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PCT DERIVATIVES OF
6,7-DIHYDRO-5H-IMIDAZO[1,2-a]IMIDAZOLE-3- CARBOXYLIC
ACID AMIDES This application claims the benefit of
U.S. Provisional Application No. 60/990,960, filed
November 29, 2007, and also U.S. Provisional
Application No. 61/047,957, filed April  25, 2008.
BACKGROUND OF THE INVENTION  1. TECHNICAL FIELD The
present invention relates generally to a series of
novel derivatives of 6,7-dihydro-5H-
imidazo[1,2-a]imidazole-3-carboxylic acid amides, the
synthesis of these compounds  their use in the
treatment of inflammatory disease and pharmaceutical
compositions  comprising these compounds. 2.
BACKGROUND INFORMATION Research spanning the last
decade has helped to elucidate the molecular events
attending  cell-cell interactions in the body,
especially those events involved in the movement and
activation of cells in the immune system (see
generally, von Andrian UH, et al. N Engl J  Med 2000;
343(14):1020-1034). Cell surface proteins, and
especially the Intercellular  Cellular Adhesion
Molecules ("ICAMs") and "Leukointegrins", including
LFA-1, MAC- 1 and p150,95 (referred to in WHO
nomenclature as CD18/CD11a, CD18/CDl1b, and
CD18/CD1lc, respectively) have correspondingly been
the subject of pharmaceutical  research and
development having as its goal the intervention in the
processes of  leukocyte extravasation to sites of
injury and leukocyte movement to distinct targets. For
example, it is presently accepted that prior to the
leukocyte extravasation, which is a  mandatory
component of the inflammatory response, activation of
integrins  constitutively expressed on leukocytes
occurs and is followed by a tight ligand/receptor
interaction between integrins (e.g., LFA- 1) and one
or several distinct intercellular  adhesion molecules
(ICAMs) designated ICAM-1, ICAM-2 or ICAM-3 which are
expressed on blood vessel endothelial cell surfaces
and on other leukocytes. The  



interaction of the ICAMs with the Leukointegrins is a
vital step in the normal functioning  1 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT of the
immune system. Immune processes such as antigen
presentation, T-cell mediated  cytotoxicity and
leukocyte extravasation all require cellular adhesion
mediated by ICAMs  interacting with the
Leukointegrins. See generally Kishimoto, T. K.;
Rothlein; R. R. Adv.  Pharmacol. 1994, 25, 117-138 and
Diamond, M.; Springer, T. Current Biology, 1994, 4,
506-532. A group of individuals has been identified
which lack the appropriate expression of
Leukointegrins, a condition termed "Leukocyte Adhesion
Deficiency I" (Anderson, D.  C.; et al., Fed. Proc.
1985, 44, 2671-2677 and Anderson, D. C.; et al., J.
Infect. Dis.  1985, 152, 668-689). These individuals
are unable to mount a normal inflammatory  and/or
immune response(s) due to an inability of their cells
to adhere to cellular  substrates. These data show
that immune reactions are mitigated when lymphocytes
are  unable to adhere in a normal fashion due to the
lack of functional adhesion molecules of  the CD18
family. By virtue of the fact that LAD patients who
lack CD18 cannot mount  an inflammatory response, it
was believed that antagonism of CD18/CD11/ICAM
interactions will also inhibit an inflammatory
response. The role of LFA-1 in immune  cell
trafficking and activation is well established and
supported by studies with LFA-1  deficient mice and
blocking anti-LFA-1 antibodies. In vitro, LFA-1
deficient  lymphocytes are characterized by defects in
aggregation and proliferation. In vivo  parallel
deficits in delayed type hypersensitivity (DTH)
responses are observed. In  animal models of organ
transplantation, anti-LFA-1 antibodies have shown
efficacy.  Taken together these studies provide
support for the role of LFA-1 in initiating and/or
propagating inflammatory responses (Giblin, P.A. et
al. Curr. Pharm. Design, 2006, 12:  2771-2795). It has
been demonstrated that the antagonism of the
interaction between the ICAMs and  the Leukointegrins
can be realized by agents directed against either
component.  



Specifically, blocking of the CAMs, such as for
example ICAM-1, or the Leukointegrins,  such as for
example LFA- 1, by antibodies directed against either
or both of these  molecules effectively inhibits
inflammatory responses. In vitro models of
inflammation  and immune response inhibited by
antibodies to ICAMs or Leukointegrins include 2 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
antigen or mitogen-induced lymphocyte proliferation,
homotypic aggregation of  lymphocytes, T-cell mediated
cytolysis and antigen-specific induced tolerance. The
relevance of the in vitro studies is supported by in
vivo studies with antibodies directed  against ICAM-1
or LFA-1. In numerous models of transplant, including
cardiac, bowel,  islet and cornea, prolongation of
graft survival was observed following treatment with
anti-LFA-1, alone or in combination anti-ICAM-1 (see
for example Nakakura EK et al.,  Transplantation 1993;
55(2):412-417). Anti-LFA-1 antibodies have also shown
benefit  in animal models of multiple sclerosis, lupus
and inflammatory arthritis (see for example  Kobayashi
Y et al., Cell Immunol 1995; 164(2):295-305). The
first LFA-1-targeted  therapeutics to be tested
clinically were anti-LFA-1 antibodies. Odulimomab
showed  efficacy in clinical trials of bone marrow
transplant (Stoppa AM et al., Transpl Int 1991;
4(1):3-7) and in kidney transplant clinical trials
(Hourmant M et al. Transplantation  1994;
58(3):377-380). The humanized anti-LFA-1 antibody
Raptiva(r) (anti-CD11a, hut 124, efalizumab), marketed
for psoriasis has provided the clinical proof of
concept for  the role of LFA-1 (Leonardi CL et al.,
JAm Acad Dermatol 2005; 52(3 Pt 1):425-433).  Thus,
the prior art has demonstrated that large protein
molecules which antagonize the  binding of the ICAMs
to the Leukointegrins have therapeutic potential in
mitigating  inflammatory and immunological responses
often associated with the pathogenesis of  many
autoimmune or inflammatory diseases. However proteins
have significant  deficiencies as therapeutic agents,
including the inability to be delivered orally and
potential immunoreactivity which limits the utility of
theses molecules for chronic  administration.
Furthermore, protein-based therapeutics are generally
expensive to  



produce. It follows that small molecules having the
similar ability as large protein molecules to
directly and selectively antagonize the binding of the
ICAMs to the Leukointegrins would  make preferable
therapeutic agents. 3 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT Several small molecules have
been described in the literature that affect the
interaction of  ICAMs and Leukointegrins. For example,
US Patent 6,355,664 (and the corresponding  WO
98/39303), 6,710,664, 6,977,267, 7,199,125 and WO
2006065908 disclose a class of  small molecules,
having a hydantoin core, that are inhibitors of the
interaction of LFA-1  and ICAM-1. US Patent 6,492,408
(and corresponding WO 01/07440 Al), US Patent
6,844,360, US Patent 6,852,748, WO 2006/107941 and WO
2007/027233 all discloses  compounds having this same
activity that instead have a
6,7-dihydro-5H-imidazo[1,2- a]imidazole core. In
addition, US patents 6,673,825 and 6,974,815 and US
Patent  Application Publication 20060052434 disclose
small molecules having a urazole,
hexahydrobenzimidazole and pyrrolizine core
respectively that are inhibitors of the  interaction
of LFA-1 and ICAM- 1. BRIEF SUMMARY OF THE INVENTION
The invention comprises a novel class of derivatives
of 6,7-dihydro-5H-imidazo[1,2-
a]imidazole-3-carboxylic acid amides and methods for
making the same. These  compounds are useful for the
treatment of inflammatory conditions in that they
exhibit  good inhibitory effect upon the interaction
of ICAMs and Leukointegrins. Thus, the  invention
further comprises the use of these compounds for the
treatment of  inflammatory conditions and
pharmaceutical compositions comprising the same as
active  ingredients. DETAILED DESCRIPTION OF THE
INVENTION All terms as used herein in this
specification, unless otherwise stated, shall be
understood  in their ordinary meaning as known in the
art. For example, "C1_4alkyl"is a saturated  



aliphatic hydrocarbon monovalent radical containing
1-4 carbons such as methyl, ethyl,  n-propyl,
1-methylethyl (isopropyl), n-butyl or t-butyl. All
alkyl groups shall be  understood as being branched or
unbranched, where structurally possible and unless
otherwise specified. Other more specific definitions
are as follows: 4 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT The term "C3.6cycloalkyl" means
a cyclic saturated hydrocarbon monovalent radical
containing 3-6 carbons in the cyclic ring, such as
cyclopropyl, cyclobutyl, cyclopentyl  and cyclohexyl.
The terms "heterocycle" or "heterocyclyl" refers to a
stable nonaromatic 4-8 membered  (but preferably, 5 or
6 membered) monocyclic or nonaromatic 8-11 membered
bicyclic  heterocycle radical which may be either
saturated or unsaturated. Each heterocycle  consists
of carbon atoms and one or more, preferably from 1 to
4 heteroatoms chosen  from nitrogen, oxygen and
sulfur. The heterocycle may be attached by any atom of
the  cycle, which results in the creation of a stable
structure. Unless otherwise stated,  heterocycles
include but are not limited to, for example
pyrrolidinyl, pyrrolidinonyl,  pyrrolinyl,
morpholinyl, thiomorpholinyl, thiomorpholinyl
sulfoxide, thiomorpholinyl  sulfone, dioxalanyl,
piperidinyl, piperazinyl, tetrahydrofuranyl,
tetrahydropyranyl,  tetrahydrofuranyl,
1,3-dioxolanone, 1,3-dioxanone, 1,4-dioxanyl,
piperidinonyl,  tetrahydropyrimidonyl, pentamethylene
sulfide, 5-oxo-4,5-dihydroisoxazol-3-yl,
pentamethylene sulfoxide, pentamethylene sulfone,
tetramethylene sulfide,  tetramethylene sulfoxide and
tetramethylene sulfone. The term "heteroaryl" shall be
understood to mean an aromatic 5-8 membered
monocyclic or 8-11 membered bicyclic ring containing
1-4 heteroatoms such as N,O and  S. Unless otherwise
stated, such heteroaryls include thienyl, furanyl,
isoxazolyl, oxazolyl,  thiazolyl, thiadiazolyl,
oxadiazolyl, 3-hydroxy-1H-pyrazol-5-yl,
5-oxo-4,5-dihydro-1,2,4- oxadiazol-3-yl,
5-oxo-4,5-dihydro-1,2,4-thiadiazol-3-yl,
3-hydroxyisoxazol-5-yl, tetrazolyl, pyrazolyl,
pyrrolyl, imidazolyl, pyrrdlinyl pyrimidinyl,
pyrazlinyl, pyridazinyl,  



pyranyl, quinoxalinyl, indolyl, benzimidazolyl,
benzoxazolyl, benzothiazolyl,  benzothienyl,
quinolinyl, quinazolinyl, naphthyridinyl, indazolyl,
triazolyl, pyrazolo[3,4- b]pyrimidinyl, purinyl,
pyrrolo[2,3-b]pyridinyl, pyrazolo[3,4-b]pyridinyl,
tubercidinyl,  oxazo[4,5-b]pyridinyl and
imidazo[4,5-b]pyridinyl. Any nitrogen heteroatom in
the  heteroaryl ring can be an oxidized nitrogen atom,
e.g., forming a quaternized nitrogen  atom. 5 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
The term "halogen" as used in the present
specification shall be understood to mean  bromine,
chlorine, fluorine or iodine, preferably fluorine or
chlorine. The compounds of the invention are only
those which are contemplated to be `chemically
stable' as will be appreciated by those skilled in the
art. For example, a compound which  would have a
`dangling valency', or a `carbanion' are not compounds
contemplated by  the inventive methods disclosed
herein. Specific compounds of the present invention
may be identified in the present  specification by
chemical name and/or chemical structure. In the event
of any conflict  between the chemical name and
chemical structure, the chemical structure will
control.  In general, all tautomeric and isomeric
forms and mixtures thereof, for example, the
individual geometric isomers, stereoisomers,
enantiomers, diastereomers, racemates,  racemic or
non-racemic mixtures of stereoisomers, mixtures of
diastereomers, or  mixtures of any of the foregoing,
of a depicted chemical structure or compound is
intended, unless the specific stereochemistry or
isomeric form is specifically indicated in  the
compound name or structure. Any compound of this
invention containing one or  more asymmetric carbon
atoms may occur as a racemate or racemic mixture,
single  enantiomer, diastereomeric mixture and
individual diastereomer, or mixtures of any of  the
foregoing. All such isomeric forms of these compounds
are expressly included in the  present invention. Each
stereogenic carbon may be in the R or S configuration,
or a  combination of configurations. Some of the
compounds of formula (I) can exist in more  



than one tautomeric form. The invention includes
methods using all such tautomers. In further detail,
the compounds of the invention and their salts include
asymmetric  carbon atoms and may therefore exist as
single stereoisomers, racemates, and as mixtures  of
enantiomers and diastereomers. Typically, such
compounds will be prepared as a  racemic mixture. If
desired, however, such compounds can be prepared or
isolated as 6 WO 2009/070485 PCT/US2008/084149  Docket
No. 09-0446 PCT pure stereoisomers, i.e., as
individual enantiomers or diastereomers, or as
stereoisomer- enriched mixtures using methods well
know in the art. For example, individual
stereoisomers of compounds may be prepared by
synthesis from optically active starting  materials
containing the desired chiral centers or by
preparation of mixtures of  enantiomeric products
followed by separation or resolution, such as
conversion to a  mixture of diastereomers followed by
separation or recrystallization, chromatographic
techniques, use of chiral resolving agents, or direct
separation of the enantiomers on  chiral
chromatographic columns. Starting compounds of
particular stereochemistry are  either commercially
available or are made by the methods described below
and resolved  by techniques well-known in the art.
Preparation of pure enantiomers or mixtures of desired
enantiomeric excess (ee) or  enantiomeric purity are
accomplished by one or more of the many methods of (a)
separation or resolution of enantiomers, or (b)
enantioselective synthesis known to those of skill in
the art, or a combination thereof. These resolution
methods generally rely on  chiral recognition and
include, for example, chromatography using chiral
stationary  phases, enantioselective host-guest
complexation, resolution or synthesis using chiral
auxiliaries, enantioselective synthesis, enzymatic and
nonenzymatic kinetic resolution, or  spontaneous
enantioselective crystallization. Such methods are
disclosed generally in  Chiral Separation Techniques:
A Practical Approach (2nd Ed.), G. Subramanian (ed.),
Wiley-VCH, 2000; T.E. Beesley and R.P.W. Scott, Chiral
Chromatography, John Wiley  & Sons, 1999; and Satinder
Ahuja, Chiral Separations by Chromatography, Am. Chem.



Soc., 2000. Furthermore, there are equally well-known
methods for the quantitation of  enantiomeric excess
or purity, for example, GC, HPLC, CE, or NMR, and
assignment of  absolute configuration and
conformation, for example, CD ORD, X-ray
crystallography,  or NMR. The compounds of the
invention are meant to embrace compounds of Formula
(I) as  herein described, as well as the
pharmaceutically acceptable salts thereof. The term
"salt" means an ionic form of the parent compound or
the product of the reaction between the parent
compound with a suitable acid or base to make the acid
salt or base salt of the  7 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT parent
compound. Salts of the compounds of the present
invention can be synthesized  from the parent
compounds which contain a basic or acidic moiety by
conventional  chemical methods. Generally, the salts
are prepared by reacting the free base or acid  parent
compound with stoichiometric amounts or with an excess
of the desired salt- forming inorganic or organic acid
or base in a suitable solvent or various combinations
of  solvents. The term "pharmaceutically acceptable
salt" means a salt of a compound of the invention
which is, within the scope of sound medical judgment,
suitable for use in contact with the  tissues of
humans and lower animals without undue toxicity,
irritation, allergic response,  and the like,
commensurate with a reasonable benefit/risk ratio,
generally water or oil- soluble or dispersible, and
effective for their intended use. The term includes
pharmaceutically acceptable acid addition salts and
pharmaceutically acceptable base  addition salts. As
the compounds of the present invention are useful in
both free base and  salt form, in practice, the use of
the salt form amounts to use of the base form. Lists
of  suitable salts are found in, e.g., S.M. Birge et
al., J. Pharm. Sci., 1977, 66, pp. 1-19,  which is
hereby incorporated by reference in its entirety.
Examples of suitable acids for preparing salts include
hydrochloric, hydrobromic,  carbonic, sulfuric,
nitric, perchloric, fumaric, maleic, phosphoric,
glycolic, lactic,  



salicylic, succinic, toluene-p-sulfonic, tartaric,
acetic, citric, methanesulfonic, formic,  benzoic,
malonic, naphthalene-2-sulfonic and benzenesulfonic
acids. Other acids, such  as oxalic acid, while not
themselves pharmaceutically acceptable, may be
employed in  the preparation of salts useful as
intermediates in obtaining the compounds of this
invention and their pharmaceutically acceptable acid
addition salts. Salts derived from  appropriate bases
include alkali metal (e.g., sodium), alkaline earth
metal (e.g.,  magnesium), ammonium and N-(C1-4
alkyl)4+ salts. In an embodiment, there are provided
compounds of formula I  8 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT R6  CI R7  N
0  N~ N  HN 20  0,~~- R R3  R4.N,R5 I  wherein: R1 is
selected from -CN, -OCF3, halogen, heteroaryl,
optionally substituted with halogen  or C1_3alkyl
optionally substituted with halogen and phenyl,
optionally substituted with  halogen; R2 is selected
from:  (A) H, (B) C1_3alkyl optionally substituted
with one or two groups selected from:  a)
C3.6cycloalkyl, 



b) -OR9,  c) -NR9Rlo  d) -SOR9,  e) -S02R9,  f)
-C(O)NH2, g) heteroaryl optionally susbtituted with
Ci_2alkyl,  h) heterocyclyl, i) phenyl,  j) -C02R9, k)
-OPO(OH)2, and 9 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT 1) -OSO2(OH);  (C)
C3.6cycloalkyl,  (D) heteroaryl, and (E) phenyl,
optionally substituted with halogen, -OR9, -CN or
-CF3;  R3 is H or Ci_3alkyl; or R2 and R3, together
with the carbon they are bonded to, form a saturated
hydrocarbon  ring of 3 to 7 carbon atoms and wherein
one carbon atom in said hydrocarbon ring may  be
optionally replaced by -0-, -S-, -S(0)-, -SO2-,
-NC(O)R9- or -NR9-; R4 is selected from: (A) Ci_salkyl
substituted with one or two groups selected from:  a)
-CF3, b) -C(O)OR9,  c) -C(O)NR9R10  d) -C(S)NR9R10  e)
-NR9Rio  f) -N(R9)C(0)R10 



g) -C(O)NH(CH2)2O(CH2)2OH,  h) -OR9, i) phenyl
optionally substituted with halogen, -NR9R10, -OR9,
C3_scycloalkyl  or Ci_salkyl, wherein said Ci_salkyl
is optionally substituted with -F, - NR9R10 or -OR9,
j) heteroaryl optionally substituted with halogen,
-NR9R10, -OR9, C3_  scycloalkyl or C1_5alkyl, wherein
said Ci_salkyl is optionally substituted  with -F,
-NR9R10 or -OR9, k) -S02NR9R10  1) -S02R9, and m)
-SO2Het, wherein Het is selected from heterocyclyl and
heteroaryl;  (B) C3_6cycloalkyl substituted with one
or two groups selected from: 10 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT a) -C(O)OR9,
b) -C(O)NR9R10  c) -C(S)NR9R10  d) -OR9, e) phenyl
optionally substituted with halogen, -NR9R10, -OR9,
C3_scycloalkyl  or Ci_salkyl, wherein said CI-5alkyl
is optionally substituted with -F, -CF3,  -NR9R10 or
-OR9, and f) heteroaryl optionally substituted with:
1) -NR9R' 2) -NHC(O)R9,  3) -NHS02R9,  4) -OR9, 5)
-Cl-2alkylNR9R10, 6) -Ci_2alkylNR10(CO)NR9R10,  



