and wherein 0,1, 2 or 30f X, Y, Z, O and O are N; and
wherein T, U and V are independently selected from CH, N, S, or O, provided that T and U are not both
simultaneously O or S;

each R18 is independently H, halo, (C4-Cg)alkyl, (C-Cg)haloalkyl, (C;-Cg)alkoxy or CN;
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R1is H, (C4-Cg)alkyl, (C4-Cg)haloalkyl, or (C4-Cg)alkoxy; and W is CR'3R4, C(O), CHOR'S, CHF or CF,,.
4. The compound of claim 3, or a pharmaceutically acceptable salt thereof, wherein R2 is methyl.

5. The compound or salt of claim 4 wherein R10 is

L r:z H;? CH" ]b b H;ﬁ:l;gsm, J{Cc‘;,
.~ g . ] RY ‘ T‘ |

Q é )bd " f);g:m‘ "\"“\No/cﬁai _

GoA

6. The compound of claim 3, or a pharmaceutically acceptable selt thereof, wherein R is
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R g R
N X Nj)( ?‘s N F ~
: }KJ“)(F 'i[N/ F | I P
0 /—CHs /—CHa
?’©/° é‘U ©
N

15

HsG

CHq CH
th,
CH,

)_
et A

35 F

30

or

40 F

7. The compound of claim 5 or a pharmaceutically acceptable salt thereof, wherein R'1 is

45

F F :
N F | _F T,
\ F | Ny F l N F
50 A A N~ N._~#
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8. The compound or salt of claim 7 wherein R0 is

and
R11

Ny

' 7—0% }Z
ch:' : H3

« OF

is

F F
F F
N Y
NVN , of N\N/

9. A compound according to claim 1 or 2 selected from the group consisting of:

1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-ethyl-3-({(1S,4S)-5-[4-(trifluoromethyl)pyridin-2-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-ethyl-3-({(1S,4S)-5-[4-(trifluoromethyl)pyrimidin-2-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-ethyl-3-({(1S,4S)-5-[6-(trifluoromethyl)pyrimidin-4-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-ethyl-3-({(1S,4S)-5-[6-(trifluoromethyl)pyrazin-2-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2.3-dideoxy-3-{[(1R,3S)-3-ethyl-3-({(1S,4S)-5-[2-(trifluoromethyl)pyrimidin-4-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-0-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-ethyl-3-({(1S,4S)-5-[6-(tritluoromethyl)pyridin-2-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl)carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-ethyl-3-([(1S,4S)-5-[2-(trifluoromethyl)pyridin-4-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl)carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-ethyl-3-({(1S,4S)-5-[3-fluoro-4-(trifluoromethyl)pyridin-2-yl]-2,5-di-
azabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-methyl-3-({(1S,4S)-5-[4-(trifluoromethyl) pyridin-2-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl}cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-methyl-3-({(1S,4S)-5-[6-(trifluoromethyl) pyrazin-2-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[4-(trifluoromethyl)pyridin-2-yl]-2,5-diazabicyc-
l0[2.2.1]hept-2-yl)carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[4-(trifluoromethyl)pyrimidin-2-yl]-2,5-diazabi-
cyclo[2.2.1]hept-2-yl)carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[6-(trifluoromethyl)pyrimidin-4-yl]-2,5-diazabi-
cyclo[2.2.1]hept-2-y})carbonyl)cyclopentylJamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[6-(trifluoromethyl)pyrazin-2-yl]-2,5-diazabicy-
clo[2.2.1]hept-2-yl]carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;