7) -CI_2alkylNR10(CO)R9,  8) -CI_2alkylOR9, 9)
-CI_2alkylNHS02R9,  10) -C02R9, 11) -COCH3,  12)
halogen,  13) -S02R9, 14) -C3_scycloalkyl,  15) -cyano
and 16) C1_5alkyl, wherein said CI-5alkyl is
optionally substituted with  halogen, -CF3, -NR9R10 or
-OR9; (C) heteroaryl optionally substituted with one
to two groups selected from:  a) -R9 optionally
substituted with halogen or -OH, b) -CF3,  c) -OR9,
d) -NR9R1o  e) halogen, 11 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT f)
-C(0)NR9R10  g) -C(O)NH(CH2)20H,  h) -CI_3a1ky1NR9R10;
(D) -C_salkylheterocyclyl wherein the heterocycle is
optionally substituted with - C(O)CH3, oxo, or
-C1.3C(S)NH2, R5 is selected from H, C1_3alkyl,
-(CH2)20H and -(CH2)20CH3; or R4 and R5 constitute a
saturated hydrocarbon bridge of 3 to 6 carbon atoms
which  together with the N they are bonded to, form a
heterocyclic ring, and wherein: a) one or two carbon
atoms in said heterocyclic ring are mono or
disubstituted with R8  



and b) one carbon atom in said heterocyclic ring is
optionally replaced by -0-, -S-, -S(0)-, - SO2- or
-NC(O)CH3-; R6 is H or halogen;  R7 is halogen or
-CF3; R8 is selected from C1_3alkyl, halogen, -OH,
-CH2OH, -C(0)R9, -S02R9, - C(O)CH2CO2R9, -NR9R10,
-C(0)NR9R10, -CN, -C(0)OR9, -N(R9)C(0)R10,
heterocyclyl  and heteroaryl, wherein said
heterocyclyl and heteroaryl are optionally substituted
with  Cl4alkyl, -OH or -CF3; R9 is H or C1_5alkyl or
C3_4cycloalkyl, which C1_5alkyl is optionally
substituted with -OH;  R10 is -H or -CH3; or 12 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
R9 and R10 constitute a saturated hydrocarbon bridge
of 3 to 6 carbon atoms which  together with the N they
are bonded to, form a heterocyclic ring, wherein one
carbon  atom in said heterocyclic ring may be
optionally monosubstituted with -OH or wherein  one
carbon atom in said heterocyclic ring may be
optionally replaced by -0-, -S-, -SO-, - SO2-, -NH-,
-NCH3-, or -NC(O)CH3-; or a pharmaceutically
acceptable salt thereof. In another embodiment are
compounds of the formula I wherein: R1 is selected
from -CN, -OCF3, -CF3, -Cl, -Br and phenyl,
pyrimidinyl and triazolyl,  wherein said phenyl ring
is optionally substituted with -F; R2 is selected
from:  (A) H, (B) C1_2alkyl optionally substituted
with one or two groups selected from:  a) -OR9, b)
-S(O)R9,  c) -S02R9,  



d) -C(O)NH2,  e) -C02R9,  f) -OPO(OH)2,  g) -OSO2(OH),
h) triazolyl, i) imidazolyl optionally substituted
with Cl_2alkyl, and  j) -NR9R10; R3 is H or -CH3; or
13 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT R2 and R3, together with the carbon they
are bonded to, form a saturated hydrocarbon  ring of 3
to 6 carbon atoms and wherein one carbon atom in said
hydrocarbon ring may  be optionally replaced by -0-,
-SO2-, -NC(0)R9- or -NR9-; R4 is selected from: (A)
Ci_salkyl substituted with one or two groups selected
from:  a) -CF3, b) -C(0)OR9,  c) -C(O)NR9R10  d)
-C(S)NH2,  e) -NR9Rio  f) -N(R9)C(O)R10 g)
-C(0)NH(CH2)20(CH2)20H,  h) -OR9, i) phenyl, and j)
heteroaryl, optionally substituted with -OH; (B)
C3_scycloalkyl substituted with one group selected
from:  a) -C(O)OR9, b) -C(O)NR9R10  



c) -C(S)NR9R10, and d) heteroaryl optionally
substituted with:  1) -NR9R' 2) -NHC(O)R9,  3)
-NHS02R9,  4) -OR9, 5) -Ci-2alkylNR9R10, 6)
-C1_2alkylNR10(CO)NR9Ri0,  7) -CI_2alkylNR10(CO)R9,
8) -C1_2alkylOR9, 9) -CI_2alkylNHSO2R9,  10) -C02R9,
14 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT 11) -COCH3,  12) halogen,  13) -SO2R9, 14)
-C1_2alkyl optionally substituted with halogen,  15)
-cyano and 16) -C3_5cycloalkyl; (C) heteroaryl
optionally substituted with one to two groups selected
from:  a) -R9 optionally substituted with halogen or
-OH, b) -C(0)NR9R10  c) -C(O)NH(CH2)20H,  d) -NR9R1o
e) -C1_3alky1NR9R1, and  f) halogen; (D)
-C_Salkylheterocyclyl wherein the heterocycle is
optionally substituted with - 



C(O)CH3, oxo, or -C1_3C(S)NH2; R5 is selected from H,
and Cl_3alkyl; or R4 and R5 constitute a saturated
hydrocarbon bridge of 3 to 5 carbon atoms which
together with the N they are bonded to, form a
heterocyclic ring, and wherein: a) one or two carbon
atoms in said heterocyclic ring are mono or
disubstituted with R8,  and b) one carbon atom in said
heterocyclic ring may be optionally replaced by
-NC(O)CH3-;  R6 is H, -F or -Cl; R7 is -Cl; 15 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
R8 is selected from -CH3, -F, -OH, -CH2OH, -SO2CH3,
-N(CH3)2, -C(O)NR9R10 - C(O)CH2CO2Et, -CN, -C(O)OR9,
-N(R9)C(O)R10, heterocyclyl and heteroaryl, wherein
said heteroaryl is optionally substituted with C1
alkyl or -OH; R9 is H, Ci_5alkyl or C3_4cycloalkyl,
which C1_5alkyl is optionally substituted with -OH;
and R10 is H or -CH3; or R9 and R10 constitute a
saturated hydrocarbon bridge of 3 to 6 carbon atoms
which  together with the N they are bonded to, form a
heterocyclic ring, wherein one carbon  atom in said
heterocyclic ring may be optionally monosubstituted
with -OH or wherein  one carbon atom in said
heterocyclic ring may be optionally replaced by -0-,
-NCH3- or - NC(O)CH3-; or a pharmaceutically
acceptable salt thereof. In a further embodiment are
compounds of the formula I wherein: R1 is selected
from -CN, -OCF3, -CF3, -Cl, -Br, phenyl, pyrimidinyl
and triazolyl wherein  said phenyl ring is optionally
substituted with -F; R2 is selected from:  (A) H, 



(B) Ci_2alkyl optionally substituted with one or two
groups selected from:  a) -OH, b) -OCH3,  c) -S(O)R9,
d) -S02R9,  e) -C(O)NH2, 16 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT f) -C02R9,
g) -OPO(OH)2,  h) -OS02(OH),  h) triazolyl, i)
imidazolyl optionally substituted with C1_2alkyl, and
i) -NR 9R10 R3 is H or -CH3; or R2 and R3, together
with the carbon they are bonded to, form a saturated
hydrocarbon  ring of 3 to 6 carbon atoms and wherein
one carbon atom in said hydrocarbon ring may  be
optionally replaced by -0-, -SO2-, -NC(O)R9- or -NR9-;
R4 is selected from: (A) C1_3alkyl substituted with
one or two groups selected from:  a) -CF3, b)
-C(O)OR9,  c) -C(O)NH2,  d) -C(S)NH2,  e) -NHC(O)CH3,,
f) -OR9, g) phenyl, and h) heteroaryl optionally
substituted with -OH, 



(B) C3_5cycloalkyl substituted with one group selected
from:  a) -C02CH3, b) -CONH2,  c) -CSNH2, and d)
heteroaryl optionally substituted with:  1) -NR9Rio 2)
-NHC(O)R9,  3) -NHS02R9, 17 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT 4) -OR9, 5)
-C1-2alky1NR9R10, 6) -C1-2alky1NR10(CO)NR9R10,  7)
-C1-2alkylNR10(CO)R9,  8) -C1-2alkylOR9, 9)
-C1-2alky1NHS02R9,  10) -C02R9, 11) -COCH3,  12)
halogen,  13) -S02R9, 14) -C1-2alkyl optionally
substituted with halogen,  15) -cyano and 16)
-C3_scycloalkyl; (C) heteroaryl optionally substituted
with one to two groups selected from:  a) -R9
optionally substituted with -F or -OH, b) -C(O)NR9R10
c) -C(O)NH(CH2)20H,  d) -NR9R1o 



e) -C1-3alky1NR9R10, and  f) halogen; (D)
-CO-3alkylheterocyclyl wherein the heterocycle is
optionally substituted with - C(O)CH3 or oxo; R5 is
selected from H, and -CH3; or R4 and R 5 constitute a
saturated hydrocarbon bridge of 3 to 5 carbon atoms
which  together with the N they are bonded to, form a
heterocyclic ring, and wherein: a) one or two carbon
atoms in said heterocyclic ring are mono or
disubstituted with R8  and b) one carbon atom in said
heterocyclic ring is optionally replaced by
-NC(O)CH3-;  18 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT R6 is H -F or -Cl;  R7 is -Cl;
R8 is selected from -CH3, -F, -OH, -CH2OH, -SO2CH3,
-N(CH3)2, -C(O)NH2, - C(O)N(CH3)2, -CN, -C(O)OR9,
-N(R9)C(O)CH3, heterocyclyl and heteroaryl, wherein
said heteroaryl is optionally substituted with
C1-4alkyl or -OH; R9 is H, C1_4alkyl or
C3_4cycloalkyl, which C1_4alkyl is optionally
substituted with -OH;  and R10 is H or -CH3; or R9 and
R10 constitute a saturated hydrocarbon bridge of 3 to
6 carbon atoms which  together with the N they are
bonded to, form a heterocyclic ring, wherein one
carbon  atom in said heterocyclic ring may be
optionally monosubstituted with -OH or wherein  one
carbon atom in said heterocyclic ring may be
optionally replaced by -0- or -NCH3-;  or a
pharmaceutically acceptable salt thereof. In yet
another embodiment are compounds of the formula I
wherein: R1 is selected from -CN, -OCF3, -CF3, -Cl,
phenyl, pyrimidinyl and triazolyl;  R2 is selected
from: 



(A) C1_2alkyl optionally substituted with one or two
groups selected from:  a) -OH, b) -OCH3,  c) -S(O)R9,
d) -S02R9,  e) -C(O)NH2, 19 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT f) -C02R9,
g) -OPO(OH)2,  h) -OS02(OH),  i) triazolyl, j)
imidazolyl optionally substituted with C1-2alkyl, and
k) -NR9R10; R3 is H; or R2 and R3, together with the
carbon they are bonded to, form a saturated
hydrocarbon  ring of 3 to 6 carbon atoms and wherein
one carbon atom in said hydrocarbon ring may  be
optionally replaced by -0-, -S02- or -NC(O)R9-; R4 is
selected from: (A) C2-3a1ky1 substituted with
pyridinyl, thiazolyl, or pyrrolopyridinyl, and  (B)
C3-5cycloalkyl substituted with one group selected
from: a) -C(O)NH2, b) pyridinyl optionally substituted
with:  1) -NR9R' 2) -NHC(O)R9,  3) -NHS02R9,  4) -OR9,
5) -C1-2a1ky1NR9R10, 



6) -C1-2alkylNR10(CO)NR9R10,  7) -CI-2alkylNR10(CO)R9,
8) -Cl-2alkylOR9, 9) -C1-2a1ky1NHSO2R9,  10) -C02R9,
11) -COCH3,  12) halogen,  13) -S02R9, 20 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
14) -Ci_2alkyl optionally substituted with halogen,
and  15) -cyano; c) oxadiazolyl optionally substituted
with, -NR9R10, or R9 wherein R9 is  optionally
substituted with -F or -OH, d) imidazolyl optionally
substituted with R9 or -CF3,  e) triazolyl optionally
substituted with R9, f) oxazolyl optionally
substituted with R9 or -CONH2,  g) thiazolyl
optionally substituted with R9, h) thiadiazolyl, i)
pyrimidinyl optionally substituted with -NR9R10  j)
pyridopyrimidinyl, k) pyrazinyl optionally substituted
with C1_2alkyl, 1) pyridazinyl optionally substituted
with Ci_3alky1NR9R10  m) naphthyridinyl, n)
quinazolinyl optionally substituted with halogen,  o)
pyrrolopyridin-6-yl, p) quinolinyl, q) triazinyl mono-
or disubstituted with -NH2,  



r) oxazolopyridinyl, s) benzooxazolyl,  t) tetrazolyl,
and  u) isoxazolyl;  R5 is H; or R4 and R5 constitute
a saturated hydrocarbon bridge of 3 to 5 carbon atoms
which  together with the N they are bonded to, form a
heterocyclic ring, and wherein one carbon  atom in
said heterocyclic ring is mono or disubstituted with
R8; R6 is H or -F; 21 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT R7 is -Cl; R8 is selected from
-F, -OH, -CH2OH, -NHC(O)CH3, -C(O)NH2, -CN, -CO2Et,
-CO2H, 3- hydroxy-1H-pyrazol-5-yl,
5-oxo-4,5-dihydro-1,2,4-oxadiazol-3-yl,
5-oxo-4,5-dihydro- 1,2,4-thiadiazol-3-yl and
tetrazolyl, wherein said tetrazolyl is optionally
substituted with  C1-4alkyl; R9 is H, C1.4alkyl or
C3.4cycloalkyl and  R10 is H or -CH3; or R9 and R10
constitute a saturated hydrocarbon bridge of 3 to 6
carbon atoms which  together with the N they are
bonded to, form a heterocyclic ring, wherein one
carbon  atom in said heterocyclic ring is optionally
monosubstituted with -OH or wherein one  carbon atom
in said heterocyclic ring may be optionally replaced
by -0-; or a pharmaceutically acceptable salt thereof.
In yet a further embodiment are compounds of the
formula I wherein:  R1 is selected from -CN and -OCF3,
-CF3, pyrimidin-5-yl or triazolyl;  R2 is selected
from: (A) C1_2alkyl optionally substituted with one or
two groups selected from:  a) -OH, 



b) -OCH3,  c) -SO2R9,  d) -C(O)NH2, 22 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT e) -C02R9,
and  f) -OPO(OH)2,  g) -OS02(OH), and h) heteroaryl
selected from triazol-2-yl or imidazol-4-yl which
imidazol-4-yl  is optionally substituted with
C1-2alkyl; R3 is H; or R2 and R3, together with the
carbon they are bonded to, form a saturated
hydrocarbon  ring of 3 to 6 carbon atoms and wherein
one carbon atom in said hydrocarbon ring is
optionally replaced by -0-, -S02-, or -NC(O)R9-; R4 is
selected from: (A) C2alkyl substituted with
pyridin-2-yl, and (B) Cyclopropyl substituted with one
group selected from:  a) -C(O)NH2, b) pyridin-2-yl
optionally substituted with:  1) -NR9R10 2) -NHC(O)R9,
3) -OR9, 4) -Ci-2a1ky1NR9R10, 5)
-C1-2alky1NR10(CO)NR9R'0,  6) -C1-2alky1NR10(CO)R9,
7) -C1-2alkylOR9, 8) -C02R9,  9) -COCH3,  



10) halogen, 11) -C1-2a1ky1NHS02R9,  12) -S02R9, 13)
-Ci_2alkyl; c) 1,2,4-oxadiazolyl substituted with R9,
-CHF2, C1-2alkylOH or -NR9R10  23 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT d)
imidazolyl optionally substituted with R9 or -CF3,  e)
1,2,4-triazol-3-yl, optionally substituted with R9, f)
oxazolyl optionally substituted with R9 or -CONH2,  g)
thiazol-2-yl optionally substituted with R9, h)
thiazol-4-yl optionally substituted with -CH3,  i)
1,3,4-thiadiazol-2-yl, j) pyrimidinyl optionally
substituted with -NH2,  k)
pyrido[2,3-d]pyrimidin-2-yl, 1) pyrazin-2-yl
optionally substituted with Ci_2alkyl,  m)
pyridazin-3-yl, n) naphthyridin-2-yl, o)
quinazolin-2-yl optionally substituted with halogen,
p) 1H-pyrrolo[2,3-o]pyridin-6-yl, q) quinolin-2-yl, r)
oxazolopyridin-2-yl, and  s) benzooxazol-2-yl;  R5 is
H; or R4 and R 5 constitute a saturated hydrocarbon
bridge of 3 to 5 carbon atoms which  together with the
N they are bonded to, form a heterocyclic ring, and
wherein one carbon  atom in said heterocyclic ring is
mono or disubstituted with R8; R6 is H or F;  



R7 is Cl; R8 is selected from -F, -OH, -NHC(O)CH3,
-C(O)NH2, -CN, -CO2H, 5-oxo-4,5-dihydro-
1,2,4-oxadiazol-3-yl, and tetrazolyl, wherein
tetrazolyl is optionally substituted with Ci_  4alkyl;
24 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT R9 is H, C1.4alkyl or C3.4cycloalkyl and
R10 is H or -CH3; or R9 and R10 constitute a saturated
hydrocarbon bridge of 3 to 6 carbon atoms which
together with the N they are bonded to, form a
heterocyclic ring, wherein one carbon  atom in said
heterocyclic ring is optionally monosubstituted with
-OH or wherein one  carbon atom in said heterocyclic
ring may be optionally replaced by -0-; or a
pharmaceutically acceptable salt thereof. In an even
further embodiment are compounds of the formula I
wherein:  R1 is selected from -CN and -OCF3 or
pyrimidin-5-yl; R2 is selected from: (A) C1_2alkyl
optionally substituted with one group selected from:
a) -OH, b) -CO2H,  c) -CONH2,  d) -OPO(OH)2 and  e)
-OS02(OH);  R3 is H; or R2 and R3, together with the
carbon they are bonded to, form a cyclopropyl or
cyclohexyl  ring wherein one carbon atom in said
cyclohexyl ring is replaced with -NC(O)R9- or - SO2-;
R4 is cyclopropyl substituted with one group selected
from:  25 



WO 2009/070485 PCT/US2008/084149  Docket No. 09-0446
PCT (A) pyridin-2-yl optionally substituted with:  a)
-NHC(0)R9, b) -CH2NH2,  b) -CH2NHC(O)R9,  c)
-CH2NHS02R9,  d) -CO2H, e) -NR9R10, or  f) -OR9;  (B)
pyridazin-3-yl,  (C) pyrimidin-2-yl,  (D)
naphthyridin-2-yl, (E) quinazolin-2-yl optionally
substituted with chlorine,  (F)
1H-pyrrolo[2,3-o]pyridin-6-yl, (G)
2-isopropyl-oxazol-4-yl, (H)
1-isopropyl-lH-imidazol-4-yl, or  (I) thiazol-2-yl; R5
is H; R6 is H or F;  R7 is Cl; R9 is H, -CH3 or
cyclopropyl;  R10 is H or -CH3; or a pharmaceutically
acceptable salt thereof.  26 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT In another
embodiment there is provided the compounds in the
table below and the  pharmaceutically acceptable salts
thereof: 



Li  CI CI  11 N--~ N O  N Nz~  HN O OY X L2  NR2 Cpd #
NR2 X L, L2  --r N  1 0111111r- N H CN  N H N_  NH 2 H
CN  N NH  3 N, H CN  27 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT 4 H H OCF3
N N,0~,-0  N 5 0 H OCF3  



rN j, V N,, N, NH  T 6 H CN  SC F F  --r N  7 (/N H
OCF3  I NH N; N  N 8 H CN  N ,v N,,N, NH 9 H H CN  N
N\ 0 0  N 10 0 H OCF3  N H-~ 28 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT N  11 Q H
OCF3  OH 



N  12 O H CN  N H-l\l  --r N  13 01,111'r 0 H CN  %~
NH2 N  14 0 H CN  N-' H  N 15 0 H OCF3  rN ' N. N, N.
N -- H OCF3  16 0 Jv N H N17 ` H CN  F 29 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
N  18 H OCF3  



N N``N'N E 19 H OCF3  N2,NH H  20 4 OCF3  N .,)v F --r
N  21 0 H CN  NH 2 `N~  22 `~ H CN  N. N, N- N  23 L-l
H OCF3  N NH  24 H CN  OH 30 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT --1--- NH
---- 25 N- H CN  OH  NH --- 



26 H CN  N S;O  O  NH 27 N- 0 H CN  NH 2 NH  28 p H CN
0  NH 29 H CN  N 0  --1-- NH  30 N- H OCF3  NH 31 N, H
CN  31 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT --1--- NH  32 H CN NH  33 N, H CN  1 1, )
--1--- NH  34 N- H CN  



O NH  35 H CN  Ns NH  36 H CN  N S N-j NH  37 NCO H CN
N 32 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT NH  38 NI 0 H CN  N C  NH  39 N- H OCF3 N
NH  40 N- I .~ H CN  ~N --I-- NH  41 H CN NJ NH  



42 H CN  NH NH  43 N H OCF3  ~ I NHZ 33 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT NH  44 N o H
CN  NH 45 H CN  N N H 2  NH 46 N- H CN  N~ NH  47 N- H
OCF3  ~N", NH  48 H CN  S NH  49 H OCF3  N~ NH N 34 WO
2009/070485 PCT/US2008/084149  



Docket No. 09-0446 PCT NH  50 H CN  vO --1--- NH  51
N, H CN NH  52 H OCF3  H2 N NH  53 N H CN  H 2 N --r
NH  54 N NH H CN  % N --I--- NH  55 N- F CN 35 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
--I--- NH  56 N F CN NH  57 N- F CN  NH2 



--1--- NH  58 N F CN --i--- NH  59 N~ F CN O NH  60 F
CN  Ns NH  61 1 F CN  N S N-j 36 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT NH  62 F CN
NH N- NH  63 N F CN  I NH2 -T- NH  64 F CN N 0  N  



1 N  65 1~ ~ H OCF3  F F NH  66 N- H OCF3  NH 67 \ H
OCF3  NH 68 N- H OCF3  37 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT NH  69 H
OCF3  O NH2 r  N  70 H OCF3 O ,<V  HO NH  71 N~ 0 H CN
NH2  NH 72 H CN  O NH2 73 O ,NH H CN % H 2 



-T- N  74 I H CN CN l~  N 75 H CN  O 38 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT -T- 76 H CN
N. NH --1-- 77 H OCF3  N HN1S  O  -T 78 N O 0 H CN
NH2 NH2  -T N ----- 0 79 N H CN  HN1S O  -T 



80 H H CN  N OH  N 81 H CN  HO VV  39 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT -T- 82 H CN
OH -T- 83 O H CN  NH2 -T N  84 C H OCF3  OH NH  85 H
CN  N S --I-- N  86 N H r N  H N O ,NH 87 MeO H CN  



NH 88 H CN  40 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT 89 `NH H CN  MeO 90 H2NYINi, H
CN  O H NH  91 H CN  F O NH 92 H N ~,,,,~ H CN  2 93
NN I NH H CN  --rNH 94 H CN  2 HN O 95 H CN  MeO vv F
O NH 96 H CN  H2 N 41 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT 



NH  97 H CN  N O NH 98 H CN  Me0 O NH 99 ~.-11'' H CN
H0 NH  100 H CN  N~ H2N O 101 NH H CN  N-N NH  102 6N
H CN  O NH  103 O H CN  NH2 42 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT I  O ,NH
104H CN H2N  



105 H CN  H2N --r NH  106 H CN  ~ S NH  107 H CN  O OH
T, NH  108 .,)v H CN  H2N AO O NH 109 MeH CN  NH 110 H
CN  %  43 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT -1-- S NH 111 N H CN  --r NH  112 H OCF3
N-NH --rNH 



113 ' H CN  H2N 0 NH  114 o H CN  C, 1 H2N  115 H CN
Meo --r NH _ 116 H OCF3  N-NH NH  117 H CN  H2N 0 44
WO 2009/070485 PCT/US2008/084149  Docket No. 09-0446
PCT -T- NH  118 H OCF3 --r N  119 H OCF3  N-NH --r N
120 p H CN  



NH2 O NH 121 H CN  HZN NH  122 H CN  O OH NH  123 N NH
H CN  N= N NH  124 H CN  45 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT --r- NH  125
O H CN  % N OH  H2N O 1  126 -N NH H CN  N 127 O~ /~NH
H CN %%~~ Me0 N~  128 H OCF3  



N-NH 129 N N I NH H CN  NH 130 H OCF3  %  --F NH  131
0 H CN  N HO 46 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT ~-rNH  132 H CN  HO O NH  133
HN1 H CN  "JI-O --F NH  134 H OCF3  N-NH NH  135 H CN
HO O F* 136 ,OII NH H CN  N-N 



-7- C g NH 137 HOfH'-~N H CN  -T NH  138 O H CN  47 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
NH  139 H CN  N, NH N= N --r N~l  140 H CN  N-j H NH
141 H OCF3  I 142 0 ' NH H CN  HZN' NH  143 O N H CN
r NH  144 N H CN  "N-NH 



--r NH  145 H CN  HN N_ N 48 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT S NH 146 Y H
CN  N- N -T,  NH  147 H CN -T,  NH  148 H OCF3 149 ~NH
H CN  O NHZ -T- 150 O /NH H CN  OH -1-- O S NH 151 HN
N H CN  --r N",  152 N H CN  N- N 



H 49 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT --F NH  153 H CN  N-NH H2N O 154 NH H CN
N- N H -T N~  155 N H OCF3  N-NH O NH 156 MeO H CN
--i- NH  157 H CN  o 5 NH  158 HN1 H CN  AO I  O NH
H2 159 N\\ ~,. H CN  



50 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT --1-- N  160 q H CN OH  N 161 0 H OCF3  N
N, N' NH  N 162 O H CN  N 163 0,, N NH H OCF3  N_N N
164 H CN  H2N -T- N  165 U., N H Br N  H N  N 166 H CN
OH 51 WO 2009/070485 PCT/US2008/084149  



Docket No. 09-0446 PCT -T- 167 N H OCF3  -- NH N:  168
N H CN  NH Nz N  -T N  169 H OCF3  N, N, NH 170 H CN
OH -T- 171 H OCF3  N.:, N' NH 1 O  N OH 172 (N H CN
O)-l 52 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT -T- 173 H CN  N, N1NH -T N  



174 `) H CN  OH -T- CN~  175 '~` H CN 1=N  N; N, NH
-T 176 H CN  OH N  177 0 H CN  OH 178 N H OCF3  N OH
N 179 H CN  UOH 53 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT 180 H CN  HNTO 181 O H CN  o~ 0
182 IN U, NH2 H CN  N 



CN  183 0'rNH H Nc N  N 184-., N H I N ~ F  N-N -T- N
185 H CN -T- 186 H OCF3  N N. NH 54 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT f  N  187 O
H OCF3 N  188 1XI H CN  F F -T- 189 Jv H CN  HN r O N
190 H CN  O NH2 



-1-- N  191 ~--1 H CN O  H2N -1-- 192 H CN  0 H2N
--I-- 193 UNH H CN  O~ 55 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT -T- 194 H
OCF3  HN r O N 195 V H CN  OH 196 0 H CN  NH2 N  197 0
.,~ N H CN ,  N; NH 198 O O H CN  NH2 NH2 



199 N H OCF3  NH N; N  N 200 H CN  O NH2 56 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
--I- N  201 UNH H CN  -T N  202 N H OCF3  NH NrN,  -T
N  203 q NH H CN  0 204 N H CN  N, N, N-~ O"OH 205 H
CN 206 N H OCF3  NH N,  -T N  



207 UNH H OCF3  o~ 57 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT I  N  , H OCF3 208 ,N O ,  O
-T- (N~  209 --~, ,,, H OCF3 ~= N  N, N, NH  -T 210
',)., H OCF3  N, N' NH ~  -T N  211 q I H OCF3  /S `O
q N2 12 H OCF3  NH O=~  q 213 1H OCF3 



~= N  N, N, NH --r NH  214 O NCr H OCF3  58 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
--I-- 215 (NrOH H CN  N 216 C N OH H CN  o& o -1-- 217
H CN  O H2N  -T- N  218 UNH H OCF3 O~  -T 219 H CN  -N
N-:, N' NH  CX) 220 H NNH I  N= N  T 



N  221 H OCF3  59 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT --r 222 N H OCF3  C~-OH 0-N  -T
223 H OCF3  N, NH ~  NH OCF3  224 N F3  NH N;  NN  225
N H CN  NH N_ N 226 N H CN  NH Nz N  227 'NHH OCF3  ''
N, N N  



228 C) H OCF3  ~-OH N-N 60 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT --r  N  229
0 H CN N  -T 230 H OCF3  HNH i  N  231 H OCF3 232 H CN
0 HO  -T 233 H OCF3  HN TO N  234 H CN  235 H OCF3  F
F 61 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT 



N  236 H CN  N N,. N, NH  N 237 01"T~N H CN  NH Nc N
,NH  -T 238 238 N H OCF3 NH  N; T  (N~  239 0 H CN  H
T  N  240 U 0 H OCF3 N  H  N 241 H CN  N -T- 242 ~., H
CN  N, N' NH 62 WO 2009/070485 PCT/US2008/084149  



Docket No. 09-0446 PCT --I-- N  243 ~,, N H CN NN; N
--I- N  244 H Br  0 245 H OCF3  N N, 2N, N 246 < > H
CN  F F 0 NH2 NH  247 H CN  N NH  248 N- H CN  -T NH
249 H CN  63 WO 2009/070485 PCT/US2008/084149  Docket
No. 09-0446 PCT --r NH  250 H CN  H2N S 



NH  251 1 H CN  N O N NH  252 H OCF3  N NH  253 H OCF3
N -1-- N" ----- 254 N H CN  F F -1-- F NH 255 H CN  NH
256 H CN  H2N S 64 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT --r NH  257 F CN  ----- HZN S
--r 



N ---- 258 H CN  NN NH NH  259 N H CN  %  of O NH 260
HO~ H CN  -T 261 0 .~ H OCF3  Ol NH  262 H CN  \ Imo`
NH  263 H CN  HN N-N 65 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT NH  264 N H
CN  N NH F  265 H ......NH H CN  -T NH  



266 H CN  N H2N O 267 NH H CN  N H 268 N NH H CN ~NH
NH  269 HO ~,,,,, H CN  F O NH 270 H CN  HO --r N  271
H CN  N-NH 66 WO 2009/070485 PCT/US2008/084149  Docket
No. 09-0446 PCT HZN O 272 NH H CN  N-0 --I  273 'H CN
NH HO  q 274 H CN N  



NNH  275 N H CN  NH N= N  -T 276 N H CN  N, NH -T- N
277 H CN F F  F  278 O H CN OH 67 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT -T- 279 N H
CN  NH N= N 280 H CN  N, N' ~ --I-- ~Nl  281 H Br N
NH 282 N H OCF3  NH 



283 N H OCF3  --r NH  284 H CN  --r NH  285 H CN  N
N-\ NJ 68 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT 286 NH H CN  s --r N",  287 H CN  N-NH ~NH
288 N' 0 H CN  -N C NH  289 N' 0 H CN  ~N NH  290 N o
H CN  N F 



F NH  291 N0 F CN  N\ 69 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT --I-- NH
292 N O F CN \ / NH  293 N' IN F CN  NH 294 N' F CN
N' NH  295 N~ F CN  NH 296 N' F CN  i N~ NH  297 N~ N
F CN  70 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT INH  298 N~ N F CN  



c NH  299 N- H CN  \ I v NH  300 F CN  N NH  301 H CN
N NH N= N  --I-- NH 302 N- H CN  NH 303 F OCF3  N- o
NH 304 N ',)7 F CN  O OH 71 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT NH  305 J F
CN  N NH  306 H CN  N~ NH 



N=~  NH  307 F CN N~ NH N==~ NH ----- 308 / N F CN  N
H NH  309 F CN  N~ N S=0 O  NH 310 N`/O F CN  N/ N ?I'
NH  311 F CN  IN' ~ N I I ~/ NH2 72 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT NH  312 N~ N
F CN  N  NH 313 F CN  II J  



N- NH N o F CN  314 INS N NH  315 N~ N F CN  0 N  NH
316 IN IIN N o H CN  NH 317 4~,N o H CN  0 1-- -----
NH 318 N o H CN  N, N lJI 73 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT - - NH  319
N' F CN N  NJ NH  320 JV F CN  HNY`~ O 



NH  321 N O H OCF3  N NH  322 N L N F CN  O 4NH  323
N\ L N H OCF3  0 NH  324 N ~ H CN  F F F 74 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
--I--- NH  325 N- H F F F  NH 326 H F  N N F  F  NH
327 H OCF3  N~ N 0  0 NH 



328 N- H CN  NH 329 H CN  N, O  S'  HO NH 330 N- H CN
-T 331 NH N' NH H CN  F F F 75 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT --I-- NH
332 N- H CN HN NH  333 N- F CN  HN NH  334 N' H CN  N
NH H CN  335 N, N O  



NH 336 N~ H CN  NH2 NH  337 \ '.)7 H CN  N 76 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
-T NH  338 N H CN  O NH  339 N~ H CN  NH 340 N~ H CN
OH NH  341 N H CN  O NH  342 N F CN  O NH  343 N' F CN
NH 2 77 WO 2009/070485 PCT/US2008/084149  



Docket No. 09-0446 PCT --I-- NH  344 N H CN O NH N
346 ZN- H C H2N NH  347 N~ N H CN  N,, NH  348 N~ N H
CN  NH ---- 349 , H CN  N' I N  NH  350 H CN N, NH
351 .,~ F CN  N/ N 78 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT --I-- 352 NH IN ~ N F CN 



NH  353 N F CN  N NH  354 N H CN  Cl NH  355 N- H CN
N NH  356 N H CN  N NH2  NH  357 N F CN -0, N, NH  358
N~ ,~ F CN  N N H2 79 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT --i--- NH  359 H CN O OH  NH
360 H CN 



O  NH 361 N, N H CN  \ I N~-NN NH  362 N, H CN  O  NH
363 N~ H CN  10  ~NH 365 N ` N H CN  O NH  366 N a H
CN  N HO 80 WO 2009/070485 PCT/US2008/084149  Docket
No. 09-0446 PCT --r-- NH  367 N H CN O NH  368 N `N H
CN  O ~NH  369 ?iP H CN  



N F F  F NH  370 N 0 H CN  NH 371 N 0 H CN  N HO ~NH
372 Nv 0 H CN  N N 81 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT --I--- NH  373 H N- \Br  NH 374
N- H NN  N  NH 375 N- H Cl SNH  376 H -N  N --1--- 



NH  377 N- H NA N  NH 378 N- F CN OH  NH 379 N- F CN
82 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT ---I --- NH  380 N-  F CN ''  HO OH  --1--
NH  381 N- F OCF3  C OH  NH 383 H CN  N' NH N NH  384
N' NH F CN  % N NH  



385 N NH F CN  N= NH  386 2 H CN  NH 387 N' H CN  Br
83 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT NH  388 N F CN  N NH  389 N 0 H CN  NH 393
H CN  NH 394 N- - F I N. J  NH 395 N~ O "O H CN  N,Sl~
H  NH 396 N H OCF3  O; S\ O 84 WO 2009/070485
PCT/US2008/084149  



Docket No. 09-0446 PCT NH  397 N' F CN  N NH  400 N' O
H CN  o NH2  11 NH 401 N N F CN  O F  F F NH  402 N //
F CN  N~ 1 SI`o  NH 403 F CN  N N OH  NH 404 F CN . I
"4~ O N,  NH 405 N" N F CN  OH  85 



WO 2009/070485 PCT/US2008/084149  Docket No. 09-0446
PCT NH  406 N- H CN  N -T I NH 407 N' ' O F CN  N I NH
408 N 0 H OCF3  N NH  409 F CN  N iN N" N -T- NH  410
N H CN  O NH  411 N- .,~ H CN  N NH  413 N- H CN  OH
86 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT NH  



414 N' F CN  Br --r  NH  415 N JV H CN OH  NH 416 N' I
H CN  O OH NH  417 N' ~ F CN  O OH NH  418 N F OCF3  O
OH NH  419 N' F CN  N' OH 87 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT NH  420 N F
CN  N- OH 422 H OCF3  NH ---- 2N No  NH 



423 H CN  N O I)v NJ  NH 424 H CN  N NJ  NH 425 H CN
OH N \ ~ NJ NH  426 N- H CN  H \ N~  O  NH 427 N I H
CN  H \ N,S\\i  '  O O 88 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT "r"  NH  428
N- H CN 



H  NyNH2  IOI H 429 H CN L N O  H 430 H CN L N O  NH
431 \ I ,~ H CN  NH O~  NH  432 H CN NH  O-oil NH2  NH
433 \ I ,~ H CN  NH Oc  ,S\  0 89 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT -T- 



NH  434 H CN NH  O NH  N 435 H CN  NH NH  436 H CN  NH
OZ: Is  O  NH 437 F CN  NH Ocs  0 -I-- NH  N~ 438 F CN
NH O,s  n  O  90 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT 



NH  439 N IN F CN  NH 440 N' I F CN  N' NH  441 N' F
OCF3  N ~NH  442 N' N F CN  ~NH 443 N N F OCF3  \ I
---I --- NH  445 H CN N NHZ 91 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT N H ~ 446 N-
I (N) H CN  N  NH 447 - N H CN  N  H  NH 448 N- F CN  



OH  NH 449 N- 0, OH F CN s 0// 0 NH  450 N- 0 F CN  NH
451 N- F CN  \ ~ O OH 92 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT General
Synthetic Methods The compounds of the invention may
be prepared by the methods described below. In  each
of the schemes below, the groups R1 - R10 are as
defined above for general formula  I unless noted
otherwise. Optimum reaction conditions and reaction
times may vary  depending on the particular reactants
used. Unless otherwise specified, solvents,
temperatures, pressures and other reaction conditions
may be readily selected by one of  ordinary skill in
the art. Specific procedures are provided in the
Synthetic Examples  section. Typically, reaction
progress may be monitored by thin layer chromatography
(TLC) or HPLC-MS if desired. Intermediates and
products may be purified by  chromatography on silica
gel, recrystallization and/or reverse phase HPLC. HPLC
purification methods used anywhere from 0-100%
acetonitrile in water containing 0.1%  formic acid or
0.1% TFA and used one of the following columns: a)
Waters Sunfire OBD C18 5.iM 30x150 mm column  b)
Waters XBridge OBD C18 5 pM 30x150 mm column  c)
Waters ODB C8 5 pM 19x 150 mm column. d) Waters
Atlantis ODB C18 5 pM 19x50 mm column.  e) Waters
Atlantis T3 OBD 5 M 30x100 mm column 



f) Phenomenex Gemini Axia C18 5 tM 30x100 mm column
Starting materials and reagents are either
commercially available or may be prepared by  one
skilled in the art using methods described in the
chemical literature. Compounds of formula I may be
prepared from intermediate II as illustrated in Scheme
I.  The synthesis of intermediate II is reported by
the following U.S. Patents: 6,492,408,  6,414,161,
6,844,360, 6,852,748 and also US Application
Publications 2006/0025447 and  2007/0173517. The
desired R1 on formula II compounds may be obtained by
selection 93 WO 2009/070485 PCT/US2008/084149  Docket
No. 09-0446 PCT of the appropriately substituted
reagents as described in Wu et al., U.S. Patent No.
6,492,408 and Frutos et al., U.S. 6,414,161. The
synthesis of compounds of formula I from intermediate
II is illustrated in Scheme I.  Scheme I R6 R6  R NH,
CI R  CI 2  NaHC02, Ac20 CI R o R Pd(OAc)2, LICI RaAW
N 0 DIPEA, DMF, 80 C V NN 0  N or N={ R' Amidation ~N
N  Y RMgX, C02, THE ~ HN O  2  II / R' Y= 1, Br HO 0
III O l RR I R a) NH2 Ra.N.R5  ORz R0VI 



H  b) ester R4,NR.  deprotection Al  R6 Amidation  7
CI R N 0  /// N .II  N\/ H 0 O R2 R'  77 R3 HO IV As
illustrated above, II is transformed into III under
Grignard conditions and trapping  with CO2 or Pd
catalyzed carboxylation. Carboxylic acid III provides
I by either amide  formation with a suitably
functionalized intermediate V or a three step
procedure which  forms intermediate IV prior to final
amide forming reaction. Intermediates (V, VI and  VII)
are either commercially available, readily prepared
from commercially available  starting materials by
methods known in the art or disclosed herein. The
initial product of  formula I may be further modified
by methods known in the art to provide additional
compounds of the invention. Several examples are
provided in the Synthetic Examples  section. 94 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
Synthetic Examples  Synthesis of Intermediates
(R)-5-Pyrrolidin-3-yl-2H-pyrazol-3-ol: 



O\/ N  Y O H  0 0 `~ 1. CDI, THE N 1. Hydrazine, EtOH`
(N 2. O O 2.4.0 M HCI, CHZCIZ N IxI IxI ~NH  /1-OH ~O
" 'OH OO OH  0 iPrMgCI 0 To a solution of
(R)-pyrrolidine-1,3-dicarboxylic acid 1-tert-butyl
ester (1 g, 4.65 mmol)  in THE (5 mL) was added CDI
(0.9 g, 5.58 mmol). The reaction mixture was stirred
at  room temperature for 12 h to yield a crude
solution of (R)-3-(imidazole-l-carbonyl)-
pyrrolidine-1-carboxylic acid tert-butyl ester. A
solution of the malonate (0.92 g, 6.97 mmol) in THE (5
mL) was cooled to 0 C under  N2. Isopropylmagnesium
chloride (6.97 mL, 2.0 M) was added and the reaction
was  stirred for 30 min at 0 C, 30 min at room
temperature and 30 min at 40 T. The solution  was then
cooled to 0 C and the crude solution of
(R)-3-(imidazole-l-carbonyl)- pyrrolidine-1-carboxylic
acid tert-butyl ester was added via cannula. A thick
precipitate  formed. The reaction was warmed to room
temperature and stirred under N2 for 12 h. The
reaction mixture was cooled to 0 C and ice-cold 1.0 M
H3PO4 (20 mL) was added to  the mixture. After 5 min,
the reaction was extracted with EtOAc (3 x 20 mL). The
combined organic extracts were washed with sat. NaHCO3
(15 mL) and brine (15 mL),  dried over MgSO4 and
concentrated to afford crude
(R)-3-(2-ethoxycarbonyl-acetyl)-
pyrrolidine-1-carboxylic acid tert-butyl ester (0.91
g, crude 69%). The material was  used without further
purification. To a solution of
(R)-3-(2-ethoxycarbonyl-acetyl)-pyrrolidine-1-carboxyl
ic acid tent-butyl  ester (150 mg, 0.53 mmol) in
ethanol (3 mL) was added hydrazine (18 L, 0.58 mmol).
95 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT 