1,5-anhydro-2,3-dideoxy-3-{[(1 R,3S)-3-isopropyl-3-({(1S,4S)-5-[2-(trifluoromethyl)pyrimidin-4-yl]-2,5-diazabi-
cyclo[2.2.1]hept-2-yl)carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-(6-(trifluoromethyl)pyridin-2-yl]-2,5-diazabicyc-
lo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[2-(trifluoromethyl)pyridin-4-yl]-2,5-diazabicyc-
l0[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[5-(trifluoromethyl)pyndazin-3-yl]-2,5-diazabi-
cyclo[2.2.1]hept-2-yl]carbonyl)cyclopentyl]amino}-4-O-methyl-D-erythro-pentitol;
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1,5-anhydro-3-{[(1R,3S)-3-isopropy-3-({(1S,4S)-5-[2,6-bis(trifluoromethyl) pyridin-4-yl]-2,5-diazabicyclo[2.2.1]
hept-2-yl)carbonyl)-3-isopropylcyclopentylJamino}-2,3-dideoxy-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-({(1S,4S)-5-[3-fluoro-4-(trifluoromethyl)pyridin-2-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)-3-isopropylcyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[6-methyl-4-(trifluoromethyl) pyridin-2-yl]-2,5-di-
azabicyclo[2.2.1]hept-2-yl)carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[3-(trifluoromethyl)phenyl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-({(1S,4S)-5-[3-fluoro-5-(trifluoromethyl)phenyl]-2,5-diazabicyclo(2.2.1]
hept-2-yl}carbonyl)-3-isopropylcyclopentylJamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(2,2-difluoroethyl)-3-({(1S,4S)-5-[6-(trifluoromethyl) pyrimidin-4-yl]-2,5-
diazabicyclo[2.2.1]hept-2-yl)carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(2,2-difluoroethyl)-3-({(1S,4S)-5-[4-(trifluoromethyl) pyridin-2-yl]-2,5-di-
azabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(2,2-difluoroethyl)-3-({(1S,4S)-5-[2-(trifluoromethyl) pyridin-4-yl]-2,5-di-
azabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(2,2-difluoroethyl)-3-({(1S,4S)-5-[4-(trifluoromethyl) pyrimidin-2-yl]-2,5-
diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(2,2-difluoroethyl)-3-({(1S,4S)-5-[6-(trifluoromethyl) pyridin-2-yl]-2,5-di-
azabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[{1R,3S)-3-(2,2-difluoroethyl)-3(1S,4S)-5-[6-(trifluoromethyl)pyrazin-2-yl]-2,5-di-
azabicyclo[2.2.1]hept-2-yl)carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(2,2-difluoroethyl)-3-({(1S,4S)-5-[2-(trifluoromethyl) pyrimidin-4-yl]-2,5-
diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(2,2-difluoroethyl)-3-({(1S,4S)-5-[5-(trifluoromethyl) pyridazin-3-yl]-2,5-
diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-4-O-methyl-3-{[(1R,3S)-3-(2,2,2-trifluoroethyl)-3-({(1S,4S)-5-(6-(trifluoromethyl) pyri-
midin-4-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-4-O-methyl-3-{[(1R,3S)-3-(2,2,2-trifluoroethyl)-3-({(1S,4S)-5-(4-(trifluoromethyl) pyri-
din-2-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino]-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-4-O-methyl-3-{[(1R,3S)-3-(2,2,2-trifluoroethyl)-3-({(1S,4S)-5-[2-(trifluoromethyl) pyri-
din-4-yl)-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentylJamino}-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-4-O-methyl-3-{[(1R,3S)-3-(2,2,2-trifluoroethyl)-3-({(1S,4S)-5-[4-(trifluoromethyl) pyri-
midin-2-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-4-O-methyl-3-{[(1R,3S)-3-(2,2,2-trifluoroethyl)-3-({(1S,4S)-5-[6-(trifluoromethyl) pyri-
din-2-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-4-O-methyl-3-{[(1R,3S)-3-(2,2,2-trifluoroethyl)-3-({(1S,4S)-5-[6-(trifluoromethyl)
pyrazin-2-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-4-O-methyl-3-{[(1R,3S)-3-(2,2,2-trifluoroethyl)-3-({(1S,4S)-5-[2-(trifluoromethyl) pyri-
midin-4-yl]-2,5-diazabicyclo[2.2.1]hept-2-y1}carbonyl)cyclopentyllamino}-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-4-O-methyl-3-{[(1R,3S)-3-(2,2,2-trifluoroethyl)-3-({(1S,4S)-5-[5-(trifluoromethyl) pyri-
dazin-3-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1S,4S)-4-isopropyll-4-({(1S,4S)-5-(4-(trifluoromethyl)pyridin-2-yl]-2,5-diazabicy-
clo[2.2.1]hept-2-yl}carbonyl)cyclopent-2-en-1-ylJamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1S,4S)-4-isopropyl]-4-({(1S,4S)-5-[4-(trifluoromethyl)pyrimidin-2-yl]-2,5-diazabi-
cyclo[2.2.1]hept-2-yl}carbonyl)cyclopent-2-en-1-ylJamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2,3-dideoxy-3-{[(1S,4S)-4-isopropyl]-4-({(1S,4S)-5-[6-(trifluoromethyl)pyridin-2-yl]-2,5-diazabicy-
clo[2.2.1]hept-2-yl]carbonyl)cyclopent-2-en-1-ylJamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-2.3-dideoxy-3-{[(1S,4S)-4-isopropyl]-4-({(1S,4S)-5-[6-(trifluoromethyl)pyrazin-2-yl]-2,5-diazabicy-
clo[2.2.1]hept-2-yl}carbonyl)cyclopent-2-en-1-ylJamino}-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-3-{[(1R,3S)-3-{[(1S,4S)-5-(tert-butoxycarbonyl)-2,5-diazabicyclo[2.2.1]hept-2-yl]carbonyl]-3-
ethylcyclopentyllamino}-2,3-dideoxy-4-O-methyl-D-erythro-pentitol;
1,5-anhydro-3-{[(1R,3S)-3-{[(1S,4S)-5-(tert-butoxycarbonyl)-2,5-diazabicyclo(2.2.1]hept-2-yl]carbonyl}-
3-(2,2,2-trifluoroethyl)cyclopentyllamino}-2,3-dideoxy-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({(1S,4S)-5-[6-(trifluoromethyl)pyridin-2-yl]-
2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentylJamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({(1S,4S)-5-[4-(trifluoromethyl)pyridin-2-yl]-
2,5-diazabicyclo[2.2.1]hept-2-yl)carbonyl)cyclopentyl]amino}-4-O-methyl-D-erythro-pentitol;
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1,5-Anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({(1S,4S)-5-[4-(trifluoromethyl)pyrimidin-2-yl]-
2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino]-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({(1S,4S)-5-[2-(trifluoromethyl)pyrimidin-4-yl]-
2,5-diazabicyclo[2.2.1]hept-2-y}carbonyl)cyclopentyl]Jamino}-4-O-methyl-D-erythro-pentitol
1,5-anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({(1S,4S)-5-[6-(trifluoromethyl)pyrimidin-4-yl]-
2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentylJamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-dideoxy-3-{[(1R,3S)-3-hydroxycyclobutyl)-3-({(1S,4S)-5-[6-(trifluoromethyl)pyrazin-2-yl]-2,5-
diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-dideoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({(1S,4S)-5-[2-(trifluoromethyl)pyridin-4-yl]-
2,5-diazabicyclo(2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-dideoxy-3-{[3-(1-hydroxy-1-methylethyl)-3-({5-[4-{trifluoromethyl}pyridin-2-yl]-2,5-diazabicyc-
l0[2.2.1]hept-2-yl}Carbonyl)cyclopentylJamino}-4-O-methylpentitol;
1,5-Anhydro-2,3-dideoxy-3-{(3-(1-hydroxy-1-methylethyl)-3-({5-[6-(trifluoromethyl)pyrimidin-4-yl]-2,5-diazabi-
cyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-methylpentitol;
1,5-Anhydro-2,3-dideoxy-3-{[3-(1-hydroxy-1-methylethyl)-3-({5-[4-(trifluoromethyl)pyrimidin-2-yl]-2,5-diazabi-
cyclo(2,2,1]hept-2-yl)carbonyl)clopentyl]Jamino}-4-O-methylpentitol;
1,5-Anhydro-2,3-dideoxy-3-{[3-(1-hydroxy-1-methylethyl)-3-({5-[5-(trifluoromethyl)pyridazin-3-yl]-2,5-diazabi-
cyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-methylpentitol;
1,5-Anhydro-2,3-dideoxy-3-{[3-(1-hydroxy-1-methylethyl)-3-({5-[2-(trifluoromethyl)pyrimidin-4-yl]-2,5-diazabi-
cyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-methylpentitol;
1,5-Anhydro-2,3-dideoxy-3-{[3-(1-hydroxy-1-methylethyl)-3-({5-[6-(trifluoromethyl)pyridin-2-yl]-2,5-diazabicyc-
lo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methylpentitol;
1,5-Anhydro-2,3-dideoxy-3-{[3-(1-hydroxy-1-methylethy)-3-({5-[2-(trifluoromethyl) pyridin-4-yl]-2,5-diazabicyc-
lo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methylpentitol; and 1,5-Anhydro-2,3-dideoxy-3-{[3-(1-hy-
droxy-1-methylethyl}-3-({5-[6-(trifluoromethyl)pyrazin-2-yl]-2,5-diazabicyclo[2.2. 1]hept-2-yl}carbonyl)cy-
clopentyllamino}-4-O-methylpentitol;

or a pharmaceutically acceptable salt thereof.

10. A compound according to claim 2 of formula:

/0“.1

or a pharmaceutically acceptable salt thereof.

11. A compound according to claim 2 of formula:

or a pharmaceutically acceptable salt thereof.
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13.

14.

15.

EP 2 370 442 B9

A composition comprising a compound of any one of claims 1 to 11, or a pharmaceutically acceptable salt therof;
and a carrier.

A compound or salt according to any one of claims 1 to 11 for use in medicine.

A compound or salt according to any one of claims 1 to 11 for use in treating a disease associated with expression
or activity of a chemokine receptor in a patient.

A compound or salt according to any one of claims 1 to 11 for use in treating rheumatoid arthritis, atherosclerosis,
lupus, multiple sclerosis, pain, transplant rejection, diabetes, liver fibrosis, viral disease, cancer, asthma, seasonal
and perennial allergic rhinitis, sinusitis, conjunctivitis, age-retated macular degeneration, food allergy, scombroid
poisoning, psoriasis, undifferantiated spondyloarthropy, gout, urticaria, pruritus, eczema, inflammatory bowel dis-
ease, thrombotic disease, otitis media, fibrosis, liver cirrhosis, cardiac disease, Alzheimer’s disease, sepsis, reste-
nosis, Crohn’s disease, ulcerative colitis, irritable bowel syndrome, hypersensitivity long diseases, drug-induced
pulmonary fibrosis, chronic obstructive pulmonary disease, arthritis, nephritis, atopic dermatitis, stroke, acute nerve
injury, sarcoidosis, hepatitis, endometriosis, neuropntnic pain, hypersensitivity pneumonitis, eosinophilic pneumo-
nias, delayed-type hypersensitivity, interstitial lung disease, eye disorders or obesity.

Patentanspriiche

1.