The reaction mixture was stirred at room temperature
for 4.5 h. The solvent was  evaporated in vacuo and
the residue was purified using flash chromatography on
silica  gel (1-5% MeOH/CH2C12) to afford
(R)-3-(5-hydroxy-lH-pyrazol-3-yl)-pyrrolidine-l-
carboxylic acid tert-butyl ester (70 mg, 53%) as a
white solid. To a solution of
(R)-3-(5-hydroxy-lH-pyrazol-3-yl)-pyrrolidine-l-carbox
ylic acid tert- butyl ester (44 mg, 0.17 mmol) in
CH2C12 (1 mL) was added HCl in dioxane (0.2 mL, 4.0
M). The reaction mixture was stirred for 48 h. Solvent
was removed at reduced pressure  to afford crude
(R)-5-pyrrolidin-3-yl-2H-pyrazol-3-ol as a white
solid. The material was  used without further
purification. (R)-5-Piperidin-3-yl-2H-pyrazol-3-ol was
prepared using a procedure analogous to that
described above.
(1S,3R)-3-Amino-cyclopentanecarboxylic acid methyl
ester: 0 HCI  0 CI~S, CI 0 HOfi,..,0"NHz . \O  MeOH To
a solution of (1S,3R)-3-aminocyclopentanecarboxylic
acid (1.0 g, 7.4 mmol) in dry  MeOH (10 mL) under N2
at 0 C was added thionyl chloride (2.7 mL, 36.8 mmol)
dropwise. The reaction mixture was slowly warmed to
room temperature and stirred  overnight. The reaction
was concentrated in vacuo. The resultant residue was
washed  with anhydrous diethyl ether (3x30 mL) and
dried under high vacuum to afford 1.87 g of
(1S,3R)-3-amino-cyclopentanecarboxylic acid methyl
ester as the HCl salt that was used  without further
purification.
(R)-3-Pyrrolidin-3-yl-4H-1,2,4-oxadiazol-5-one:  96 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
1) HON H, HCI, 



O NaHCO3 N  N NaHC 2) CDI ` H  \--! 3) TFA, rN
benzenethiol N'0~__0  N
(R)-3-Cyano-pyrrolidine-l-carboxylic acid tert-butyl
ester (1.02 g, 5.2 mmol),  hydroxylamine hydrochloride
(396 mg, 5.7 mmol) and NaHCO3 (487 mg, 5.8 mmol)  were
added to MeOH (12 mL) and the solution was heated to
reflux. After 4 h, the  reaction was concentrated in
vacuo. The residue was partitioned between EtOAc and
brine. The layers were separated and the organic layer
was dried over Na2SO4, filtered  and concentrated to
yield 927 mg of crude
(R)-3-(N-hydroxycarbamimidoyl)-pyrrolidine-
1-carboxylic acid tent-butyl ester as a yellow foam.
Crude
(R)-3-(N-hydroxycarbamimidoyl)-pyrrolidine-l-carboxyli
c acid tert-butyl ester  (887 mg, 3.86 mmol) and CDI
(94 mg, 5.8 mmol) were dissolved in dioxane (30 mL)
and  heated to reflux. After 1 h, the reaction was
concentrated in vacuo. The crude reaction  mixture was
dissolved in CH2C12 and the pH was adjusted to 3 by
adding 1M HC1 to the  solution. The layers were
separated and the aqueous layer was extracted with
CH2C12.  The combined organic layers were washed with
water and brine, dried over MgSO4,  filtered and
concentrated in vacuo to yield 872 mg of crude
(R)-3-(5-oxo-4,5-dihydro-
1,2,4-oxadiazol-3-yl)-pyrrolidine-l-carboxylic acid
tert-butyl ester. Crude
(R)-3-(5-oxo-4,5-dihydro-1,2,4-oxadiazol-3-yl)-pyrroli
dine-1-carboxylic acid tert- butyl ester (872 mg, 3.41
mmol), CH2C12 (5mL) and thiophenol (0.7 mL, 6.8 mmol)
were  combined and diluted with TFA (5 mL). After 24
h, the reaction was concentrated in  vacuo. The
residue was partitioned between CH2C12 and water. The
layers were  separated and the CH2C12 layer was
extracted with water. The combined aqueous layers
were concentrated in vacuo. Reverse phase HPLC
purification yielded 482 mg of (R)-3-
pyrrolidin-3-yl-4H-1,2,4-oxadiazol-5-one as a tan oil
(-50% pure) that was used without  further
purification. 



97 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT 2-(1H-Tetrazol-5-yl)-ethylamine formiate:
1) Benzylchloroformate NaOH NH  NHZ 2) NaN3, Et3N HCI
2  N 3) Pd/C, H N I Jo  N H, N-N HO Aminopropionitrile
fumarate (6.6 g, 53.4 mmol) was dissolved in water and
basified to  pH 10 with solid NaOH. A solution of
benzylchloroformate (8.OmL, 53.4 mmol) in Et20  (15
mL) was then added with vigorous stirring. The pH was
continually adjusted to pH  10 by addition of 2M NaOH.
After 2 h, the reaction was diluted with Et20 and the
layers  were separated. The aqueous layer was
extracted with Et20. The combined organic  layers were
washed with water and brine, dried over MgSO4,
filtered and concentrated in  vacuo. The resulting
solid was dissolved in hot Et20 and filtered to yield
1 g of (2- cyano-ethyl)-carbamic acid benzyl ester as
a white solid. Another 3.35 g of (2-cyano-
ethyl)-carbamic acid benzyl ester was obtained by
repetitive crystallization of the mother  liquor from
Et20. A mixture of (2-cyano-ethyl)-carbamic acid
benzyl ester (2.6 g, 12.7 mmol), sodium  azide (2.48
g, 38 mmol) and triethylamine hydrochloride (2.62 g,
19 mmol) in NMP (96  mL) was stirred at 100 C under
Ar. After 24h, the reaction was cooled to room
temperature. Additional sodium azide (1.24 g, 19 mmol)
and triethylamine hydrochloride  (1.3 g, 9.5 mmol) was
added to the reaction mixture and the solution was
heated to 100  C under Ar. After 18 h, the reaction
was diluted with water (100 mL). 1M HC1 was  added
dropwise until the pH was slightly acidic (-. pH 4).
The solution was extracted  with EtOAc (3x100 mL). The
combined organic layers were washed with water (3x100
mL) and brine (100 mL), dried over MgSO4, filtered and
concentrated in vacuo to yield a  



brown oil. Flash chromatography on silica gel (0-15%
MeOH in CH2C12) yielded 1.1 g  of crude
2-(1H-tetrazol-5-yl)-ethyl]-carbamic acid benzyl ester
(--70% pure). Crude
2-(1H-tetrazol-5-yl)-ethyl]-carbamic acid benzyl ester
(1.0g, 4.04mmol) was  dissolved in MeOH (35mL). The
flask was purged with Ar and then 10% Pd/C (100 mg)
98 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT was added. The flask was purged with H2
(balloon). After 6 h, the reaction was purged  with Ar
and the heterogeneous solution was filtered through
diatomaceous earth. The  Pd/C was washed with McOH.
The filtrate was concentrated in vacuo to yield 470 mg
of  a yellow solid. The solid was purified via reverse
phase HPLC, yielding 310 mg of 2-
(1H-tetrazol-5-yl)-ethylamine formiate as a colorless
oil which solidified upon standing.
(R)-3-Pyrrolidin-3-yl-4H-[1,2,4]thiadiazol-5-one: S
OyO O N N~N  N T N HydroxylamineHCI NJ N  NaHCO3, MeOH
Nr-NH, BF 3 Et \\\  N OH  OO~ N  Y Q HCIin Dioxane H
N N,  N,S'-- 0 S  (R)-3-Cyano-pyrrolidine-l-carboxylic
acid tent-butyl ester (2.04 g, 10.4 mmol),
hydroxylamine hydrochloride (0.79g, 11.4mmol) and
NaHCO3 (0.97g, 11.6mmol) were  



added to MeOH (24 mL) and the solution was heated to
reflux. After 4 h, the reaction  was cooled to room
temperature and filtered through a fritted funnel. The
solution was  concentrated in vacuo. The residue was
purified by reverse phase HPLC to afford (R)-3-
(N-hydroxycarbamimidoyl)-pyrrolidine-l-carboxylic acid
tert-butyl ester (1.28 g, 5.58  mmol, 54%) as a yellow
foam.
(R)-3-(N-Hydroxycarbamimidoyl)-pyrrolidine-l-carboxyli
c acid tert-butyl ester (0.54 g,  2.36 mmol) and
di-imidazol-l-yl-methanethione (0.70 g, 3.53 mmol)
were dissolved in  THE (15 mL) and stirred for 30 min.
The reaction was diluted with water (50 mL) and
extracted with EtOAc (50 mL x 3). The combined organic
layers were dried by MgSO4  and concentrated in vacuo.
The residue was dissolved in THE (20 mL) and BF3Et20
(0.89ml, 7.06mmol) was added dropwise. After 1 h of
stirring, the reaction was diluted  99 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT with water
(50 mL) and extracted with EtOAc (50 mL x 3). The
combined organic layers  were dried with MgSO4 and
concentrated in vacuo. The crude material was purified
by  flash chromatography on silica gel (20-50%
EtOAc/Hexane) to give (R)-3-(5-oxo-4,5-
dihydro-[1,2,4]
thiadiazol-3-yl)-pyrrolidine-1-carboxylic acid
tert-butyl ester (0.42 g, 1.55  mmol, 66%) as a white
solid. (R)-3-(5-Oxo-4,5-dihydro-[1,2,4]
thiadiazol-3-yl)-pyrrolidine-l-carboxylic acid
tert-butyl  ester (420 mg, 1.55 mmol) was dissolved in
methanol (15 mL). 4M HCl in dioxane (0.70  mL, 2.80
mmol) was then added. The solution was stirred
overnight. The reaction was  concentrated in vacuo.
The residue was purified by reverse phase HPLC to
afford (R)-3-
pyrrolidin-3-yl-4H-[1,2,4]thiadiazol-5-one (220 mg,
1.28 mmol, 83%) as a white solid.
(R)-5-Pyrrolidin-3-yl-2H-tetrazole: O H  yO-~ NaN31
NEt3HCI OYnl O HCI in Dioxane N  U U NMP MeOH N  



N N,' N N.N,N  N H  H A mixture of
(R)-3-cyano-pyrrolidine-l-carboxylic acid tert-butyl
ester (1.0 g, 5.10  mmol), sodium azide (0.99 g, 15.3
mmol) and triethylamine hydrochloride (1.05 g, 7.64
mmol) in NMP (40 mL) was stirred at 140 C for 6 h
under Ar. The reaction was cooled  to room temperature
and diluted with water (50 mL). 1M HCl was added
dropwise until  the pH of the solution was slightly
acidic (approx pH 4). The solution was then extracted
with EtOAc (3x100 mL). The combined organic layers
were washed with brine (50 mL),  dried over MgSO4,
filtered and concentrated to yield 3 g of tan oil.
Reverse phase HPLC  purification afforded
(R)-3-(2H-tetrazol-5-yl)-pyrrolidine-l-carboxylic acid
tent-butyl  ester (620 mg, 2.59 mmol, 51%) as a yellow
oil. 100 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT
(R)-3-(2H-Tetrazol-5-yl)-pyrrolidine-l-carboxylic acid
tent-butyl ester (600 mg, 2.51  mmol) was dissolved in
methanol (20 mL), 4M HC1 in dioxane (1.13 ml, 4.52
mmol) was  then added dropwise. The solution was
stirred overnight. The reaction was concentrated  in
vacuo. The residue was purified by reverse phase HPLC
to afford (R)-5-pyrrolidin-3- yl-2H-tetrazole (220 mg,
1.58 mmol, 63%) as a white solid. The following
tetrazoles were synthesized using procedures analogous
to that described  above:
(S)-5-Pyrrolidin-3-yl-2H-tetrazole,
5-(3-Methyl-pyrrolidin-3-yl)-2H-tetrazole, 3-(2H-
Tetrazol-5-yl)-piperidine,
(S)-3-(2H-Tetrazol-5-yl)-piperidine,
(R)-3-(2H-Tetrazol-5-yl)- piperidine
2-Methyl-5-(R)-pyrrolidin-3-yl-2H-tetrazole
trifluoroacetic acid salt:  o yO, / 1) Mel H 0 TFA HO



2) TFA F  IITT ' F  N I- N.N  N,N,N N'  H
(R)-3-(2H-Tetrazol-5-yl)-pyrrolidine-l-carboxylic acid
tert-butyl ester (500 mg, 2.1  mmol) was dissolved in
acetone (20 mL). K2C03 (579 mg, 4.2 mmol) and Mel
(0.14  mL, 2.19 mmol) were added sequentially. After 8
h the crude reaction was filtered and  the filtrate
was concentrated. The residue was purified via reverse
phase HPLC and  yielded 145 mg of
(R)-3-(1-methyl-1H-tetrazol-5-yl)-pyrrolidine-l-carbox
ylic acid tert- butyl ester as a white solid (eluted
first) and 243 mg of (R)-3-(2-methyl-2H-tetrazol-5-
yl)-pyrrolidine-1-carboxylic acid tert-butyl ester as
a pale yellow oil.
(R)-3-(2-methyl-2H-tetrazol-5-yl)-pyrrolidine-l-carbox
ylic acid tert-butyl ester was  dissolved in CH2C12
(3.5 mL) and diluted with TFA (3.5 mL). After 18 h,
the reaction 101 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT was concentrated in vacuo and
yielded 260 mg of 2-methyl-5-(R)-pyrrolidin-3-yl-2H-
tetrazole trifluoroacetic acid salt as a tan oil.
2-tert-Butyl-5-(R)-pyrrolidin-3-yl-2H-tetrazole
trifluoroacetic acid salt: H O  0 yo-~ N HHOJY F  U
TFA F F  C N, N NN  11 .H,N  



(R)-3-(2H-Tetrazol-5-yl)-pyrrolidine-l-carboxylic acid
tert-butyl ester (840mg, 3.51  mmol) was dissolved in
CH2C12 (20 mL) and TFA (4 mL) was added dropwise. The
reaction was stirred overnight at 25 C. The solution
was concentrated in vacuo to give  the crude product.
It was determined that the mixture contained
2-tert-butyl-5-(R)- pyrrolidin-3-yl-2H-tetrazole and
(R)-5-pyrrolidin-3-yl-2H-tetrazole (3:1) as
trifluoroacetic acid salts. The mixture was used
without further purification.
(1-Carbamoyl-l-methyl-ethyl)-carbamic acid tent-butyl
ester: H` ~O O H O  ~O O N ~( OH + OI~O~ + NH,OH + ~N`
~O O N NHZ To a cooled (-10 C) solution of
2-tert-butoxycarbonylamino-2-methyl-propionic acid
(1.00 g, 4.92 mmol) and triethylamine (686 L, 4.92
mmol) in tetrahydrofuran (20 mL)  was added ethyl
chloroformate (470 L, 4.92 mmol). The reaction mixture
was stirred  for 1 h. The ammonium hydroxide (1.20 mL,
19.7 mmol) was added and the solution  was stirred at
room temperature for 16 h. The product was then
filtered through a  Buchner funnel and dried in vacuo
to afford 945 mg of the title compounds as a white
solid, m/z 203.3 [M + 1]+. 102 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT The
following compound was prepared using similar
procedures as described above:
(1-Carbamoyl-cyclopropyl)-carbamic acid tert-butyl
ester, nilz 201.2 [M + 1]+
2-Amino-2-methyl-propionamide trifluoroacetic acid
salt: O  O O O HO-~-GF  Z N - x F YOYN NH2 + F OH H X
'NH  O F F / \ 2 To a solution of
(1-carbamoyl-1-methyl-ethyl)-carbamic acid tert-butyl
ester (945 mg,  4.67 mmol) in dichloromethane (20 mL)
was added trifluoroacetic acid (10.0 mL, 64  



mmol). The reaction mixture was stirred at room
temperature for 4 h. The reaction  mixture was then
concentrated in vacuo to afford 882 mg of the title
compound as a white solid, isolated as the TFA salt,
m/z 103.2 [M + 1]+. The following compound was
prepared using similar procedures as described above:
1-Amino-cyclopropanecarboxylic acid amide, m/z 101.1
[M + 1]+  (R)-2-Amino-thiopropionamide hydrochloride:
T  oYo HCINH2 H-CI  NH CHZCIZ H2N S  H2N S To a
suspension of the ((R)-1-thiocarbamoyl-ethyl)-carbamic
acid tert-butyl ester' (600  mg, 2.94 mmol) in 10 mL
of CH2Clz was added HCl in dioxane (4 M, 3.67 mL, 14.7
mmol). The reaction mixture became clear within a few
minutes, followed by the  formation of a white
precipitate. The cloudy reaction mixture was stirred
at room 103 WO 2009/070485 PCT/US2008/084149  Docket
No. 09-0446 PCT temperature for 5 h and then diluted
with 25 mL of Et20 and filtered, washing with Et20.
(R)-2-Amino-thiopropionamide hydrochloride was
obtained as a sticky white solid after  drying under
high vacuum, 393 mg (95%). This material was used
without further purification.  i Xia, Z.; Smith, C. D.
J. Org. Chem. 2001, 66, 3459-3466.
1-Amino-cyclopropanecarbothioic acid amide
hydrochloride:  o Y Boc2O, NH4HCO3 o -Y 0  NH NH
pyridine, CH3CN 



HO 0 H2N 0  O 0 Lawesson's Y HCI NH2 H-CI  A THE NH
CH2CI2 H2N S  H,N S To a mixture of
1-tert-butoxycarbonylamino-cyclopropanecarboxylic acid
(2.00 g, 9.94  mmol), Boc anhydride (2.82 g, 12.9
mmol), ammonium bicarbonate (0.982 g, 12.4 mmol)  in
30 mL of acetonitrile at room temperature was added
pyridine (0.482 mL, 5.96 mmol).  The cloudy, colorless
reaction mixture was stirred at room temperature for
16 h and then  concentrated under reduced pressure.
The residue was partitioned between 100 mL of  ethyl
acetate and 30 mL of 1 M HC1. The organic phase was
washed with 30 mL of  saturated. NaHCO3 solution and
brine, dried over Na2SO4, filtered, and concentrated
in  vacuo to give 1.80 g (90%) of
(1-carbamoyl-cyclopropyl)-carbamic acid tert-butyl
ester  as a white solid. To a suspension of
(1-carbamoyl-cyclopropyl)-carbamic acid tert-butyl
ester (1.00 g,  4.99 mmol) in 6 mL of THE was added
Lawesson's reagent (1.01 g, 2.50 mmol). The  pale
yellow cloudy reaction mixture was stirred at room
temperature for 6 h and then  partitioned between 40
mL of ethyl acetate and 15 mL of 0.5 M NaOH solution.
The  organic phase was washed with 15 mL each of water
and brine, dried over Na2SO4,  104 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT filtered,
and concentrated in vacuo. The crude was purified by
flash chromatography on  silica gel, eluting with
20-60% EtOAc/hexanes, to give 864 mg (80%) of (1-
thiocarbamoyl-cyclopropyl)-carbamic acid tert-butyl
ester as a white solid. To a suspension of
(1-thiocarbamoyl-cyclopropyl)-carbamic acid tert-butyl
ester (864  mg, 3.99 mmol) in 15 mL of CH2C12 was
added HCl in dioxane (4 M, 5.00 mL, 20.0  



mmol). The reaction mixture became clear within a few
minutes, followed by the  formation of a white
precipitate. The cloudy reaction mixture was stirred
at room  temperature for 5 h and then diluted with 40
mL of Et20 and filtered, washing with Et20.
1-Amino-cyclopropanecarbothioic acid amide
hydrochloride was obtained as an off- white solid
after drying under high vacuum, 597 mg (98%). This
material was used  without further purification.
1-(6-Methoxy-pyridin-2-yl)-cyclopropylamine:  0 N  0
N\ TFAA _ O N\ % Ti(IV) Isopropoxide 0 N NH2
triethylamine ethylmagnesium bromide \ NH2  / THE THE
To an ice cold solution of
6-methoxy-pyridine-2-carboxylic acid amide (300 mg,
1.97  mmol) in THE (3 mL) were added triethylamine
(1.25 mL, 8.68 mmol) and dropwise  added TFAA (0.61
mL, 4.34 mmol). The reaction mixture was allowed to
warm to room  temperature and stirred overnight. The
volatiles were concentrated in vacuo and the  liquid
residue was added dropwise to a vigorously stirred,
ice cold, pH 7 phosphate buffer  solution (5 mL).
After 15 min of further stirring the yellowish solid
was filtered and air  dried for 1 h to yield 250 mg
(95%) of 6-methoxy-pyridine-2-carbonitrile as
yellowish  solid, mz135.4[M+1]+. To a solution of
6-methoxy-pyridine-2-carbonitrile (1.50 g, 11.2 mmol)
in THE (75 mL)  at room temperature was added
Ti(OiPr)4 (7.21 mL, 24.6 mmol). EtMgBr (14.9 mL, 44.7
mmol) was added dropwise. and the clear brown solution
became heterogeneous. The 105 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT reaction
mixture was stirred for 1 h at room temperature. The
reaction was diluted with  water (10 mL), extracted
with EtOAc (3 x 25 mL) and dried with MgSO4. After
filtration,  the solvent was removed in vacuo. The
residue was purified by reverse phase HPLC to  afford
380 mg (22%) of
1-(6-methoxy-pyridin-2-yl)-cyclopropylamine, rn/z
166.3 [M +  



1]+. The following compound was prepared using similar
procedures as described above:
1-(4-Methoxy-pyridin-2-yl)-cyclopropylamine (33%), m/z
165.4 [M + 1]+
1-1,3,4-Thiadiazol-2-yl-cyclopropylamine hydrobromide:
O O 0 Lawesson's  N O U reagent  OCAr0H H + HZN/ Y Et
N I ON' NH reagent 0 0 s % 0 0  11  CI,P0 CI  H 4N HCI
II H ( `\  \ ro N NN O~ \ O N ~{ N-NH - HCI H ISI H H
ISI z DMF, Et3N  O 48%Br N  O/ \H "r N HBr HzN `N  'r
N H SA S~ To a solution of
1-benzoylamino-cyclopropanecarboxylic acid (5.0 g,
21.3 mmol) in  DMF (5 mL) was added Et3N (2.94 mL,
21.3 mmol) and HATU (8.08 g, 21.3 mmol).  The reaction
mixture was allowed to stir for 10 min then
hydrazinecarboxylic acid tert- butyl ester (2.81 g,
21.3 mmol) was added. The reaction was allowed to stir
at room  temperature overnight. The mixture was
diluted with water and extracted with EtOAc (3  x 50
mL). The combined extracts were washed with saturated
NaHCO3, 2N HCl, brine  and dried with MgSO4. The
mixture was filtered, concentrated in vacuo, and
purified by  silica gel chromatography (25-100% EtOAc
in hexanes) to give the N'-(1-benzyloxy 106 
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PCT carbonylamino-cyclopropyl)-hydrazinecarboxylic
acid tert-butyl ester (6.2 g, 17.7 mmol)  as a white
solid, m/z 250.6 [M-101]+. To a solution of
N'-(1-benzyloxycarbonylamino-cyclopropyl)-hydrazinecar
boxylic acid  tent-butyl ester (2.0 g, 5.72 mmol) in
toluene (20 mL) was added Lawesson's reagent  (2.31 g,
5.72 mmol) and the reaction mixture heated at 90 C for
12 h. The reaction was  cooled to room temperature and
diluted with 2N NaOH. The mixture was extracted with
EtOAc (3 x 100 mL) and the combined extracts were
washed with water, brine and dried  with MgSO4. The
mixture was filtered, concentrated in vacuo, and
purified by silica gel  chromatography (12-100% EtOAc
in hexanes) to give N'-(l-benzyloxythiocabonyl-
amino-cyclopropyl)-hydrazinecarboxylic acid tert-butyl
ester (0.8 g, 2.19 mmol) as a  white solid, m/z 310.6
[M-57]+.
N'-(1-benzyloxythiocarbonylamino-cyclopropyl)-hydrazin
ecarboxylic acid tent-butyl  ester (0.25 g, 0.684
mmol) was dissolved in 4N HCl in dioxane (4 mL) and
the reaction  allowed to stir at room temperature
overnight. The mixture was triturated with Et20 and
the resulting precipitate collected by filtration. The
precipitate was washed with Et20 to  give
(1-hydrazino-cyclopropyl)-thiocarbamic acid 0-benzyl
ester hydrochloride (0.15 g,  0.48 mmol) as a white
solid, m/z 266.5 [M+H]+. To a suspension of
(1-hydrazino-cyclopropyl)-thiocarbamic acid 0-benzyl
ester  hydrochloride (0.3 g, 0.99 mmol) was added
phosphorochloridic acid diethyl ester (0.14  mL, 0.99
mmol) and Et3N (0.14 mL, 0.99 mmol). The reaction was
stirred at room  temperature for 2 h and then diluted
with MeOH. The crude reaction mixture was then
purified directly by reverse phase HPLC to give
(1-1,3,4-thiadiazol-2-yl-cyclopropyl)- carbamic acid
benzyl ester (0.24 g, 0.87 mmol) as a clear oil, m/z
276.3 [M+H]+.
(1-1,3,4-Thiadiazol-2-yl-cyclopropyl)-carbamic acid
benzyl ester (0.2 g, 0.73 mmol) was  dissolved in 48%
HBr in acetic acid (5 mL) and allowed to stir for 30
min. Et20 was then  added and the majority of the
liquid decanted off. The remaining residue was 107 
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PCT concentrated under reduced pressure to give
1-1,3,4-thiadiazol-2-yl-cyclopropylamine  hydrobromide
(0.12 g, 0.54 mmol) as an orange gum, m/z 142.4
[M+H]+.  N-Hydroxy-morpholine-4-carboxamidine: ,OH  N,
N HO'NH2 N J rN'J~I'NH2 0 J A mixture of hydroxylamine
(4.0 mL, 65 mmol) and morpholine-4-carbonitrile (5.00
g,  44.6 mmol) was heated at 80 C for 24 h. After
cooling to room temperature, the  reaction mixture was
diluted with MeOH and Et20, then allowed to stand at
room  temperature for 2 days. The resultant
precipitate was collected by filtration to give 9.02 g
of the desired product as a white solid.
3,N-Dihydroxy-butyramidine:  N\\ H.N_OH + I0I IN HO,N
OH H K+ 0 `~0 K+ H-CI H2N OH  To a slurry of
3-hydroxybutyronitrile (1.00 g, 11.8 mmol) and K2CO3
(3.25 g, 23.5  mmol) in 15 mL of ethanol was added
hydroxylamine hydrochloride (1.63 g, 23.5 mmol).  The
reaction mixture was stirred at reflux for 20 h and
then cooled to room temperature  and filtered, washing
with 40 mL of EtOH. The filtrates were concentrated to
an oily  white solid that was treated with 30 mL of
EtOH. The precipitate was filtered, washing  with 30
mL of ethanol, and the filtrates were concentrated to
a yellow, oily solid. The  crude product was
triturated with 30 mL of 10% MeOH/dichloromethane and
filtered,  washing with 10 mL of 10%
MeOH/dichloromethane. The filtrates were concentrated
to  give 1.32 g of the product as a pale yellow oil.
108 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT 



The following compounds were prepared using similar
procedures as described above:
3,N-Dihydroxy-propionamidine,
N-Hydroxy-propionamidine, 3,3,3-Trifluoro-N-hydroxy-
propionamidine,
N-Hydroxy-dimethylamine-1-carboxamidine,
[1-(N-Hydroxy- carbamimidoyl)-cyclopropyl]-carbamic
acid tent-butyl ester; (1-Cyano-cyclopropyl)- carbamic
acid tert-butyl ester was prepared from
1-tert-butoxycarbonylamino- cyclopropanecarboxylic
acid according to literature procedures (Demko, Z. P.;
Sharpless,  K. B. Org. Lett. 2002, 4, 2525).
1-(3-Methyl-[1,2,4]oxadiazol-5-yl)-cyclopropylamine
hydrochloride:  o   NOH CDI II N~ HCI HO` ~ZN~O~
+"J-NH j H O ~NNHZ HCI  ~O[ H z N-O \\N-O To a
solution of N-boc-amino-cyclopropanecarboxylic acid
(1.01 g, 5.00 mmol) in 2 mL  of DMF was added
carbonyldiimidazole (0.812 g, 5.01 mmol). This
reaction mixture  was stirred at room temperature for
6 h. N-Hydroxy-acetamidine (0.374 g, 5.05 mmol)  was
added. This reaction mixture was stirred at room
temperature for 2 h then heated at  100 C for 16 h.
After cooling to room temperature, the reaction
mixture was diluted  with water. The resultant
precipitate was collected by filtration was washed
with  acetonitrile and water, air-dried to give
[1-(3-methyl-1,2,4-oxadiazol-5-yl)-cyclopropyl]-
carbamic acid tent-butyl ester as 1.05 g of white
solid, m/z 240 [M + 1]+. [1-(3-Methyl-
1,2,4-oxadiazol-5-yl)-cyclopropyl]-carbamic acid
tert-butyl ester (80 mg, 0.33 mmol)  was dissolved in
HC1 in 1,4-dioxane (4.0 M, 1.0 mL, 4.0 mmol). After
standing at room  temperature for 1 h, the solvent was
removed by a stream of nitrogen. The title  compound
was isolated and used without further purification.
The following compounds were prepared using similar
procedures as described above:
1-(3-Morpholin-4-yl-[1,2,4]oxadiazol-5-yl)-cyclopropyl
amine hydrochloride; 109 WO 2009/070485
PCT/US2008/084149  



Docket No. 09-0446 PCT
1-(3-Cyclobutyl-[1,2,4]oxadiazol-5-yl)-cyclopropylamin
e hydrochloride;  1 -(3-tert-Butyl-[ 1,2,4]
oxadiazol-5-yl)-cyclopropylamine hydrochloride;
1-(3-Difluoromethyl-[1,2,4]oxadiazol-5-yl)-cyclopropyl
amine hydrochloride,
1-(3-cyclopropyl-[1,2,4]oxadiazol-5-yl)-cyclopropylami
ne hydrochloride;
1-[5-(1-Amino-cyclopropyl)-1,2,4-oxadiazol-3-yl]-propa
n-2-ol hydrochloride: HO,N 0 H CDI N'0  + HO')~ N HO
YO N N 0  H 2 N OH 0 0  HCI N`0 HO N NH2 H-CI To a
solution of N-boc-amino-cyclopropanecarboxylic acid
(500 mg, 2.49 mmol) in 2 mL  of DMF at 0 C was added
carbonyldiimidazole (403 mg, 2.49 mmol). The reaction
mixture was stirred at room temperature for 30 min,
and 3,N-dihydroxy-butyramidine  (480 mg, 4.06 mmol)
was added as a solution in 2 mL of DMF. The pale
yellow, faintly  cloudy reaction mixture was stirred
at room temperature for 30 min and then heated at  100
C for 15 h. After cooling to room temperature, the
reaction mixture was diluted  with 15 mL of water and
extracted with 50 mL of ethyl acetate. The organics
were  washed with 2x15 mL of water and 15 mL of brine,
dried over Na2SO4, filtered, and  concentrated. The
crude was purified by flash chromatography on silica
gel (0-8%  MeOH/CH2C12) to afford 242 mg (34%) of
{1-[3-(2-hydroxy-propyl)-1,2,4-oxadiazol-5-
yl]-cyclopropyl}-carbamic acid tert-butyl ester as a
pale yellow oil. To a solution of
{1-[3-(2-hydroxy-propyl)-1,2,4-oxadiazol-5-yl]-cyclopr
opyl}-carbamic  acid tent-butyl ester (242 mg, 0.854
mmol) in 5 mL of dichloromethane was added HC1 in
dioxane (1.07 mL, 4 M, 4.27 mmol) at room temperature.
A white precipitate formed  after a several minutes.
The cloudy reaction mixture was stirred at room
temperature for 110 
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PCT 17 h and then concentrated in vacuo. The residue
was dissolved in 10% McOH1CH2C12  and concentrated
(2x) to afford 217 mg of product as an orange oil. The
following compounds were prepared using similar
procedures as described above:
[5-(1-Amino-cyclopropyl)-1,2,4-oxadiazol-3-yl]-dimethy
l-amine hydrochloride, 2-[5-(1- Amino-cyclopropyl)-
1,2,4-oxadiazol-3-yl] -ethanol hydrochloride,
1-[3-(2,2,2-Trifluoro-
ethyl)-1,2,4-oxadiazol-5-yl]-cyclopropylamine
hydrochloride, 1-(3-Ethyl-1,2,4
oxadiazol-5-yl)-cyclopropylamine hydrochloride,
1-(3-Isopropyl-1,2,4-oxadiazol-5-yl)- cyclopropylamine
hydrochloride,
1-(5-Methyl-1,2,4-oxadiazol-3-yl)-cyclopropylamine
hydrochloride,
1-(5-Isopropyl-1,2,4-oxadiazol-3-yl)-cyclopropylamine
hydrochloride, 1-
(5-Cyclopropyl-1,2,4-oxadiazol-3-yl)-cyclopropylamine
hydrochloride.
6-(1-Amino-cyclopropyl)-pyridin-3-ylamine:  I I NH2
Br  M THE N Ti-, N  NH2 NH2 To a solution of
5-amino-2-cyanopyridine (1.0 g, 8.06 mmol) in dry THE
(50 mL) was  added titanium(IV) isopropoxide (5.2 mL,
17.7 mmol). EtMgBr (3.OM in Et20, 10.7 mL,  32.2 mmol)
was then added dropwise. The reaction mixture was
stirred for 23 h, then  diluted with water (100 mL)
and IN HC1(5 mL), and stirred for 5 min. The mixture
was  filtered and the filtrate was concentrated in
vacuo to afford 6-(1-amino-cyclopropyl)-
pyridin-3-ylamine as brown oil (10 g) which was used
without further purification. The following compounds
were prepared using procedures similar to those
described above:
[6-(1-Amino-cyclopropyl)-pyridin-3-yl]-dimethyl-amine,
1-(1-Methyl-1H-imidazol-4- yl)-cyclopropylamine,
1-(2-Methyl-thiazol-4-yl)-cyclopropylamine, m/z 155.5
[M+1]+, 1- Oxazol-4-yl-cyclopropylamine, m/z 125.5
[M+1]+, 1-(5-Trifluoromethyl-pyridin-2-yl) 111 
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PCT cyclopropylamine,
1-(4-Iodo-pyridin-2-yl)-cyclopropylamine,
1-(5-Iodo-pyridin-2-yl)- cyclopropylamine
5-Iodo-pyridine-2-carbonitrile:  OH  N 0=S=0 N N + +
0'N'0 + + I N  Na' NH2 H'0,H To a solution of TsOHH20
(287 g, 1.51 mol) in 2 L of CH3CN in a 5 L flask was
added 5- amino-pyridine-2-carbonitrile (60 g, 504
mmol). The resulting suspension was cooled to 5  T. A
solution of NaNO2 (69.5 g, 1.01 mol) and KI (209 g,
1.30 mol) in 300 mL of water  was added slowly in
small portions. Vigorous gas evolution and foaming was
observed  during the addition. The resulting
brown/black mixture was stirred 10 min and was then
warmed to room temperature and stirred for 4 h. The
reaction was diluted with water and  NaHCO3 solution
(saturated) until pH 9-10 was achieved. Sodium
thiosulfate solution  (saturated, 800 mL) was added
until the solution changed from a dark red to light
orange in  color, and the solution was stirred for 30
min. The solution was diluted with EtOAc to  dissolve
the solids. The layers were separated and the aqueous
layer was extracted with  EtOAc. The combined organics
were washed with satd. NaHCO3 solution (2x) and brine
(lx), dried over MgS04 and concentrated in vacito. The
residue was taken up in CH2C12  and the orange
suspension was stirred at room temperature to break up
the large particles.  The mixture was filtered, and
the filtrates were concentrated to afford 84 g of
5-iodo 112 WO 2009/070485 PCT/US2008/084149  Docket
No. 09-0446 PCT pyridine-2-carbonitrile (73%) as an
orange oil. The product was isolated as a 94:6 mixture
with the corresponding carboxylic acid from hydrolysis
of the product nitrile.  Cyclopropanecarboxylic acid
[6-(1-amino-cyclopropyl)-pyridin-3-yl]-amide 



dihydrochioride: I ` 0 ~0 NH  O 2  0 o y NH NH NH2
'10)0 0  0 NH 2 HCI N 2 HCI  N - - N N Cul O NH O INH
1-(5-Iodo-pyridin-2-yl)-cyclopropylamine (1.0g, 3.9
mmol), Boc20 (839 mg, 3.9 mmol)  and triethylamine
(0.5 mL, 3.9 mmol) were combined in THE (20 mL) and
allowed to stir  at room temperature for 3h. The
mixture was diluted with water and extracted with
EtOAc (3 x 100 mL). The combined extracts were washed
with water, brine and dried  with MgSO4, concentrated
to yield 1.45g of
[1-(5-Iodo-pyridin-2-yl)-cyclopropyl]- carbamic acid
tert-butyl ester as a yellow solid, mlz = 361.6
[M+1]+. A mixture of 0.20 g (0.56 mmol) of
[1-(5-iodo-pyridin-2-yl)-cyclopropyl]-carbamic acid
tert-butyl ester, 22 mg (0.12 mmol) of CuI, 0.035 mL
(0.22 mmol) of 1,2-trans- di(methylamino)cychlohexane,
0.090 mg (1.1 mmol) of cyclopropanecarboxamide, and
0.24 mg (1.1 mmol) of K3PO4 in 1 mL of 1,4-dioxane was
heated under an N2  atmosphere for overnight at 110 V.
The mixture was cooled, diluted with 10 mL of  EtOAc,
and washed with aq. NH4C1/NH4OH (pH 8), then with aq.
NH4C1. The organic  layer was dried over Na2SO4,
filtered, and concentrated. The residue was triturated
with  acetonitrile to provide 98 mg (56%) of {
1-[5-(cyclopropanecarbonyl-amino)-pyridin-2-
yl]-cyclopropyl}-carbamic acid tent-butyl ester as an
off-white powder. 113 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT The synthesis of the title
compound was completed by the HC1 deprotection method
used  



in the synthesis of
1-[5-(1-Amino-cyclopropyl)-1,2,4-oxadiazol-3-yl]-prop
an-2-ol  hydrochloride.
[6-(1-Amino-cyclopropyl)-pyridin-2-yl]-bis-(4-methoxy-
benzyl)-amine:  Ti(Oi-Pr)4, EtMgBr N N N N N NH  THE
To a solution of
6-[bis-(4-methoxy-benzyl)-amino]-pyridine-2-carbonitri
le (1.83 g, 5.09  mmol) in anhydrous THE (64 mL) was
added Ti(Oi-Pr)4 (1.79 mL, 6.11 mmol) in one  portion
followed by EtMgBr (3.0 M solution in THF, 4.07 mL,
12.2 mmol) slowly over 5  min. The reaction was
stirred at room temperature overnight. Additional
Ti(Oi-Pr)4 (0.5  mL, 1.7 mmol) and EtMgBr (1.2 mL,
3.60 mmol) were added and stirring was continued  for
2 h. Additional Ti(Oi-Pr)4 (1.8 mL, 6.1 mmol) and
EtMgBr (3 M, 4.1 mL, 12 mmol)  were added and stirring
was continued for 3 h. Water (12 mL) was added to the
reaction  mixture causing the formation of a
precipitate. The mixture was filtered through a pad of
diatomaceous earth and the filtrate was concentrated
in vacuo to give an orange/red oil.  The concentrate
was re-dissolved in CH2C12, causing precipitation of a
white solid. After  filtration, the filtrate was
concentrated in vacuo and purified via iterative flash
chromatography on silica gel (1-10% McOH/CH2C12) to
give 381 mg of the title  compound as a light orange
viscous oil, m/,- 391.08 [M+2]+.
(6-Bromo-pyridin-2-yl)-bis-(4-methoxy-benzyl)-amine:
114 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT \O  C Br  Br NaH N 



+ ~ / DMF N  H2N N O1-1 I ~  \O / To a solution of
6-bromo-pyridin-2-ylamine (1.00 g, 5.78 mmol) under a
nitrogen  atmosphere at room temperature was added
4-methoxybenzyl chloride (1.96 mL, 14.5  mmol) in one
portion. To this mixture was added NaH (60% suspension
in mineral oil,  694 mg, 17.3 mmol) in one portion.
The reaction was stirred for 2 h then partitioned
between aqueous NaHCO3 and CH2C12. The layers were
separated and the aqueous layer  was further extracted
with CH2C12. The combined organic layers were dried
with MgSO4  and concentrated in vacuo to give a light
yellow oil. This oil was purified by flash
chromatography on silica gel (1-15% EtOAc/hexanes) to
give 2.55 g of the title  compound as a colorless oil,
m/z 413.9 [M+H]+. 6- [Bis- (4-methoxy-benzyl) -amino]
-pyridine-2-carbonitrile:  o \ I o \ Pd(OAc)21 Zn(CN)2
N  N N Br N N DMF o~ 0111  Polystyrene supported
triphenylphosphine (250 mg, 0.544 mmol) and Pd(OAc)2
(57 mg,  0.25 mmol) were combined in a glass vial
along with DMF (5.5 mL). The vial was  flushed with
argon and a septum was affixed. The suspension was
stirred for 1 h at room  temperature. Solid Zn(CN)2
(426 mg, 3.63 mmol) and a solution of
(6-bromo-pyridin-2 115 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT
yl)-bis-(4-methoxy-benzyl)-amine (1.50 g, 3.63 mmol)
in DMF (5.5 mL) were then  added. The vial was flushed
with argon, sealed, and heated at 140 C in a microwave
for  



30 min. The reaction mixture was filtered and the
volatiles were removed in vacuo. The  residue was
purified by flash chromatography on silica gel (10-50%
EtOAc/hexanes) to  give the title compound as a
colorless oil, m/z 361.0 [M+2]+.
5-Dimethylamino-pyridine-2-carbonitrile: II II  Mel,
NaH N I 1,4-dioxane N  NH2 NI  To the solution of
5-amino-2-cyanopyridine (15 g, 121 mmol) in dry
1,4-dioxane (200  mL) at 0 C was added NaH (9.162 g,
362.6 mmol). This reaction mixture was stirred at  0 C
for 5 min then at room temperature for 30 min. Mel
(53.3 mL, 846 mmol) was  added slowly and the
resultant reaction mixture was stirred at room
temperature for 10  min. A condenser was added on the
reaction flask and the reaction mixture was heated to
80 C. The reaction mixture was stirred at that
temperature for 30 min then cooled to  room
temperature. After cooling to 0 C, the reaction was
quenched by slowly adding  MeOH (100 mL). The reaction
mixture was then slowly warmed to room temperature and
filtered through a pad of silica gel. The filtrate was
concentrated in vacuo and the  resultant crude product
was purified by flash chromatography on silica gel
using 1- 5%  MeOH/CH2C12 as the gradient to afford 6.5
g of 5-dimethylamino-pyridine-2-carbonitrile  as a
brown solid. 1-Methyl- lH-imidazole-4-carbonitrile:
N/NI- - 1 CuCN AN N  N N  116 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT To a
microwave tube was added 4-iodo-l-methyl-lH-imidazole
(2.00 g, 9.62 mmmol)  and CuCN (1.03 g, 11.5 mmol) in
DMA (12 mL). The reaction mixture was heated at 180  C
in a microwave reactor for 45 min. The reaction
mixture was concentrated in vacuo.  