Verbindung der Formel I(a) oder I(b):

R N A
i £ . ;ﬁww%gn
H*g?""{ R
e
RE Ay RO
RERT
I{a)}

oder ein pharmazeutisch annehmbares Salz davon, wobei:

A 0 oder CF, ist;

W CR13R'4, C(0), CHOR'S, CHF, CF,, O oder S ist;

R H oder (C4-Cg)-Alkyl, das gegebenenfalls mit 1 bis 3 Substituenten, ausgewéhit aus Halogen, OH, CO,H,
CO,-(C4-Cg)-Alkyl oder (C4-Cs)-Alkoxy, substituiert ist, ist;

R2 und R3 jeweils unabhangig H, (C4-Cg)-Alkyl, (C;-Cg)-Halogenalkyl, Halogen, (C5-Cg) -Cycloalkyl, CN, OH,
OCOR'2 sind, wobei das (C4-Cg)-Alkyl gegebenenfalls mit einem oder mehreren Substituenten, ausgewahit
aus F, (C4-C3)-Alkoxy, OH, CN oder CH,R2, substituiert ist;

R8 und R? jeweils unabhéngig H, (C4-Cg)-Alkyl, (C4-Cg)-Halogenalkyl, (C5-C4)-Cycloalkyl, CN, OH, OCOR"2
sind; wobei das (C4-Cg)-Alkyl gegebenenfalls mit einem oder mehreren Substituenten, ausgewahlt aus F,
(C4-C4)-Alkoxy, OH, CN oder CO,R12, substituiert ist;

R2 und R8 zusammengenommen einen 5-8-gliedrigen Ring bilden kénnen;

R9 und R7 zusammengenommen einen 5-8-gliedrigen Ring bilden kénnen;

R4 und R5 jeweils unabhangig H, CN, (C4-Cg)-Alkyl, Halogen, (C;-Cj)-Alkoxy, (C4-Cs-Halogenalkoxy,
(C5-Cg)-Cycloalkyl, OH, CO,R12, OCOR'2 sind, wobei das (C4-Cg)-Alkyl gegebenenfalls mit einem oder meh-
reren Substituenten, ausgewénhlt aus F, C4-C5)-Alkoxy, OH oder CO,R 12, substituiert ist;

R6 und R7 jeweils unabhangig H, CN, (C4-Cg)-Alkyl, Halogen, (C4-Cj)-Alkoxy, (C4-Cs)-Halogenalkoxy,
(C5-Cg)-Cycloalkyl, OH, CO,R12, OCOR'2 sind, wobei das (C4-Cg)-Alkyl gegebenenfalls mit einem oder meh-
reren Substituenten, ausgewahit aus F, (C4-C5)-Alkoxy, OH oder CO,R12, substituiert ist,

oder R2und R3 zusammen mit dem Kohlenstoff, an den sie gebunden sind, eine 3-7-gliedrige Spirocyclylgruppe
bilden;

oder R4 und R® zusammen mit dem Kohlenstoff, an den sie gebunden sind, eine 3-7-gliedrige Spirocyclylgruppe
bilden;

oder R3 und R4 zusammen mit den C-Atomen, an die sie gebunden sind, eine annelierte 3-7-gliedrige Cyclo-

79



10

20

25

30

35

40

45

50

55

EP 2 370 442 B9

alkylgruppe oder eine 3-7-gliedrige Heterocycloalkylgruppe bilden;

R10 (C4-Cg)-Alkyl, (C4-Cg)-Halogenalkyl, (C4-Cg)-Hydroxyalkyl, (C;-Cg)-Alkoxy, (C5-Cg)-Cycloalkyl, Hydro-
xy-(C5-Cg)-cycloalkyl, Alkoxycycloalkyl, OH, (C4-Cs5) -Heterocyclyl, Amino, Aryl oder CN substituiert ist;

R Aryl oder Heteroaryl ist, wobei das R'! gegebenenfalls unabhangig mit einem oder mehreren (C4-Cg)-Alkyl,
Halogen, (C4-Cg) -Halogenalkyl, (C4-C5)-Alkoxy, OH, Amino, C(O)NH,, NH,SO,, SF5 oder CN ist;

R12 H, (C4-C,) -Alkyl oder (C5-Cg)-Cycloalkyl ist;

R13 H, Halogen, (C4-C,4)-Alkyl, (C4-C,)-Alkoxy oder OH ist;

R4 H, Halogen, (C4-Cy4)-Alkyl, (C4-C,)-Alkoxy oder OH ist und

R15 H, (C4-Cg)-Alkyl oder (C5-Cg)-Cycloalkyl ist,

wobei Aryl eine aromatische carbocyclische Gruppe, zum Beispiel Phenyl, Biphenylyl, Indenyl, Naphthyl, ist
oder ein aromatischer Carbocyclus, kondensiert an einen Heterocyclus, zum Beispiel Benzothienyl, Benzofura-
nyl, Indolyl, Chinolinyl, Benzothiazol, Benzoxazol, Benzimidazol, Isochinolinyl, Isoindolyl, Benzotriazol, Indazol
und Acridinyl, ist.

2. Verbindung der Formel Il

(LL)

oder ein pharmazeutisch annehmbares Salz davon, wobei:

R1H, (C4-Cg)-Alkyl oder (C5-Cg)-Cycloalkyl ist, wobei das (C4-Cg)-Alkyl gegebenenfalls mit Halogen, CN, C(O)
OH oder OH substituiert ist;

R2 (C4-Cg)-Alkyl, (C4-Cg)-Halogenalkyl oder (C4-Cg)-Cycloalkyl ist;

R3, R9, R5, R6, R7, R8 und R® unabhangig H, C4-Cg-Alkyl, CN, Halogen oder Amino sind;

R10(C4-Cg) -Alkyl, (C4-C¢) -Halogenalkyl, (C4-Cg)-hydroxylalkyl, (C4-Cg) -Alkoxy, (C5-Cg) -Cycloalkyl, Hydroxy-
(C5-Cg) -cycloalkyl, Alkoxy- (C5-Cg) -cycloalkyl, OH, (C4-Cjg) -Heterocyclyl, Amino, Aryl oder CN ist;

R Aryl oder Heteroaryl ist, wobei das R'! gegebenenfalls unabhéngig mit einem oder mehreren (C4-Cg)-Alkyl,
Halogen, (C4-Cg)-Halogenalkyl, (C4-Cg)-Alkoxy, OH, Amino, C(O)NH,, NH,SO,,

SF5 oder CN substituiert ist;

W CR13R14, C(0), CHOR'5, CHF, CF,, 0 oder S ist;

R13 und R unabhangig H, Halogen, (C4-C,) -Alkyl, (C4-C,4)-Alkoxy oder OH sind und

R15 H, (C4-Cg)-Alkyl oder (C4-Cg) -Cycloalkyl ist;

wobei Aryl eine aromatische carbocyclische Gruppe, zum Beispiel Phenyl, Biphenylyl, Indenyl, Naphthyl, ist
oder ein aromatischer Carbocyclus, kondensiert an einen Heterocyclus, zum Beispiel Benzothienyl, Benzofura-
nyl, Indolyl, Chinolinyl, Benzothiazol, Benzoxazol, Benzimidazol, Isochinolinyl, Isoindolyl, Benzotriazol, Indazol
und Acridinyl, ist.