The residue was suspended in EtOAc/sat. NH4C1/NH4OH
(add NH4OH to sat NH4C1 to  pH=9) and stirred for 30
min. The organic phase was separated, washed with
brine, dried  over anhydrous Na2SO4, filtered and
concentrated to afford 580 mg of the title compound
as a light brown solid.
[1-(4H-[1,2,4]Triazol-3-yl)-cyclopropyl]-carbamic acid
benzyl ester: O O .O N\  HO '~7 N~O HATU,NH4OH H 2 N
NAO  H  O H DIPEA O O O  NUN N'k0 NH2NH2 N,N N~O  O H
1-0 AcOH ~NH H \ To a vial was added
Cbz-1-aminocyclopropane-l-carboxylic acid (1.00 g,
4.25 mmol) in  DMF (10 mL), followed by the addition
of DIPEA (137 g, 10.6 mmol) and HATU (1.80  g, 4.73
mmol). The reaction mixture was stirred at room
temperature for 15 min,  followed by the addition of
NH4OH (4 mL). The reaction mixture was stirred at room
temperature for 3 h. The reaction mixture was
concentrated in vacuo. The yellow solid  residue was
dissolved in EtOAc/H20. The organic phase was
separated, washed with  water, brine, dried over
anhydrous Na2SO4, filtered, concentrated and dried
under high 117 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT vacuum to afford 935 mg of
(1-carbamoyl-cyclopropyl)-carbamic acid benzyl ester
as a  light yellow solid, m/z 235.8 [M+1]+. To a round
bottom flask was added
(1-carbamoyl-cyclopropyl)-carbamic acid benzyl  ester
(935 mg, 4 mmol) in N,N-dimethylformamide dimethyl
acetal (15 mL). The  reaction mixture was stirred at
100 C for 1 h. The solvent was concentrated in vacuo.
The residue was dissolved in EtOAc/sat. NaHCO3. The
organic phase was separated,  



washed with brine, dried over anhydrous Na2SO4,
filtered, concentrated and dried under  high vacuum to
afford 1.11 g of (1-{
[1-dimethylamino-meth-(E)-ylidene]-carbamoyl}-
cyclopropyl)-carbamic acid benzyl ester as a light
brown oil, m/z 290.9 [M+1]+. To a solution of (1-{
[1-dimethylamino-meth-(E)-ylidene]-carbamoyl}-cyclopro
pyl)- carbamic acid benzyl ester (1.11 g, 3.83 mmol)
in AcOH (6 ml) was added hydrazine  dihydrochloride
(803 mg, 7.65 mmol). The reaction mixture was stirred
at 90 C for 1.5  h. The reaction mixture was poured
into EtOAc/water. The organic phase was separated,
washed with water, sat. NaHCO3, brine, dried over
anhydrous Na2SO4, filtered,  concentrated and dried
under high vacuum to afford 677 mg of
[1-(4H-[1,2,4]triazol-3- yl)-cyclopropyl]-carbamic
acid benzyl ester as a off-white solid, m/z 259.6
[M+1]+.  1-(4H- [1,2,4]
Triazol-3-yl)-cyclopropylamine: 0  I N N N' H 0 NH
~NH N 2  ~ ~NH To a solution of
[1-(4H-[1,2,4]triazol-3-yl)-cyclopropyl]-carbamic acid
benzyl ester (60  mg, 0.23 mmol) in MeOH (5 mL) was
added 10% Pd/C (60 mg). The reaction mixture  was
stirred under H2 atmosphere (balloon) for 1.5 h. The
reaction mixture was filtered  through diatomaceous
earth. The solvent was concentrated in vacuo and dried
under high  vacuum to afford 28 mg of the title
compound, m/z 125.5 [M+1]+. 118 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT
[2-(1-Amino-cyclopropyl)-pyridin-4-ylmethyl]-carbamic
acid tent-butyl ester:  N Ti(Oi-Pr)4 EtMgCI NH2 L--
THE N NYO+ I NYO+ 



IOI O To a solution of
(2-cyano-pyridin-4-ylmethyl)-carbamic acid tert-butyl
ester (1.2 g, 5.1  mmol) in THE (100 mL) was added
ethylmagnesium bromide (3 M, 3.3 mL, 10 mmol)  and
titanium isopropoxide (2.3 mL, 7.7 mmol). The reaction
mixture was stirred at room  temperature for 16 h.
Water was added (5 mL) and the resulting solids
filtered off. The  organics were concentrated, then
purified by flash chromatography on silica gel using
5- 10% McOH/CH2CI2 to afford
[2-(1-amino-cyclopropyl)-pyridin-4-ylmethyl]-carbamic
acid tent-butyl ester as a solid, m/z 264.4 [M + 1]+.
The following compounds were prepared via a method
analogous to that described above:
1-(2-Isopropyloxazol-4-yl)cyclopropylamine;
1-(2-Cyclopropyloxazol-4- yl)cyclopropylamine;
1-(5-Methylisoxazol-3-yl)cyclopropylamine;
1-(5-Methylpyridin- 2-yl)cyclopropylamine;
[6-(1-Aminocyclopropyl)pyridin-3-ylmethyl]carbamic
acid tert- butyl ester;
1-(5-Dimethylaminomethylpyridin-2-yl)cyclopropylamine;
1-[5-(tert-
Butyldimethylsilanyloxymethyl)pyridin-2-yl]cyclopropyl
amine (Carbonitrile precursor  was synthesized
according to literature procedure: LecClerc et al. J.
Het. Chem. 1993, 30,  631.);
1-[4-(tert-Butyl-dimethyl-silanyloxymethyl)-pyridin-2-
yl]-cyclopropylamine  (Carbonitrile precursor was
synthesized according to literature procedure:
LecClerc et al.  J. Het. Chem. 1993,30,631.);
1-(5-Bromo-pyridin-2-yl)-cyclopropylamine; 1-(4-Iodo-
pyridin-2-yl)-cyclopropylamine;
[6-(1-Amino-cyclopropyl)-pyridin-3-yl]-dimethyl-
amine; 1-(2-methyl-thiazol-4-yl)-cyclopropylamine: 119
WO 2009/070485 PCT/US2008/084149  Docket No. 09-0446
PCT 1-[1,8]Naphthyridin-2-yl-cyclopropylamine
dihydrochloride  0 0  HO Nu O N(CH3)OCH3 O`N Nu O
CH3MgBr N O ')r"' O II HATU II 0 O  NH2 



/ ,Q  0 N\ N_ N 4N HCI-Dioxane N N\ NH2  H O NaOH/EtOH
Boc-l-aminocyclopropane-l-carboxylic acid (25.0 g,
124.2 mmol), HATU (56.7 g, 149.1  mmol) and
N,0-dimethylhydroxylamine hydrochloride (13.3 g, 136.7
mmol) were  combined in DMF (200 mL). To this solution
was added diisopropylethyl amine (108.2  mL, 621.3
mmol). The reaction was stirred for 2h, diluted with
EtOAc and poured into  IN NaOH. The aqueous phase was
separated and extracted two more times with EtOAc.
The organic layers were combined and washed with
brine, dried (Na2SO4), decanted and  concentrated in
vacuo. The resultant solid was purified via Si02 flash
chromatography  (10-50% EtOAc-Hexanes) to afford the
desired Weinreb amide as a white solid (30.4 g,  81%).
To a solution of the Weinreb amide (24.6g, 100.7 mmol)
in THE (300 mL) at 0 C was  slowly added
methylmagnesium bromide as a 3.OM solution in ether
(100.7mL, 302.1  mmol). The reaction was allowed to
slowly warm to 25 C and stirred for 24 h then
quenched by the addition of saturated aqueous
NH4C1(100 mL). EtOAc (200 mL) was  added and the
layers were separated. The aqueous phase was extracted
two more times  with EtOAc. The organic layers were
combined, washed with Brine, dried (Na2SO4),  decanted
and concentrated to afford a solid. The solid was
purified via Si02 flash  chromatography (10-50%
EtOAc-Heptane) to afford the desired ketone as a white
solid  (11.0g, 55%). 120 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT Freshly
ground NaOH (1.98 g, 49.5 mmol) was dissolved in
absolute EtOH (250 mL).  To this solution was added
the ketone (4.2 g, 21.1 mmol) and 2-aminopyridine-3- 



carboxaldehyde (2.57 g, 21.1 mmol) simultaneously as a
solution in EtOH (250 mL). The reaction was allowed to
stir for 72 h and the volatiles were removed in vacuo.
To the  resultant crude solid was added CH2C12 (50 mL)
and the suspension was filtered. The  filtrate was
absorbed onto Si02 and purified via Si02 flash
chromatography (20-75%  EtOAc-Hexane followed by 2-10%
MeOH-CH2C12) to afford the desired Boc-protected
1,8-naphthyridine as a white solid (5.50 g, 91%). The
Boc-protected
1-[1,8]Naphthyridin-2-yl-cyclopropylamine (5.50 g,
19.3 mmol) was  dissolved in 1,4-dioxane (30 mL) and
to this solution was added 4N HC1 in dioxane (70  mL,
280 mmol). The solution was stirred for 2h. A ppt
formed and the volatiles were  removed in vacuo to
afford 1-[1,8]naphthyridin-2-yl-cyclopropylamine
dihydrochloride  as an off-white solid (4.92 g, 99%).
The following amine dihydrochlorides were prepared by
methods analogous to those  described for
1-[1,8]naphthyridin-2-yl-cyclopropylamine
dihydrochloride by employing  the appropriate
amino-carboxaldehyde substrate:
1-(1-quinolin-2-yl-cyclopropylamine dihydrochloride
1-[1,7]naphthyridin-2-yl-cyclopropylamine
dihydrochloride
1-[1,6]naphthyridin-2-yl-cyclopropylamine
dihydrochloride
1-[1,5]naphthyridin-2-yl-cyclopropylamine
dihydrochloride
1-(1-pyrido[2,3-d]pyrimidin-2-yl-cycloamine
dihydrochloride 121 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT 0 O o N isobutylcHc oforrnate N
0  HO OO  NMM 0 p  N\ NH2 k~~-, H O O  



0 N~ N N NH3 N\ N\ NO-~  H O~ ' I H O EtOH  A 0 4N
HCI-Dioxane N~I-N.111 N. NHz
Boc-l-aminocyclopropane-l-carboxylic acid (1.00 g,
4.97 mmol) was dissolved in 1,2- DME (5.0 mL) and
cooled to -15 C. To this solution was added N-methyl
morpholine  (0.552 mL, 5.02 mmol) follwed by
isobutylchloroformate (0.651 mL, 5.02 mmol). The
solution was stirred for 5 min then the precipitated
N-methyl morpholine hydrochloride  was removed via
vacuum filtration, washed with 2 x 5mL 1,2-DME and the
washings  were combined with the filtrate. This
solution of isobutyl mixed anhydride was kept  under
inert atmosphere and used directly. To the solution of
the isobutyl mixed anhydride (1.50 g, 4.98 mmol)in
1,2-DME (15 mL)  was added
2-amino-3-pyridinecarboxaldehyde (0.669 g, 5.48 mmol)
and the reaction was  heated to 140 C in a microwave
reactor for 2 h, followed by additional thermal
heating  at 100 C for 18h. The reaction was allowed to
cool to 25 C and the volatiles were  removed in vacuo
to afford a yellow oil. The crude oil was purified via
Si02 flash  chromatography (25-100% EtOAc-Hexanes) to
afford the desired pyridine amide- aldehyde as a tan
solid (0.601 g, 40%). Ammonia (1.00 mL) was condensed
in a vessel submerged in N2(1). To this cold liquid
ammonia was added a solution of pyridine
amide-aldehyde (601 mg, 1.97 mmol) in 122 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
absolute EtOH (10 mL). The reaction vessel was sealed
and heated to 80C for 18h. The  vessel was allowed to
cool to 25 C and the volatiles were removed in vacuo.
The  resultant crude residue was purified via Si02
flash chromatography (25-100% EtOAc- Hexanes) to
afford the Boc-protected
1-(1-pyrido[2,3-d]pyrimidin-2-yl-cycloamine as a  tan
solid (0.263 g, 47%). 



The Boc-protected
1-(1-pyrido[2,3-d]pyrimidin-2-yl-cycloamine (0.263 g,
0.920 mmol)  was dissolved in 1,4-dioxane (0.5 mL) and
to this solution was added 4N HCl in dioxane  (4.00
mL, 17.4 mmol). The solution was stirred for 2h. A ppt
formed and the volatiles  were removed in vacuo to
afford
1-(1-pyrido[2,3-d]pyrimidin-2-yl-cyclopropylamine
dihydrochloride as a white solid (0.063 g, 27%). The
following amine dihydrochlorides were prepared by
methods analogous to those  described for
1-(1-pyrido[2,3-d]pyrimidin-2-yl-cyclopropylamine
dihydrochloride by  employing the appropriate
aminocarboxaldehyde substrate:
1-(1-Quinolin-2-yl-cyclopropylamine dihydrochloride
1-[1-(6-Chloro-quinazolin-2-yl)-cyclopropylamine
dihydrochloride
1-1,6-Naphthyridin-2-yl-cyclopropylamine
1-(1-oxazolo[4,5-b]pyridin-2-yl-cyclopropylamine
hydrochloride 123 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT O N O 1. isobutylchloroformate,
NMM N O Swern  HO HO~  Ir'r O 2. NaBH4 O Oxidation
(X:2 N ?I If\ o N\ ~ O  O DDQ O N  H O  N N 4N
HCI-Dioxane I \~  



0 NH2  Boc-1-aminocyclopropane-1-carboxylic acid (5.0
g, 24.9 mmol) was dissolved in 1,2 DME (25 mL) and
cooled to -15 C. To this solution was added N-methyl
morpholine  (2.76 mL, 25.1 mmol) followed by
isobutylchloroformate (3.26 mL, 25.1 mmol). The
solution was stirred for 5 min. The precipitated NMM
hydrochloride was then removed  via vacuum filtration,
washed with 2 x 5mL DME and the washings were combined
with  the filtrate in a flask and cooled in an
ice-salt bath. An aqueous solution of sodium
borohydride (4.01 g, 37.5 mmol, 10 mL H20) was added
rapidly to the flask. Gas  evolved vigorously and the
reaction was stirred for another 10 min then quenched
by the  addition of water. The reaction was then
diluted with EtOAc and the aqueous phase was
separated and extracted two more times with EtOAc. The
organic layers were combined,  dried (Na2SO4),
decanted and concentrated to afford the desired
alcohol which was used  without further purification
(3.61 g, 78%). To a solution of oxalyl chloride (2.01
mL, 23.1 mmol) in CH2C12 (50 mL) at -55 C was  added
dropwise a solution of DMSO (1.64 mL, 23.1 mmol) in
CH2C12 (10 mL). Upon  complete addition, the reaction
was stirred for 5 min then the Boc-protected amino
alcohol (3.6 g, 19.2 mmol) was added as a solution in
CH2C12 (10 mL) and stirring was  continued for 15 min.
Triethylamine (13.9 mL, 99.9 mmol) was added and the
reaction 124 WO 2009/070485 PCT/US2008/084149  Docket
No. 09-0446 PCT was stirred for 5 min then allowed to
slowly warm to room temperature. After 1h, H2O  (50
mL) was added and the reaction was poured into CH2C12.
The aqueous phase was  separated and extracted two
more times with CH2C12. The organic layers were
combined  and washed with brine, dried (Na2SO4),
decanted and concentrated. The resultant residue  was
purified via Si02 flash chromatography (10-40%
EtOAc-Hexanes) to afford Boc-1-
aminocyclopropane-1-carboxaldehyde as a white solid
(2.5g, 70%).  Boc-1-aminocyclopropane-1-carboxaldehyde
(0.150 g, 0.81 mmol) and 2-amino-3- hydroxypyridine
(0.094 g, 0.85 mmol) were combined in anhydrous
methanol (2.5 mL). 



0  To this solution was added freshly activated 3 A
molecular sieves (-25 beads). The  reaction vessel was
sealed and heated to 45 C for 18h. The volatiles were
removed in  vacuo and the resultant residue was
dissolved in CH2C12 (2.5 mL). To this solution was
added DDQ (0.202 g, 0.89 mmol) and the reaction was
stirred for 1h. The reaction was  diluted with
saturated aqueous NH4C1 and poured into a separatory
funnel. An additional  15 mL of CH2C12 was added. The
aqueous phase was separated and extracted two more
times with CH2C12. The organic layers were combined,
dried (Na2SO4), decanted and  concentrated. The crude
residue was absorbed onto Si02 and purified via Si02
flash  chromatography (25-75% EtOAc-Hexanes) to afford
the Boc-protected 1-(1-oxazolo[4,5-
b]pyridin-2-yl-cyclopropylamine as a tan solid (0.044
mg, 20%). The Boc-protected
1-(1-oxazolo[4,5-b]pyridin-2-yl-cyclopropylamine
(0.044 g, 0.160  mmol) was dissolved in 1,4-dioxane
(0.5 mL) and to this solution was added 4N HC1 in
dioxane (2.50 mL, 10.9 mmol). The solution was stirred
for 2h. A ppt formed and the  volatiles were removed
in vacuo to afford 1-(1-oxazolo[4,5-b]pyridin-2-yl
cyclopropylamine dihydrochloride as a tan solid (0.023
g, 69%). The following amine dihydrochloride was
prepared by methods analogous to those  described for
1-(1-oxazolo[4,5-b]pyridin-2-yl-cyclopropylamine
dihydrochloride by  employing 2-aminophenol as a
substrate: 125 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT
1-(1-benzooxazol-2-yl-cyclopropylamine dihydrochloride
1-(1H-Tetrazol-5-yl)-cyclopropylamine:  O O 5~N'J~O /N
NAO N N N NN N  / I / N-N To a round bottom flask was
added (1-cyano-cyclopropyl)-carbamic acid benzyl ester



(500 mg, 2.31 mmol) in DMF (4 ml), followed by the
addition of NaN3 (195 mg, 3  mmol) and NH4Cl (161 mg,
3 mmol). The reaction mixture was stirred at 110 C for
24 h.  The reaction mixture was concentrated in vacuo.
The residue was dissolved in  EtOAc/water. The organic
layer was separated, washed with brine, dried under
anhy.  Na2SO4, filtered and concentrated to afford 380
mg of [1-(1H-tetrazol-5-yl)-cyclopropyl]- carbamic
acid benzyl ester as a off-white solid, nilz 260.8
[M+1]+.  [1-(1H-tetrazol-5-yl)-cyclopropyl]-carbamic
acid benzyl ester was dissolved in MeOH (5  ml). The
solution was passed through a H-Cube hydrogenator at 0
bar, 30 C amd 1  ml/min with 10% Pd/C as a catalyst.
The elute was concentrated to afford 48 mg of 1-
(1H-tetrazol-5-yl)-cyclopropylamine as a solid
product, m/z 126.5 [M+1]+.
1-Amino-cyclopropanecarboxylic acid
(1-oxazol-4-yl-cyclopropyl)-amide, 126 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT O CZH__ O
HO N  N O N N O  YVI ~  O H + NH O H  N -2  'S~NH  O
To a round bottom flask was added
Z-1-aminocyclopropane-l-carboxylic acid (150 mg,
0.638 mmol) in DMF (10 ml), followed by the addtion of
Hunig's base (207 mg, 1.6  mmol) and HATU (270 mg,
0.71 mmol). The reaction mixture was stirred at room
temperature for 15 min, followed by the addition of
1-Oxazol-4-yl-cyclopropylamine  



(200 mg, 1.6 mmol). The reaction mixture was stirred
at room temperature for 18 h. The  reaction mixture
was concentrated in vacuo. The residue was purified by
prepHPLC to  afford 70 mg of
[1-(1-oxazol-4-yl-cyclopropylcarbamoyl)-cyclopropyl]-c
arbamic acid  benzyl ester, m/z 343 [M+1]+. [1
-(1-oxazol-4-yl-cyclopropylcarbamoyl)-cyclopropyl]-car
bamic acid benzyl ester (70  mg, 0.21 mmol) was
dissolved in MeOH (10 ml), followed by the addition of
10% Pd/C  (35 mg). The solution mixture was stirred
under H2 balloon for 1 h. The reaction mixture  was
filtered through celite. The solvent was concentrated
under high vacuum pump to  afford 42 mg of
1-amino-cyclopropanecarboxylic acid
(1-oxazol-4-yl-cyclopropyl)-amide  as a off-white
solid product, m/z 208.8 [M+1 ]+. The following
compounds were prepared using procedures similar to
those described  above using the appropriate starting
material:
4-Amino-4-(1-pyrimidin-2-yl-cyclopropylcarbamoyl)-pipe
ridine-l-carboxylic acid tert- butyl ester
1-Isopropyl-lH-imidazole-4-carbonitrile:  127 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
N N  \</~ Br /N N \</ /  + N  N To a round bottom
flask was added 1H-imidazole-4-carbonitrile (300 mg,
3.22 mmol), 2- bromopropane (794 mg, 6.44 mmol), and
K2CO3 (890 mg, 6.44 mmol) in DMF (9 ml).  The reactiom
mixture was stirred at room temperature for 18 h. The
reaction mixture was  filtered. The solvent was
concentrated in vacuo. The residue was purified by
prepHPLC  to afford 310 mg of
1-Isopropyl-1H-imidazole-4-carbonitrile TFA salt and
71 mg of 3- isopropyl-3H-imidazole-4-carbonitrile TFA
salt region-isomer.  