3. Verbindung gemaf Anspruch 2 oder ein pharmazeutisch annehmbares Salz davon, wobei:

R' H oder (C4-Cg)-Alkyl ist;

R2 (C4-Cg)-Alkyl oder (C4-Cg)-Halogenalkyl ist;
R3, R4, R5, R6, R7, R8 und R? jeweils H sind;
R11
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oder

ist, worin X, Y, Z, Qund D unabhéngig N oder CR16 sind und wobei 0, 1, 2 oder 3von X, Y, Z, Qund D N sind, und
wobei T, U und V unabhangig aus CH, N, S oder 0 ausgewahlt sind, mit der MaRgabe, dass T und U nicht beide
gleichzeitig O oder S sind;
jedes R16 unabhangig H, Halogen, (C4-Cg)-Alkyl, (C4-Cg)-Halogenalkyl, (C4-Cg)-Alkoxy oder CN ist;
R17 H, (C4-Cg)-Alkyl, (C4-Cg)-Halogenalkyl oder (C4-Cg)-Alkoxy ist und
W CR13R'4, C(0), CHOR'S, CHF oder CF, ist.

4. Verbindung gemaR Anspruch 3 oder ein pharmazeutisch annehmbares Salz davon, wobei R2 Methyl ist.

5. Verbindung oder Salz gemaf Anspruch 4, wobei R10 ist:

wod S0 0300 0
by € Ea s édg,i,cn -
Qé }bép ad 3, ':pqa-"'%,

3%, F F j

v N FF
: oder . ¢

6. Verbindung gemaR Anspruch 3 oder ein pharmazeutisch annehmbares Salz davon, wobei R11 ist:
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oder

F

Verbindung gemaR Anspruch 5 oder ein pharmazeutisch annehmbares Salz davon, wobei R11 ist:
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oder

8. Verbindung oder Salz gemaR Anspruch 7, wobei R10
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HyC
oder
ist und
R11
F
F E F
RN YT
N N N, =
~F ocder N

ist.

9. Verbindung gemaR Anspruch 1 oder 2, ausgewahlt aus der Gruppe, bestehend aus:

1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-ethyl-3-({(1S,4S)-5-[4-(trifluormethyl) pyridin-2-yl]-2,5-diazabioyclo
[2.2.1]hept-2-yl]carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,35)-3-ethyl-3-({(1S,45)-5-[4-(trifluormethyl)pyrimidin-2-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-ethyl-3-({(1S,4S)-5-[6-(trifluormethyl) pyrimidin-4-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-ethyl-3-({(1S,4S)-5-[6-(trifluormethyl) pyrazin-2-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-ethyl-3-({(1S,4S)-5-[2-(trifluormethyl) pyrimidin-4-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-ethyl-3-({(1S,4S)-5-[6-(trifluormethyl) pyridin-2-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-ethyl-3-({(1S,4S)-5-[2-(trifluormethyl) pyridin-4-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-ethyl-3-({(1S,4S)-5-[3-fluor-4-(trifluormethyl)pyridin-2-yl]-2,5-diazabi-
cyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllJamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-methyl-3-({(1S,4S)-5-[4-(trifluormethyl)pyridin-2-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-methyl-3-({(1S,4S)-5-[6-(trifluormethyl)pyrazin-2-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[4-(trifluormethyl)pyridin-2-yl]-2,5-diazabi-
cyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[4-{trifluormethyl)pyrimidin-2-yl]-2,5-diazabi-
cyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllJamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[6-(trifluormethyl)pyrimidin-4-yl]-2,5-diazabi-
cyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllJamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[6-(trifluormethyl)pyrazin-2-yl]-2,5-diazabi-
cyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[2-(trifluormethyl)pyrimidin-4-yl]-2,5-diazabi-
cyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jaminol-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[6-(trifluormethyl)pyridin-2-yl]-2,5-diazabi-
cyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[2-(trifluormethyl)pyridin-4-yl]-2,5-diazabi-
cyclo[2.2,1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[5-(trifluormethyl)pyridazin-3-yl]-2,5-diazabi-
cyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllJamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[2,6-bis(trifluormethyl) pyridin-4-yl]-2,5-diazabicyclo[2.2.1]
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hept-2-yl}carbonyl)-3-isopropylcyclopentylJamino}-2,3-didesoxy-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-({(1S,4S)-5-[3-fluor-4-(trifluormethyl)pyridin-2-yl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)-3-isopropylcyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[6-methyl-4-(trifluormethyl)pyridin-2-yI]-2,5-
diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[3-(trifluormethyl)phenyl]-2,5-diazabicyclo
[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-({(1S,4S)-5-[3-fluor-5-(trifluormethyl)phenyl]-2,5-diazabicyclo[2.2.1]
hept-2-yl}carbonyl)-3-isopropylcyclopentylJamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-(2,2-difluorethyl)-3-({(1S,4S)-5-[6-(trifluormethyl) pyrimidin-4-yl]-2,5-
diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-(2,2-difluorethyl)-3-({(1S,4S)-5-[4-(trifluormethyl) pyridin-2-yl]-2,5-dia-
zabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-(2,2-difluorethyl)-3-({(1S,4S)-5-[2-(trifluormethyl) pyridin-4-yl]-2,5-dia-
zabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-(2,2-difluorethyl)-3-({(1S,4S)-5-[4-(trifluormethyl) pyrimidin-2-yl]-2,5-
diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-(2,2-difluorethyl)-3-({(1S,4S)-5-[6-(trifluormethyl) pyridin-2-yl]-2,5-dia-
zabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]lamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-(2,2-difluorethyl)-3-({(1S,4S)-5-[6-(trifluormethyl) pyrazin-2-yl]-2,5-
diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-(2,2-difluorethyl)-3-({(1S,4S)-5-[2-(trifluormethyl) pyrimidin-4-yl]-2,5-
diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-(2,2-difluorethyl)-3-({(1S,4S)-5-[5-(trifluormethyl) pyridazin-3-yl]-2,5-
diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-4-O-methyl-3-{[(1R,3S)-3-(2,2,2-trifluorethyl)-3-({(1S,4S)-5-[6-(trifluormethyl)pyri-
midin-4-yl]-2,5-diazabicyclo[2.2.1]hept-2-y1}carbonyl)cyclopentyllamino}-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-4-O-methyl-3-{[(1R,3S)-3-(2,2,2-trifluorethyl)-3-({(1S,4S)-5-[4-(trifluormethyl)pyri-
din-2-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-4-O-methyl-3-{[(1R,3S)-3-(2,2,2-trifluorethyl)-3-({(1S,4S)-5-[2-(trifluormethyl)pyri-
din-4-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-4-O-methyl-3-{[(1R,3S)-3-(2,2,2-trifluorethyl)-3-({(1S,4S)-5-[4-(trifluormethyl)pyri-
midin-2-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-4-O-methyl-3-1[(1R,3S)-3-(2,2,2-trifluorethyl)-3-({(1S,4S)-5-[6-(trifluormethyl)pyri-
din-2-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-4-O-methyl-3-([(1R,3S)-3-(2,2,2-trifluorethyl)-3-({(1S,4S)-5-[6-(trifluormethyl)pyra-
zin-2-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-4-O-methyl-3-{[(1R,3S)-3-(2,2,2-trifluorethyl)-3-({(1S,4S)-5-[2-(trifluormethyl)pyri-
midin-4-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-4-O-methyl-3-{[(1R,3S)-3-(2,2,2-trifluorethyl)-3-({(1S,4S)-5-[5-(trifluormethyl)pyri-
dazin-3-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1S,4S)-4-isopropyl-4-({(1S,4S)-5-[4-(trifluormethyl)pyridin-2-yl]-2,5-diazabi-
cyclo[2.2.1]hept-2-yl}carbonyl)cyclopent-2-en-1-ylJamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1S,4S)-4-isopropyl-4-({(1S,4S)-5-[4-(trifluormethyl)pyrimidin-2-yl]-2,5-diazabi-
cyclo[2.2.1]hept-2-yl}carbonyl)cyclopent-2-en-1-ylJamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1S,4S)-4-isopropyl-4-({(1S,4S)-5-[6-(trifluormethyl)pyridin-2-yl]-2,5-diazabi-
cyclo[2.2.1]hept-2-yl}carbonyl)cyclopent-2-en-1-ylJamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1S,4S)-4-isopropyl-4-({(1S,4S)-5-[6-(trifluormethyl)pyrazin-2-yl]-2,5-diazabi-
cyclo[2.2.1]hept-2-yl}carbonyl)cyclopent-2-en-1-ylJamino)-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-3-{[(1R,3S)-3-{[(1S,4S)-5-(tert-butoxycarbonyl)-2,5-diazabicyClo[2.2.1]hept-2-yl]carbonyl}-3-
ethylcyclopentyllamino}-2,3-didesoxy-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-3-{[(1R,3S)-3-{[(1S,4S)-5-(tert-butoxycarbonyl)-2,5-diazabicyclo[2.2.1]hept-2-yl]carbonyl}-
3-(2,2,2-trifluorethyl)cyclopentyllamino}-2, 3-didesoxy-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({(1S,4S)-5-[6-(trifluormethyl)pyridin-2-yI]-
2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentylJamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({(1S,4S)-5-[4-(trifluormethyl)pyridin-2-yI]-
2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentylJamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({(1S,4S)-5-[4-(trifluormethyl)pyrimidin-2-yl]-
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2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentylJamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({(1S,4S)-5-[2-(trifluormethyl)pyrimidin-4-yl]-
2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentylJamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({(1S,4S)-5-[6-(trifluormethyl)pyrimidin-4-yl]-
2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentylJamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({(1S,4S)-5-[6-(trifluormethyl)pyrazin-2-yl]-
2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentylJamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({(1S,4S)-5-[2-(trifluormethyl)pyridin-4-yI]-
2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentylJamino}-4-O-methyl-D-erythro-pentitol;
1,5-Anhydro-2,3-didesoxy-3-{[3-(1-hydroxy-1-methylethyl)-3-({5-[4-(trifluormethyl)pyridin-2-yl]-2,5-diazabi-
cyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-methylpentitol;
1,5-Anhydro-2,3-didesoxy-3-{[3-(1-hydroxy-1-methylethyl)-3-({5-[6-(trifluormethyl)pyrimidin-4-yl]-2,5-diazabi-
cyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-methylpentitol;
1,5-Anhydro-2,3-didesoxy-3-{[3-(1-hydroxy-1-methylethyl)-3-({5-[4-(trifluormethyl)pyrimidin-2-yl]-2,5-diazabi-
cyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-methylpentitol;
1,5-Anhydro-2,3-didesoxy-3-{[3-(1-hydroxy-1-methylethyl)-3-({5-[5-(trifluormethyl)pyridazin-3-yl]-2,5-diazabi-
cyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-methylpentitol;
1,5-Anhydro-2,3-didesoxy-3-{[3-(1-hydroxy-1-methylethyl)-3-({5-[2-(trifluormethyl)pyrimidin-4-yl]-2,5-diazabi-
cyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-methylpentitol;
1,5-Anhydro-2,3-didesoxy-3-{[3-(1-hydroxy-1-methylethyl)-3-({5-[6-(trifluormethyl)pyridin-2-yl]-2,5-diazabi-
cyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-methylpentitol;
1,5-Anhydro-2,3-didesoxy-3-{[3-(1-hydroxy-1-methylethyl)-3-({5-[2-(trifluormethyl)pyridin-4-yl]-2,5-diazabi-
cyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-methylpentitol; und
1,5-Anhydro-2,3-didesoxy-3-{[3-(1-hydroxy-1-methylethyl)-3-({5-[6-(trifluormethyl)pyrazin-2-yl]-2,5-diazabi-
cyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-methylpentitol,

oder ein pharmazeutisch annehmbares Salz davon.

10. Verbindung gemafl Anspruch 2 mit der Formel:

CHy

oder ein pharmazeutisch annehmbares Salz davon.

11. Verbindung gemafl Anspruch 2 mit der Formel:

oder ein pharmazeutisch annehmbares Salz davon.

12. Zusammensetzung, die eine Verbindung gemaR einem der Anspriiche 1 bis 11 oder ein pharmazeutisch annehm-
bares Salz davon und einen Trager umfasst.
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13.

14.

15.

EP 2 370 442 B9
Verbindung oder Salz gemaf einem der Anspriiche 1 bis 11 zur Verwendung in Medizin.

Verbindung oder Salz gemaR einem der Anspriiche 1 bis 11 zur Verwendung bei der Behandlung einer Krankheit,
die mit Expression oder Aktivitdt eines Chemokinrezeptors bei einem Patienten assoziiert ist.

Verbindung oder Salz gemaf einem der Anspriiche 1 bis 11 zur Verwendung bei der Behandlung von rheumatoider
Arthritis, Atherosklerose, Lupus, Multipler Sklerose, Schmerz, TransplantatabstoBung, Diabetes, Leberfibrose, Vi-
ruserkrankung, Krebs, Asthma, saisonaler und perennialer allergischer Rhinitis, Sinusitis, Konjunktivitis, altersbe-
dingter Makuladegeneration, Lebensmittelallergie, Skombrotoxismus, Psoriasis, undifferenzierter Spondyloarthro-
pie, Gicht, Urticaria, Pruritus, Ekzem, entziindlicher Darmerkrankung, thrombotischer Erkrankung, Otitis media,
Fibrose, Leberzirrhose, Herzkrankheit, Alzheimerscher Krankheit, Sepsis, Restenose, Crohnscher Krankheit, Colitis
ulcerosa, Reizdarmsyndrom, Hypersensitivitats-Lungenerkrankungen, Wirkstoff-induzierter Lungenfibrose, chro-
nisch-obstruktiver Lungenkrankheit, Arthritis, Nephritis, atopischer Dermatitis, Schlaganfall, akuter Nervenschadi-
gung, Sarcoidose, Hepatitis, Endometriose, neuropathischem Schmerz, Hypersensitivitdts-Pneumonitis, eosinophi-
ler Pneumonien, Hypersensitivitdt des verzégerten Typs, interstitieller Lungenkrankheit, Augenkrankheiten oder
Adipositas.

Revendications

1.

Composeé de formule I(a) ou I(b) :

Q
R R :
s a7
w
AL N aro\y N-A"

F“ - . RQ
R A RE
RSA?