1-Isopropyl-1H-imidazole-4-carbonitrile TFA salt was
dissolved in EtOAc, washed with  sat. NaHCO3, brine,
dried under anhy. Na2SO4, filtered and concentrated to
afford 200  mg of
1-isopropyl-1H-imidazole-4-carbonitrile as a colorless
oil, m/z 136.5 [M+1]+.
1-(1H-Imidazol-4-yl)-cyclopropylamine: ~N N  N N I N
N~~ C1 H S  NH2  N -- N NH,  0-/ N H  Si /To a round
bottom flask was added NaH (60% in mineral oil) (200
mg, 5.22 mmol) in  dry THE (12 ml), followed by the
addtion of 1H-imidazole-4-carbonitrile (400 mg, 4.3
mmol), SEMC1(1433 mg, 8.6 mmol). The reactiom mixture
was stirred at room  temperature for 18 h. The
reaction mixture was concentrated in vacuo. The
residue was  dissolved in EtOAc/sat. NaHCO3. The
organic phase was separated, washed with water, 128 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
brine, dried over anhy. Na2SO4, filtered and
concentrated. The resulting residue was  purified by
flash chromatography on silica gel (0-3% MeOH/CH2C12).
The product  fractions were collected and concentrated
to afford 355 mg of 1-(2-trimethylsilanyl-
ethoxymethyl)- 1H-imidazole-4-carbonitrile, rn/z 224.6
[M+1]+. To a round bottom flask was added
1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazole-4-
carbonitrile (310 mg, 3.19 mmol) in THE (10 ml),
followed by the addition Ti(OiPr)4 (0.9  ml, 3.05
mmol) Next, EtMgBr (3.0 M in ether) (1.85 ml, 5.55
mmol) was added slowly.  



The clear solution changed to dark and gas evolved was
found. The reaction mixture was  stirred at room
temperature for 0.5 h. The reaction mixture was added
with water (10 ml).  The solid precipitate was
filtered through celite. The filter cake was washed
with THE  (10 ml), EtOAc (10 ml). The combined solvent
was concentrated to afford 400 mg of 1-
[1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazol-4-yl]
-cyclopropylamine, m/z 254.6  [M+1]+. To a round
bottom flask was added
1-[1-(2-trimethylsilanyl-ethoxymethyl)-1H-imidazol-
4-yl]-cyclopropylamine (400 mg, 1.58 mmol) in EtOH (20
ml) and 3N HCl (15 ml). The  reaction mixture was
stirred at 90 C for 4 h. The reaction mixture was
concentrated in  vacuo. The residue was purified by
prepHPLC by eluting with 0.5% acetonitrile/water to
afford 267 mg of 1-(1H-imidazol-4-yl)-cyclopropylamine
as a formic acid salt, nilz 124  [M+1]+.
1-(5-Methyl-4H-[1,2,4]triazol-3-yl)-cyclopropylamine:
0 4 [  N H NON N)L C N ~N \ N' N z H + NH H NH   NH To
a vial was added
(1-hydrazinocarbonyl-cyclopropyl)-carbamic acid benzyl
ester HCl  salt (300 mg, 1.05 mmol), acetimidic acid
ethyl ester HCl salt (195 mg, 1.58 mmol) and
triethylamine (320 mg, 3.16 mmol) in toluene (8 ml).
The reaction mixture was stirred at  129 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
120 C for 18 h, The reaction mixture was concentrated
in vacuo. The residue was  dissolved in EtOAc/sat.
NaHCO3. The organic phase was separated, washed with
brine,  dried under anhy. Na2SO4, filtered and
concentrated. The residue was purified by  prepHPLC to
afford 57 mg of
[1-(5-methyl-4H-[1,2,4]triazol-3-yl)-cyclopropyl]-
carbamic acid benzyl ester, m/z 273.6 [M+1]+.  



[1-(5-methyl-4H-[1,2,4]triazol-3-yl)-cyclopropyl]-carb
amic acid benzyl ester (57 mg,  0.21 mmol) was
dissolved in MeOH (5 ml), followed by the addition of
10% Pd/C (20  mg). The reaction mixture was stirred
under H2 balloon for 1.5 h. The reaction mixture  was
filtered through celite. The solvent was concentrated
under high vacuum pump to  afford 30 mg of
1-(5-methyl-4H-[1,2,4]triazol-3-yl)-cyclopropylamine,
m/z 139.6  [M+1]+.
((S)-2-Amino-propionylamino)-pyridin-2-yl-acetic acid
methyl ester  and
(S)-2-Amino-N-(2-hydroxy-l-pyridin-2-yl-ethyl)-propion
amide  I I I O O aq. NaNO2 O O Hz, 10% Pd/C O O H O I
I ~ Chiral  N N  HOAc N EtOH (1NH2 OH HATU, TEA, DMF
Chiral Chiral  O O HO O wyOv 0 -~ 4NHCI 4NHCI dioxane
dioxane  O U Chiral HO O Chiral  ONH z N HN ~NHz .2HC1
H . 2HCI  130 WO 2009/070485 PCT/US2008/084149  Docket
No. 09-0446 PCT To a solution of pyridin-2-yl-acetic
acid methyl ester (8.9 ml, 0.66 mmol) in AcOH (16  mL)
at 0 C with stirring, an aqueous solution of sodium
nitrite (4.67 g, 0.66 mmol in 14  mL) was added
portion wise. After addition was completed stirring
was continued for 40  min at room temperature. Water
(30 mL) was added and the mixture was stirred for
additional 1 h. The mixture was concentrated to remove
most of the AcOH and basidified  to pH 8-9 with Na2CO3
aq. extracted with EtOAc (3x). The combined organics
were  



dried over MgSO4, filtered, and concentrated in vacuo.
Drying in a vacuum oven affords
Hydroxyimino-pyridin-2-yl-acetic acid methyl ester
(11.6 g, 97%) as an off-white solid,  m/z181.6[M+1]+ A
solution of Hydroxyimino-pyridin-2-yl-acetic acid
methyl ester (2.0 g, 11.1 mmol) in  ethanol (50 mL)
was placed in a round bottom flask. The flask was
evacuated under  vacuum and filled with Are three
times. Then 200 mg of 10% Pd on Carbon was added  in
one portion. The flask was evacuated again under
vacuum and filled with Hydrogen  three times. The
reaction was stirred at room temperature under a
balloon containing H2  for 16 h. The mixture was
filtered through a pad of celite and rinsed with DCM
three  times. The combined organics were concentrated
down to give Amino-pyridin-2-yl-acetic  acid methyl
ester (1.8 g) as a yellow oil which was used
immediately in next step without  further
purification, m/z 167.55 [M + 1]+ To
(S)-2-tert-Butoxycarbonylamino-propionic acid (1.54 g,
8.12 mmol), Amino-pyridin- 2-yl-acetic acid methyl
ester (1.35 g, 8.12 mmol) and HATU (3.1 g, 8.12 mmol)
was  added the DMF (20 mL) and Et3N (2.26 ml, 16.20
mmol) and the solution was stirred for  2 h. The
mixture was concentrated to remove most of the DMF was
removed. The  resulting oil was dissolved in EtOAc,
washed with water, 0.1 N HCl aq., 1 N NaHCO3  aq.,
followed by Brine. The combined organics were dried
over MgSO4, filtered, and  concentrated in vacuo to
provide
((S)-2-tent-Butoxycarbonylamino-propionylamino)-
pyridin-2-yl-acetic acid methyl ester (2.7 g, 98 %) as
a yellow oil, m/z 338.61 [M + If,  To a solution of
((S)-2-tert-Butoxycarbonylamino-propionylamino)-pyridi
n-2-yl-acetic  acid methyl ester (337 mg, 1.00 mmol)
in dioxane (2 mL) was added 4 N HCl in dioxane 131 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
(1.00 mL, 4.00 mmol). The reaction was stirred at room
temperature for 1 h. Removal of  solvents in vacuo
provided the title compound
((S)-2-Amino-propionylamino)-pyridin-2- yl-acetic acid
methyl ester (270 mg) as a HCl salt, m/z 210.96 [M +
1]+ To a suspension of
((S)-2-tert-Butoxycarbonylamino-propionylamino)-pyridi
n-2-yl- 



acetic acid methyl ester (1.12 g, 3.32 mmol) in 15 mL
of THE was added LiBH4 (2 M in  THF, 1.66 mL, 3.32
mmol) drop wise and the reaction was stirred at room
temperature  for 16 h. The reaction was carefully
quenched by water, neutralized with 0.1 N HCl aq.,
extracted with EtOAc, washed with aq. NaHCO3 and
Brine. Dried over Na2SO4, filtered  and concentrated
in vacuo to afford
[(S)-1-(2-Hydroxy-l-pyridin-2-yl-ethylcarbamoyl)-
ethyl]-carbamic acid tert-butyl ester (770 mg, 77 %)
as a white foam, m/z 310.60 [M +  1]+ To a solution of
[(S)-1-(2-Hydroxy-l-pyridin-2-yl-ethylcarbamoyl)-ethyl
]-carbamic acid  tert-butyl ester (556 mg, 1.79 mmol)
in dioxane (1 mL) was added 4 N HCl in dioxane  (2.24
m, 8.95 mmol). The reaction was stirred at room
temperature for 1 h. Removal of  solvents in vacuo
provided the title compound
(S)-2-Amino-N-(2-hydroxy-l-pyridin-2-
yl-ethyl)-propionamide (580 mg) as a HCl salt. m/z
210.96 [M + 1]+
1-(4-Trifluoromethyl-1H-imidazol-2-yl)-cyclopropylamin
e 0  F~~ B,  Q NaOEt/EtOH HZN 0k TTF N'_ H O" N O
NH4CI, NH3 NH H K2CO3, MeCN  85 OC F F  F F F F  i H
TFA, DCM / N H NyO, H~ NH2 2TFA  LX, O LLLX~~~
(1-Cyano-cyclopropyl)-carbamic acid tert-butyl ester
(2.44 g, 13.40 mmol) was  dissolved in dry EtOH (33
mL). Sodium ethoxide (21 wt % in EtOH solution, 10.70
mL, 132 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT 



22.80 mmol)) was added and the reaction was stirred
for 1 h at room temperature under  an atmosphere of
dry argon. To the light yellow solution was added
solid NH4C1(2.94 g,  55 mmol) followed by 7 M NH3 in
MeOH (8.08 mL, 56.60 mmol). The reaction was  capped
and allowed to stir for 16 h. The turbid suspension
was filtered using McOH to  rinse. The filtrate was
concentrated in vacuo and the solid residue was
re-suspended in  dry EtOH. The solids were filtered
off, rinsing with EtOH. The filtrate was concentrated
to give 2.91 g of
(1-Carbamimidoyl-cyclopropyl)-carbamic acid tert-butyl
ester as a light  yellow solid, m/z 200.48 [M + 1]+ To
a suspension of (1-Carbamimidoyl-cyclopropyl)-carbamic
acid tent-butyl ester (488 mg, 2.45 mmol) and K2CO3
(676 mg, 4.90 mmol) in MeCN (14 mL) at 85 C was  added
a solution of 3-Bromo-1,1,1-trifluoro-propan-2-one
(400 mg, 2.09 mmol) in MeCN  (10 mL) drop wise over
30min. The dilute reaction mixture (0.1 N) was stirred
at 85 C  for 3 h before cooled to room temperature.
Diluted with EtOAc and extracted three times,  washed
with water and Brine. Dried over MgSO4, filtered and
concentrated down in  vacuo. The mixture was purified
by reverse phase preparation HPLC to give 32 mg of [1-
(4-Trifluoromethyl-1H-imidazol-2-yl)-cyclopropyl]-carb
amic acid tert-butyl ester as a  yellow solid, m/z
292.42 [M + 1]+ To a solution of
[1-(4-Trifluoromethyl-1H-imidazol-2-yl)-cyclopropyl]-c
arbamic acid  tert-butyl ester (32 mg, 0.11 mmol) in
DCM (1 mL) was added TFA (500 uL). The clear  solution
was stirred at room temperature for overnight.
Solvents were removed and the  resulting materials
were re- suspended in Toluene (15 mL) and concentrated
down to  dryness to provide the title compound
1-(4-Trifluoromethyl-1H-imidazol-2-yl)-
cyclopropylamine as a TFA salt, m/z 192.41 [M + 1]+
1-(1H-Pyrrolo[2,3-b]pyridin-6-yl)-cyclopropylamine
1-(1H-Pyrrolo[2,3-b]pyridin-6-yl)-propylamine 133 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
N I 0 0  



I 1) Ti(Oi-Pr)4, EtMgBr, THE NH NH  N 1 2) (Boc)20,
DIEA, DCM Ni + HN ~ N HN HN  4N HCI 4N HCI  NH2 NH2
2HCI 2HCI  NCI HN HN To a solution of
1H-Pyrrolo[2,3-b]pyridine-6-carbonitrile (500 mg, 3.49
mmol) in THE  (80 mL) was added Titanium (IV)
isopropoxide (2.05 mL, 6.98 mmol) followed by  EtMgBr
(4.66 mL, 13.97 mmol) dropwise. The mixture was
stirred at room temperature  for 3 h. The dark color
reaction mixture was quenched with 10 mL of H2O and
stirred  efficiently for 30 min. The resulting yellow
suspension was filtered through a plug of  celite,
washed the celite cake with EtOAc followed by 10%
MeOH/CH2Cl2. Solvents  were removed and the resulting
brown oil was suspended in Toluene (2x10 mL) to
removed residual water. After evaporation of the
solvent the crude amine products were  obtained as a
brownish solid. To a mixture of these crude amines and
DIEA (801 uL,  4.60 mmol) in DCM (15 mL) was added
Boc20 (810 mg, 3.71 mmol). The mixture was  stirred at
room temperature for 16 h. The reaction was diluted
with DCM and washed  with water, followed by Brine.
Dried over MgSO4, filtered and concentrated down to
provide crude material which was purified by silica
gel chromatography (5% to 50%  EtOAc in hexane) to
give 80 mg of
[1-(1H-Pyrrolo[2,3-b]pyridin-6-yl)-cyclopropyl]-
carbamic acid tert-butyl ester (m/z 274.40 [M + 1]+)
and 230 mg of [1-(1H-Pyrrolo[2,3-
b]pyridin-6-yl)-propyl]-carbamic acid tert-butyl ester
m/z 276.41 [M + 1]+ To a solution of
[1-(1H-Pyrrolo[2,3-b]pyridin-6-yl)-cyclopropyl]-carbam
ic acid tert-butyl  



ester (80 mg, 0.32 mmol) in dioxane (1 mL) was added
4N HC1 in dioxane (500 uL, 2.00  mmol). The reaction
was stirred at room temperature for 1 h. Solvents were
removed and  134 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT the resulting brown oil was
suspended in Toluene (3 mL x2). Removal of solvents to
dryness affords 79 mg of the title compound
1-(1H-Pyrrolo[2,3-b]pyridin-6-yl)- cyclopropylamine as
a HC1 salt, m/z 174.40 [M + 1]+ To a solution of
[1-(1H-Pyrrolo[2,3-b]pyridin-6-yl)-propyl]-carbamic
acid tert-butyl ester  (230 mg, 0.84 mmol) in dioxane
(2 mL) was added 4N HC1 in dioxane (500 uL, 2.00
mmol). The reaction was stirred at room temperature
for 1 h. Solvents were removed and  the resulting
brown oil was suspended in Toluene (3 mL x2). Removal
of solvents to  dryness affords 197 mg of the title
compound 1-(1H-Pyrrolo[2,3-b]pyridin-6-yl)-
propylamine as a HC1 salt, m/z 176.40 [M + 1]+.
5-Methyl-isoxazole-3-carbonitrile  -O -N N  N-
HONH3*CI N- OH (F3CO)O N o / O / O To a solution of
5-methyl-3-isoxazolecarboxaldehyde (1.00 g, 9.00 mmol)
in DCM (5 mL) was  added subsequently pyridine (0.73
mL, 9.00 mmol) and hydroxylamine hydrochloride (0.63g,
9.00 mmol). After being stirred at room temperature
for 12 h, the reaction mixture was diluted  with
methylene chloride (50 mL) and extracted with water (2
x 50 mL). The organic extracts  were dried (MgS04),
filtered, and concentrated under reduced pressure to
provide a white solid.  The crude product, obtained as
a mixture of syn- and anti-oximes, was used in the
next reaction  without further purification. The
5-methyl-isoxazole-3-carbaldehyde oxime (0.89 g, 7.07
mmol) was dissolved in dioxane (25  mL) and anhydrous
pyridine (18 mL). The solution was cooled to 0 C
before trifluoroacetic  anhydride (1.08 mL, 7.78 mmol)
were added dropwise so that the reaction temperature
did not  rise above 7 T. The reaction mixture was
warmed to room temperature and stirred for 12 h. The  



reaction was not complete (--50% conversion) and
therefore the mixture was cooled to 0 C and  an
additional equivalent of TFA-anhydride was added. The
mixture was stirred for 12 h at rt  135 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT before 100
mL of methylene chloride was added and washed with 8 x
35 mL of water. The  organic extracts were washed with
brine (35 mL), dried (MgSO4), filtered, and
concentrated  under reduced pressure to provide
5-methyl-isoxazole-3-carbonitrile as a yellow solid
(514 mg,  >90% pure).
2-Cyclopropyloxazole-4-carbonitrile N  N EtOH/ NH
EtOCO N  HCI 7-1-0 NCCHM3'CI N KO Through a solution
of cyclopropylcarbonitrile (10g, 0.15 mmol) in 50 ml
of ethanol was bubbled  HC1-gas for 15 min. The
reaction mixture was stirred at room temperature for 2
hours and then  put in the refrigerator for 24 h.
After evaporation of the solvent the product was
obtained as an  off-white solid (6.00 g). To a
suspension of ethyl cyclopropylacetimidate
hydrochloride (6.0 g, 53 mmol) in ether (50  mL) was
added anhydrous potassium carbonate (7.3 g, 53 mmol).
After stirring for 5 min, a  solution of
aminoacetonitrile hydrochloride (4.9g, 53 mmol) in
water (40 mL) was added and the  mixture stirred for
additional 90 min. The reaction was diluted with water
(100 mL) and  extracted with ether (2 x 300 mL). The
combined organic fractions were dried (Na2SO4),
filtered,  and concentrated to give
N-cyanomethyl-cyclopropanecarboximidic acid ethyl
ester as a liquid  (4.54 g). To a solution of
N-cyanomethyl-cyclopropanecarboximidic acid ethyl
ester (4.54 g, 14.9 mmol)  in THE (10 mL) at -10 C
were added potassium tert-butoxide (1.67 g, 14.9 mmol)
and ethyl  formate (1.2 mL, 14.9 mmol) successively.
After being stirred at -10 C for 3 h, the reaction
mixture was left in the refrigerator overnight and
then diluted with ether. The precipitated brown  solid
was filtered and dried under vacuum. The vacuum-dried
solid was added to boiling acetic  



acid (45 mL) and refluxed for 2 min. The reaction
mixture was cooled to room temperature,  136 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
diluted with water, and adjusted to pH 7 by adding 1 N
sodium hydroxide. The reaction mixture  was extracted
with ether (2 x 1 L). The combined organic fractions
were dried (MgSO4), filtered,  and concentrated. The
crude brownish solid was chromatographed (silica gel,
0-50%EtOAc in  Hexane, detection KMnO4 spray, Rf = 0.3
in 10% EtOAc/ Hexane) to give 2-cyclopropyl-
oxazole-4-carbonitrile as a colorless liquid (463 mg).
2-Isopropyloxazole-4-carbonitrile was prepared using
the same procedure starting from
iso-propylcarbonitrile. (1-Cyano-cyclopropyl)-carbamic
acid tent-butyl ester  HCI Boc2O N4` I NH 2 DIPEA
~NyO,,~  O  To a suspension of
1-amino-cyclopropylcarbonitrileHCl (4.50 g, 38.0 mmol)
in CH2C12  (50 mL) was added DIPEA (20 mL, 114.8 mmol)
followed by (Boc)20 (13.0 g, 59.6  mmol). The mixture
was stirred at room temperature for 88 h and then
diluted with  EtOAc (300 mL). The solution was washed
with HC1(aq) (1 N, 120 mL), followed by  NaHCO3
(saturated aq) (100 mL) and then brine (100 mL). The
organic layer was dried  over Na2SO4 and concentrated
to give a yellow liquid that was purified by flash
chromatography (silica, 15-400% EtOAc/hexanes) giving
3.0 g of the title compound as  a white crystalline
solid, m/z 183.46 [M+1]+.
(1-Carbamimidoyl-cyclopropyl)-carbamic acid tent-butyl
ester hydrochloride  HCI  i) NaOEt / EtOH NH H H  N ~
\ Nu0 Nu O IOI H2N II 1<  