I(a) 1(b).

ou un de ses sels pharmaceutiquement acceptables, formules dans lesquelles :

A représente O ou un groupe CF, ;

W représente un groupe CR13R'4, C(O), CHOR'?, CHF, CF,, OouS;

R représente H ou un groupe alkyle en C, & Cg facultativement substitué avec 1 a 3 substituants choisis entre
des substituants halogéno, OH, CO,H, CO,-(alkyle en C, a Cg) et alkoxy en C; 4 C5;

R2 et R3 représentent chacun, indépendamment, H, un groupe alkyle en C4 a Cg, halogénalkyle en C4 a Cg,
halogéno, cycloalkyle en C5 a Cg, CN, OH ou OCOR'2;; ledit groupe alkyle en C4 a Cg4 étant facultativement
substitué avec un ou plusieurs substituants choisis entre des substituants F, alkoxy en C; & C5, OH, CN et
CO,R1Z;

R8 et RY représentent chacun, indépendamment, H, un groupe alkyle en C, a Cg, halogénalkyle en C4 a Cg,
cycloalkyle en C5 & Cg, CN, OH ou OCOR'2; ledit groupe alkyle en C; & C4 étant facultativement substitué
avec un ou plusieurs substituants choisis entre des substituants F, alkoxy en C4 & C5, OH, CN et COzR12 ;
R2 et R8, pris conjointement, peuvent former un noyau penta- a octogonal ;

R4 et R7, pris conjointement, peuvent former un noyau penta- a octogonal ;

R4 et RS représentent chacun, indépendamment, H, un groupe CN, alkyle en C, a Cg, halogéno, alkoxy en C,
a Cy, halogénalkoxy en C4 a Cj, cycloalkyle en C5 & Cg, OH, CO,R'2 ou OCOR?2, ledit groupe alkyle en C, a
Cg étant facultativement substitué avec un ou plusieurs substituants choisis entre des substituants F, alkoxy
en C; a Cs, OH et CO,R12;

RS et R7 représentent chacun, indépendamment, H, un groupe CN, alkyle en C4 a Cg, halogéno, alkoxy en C4
a Cs, halogénalkoxy en C4 & Cs, cycloalkyle en C5 a Cg, OH, CO,R12 ou OCOR'2, ledit groupe alkyle en C; a
C¢ étant facultativement substitué avec un ou plusieurs substituants choisis entre des substituants F, alkoxy
en C; a C,, OH et CO,R12;

ou bien R2 et R3, conjointement avec I'atome de carbone auquel ils sont fixés, forment un groupe spirocyclyle
tri- a heptagonal ;

ou bien R4 et R5, conjointement avec I'atome de carbone auquel ils sont fixés, forment un groupe spirocyclyle
tri- a heptagonal ;
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ou bien R3 et R4, conjointement avec les atomes de C auxquels ils sont fixés, forment un groupe cycloalkyle
tri- a heptagonal ou hétérocycloalkyle tri- a heptagonal condensé ;
R10 représente un groupe alkyle en C; & Cg, halogénalkyle en C; & Cg, hydroxyalkyle en C4 a Cg, alkoxy en
C4 a Cg, cycloalkyle en C5 a Cg, hydroxycycloalkyle en C5 & Cg, alkoxycycloalkyle, OH, hétérocyclyle en C4 a
5 Cs, amino, aryle ou CN,
R représente un groupe aryle ou hétéroaryle, ledit groupe R étant facultativement substitué indépendamment
avec un ou plusieurs substituants alkyle en C; a Cg4, halogéno, halogénalkyle en C, & Cg, alkoxy en C; & Cj,
OH, amino, C(O)NH,, NH,SO,, SF5 ou CN ;
R12 représente H, un groupe alkyle en C4 a C4 ou cycloalkyle en C5 a Cg ;
10 R13 représente H, un groupe halogéno, alkyle en C,aCy alkoxyenCyaCyouOH;
R14 représente H, un groupe halogéno, alkyle en C,4aCy, alkoxy en C;aCyouOH ; et
R15 représente H, un groupe alkyle en C, & Cg4 ou cycloalkyle en C4 a Cg,
le groupe aryle représentant :

15 un groupe carbocyclique aromatique, tel qu’un groupe phényle, biphénylyle, indényle ou naphtyle ;
ou un carbocycle aromatique condensé avec un hétérocycle,

tel que les groupes benzothiényle, benzofurannyle, indolyle, quinoléinyle, benzothiazole, benzo-oxazole, benzimi-
dazole, isoquinoléinyle, isoindolyle, benzotriazole, indazole et acridinyle.

20
2. Composé de formule Il :
25 ..
o
)
19 '
SN
30 R"
1)
ou un de ses sels pharmaceutiquement acceptables, formule dans laquelle :
35

R représente H, un groupe alkyle en C4 & C4 ou cycloalkyle en C5 & Cg, ledit groupe alkyle en C4 & Cg étant
facultativement substitué avec un substituant halogéno, CN, C(O)OH ou OH ;
R2 représente un groupe alkyle en C4 & Cg, halogénalkyle en C; & C4 ou cycloalkyle en C5 a Cg ;
R3, R4, R5, R%, R7, R8 et RY représentent indépendamment H, un groupe alkyle en C4a C4, CN, halogéno ou
40 amino ;
R10 représente un groupe alkyle en C; & Cg, halogénalkyle en C; & Cg, hydroxyalkyle en C, & Cg, alkoxy en
C,4aCq, cycloalkyle en C5 a Cg, hydroxycycloalkyle en C4 & Cg, alkoxy(cycloalkyle en C5 & Cg), OH, hétérocyclyle
en C4 a C;, amino, aryle ou CN,
R11représente un groupe aryle ou hétéroaryle, ledit groupe R11 étant facultativement substitué indépendamment
45 avec un ou plusieurs substituants alkyle en C4 a Cg, halogéno, halogénalkyle en C, & Cg, alkoxy en C4 a Cg,
OH, amino, C(O)NH,, NH,SO,, SF5 ou CN ;
W représente un groupe CR13R'4, C(O), CHOR'?, CHF, CF,, OouS;
R13 et R4 représententindépendamment H, un groupe halogéno, alkyle en C, & C,4, alkoxyen C4a C, ou OH ; et
R15 représente H, un groupe alkyle en C4 & Cg ou cycloalkyle en C5 a Cg,
50 le groupe aryle représentant :

un groupe carbocyclique aromatique, tel qu’un groupe phényle, biphénylyle, indényle ou naphtyle ;
ou un carbocycle aromatique condensé avec un hétérocycle,

55 tel que les groupes benzothiényle, benzofurannyle, indolyle, quinoléinyle, benzothiazole, benzo-oxazole, benzimi-
dazole, isoquinoléinyle, isoindolyle, benzotriazole, indazole et acridinyle.

3. Composé suivant la revendication 2, ou un de ses sels pharmaceutiquement acceptables, dans lequel :
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R représente H ou un groupe alkyle en C, a Cq;

R2 représente un groupe alkyle en C4a Cg ou halogénalkyle en C4 & Cg ;
R3, R4, R5, R6, R7, R8 et RY représentent chacun H ;

R11 représente un groupe

dans lequel X, Y, Z, Q et D représentent indépendamment N ou un groupe CR'6 ; et dans lequel 0, 1, 2 ou 3
de X,Y,Z, QetDreprésententN ; et

dans lequel T, U et V sont choisis indépendamment entre un groupe CH, N, S ou O, sous réserve que T et U
ne représentent pas tous deux simultanément O ou S ;

chaque groupe R16 représente indépendamment H, un groupe halogéno, alkyle en C4 & Cg, halogénalkyle en
C,4a Cg, alkoxy en C; & Cqou CN;

R17 représente H, un groupe alkyle en C, & Cg, halogénalkyle en C4 & Cg ou alkoxy en C4 a Cq; et

W représente un groupe CR'3R 4, C(O), CHOR'S, CHF ou CF,.

Composé suivant la revendication 3, ou un de ses sels pharmaceutiquement acceptables, dans lequel R2 représente
un groupe méthyle.

Composé ou sel suivant la revendication 4, dans lequel R0 représente un groupe :

30

35

40

45

50

55

Lo r:z Ha% 4 }%3, H?TZI aj }h

g\

F™ "Ry

Composé suivantla revendication, 3 ou un de ses sels pharmaceutiquement acceptables, dans lequel R représente
un groupe :
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7.

Composé suivantla revendication 5, ou un de ses sels pharmaceutiquement acceptables, dans lequel R représente
un groupe :

EP 2 370 442 B9

R

F
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/_ CH,
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8.

et
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R11 représente un groupe

}iy/\‘)(’: N '
| Foou l/ F

NoN N

9. Composé suivant la revendication 1 ou 2, choisi dans le groupe consistant en :

le 1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-éthyl-3-({(1S,4S)-5-[4-(trifluorométhyl)pyridine-2-yl]-2,5-diazabicy-
clo[2.2.1]-hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-méthyl-D-érythropentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-éthyl-3-({(1S,4S)-5-[4-(trifluorométhyl)pyrimidine-2-yl]-2,5-diazabi-
cyclo[2.2.1]-hept-2-yl}carbonyl)cyclopentyllamino}-4-O-méthyl-D-érythropentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-éthyl-3-({(1S,4S)-5-[6-(trifluorométhyl)pyrimidine-4-yl]-2,5-diazabi-
cyclo[2.2.1]-hept-2-yl}carbonyl)cyclopentyllamino}-4-O-méthyl-D-érythropentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-éthyl-3-({(1S,4S)-5-[6-(trifluorométhyl)pyrazine-2-yl]-2,5-diazabicy-
clo[2.2.1]-hept-2-yl}carbonyl)cyclopentyl]amino}-4-O-méthyl-D-érythropentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-éthyl-3-({(1S,4S)-5-[2-(trifluorométhyl)pyrimidine-4-yl]-2,5-diazabi-
cyclo[2.2.1]-hept-2-yl}carbonyl)cyclopentyllamino}-4-O-méthyl-D-érythropentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-éthyl-3-({(1S,4S)-5-[6-(trifluorométhyl)pyridine-2-yl]-2,5-diazabicy-
clo[2.2.1]-hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-méthyl-D-érythropentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-éthyl-3-({(1S,4S)-5-[2-(trifluorométhyl)pyridine-4-yl]-2,5-diazabicy-
clo[2.2.1]-hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-méthyl-D-érythropentitol ;

le  1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-éthyl-3-({(1S,4S)-5-[3-fluoro-4-(trifluorométhyl) pyridine-2-yl]-2,5-
diazabicyclo-[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-méthyl-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-méthyl-3-({(1S,4S)-5-[4-(trifluorométhyl)pyridine-2-yl]-2,5-diazabi-
cyclo-[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-méthyl-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-méthyl-3-({(1S,4S)-5-[6-(trifluorométhyl)pyrazine-2-yl]-2,5-diazabi-
cyclo-[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-méthyl-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[4-(trifluorométhyl)pyridine-2-yl]-2,5-diaza-
bicyclo-[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-méthyl-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[4-(trifluorométhyl)pyrimidine-2-yl]-2,5-dia-
zabicyclo-[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-méthyl-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[6-(trifluorométhyl)pyrimidine-4-yl]-2,5-dia-
zabicyclo-[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-méthyl-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[6-(trifluorométhyl)pyrazine-2-yl]-2,5-diaza-
bicyclo-[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-méthyl-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[2-(trifluorométhyl)pyrimidine-4-yl]-2,5-dia-
zabicyclo-[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-méthyl-D-érythro-pentitol ;
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le 1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[6-(trifluorométhyl)pyridine-2-yl]-2,5-diaza-
bicyclo-[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-méthyl-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[2-(trifluorométhyl)pyridine-4-yl]-2,5-diaza-
bicyclo-[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-méthyl-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[5-(trifluorométhyl)pyridazine-3-yl]-2,5-dia-
zabicyclo-[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-méthyl-D-érythro-pentitol ;

le 1,5-anhydro-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[2,6-bis(trifluorométhyl)pyridine-2-yl]-2,5-diazabicyclo-
[2.2.1]hept-2-yl}carbonyl)-3-isopropylcyclopentyllamino}-2,3-didésoxy-4-O-méthyl-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-({(1S,4S)-5-[3-fluoro-4-(trifluorométhyl)pyridine-2-yl]-2,5-diazabicy-
clo-[2.2.1]hept-2-yl}carbonyl)-3-isopropylcyclopentyllamino}-4-O-méthyl-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[6-méthyl-4-(trifluorométhyl)pyridine-2-yl]-
2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-méthyl-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-isopropyl-3-({(1S,4S)-5-[3-(trifluorométhyl)phényl]-2,5-diazabicy-
clo-[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-méthyl-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-({(1S,4S)-5-[3-fluoro-5-(trifluorométhyl)phényl]-2,5-diazabicyclo
[2.2.1]-hept-2-yl}carbonyl)-3-isopropylcyclopentyllamino}-4-O-méthyl-D-érythro-pentitol ;

le  1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-(2,2-difluoroéthyl)-3-({(1S,4S)-5-[6-(trifluorométhyl)pyrimidine-4-
yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]amino}-4-O-méthyl-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-(2,2-difluoroéthyl)-3-({(1S,4S)-5-[4-(trifluorométhyl)pyridine-2-yl]-
2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]amino}-4-O-méthyl-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-(2,2-difluoroéthyl)-3-({(1S,4S)-5-[2-(trifluorométhyl)pyridine-4-yl]-
2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-méthyl-D-érythro-pentitol ;

le  1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-(2,2-difluoroéthyl)-3-({(1S,4S)-5-[4-(trifluorométhyl)pyrimidine-2-
yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]amino}-4-O-méthyl-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-(2,2-difluoroéthyl)-3-({(1S,4S)-5-[6-(trifluorométhyl)pyridine-2-yl]-
2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]amino}-4-O-méthyl-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-(2,2-difluoroéthyl)-3-({(1S,4S)-5-[6-(trifluorométhyl)pyrazine-2-yl]-
2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]amino}-4-O-méthyl-D-érythro-pentitol ;

le  1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-(2,2-difluoroéthyl)-3-({(1S,4S)-5-[2-(trifluorométhyl)pyrimidine-4-
yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-méthyl-D-érythro-pentitol ;

le  1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-(2,2-difluoroéthyl)-3-({(1S,4S)-5-[5-(trifluorométhyl) pyridazine-3-
yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-méthyl-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-4-O-méthyl-3-{[(1R,3S)-3-(2,2,2-trifluoréthyl)-3-({(1S,4S)-5-[6-(trifluorométhyl)-
pyrimidine-4-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)-cyclopentyllamino}-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-4-O-méthyl-3-{[(1R,3S)-3-(2,2,2-trifluoréthyl)-3-({(1S,4S)-5-[4-(trifluorométhyl)-
pyridine-2-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)-cyclopentyllamino}-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-4-O-méthyl-3-{[(1R,3S)-3-(2,2,2-trifluoréthyl)-3-({(1S,4S)-5-[2-(trifluorométhyl)-
pyridine-4-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)-cyclopentyllamino}-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-4-O-méthyl-3-{[(1R,3S)-3-(2,2,2-trifluoréthyl)-3-({(1S,4S)-5-[4-(trifluorométhyl)-
pyrimidine-2-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)-cyclopentyllamino}-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-4-O-méthyl-3-{[(1R,3S)-3-(2,2,2-trifluoréthyl)-3-({(1S,4S)-5-[6-(trifluorométhyl)-
pyridine-2-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)-cyclopentyllamino}-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-4-O-méthyl-3-{[(1R,3S)-3-(2,2,2-trifluoréthyl)-3-({(1S,4S)-5-[6-(trifluorométhyl)-
pyrazine-4-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)-cyclopentyllamino}-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-4-O-méthyl-3-{[(1R,3S)-3-(2,2,2-trifluoréthyl)-3-({(1S,4S)-5-[2-(trifluorométhyl)-
pyrimidine-4-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)-cyclopentyllamino}-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-4-O-méthyl-3-{[(1R,3S)-3-(2,2,2-trifluoréthyl)-3-({(1S,4S)-5-[5-(trifluorométhyl)-
pyridazine-3-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)-cyclopentyllamino}-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1S,4S)-4-isopropyl-4-({(1S,4S)-5-[4-(trifluorométhyl)pyridine-2-yl]-2,5-diaza-
bicyclo-[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-méthyl-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1S,4S)-4-isopropyl-4-({(1S,4S)-5-[4-(trifluorométhyl)pyrimidine-2-yl]-2,5-dia-
zabicyclo-[2.2.1]hept-2-yl}carbonyl)cyclopent-2-&ne-1-ylJlamino}-4-O-méthyl-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1S,4S)-4-isopropyl-4-({(1S,4S)-5-[6-(trifluorométhyl)pyridine-2-yl]-2,5-diaza-
bicyclo-[2.2.1]hept-2-yl}carbonyl)cyclopent-2-éne-1-ylJamino}-4-O-méthyl-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1S,4S)-4-isopropyl-4-({(1S,4S)-5-[6-(trifluorométhyl)pyrazine-2-yl]-2,5-diaza-
bicyclo-[2.2.1]hept-2-yl}carbonyl)cyclopent-2-éne-1-ylJamino}-4-O-méthyl-D-érythro-pentitol ;

le 1,5-anhydro-3-{[(1R,3S)-3-{[(1S,4S)-5-(tertiobutoxycarbonyl)-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)-3-
éthylcyclopentyllamino}-2,3-didésoxy-4-O-méthyl-D-érythro-pentitol ;
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le 1,5-anhydro-3-{[(1R,3S)-3-{[(1S,4S)-5-(tertiobutoxycarbonyl)-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)-3-
(2,2,2-trifluoréthyl)cyclopentyllamino}-2,3-didésoxy-4-O-méthyl-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({[(1S,4S)-5-[6-(trifluorométhyl)pyridine-2-
yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]-amino}-4-O-méthyl-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({[(1S,4S)-5-[4-(trifluorométhyl)pyridine-2-
yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]-amino}-4-O-méthyl-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({[(1S,4S)-5-[4-(trifluorométhyl) pyrimidine-
2-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]-amino}-4-O-méthyl-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({[(1S,4S)-5-[2-(trifluorométhyl) pyrimidine-
4-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]-amino}-4-O-méthyl-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({[(1S,4S)-5-[6-(trifluorométhyl) pyrimidine-
4-yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]-amino}-4-O-méthyl-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({[(1S,4S)-5-[6-(trifluorométhyl) pyrazine-2-
yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]-amino}-4-O-méthyl-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(1R,3S)-3-(1-hydroxycyclobutyl)-3-({[(1S,4S)-5-[2-(trifluorométhyl)pyridine-4-
yl]-2,5-diazabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]-amino}-4-O-méthyl-D-érythro-pentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(3-(1-hydroxy-1-méthyléthyl)-3-({5-[4-(trifluorométhyl)pyridine-2-yl]-2,5-diaza-
bicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-méthylpentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(3-(1-hydroxy-1-méthyléthyl)-3-({5-[6-(trifluorométhyl)pyrimidine-4-yl]-2,5-dia-
zabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-méthylpentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(3-(1-hydroxy-1-méthyléthyl)-3-({5-[4-(trifluorométhyl)pyrimidine-2-yl]-2,5-dia-
zabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-méthylpentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(3-(1-hydroxy-1-méthyléthyl)-3-({5-[5-(trifluorométhyl)pyridazine-3-yl]-2,5-dia-
zabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-méthylpentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(3-(1-hydroxy-1-méthyléthyl)-3-({5-[2-(trifluorométhyl)pyrimidine-4-yl]-2,5-dia-
zabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-méthylpentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(3-(1-hydroxy-1-méthyléthyl)-3-({5-[6-(trifluorométhyl)pyridine-2-yl]-2,5-diaza-
bicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllJamino}-4-O-méthylpentitol ;

le 1,5-anhydro-2,3-didésoxy-3-{[(3-(1-hydroxy-1-méthyléthyl)-3-({5-[2- (trifluorométhyl)pyridine-4-yl]-2,5-diaza-
bicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyllamino}-4-O-méthylpentitol ; et

le 1,5-anhydro-2,3-didésoxy-3-{[(3-(1-hydroxy-1-méthyléthyl)-3-({5-[6-(trifluorométhyl)pyrazine-2-yl]-2,5-dia-
zabicyclo[2.2.1]hept-2-yl}carbonyl)cyclopentyl]Jamino}-4-O-méthylpentitol ;

ou un de ses sels pharmaceutiquement acceptables.

10. Composé suivant la revendication 2, de formule :

CHy

ou un de ses sels pharmaceutiquement acceptables.

11. Composé suivant la revendication 2, de formule :
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ou un de ses sels pharmaceutiquement acceptables.

Composition comprenant un composé suivant 'une quelconque des revendications 1 a 11, ou un de ses sels
pharmaceutiquement acceptables, et un support.

Composé ou sel suivant 'une quelconque des revendications 1 a 11, pour une utilisation en médecine.

Composé ou sel suivant I'une quelconque des revendications 1 a 11, pour une utilisation dans le traitement d’'une
maladie associée a I'expression ou l'activité d’'un récepteur de chimiokine chez un patient.

Composé ou sel suivant 'une quelconque des revendications 1 a 11, pour une utilisation dans le traitement de la
polyarthrite rhumatoide, de I'athérosclérose, du lupus, de la sclérose en plaques, de la douleur, du rejet d’un trans-
plant, du diabéte, de la fibrose hépatique, d’'une maladie virale, du cancer, de I'asthme, de la rhinite allergique
saisonniére et pérenne, de la sinusite, de la conjonctive, de la dégénérescence maculaire due a '’age, d’une allergie
alimentaire, de I'empoisonnement par un scombéroide, du psoriasis, de la spondyloarthropathie indifférenciée, de
la goutte, de l'urticaire, du prurit, de 'eczéma, d’'une maladie intestinale inflammatoire, d’'une maladie thrombotique,
de I'otite moyenne, de la fibrose, de la cirrhose hépatique, d’'une maladie cardiaque, de la maladie d'Alzheimer, de
la septicémie, d’'une resténose, de la maladie de Crohn, de la colite ulcérative, du syndrome du cdlon irritable, de
maladies pulmonaires d’hypersensibilité, de la fibrose pulmonaire induite par un médicament, d’'une maladie pul-
monaire obstructive chronique, de I'arthrite, de la néphrite, de la dermatite atopique, d’un ictus, d’une lésion aigué
d’'un nerf, de la sarcoidose, de I'hépatite, de 'endométriose, de la douleur neuropathique, de la pneumonie d’hy-
persensibilité, des pneumonies éosinophiles, de I'hypersensibilité de type retardé, d’'une maladie pulmonaire inters-
titielle, de troubles ophtalmiques ou de I'obésité.
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