u) NH4CI, NH3 LLL~~~ O  (1-Cyano-cyclopropyl)-carbamic
acid tert-butyl ester (2.12g, 11.6 mmol) was dissolved
in anhydrous EtOH (29 mL) and NaOEt (21 wt% in EtOH,
6.5 mL, 17.5 mmol) was  added via syringe in one
portion. The yellow solution was stirred at room
temperature for  1 h. An additional amount of NaOEt
(21 wt% in EtOH, 2.2 mL, 2.9 mmol) was added 137 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
and stirring was continued for 2 h. To the reaction
was added solid NH4C1(2.5 g, 47  mmol) followed by NH3
(7N in MeOH, 1.7 mL, 12 mmol). The flask was sealed
and the  suspension was allowed to stir for 88 h. The
solids were filtered off, using anhydrous  EtOH to
rinse. The filtrate was concentrated and re-suspended
in EtOAc (10 mL). This  mixture was heated to reflux
for 30 min then allowed to cool to room temperature.
The  solids were collected by filtration to give 2.22
g of the title compound as a white powder,  m/z 200.44
[M+1]+. (1-Pyrimidin-2-yl-cyclopropyl)-carbamic acid
tent-butyl ester  CIH NH N0 / N N 0 C~ N 0  H2N u  0 N
N II0  H To a solution of
(1-Carbamimidoyl-cyclopropyl)-carbamic acid tert-butyl
ester  hydrochloride (3.62 g, 15.4 mmol) in anhydrous
EtOH (62 mL) was added  dimethylaminoacrolein (3.6 mL,
36. mmol) and dimethylamine (2 M in THF, 10. mL, 20.
mmol). The reaction was heated at 70 C for 18 h. The
EtOH was removed in vacuo and  the residue was
dissolved in EtOAc (150 mL) and washed with water (3x
100 ml). The  organic phase was dried with Na2SO4 and
concentrated to give a red oil. The product was
crystallized from the oil using warm hexanes (30 mL)
and the light orange solids were  collected by
filtration. The filtrate was re-processed in the same
manner two additional  



times. In total 2.23 g of the title compound was
isolated as a light orange powder, m/z  236.40 [M+1]+
1-Pyrimidin-2-yl-cyclopropylamine dihydrochloride HCI
~N H HCI N HCI  N 0 - ~~ NH N z  N y'~  0 138 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
(1-Pyrimidin-2-yl-cyclopropyl)-carbamic acid
tert-butyl ester (1.60 g, 6.80 mmol) was  dissolved in
CH2C12 (10 mL). HC1 solution (4M in 1,4-dioxane, 17
mL, 68 mmol) was  added via in one portion via syringe
and the solution immediately became cloudy. The
reaction was allowed to stir for 3 h. Solvents were
removed in vacuo yielding a solid  mass that was dried
under vacuum to give 1.12 g of the title compound as a
light yellow  solid, m/z 136.32 [M+1]+.
(1-1,2,4-Triazin-3-yl-cyclopropyl)-carbamic acid
tert-butyl ester  0  I  H N\\ H O i) NaOEt / EtOH NH H
01 1 X H2N,HNUO1 NON I NyO  //~~ O ii) hydrazine O O
(1-Cyano-cyclopropyl)-carbamic acid tert-butyl ester
(50 mg, 0.27 mmol) was dissolved  in anhydrous EtOH
(1.1 mL) and NaOEt (21 wt% in EtOH, 0.22 mL, 0.59
mmol) was  



added via syringe in one portion. The yellow solution
was stirred at room temperature for  1 h. The solvent
was removed in vacuo and the residue was suspended in
CHC13 (4 mL)  and anhydrous hydrazine (0.06 mL, 2
mmol). After 3 min of stirring the reaction was
filtered to remove a white precipitate and the
filtrate was allowed to stir for 87 h. The  solvents
were removed under a stream of N2 to give the crude
amidine-type intermediate  as a white solid, m/z
215.60 [M+1]+. To a solution of the crude intermediate
in EtOH (0.5 mL) was added glyoxal (40% in  water, 0.5
mL, 4 mmol). The mixture was stirred for 20 h and the
solvent was removed  under stream of N2. The residue
was purified by flash chromatography (silica, 50-80%
EtOAc/hexanes) and then by reversed phase HPLC (20-95%
MeCN/H20 + 0.1% TFA)  to give 9 mg of the title
compound as an orange solid, mhz 181.38 [M-t-Bu]+. 139
WO 2009/070485 PCT/US2008/084149  Docket No. 09-0446
PCT 1-1,2,4-Triazin-3-yl-cyclopropylamine
dihydrochloride was obtained by a method  analogous to
that described for 1-Pyrimidin-2-yl-cyclopropylamine
dihydrochloride, nilz  137.12 [M+1]+.
1-Pyrazin-2-yl-cyclopropanecarbonitrile  F N KHMDS N
1I \N + II \ N  NJ N  In a dry flask under argon,
2-fluoropyrazine (1.95 g, 19.9 mmol) and
cyclopropanecarbonitrile (1.5 mL, 20. mmol) were
dissolved in dry toluene (25 mL).  The solution was
cooled to 0 C and potassium bis(trimethylsilyl)amide
(1.0 M in THF,  20 mL, 20 mmol) was added slowly over
5 min via syringe. The black, opaque reaction  mixture
was allowed to warm to room temperature and stir for 4
h. The reaction was  diluted with H2O (200 mL) and
EtOAc (200 mL) and the layers were separated. The  



aqueous layer was back extracted with EtOAc (2x 100
mL). The combined organic  layers were dried over
Na2SO4, filtered and concentrated to give a black oil.
The oil was  purified by flash chromatography (silica,
20-60% EtOAc/hexanes) to give 849 mg of  the title
compound as a light yellow oil, nilz 146.17 [M+1]+.
1-Pyrazin-2-yl-cyclopropanecarboxylic acid NaOH N OH
C, N C, 0 N N  1-Pyrazin-2-yl-cyclopropanecarbonitrile
(849 mg, 5.85 mmol) was dissolved in MeOH  (7 mL) and
NaOH solution (20 wt% in water, 2.0 mL, 10 mmol) was
added via syringe in  one portion. The orange mixture
was heated to 75 C for 22 h, cooled to room
temperature, and acidified to pH 2-3 with 6N HCl. The
mixture was filtered through a  pad of celite using
MeOH and the filtrate was concentrated. The residue
was suspended  in EtOAc, dried with Na2SO4, filtered
and concentrated to give 111 mg of the title  compound
as an orange solid, m1z 165.28 [M+1]+. 140 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
(1-Pyrazin-2-yl-cyclopropyl)-carbamic acid allyl ester
N i. DPPA, TEA NNAOCNOH , ii. allyl alcohol N H To a
solution of 1-Pyrazin-2-yl-cyclopropanecarboxylic acid
(111 mg, 0.676 mmol) in  dry toluene (1.5 mL) was
added TEA (0.11 mL, 0.81 mmol) followed by
diphenylphosphoryl azide (DPPA, 0.16 mL, 0.74 mmol).
The reaction was stirred for 1 h  at rt. Allyl alcohol
(0.2 mL) was added via syringe and the reaction was
heated to 90 C  for 3 h. After cooling to room
temperature, the reaction was diluted with water (6
mL)  and EtOAc (4 mL). The layers were separated and
the water layer was extracted with  EtOAc (3x 4 mL).
The combined organic layers were dried over Na2SO4 and
concentrated to give a black residue that was purified
by flash chromatography (silica,  



40->50% EtOAc/hexanes) to give 67 mg of the title
compound as a light orange oil, rn/z  220.52 [M+1]+.
1-Pyrazin-2-yl-cyclopropylamine  0 Pd(PPh3)4 NNH
CNNAO H mor holine 2  N p N To a solution of
(1-Pyrazin-2-yl-cyclopropyl)-carbamic acid allyl ester
(67 mg, 0.31  mmol) and morpholine (0.31 mL, 3.1 mmol)
in THE (3 mL) was added Pd(PPh3)4 (27  mg, 0.02 mmol)
and the yellow mixture was stirred at 50C for 3 h. The
solvent was  removed under a stream of N2 and the
residue was purified by flash chromatography  (silica,
4-7% McOH/CH2C12) to give 6 mg of the title compound
as an orange oil, M/,- 136.04 [M+1]+.
(1-Furan-2-yl-cyclopropyl)-carbamic acid tent-butyl
ester  141 WO 2009/070485 PCT/US2008/084149  Docket
No. 09-0446 PCT 0 1) EtMgBr, Ti(O-i-Pr)4 I Y  N  N 0
\ 2) Boc20, TEA 0 0 Ti(O-i-Pr)4 (97.4 mL, 322 mmol)
was added to a solution of 2-furonitrile (25 g, 269
mmol) in dry Et20 (150 mL) at room temperature. The
ethyl magnesium bromide (3M  in Et20, 215 mL, 645
mmol) was added dropwise via addition funnel over 1.5
h. The  reaction was stirred 2 h and then BF3 etherate
(52 mL, 403 mmol) was slowly added via  additional
funnel over 20 min. The reaction was cooled 0 C and
water (250 mL) was  added. The resulting mixture was
filtered through a pad of diatomaceous earth, rinsing



with CH2C12, and the filtrate was concentrated in
vacuo to give a red liquid. To a  solution of the
resulting oil in THE (150 mL) was added TEA (75 mL,
537 mmol)  followed by Boc20 (41.0 g, 188 mmol) and
the mixture was stirred for 20 h. The reaction
mixture was concentrated in vacuo and diluted with
aqueous HCL (1N, 1 Q. This was  extracted with EtOAc
(1x 1.5 Q. The organic layer was washed with saturated
NaHCO3  solution (1x 1 L), dried with Na2SO4 and
concentrated in vacuo to give a red liquid. This  was
purified by iterative flash chromatography (silica,
0-20% EtOAc/hexanes) to give  7.0 g of the title
compound as a white solid that is best stored in the
freezer, m/z 224.53  [M+1]+.
(1-Pyridazin-3-yl-cyclopropyl)-carbamic acid
tent-butyl ester Nu 0 i. NBS, NaHC03 H II N~ N~  0 ii.
hydrazine `N 0/-- 01, 0
(1-Furan-2-yl-cyclopropyl)-carbamic acid tert-butyl
ester (50 mg, 0.22 mmol) was  dissolved in a mixture
of acetone (2 mL) and water (0.2 mL) and cooled to -20
C. To  this solution was added solid NaHCO3 (38 mg,
0.45 mmol) and NBS (52 mg, 0.29 mmol)  and stirring
was continued for 2 h. Furan (100 uL) was added via
syringe and the reaction  was allowed to warm to 0 C
over 30 min. The volatiles were removed under a stream
of  N2 and to the residue was added i-PrOH (2 mL) and
of hydrazine hydrate (300 uL). The  mixture was
stirred for 18 h and then the solvents were removed
under a stream of N2 142 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT The residue
was purified by flash chromatography (silica, 0-3%
McOH/CH2C12) to give  10 mg of the title compound as a
yellow oily residue, rn/z 236.46 [M+1]+.
1-Pyridazin-3-yl-cyclopropylamine dihydrochloride was
obtained by a method  analogous to that described for
1-Pyrimidin-2-yl-cyclopropylamine dihydrochloride, m/z
136.23 [M+1]+. 



1-(6-Chloro-pyridin-2-yl)-cyclopropylamine 0  HOF
Ti(O-i-Pr)4 F CI N~ N EtMgBr 0 CI N NH2 HO F  F  To a
solution of 6-Chloro-pyridine-2-carbonitrile (500 mg,
3.61 mmol) in THE (45 mL)  was added titanium
isopropoxide (1.59 mL, 5.41 mmol) in one portion
followed by  ethylmagnesium bromide (3 M in Et20, 3.6
mL, 11 mmol) slowly over 5 min. The  reaction was
stirred for 4 then quenched by the addition of water
(5 mL ). The mixture  was filtered through a pad of
diatomaceous earth and the filtrate was concentrated.
The  resulting material was purified first by flash
chromatography (silica, 5-10%  MeOH/CH2C12) and then
by reversed phase HPLC (1->95% McCN/fl20 + 0.1% TFA)
to  give 86 mg of the title compound presumably as the
bis-TFA salt, m/z 169.59 [M+1]+.
[1-(5-Methyl-pyrazin-2-yl)-cyclopropyl]-carbamic acid
tert-butyl ester N N  N\ 1) EtMgBr, Ti(0 i Pr)4 H 0  N
N  2) Boc0, TEA 2 0  Ti(O-i-Pr)4 (14.8 mL, 50.4 mmol)
was added to a solution of 5-Methyl-pyrazine-2-
carbonitrile (5.0 g, 42 mmol) in dry THE (66 mL) at
room temperature. The ethyl  magnesium bromide (3M in
Et20, 28.7 mL, 86.0 mmol) was added dropwise via
syringe 143 WO 2009/070485 PCT/US2008/084149  Docket
No. 09-0446 PCT over 10 min. The reaction was stirred
19 h and then water (15 mL) was added. The  



resulting mixture was filtered through a pad of
diatomaceous earth, rinsing with CH2C12,  and the
filtrate was concentrated in vacuo to give a red
sludge. To a solution of the  resulting sludge in THE
(100 mL) was added DIPEA (14.6 mL, 83.9 mmol) followed
by  Boc20 (11.5 g, 52.5 mmol) and the mixture was
stirred for 3 h. The reaction mixture was
concentrated in vacuo and diluted with EtOAc (200 mL).
This was washed with aqueous  citric acid (10 wt%, 2x
200 mL) and then brine (1x 100 mL). The organic phase
was  dried with Na2SO4 and concentrated in vacuo to
give a black oil. This was purified by  flash
chromatography (silica, 0-2.5% MeOH/CH2C12) and then
by reverse phase HPLC  to give 416 mg of the title
compound as a red solid, m/z 250.48 [M+1]+.
1-(5-Methyl-pyrazin-2-yl)-cyclopropylamine was
obtained by a method analogous to  that described for
1-Pyrimidin-2-yl-cyclopropylamine dihydrochloride, m/z
150.34  [M+1]+.
[1-(4-Amino-pyrimidin-2-yl)-cyclopropyl]-carbamic acid
tent-butyl ester  CIH NH H I N H N N 0 + 01~  2 N H2N
N II 0 0  3-Dimethylamino-acrylonitrile (0.05 mL, 0.50
mmol) was dissolved in EtOH (1 mL) and NaOEt  solution
(21 wt% in EtOH, 0.19 mL, 0.50 mmol) was added. This
was stirred for 1 h and then (1-
Carbamimidoyl-cyclopropyl)-carbamic acid tent-butyl
ester hydrochloride (50 mg, 0.25 mmol)  was added. The
reaction was stirred for 1.5 h at 60 C and then solid
NH4C1(27 mg, 0.50 mmol)  and NH3 (7 M in MeOH, 0.50
mL, 3.5 mmol) were added and stirring was continued at
60 C for  1 h and then at 100 C for 17 h. Additional
3-dimethylamino-acrylonitrile (0.1 mL, 0.87 mmol)  was
added to the reaction and stirring was continued at
100 C for 22 h. The solvent was  removed under a
stream of N2 and the residue was directly purified by
reversed phase HPLC  (20% MeCN/H20 + 0.1 % TFA) to
give a red semisolid that was neutralized by
dissolving in 144 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT 



EtOAc (5 mL) and washing with saturated aqueous NaHCO3
(2x 5 mL). The organic phase was  dried with Na2SO4
and concentrated to give 29 mg of the title compound
as a red semisolid, nilz  251.44 [M+1]+.
2-(1-Amino-cyclopropyl)-pyrimidin-4-ylamine
dihydrochloride was obtained by a  method analogous to
that described for 1-Pyrimidin-2-yl-cyclopropylamine
dihydrochloride.
[1-(5-Cyano-furan-2-yl)-cyclopropyl]-carbamic acid
tent-butyl ester  0  11 CI-S-N  ~\  0 1 , ~-~ N O 0 0
N II 0 0  (1-Furan-2-yl-cyclopropyl)-carbamic acid
tert-butyl ester (765 mg, 3.43 mmol) was  dissolved in
MeCN (7.7 mL) and cooled to -40 C in an acetone/dry
ice bath.  Chloroulfonyl isocyante (0.45 mL, 5.1 mmol)
was added in one portion via syringe and  the reaction
was allowed to stir at a temperature between -40 and
-30 C for 45 min.  Anhydrous DMF (1.2 mL) was then
added and stirring continued at room temperature for
30 min. The reaction was diluted with saturated
aqueous NaHCO3 (100 ml) and extracted  with EtOAc (3x
50 mL). The combined organic layers were concentrated
to a red liquid  and chromatographed (silica, 5-25%
EtOAc/hexanes) to give 400 mg of the title  compound
as a white solid, m/z 234.35 [M-t-Bu+MeCN]+.
{1-[5-(1-Benzyloxycarbonylamino-l-methyl-ethyl)-furan-
2-yl]-cyclopropyl}- carbamic acid tent-butyl ester 145
WO 2009/070485 PCT/US2008/084149  Docket No. 09-0446
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II /-- 0 0 OOycI 0 0 N H  0 N  Li2CO3 0 Y 0  To an
oven-dried flask under N2 was added anhydrous
cerium(III) chloride (2.00 g, 8.04  mmol) and
anhydrous THE (10 mL). The mixture sonicated (1 min)
to help break up the  chunks of CeC13 and then stirred
at rt for 30 min. The reaction was cooled -78 C and
methyl lithium (1.6 M in Et20, 5.0 mL, 8.0 mmol) was
added in one portion via syringe.  The mixture was
stirred at -78 C for 30 min and then
[1-(5-Cyano-furan-2-yl)- cyclopropyl]-carbamic acid
tert-butyl ester (399 mg, 1.61 mmol) in anhydrous THE
(10  mL) was added in one portion via syringe. The
reaction was stirred at -78 C for 15 min  then allowed
to warm to room temperature and stir for an additional
2.25 h. The flask was  cooled to -40 C and NH4OH (30
wt% in water, 1.8 mL) was added via syringe. After
warming to room temperature, the thick mixture was
filtered through a short pad of  diatomaceous earth
using CH2C12 to rinse. The filtrate was dried over
Na2SO4 and  concentrated to give 451 mg of crude 11
-[5-(l -amino- I -methyl-ethyl)-furan-2-yll -
cyclopropyll-carbamic acid tert-butyl ester as an
orange oil, m/z 264.51 [M-NH2]+. To a solution of
crude {
1-[5-(1-amino-l-methyl-ethyl)-furan-2-yl]-cyclopropyl}
- carbamic acid tert-butyl ester (451 mg, 1.61 mmol)
in a mixture of THE (8.0 mL) and  water (1.6 mL), was
added Li2CO3 (297 mg, 4.02 mmol) followed by benzyl
chloroformate (0.57 mL, 4.0 mmol). This was stirred
for 2.5 h then diluted with water (50  mL) and
extracted EtOAc (3x 50 mL). The combined organic
layers were dried with  Na2SO4 and concentrated to
give a red residue. The residue was purified by flash
146 WO 2009/070485 PCT/US2008/084149  



Docket No. 09-0446 PCT chromatography (silica, 20->40%
EtOAc/hexanes) to give 324 mg of the title compound
as a yellow oil, m/z 437.64 [M+Na]+. {
1-[6-(1-Benzyloxycarbonylamino-l-methyl-ethyl)-pyridaz
in-3-yl]-cyclopropyl}- carbamic acid tent-butyl ester
o i. NBS o H  oNH ii. hydrazine 0 N  0 0 H~o H o+  {
1-[5-(1-Benzyloxycarbonylamino-l-methyl-ethyl)-furan-2
-yl]-cyclopropyl}-carbamic  acid tert-butyl ester (324
mg, 0.782 mmol) was dissolved in THE (13.5 mL) and
water  (1.4 mL) and cooled to -40 C in a dry
ice/acetone bath. To this slurry was added NBS  (153
mg, 0.860 mg) as a solid in one portion. The reaction
was stirred for 15 min at this  temperature and then
anhydrous hydrazine (0.2 mL, 6 mmol) was added in one
portion  via syringe. The ice bath was removed and the
reaction was allowed to stir at room  temperature for
49 h. The THE was removed in vacuo and the resulting
liquid was diluted  with water (150 mL) and extracted
EtOAc (3x 60 mL). The combined organic layers  were
dried over Na2SO4 and purified by flash chromatography
(silica, 1->3.5%  MeOH/CH2C12). Collected 32 mg of the
title compound as a light yellow colored oil, nilz
427.63 [M+1]+.
{1-[6-(1-Amino-cyclopropyl)-pyridazin-3-yl]-1-methyl-e
thyl}-carbamic acid benzyl  ester dihydrochloride
dihydrochloride was obtained by a method analogous to
that  described for 1-Pyrimidin-2-yl-cyclopropylamine
dihydrochloride, m/z 327.65 [M+1]+. 147 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT
(1-Propynoyl-cyclopropyl)-carbamic acid tent-butyl
ester  -Si - Li 



O H / O H  1110, N 0 O~ NO II  UO1< IIII II  To a
solution of
[1-(Methoxy-methyl-carbamoyl)-cyclopropyl]-carbamic
acid tent-butyl  ester (5.0 g, 20. mmol) in anhydrous
THF (50 mL) at -78 C, was slowly added lithium
(trimethylsilyl)acetylide (0.5 M in THF, 81 mL, 41
mmol). The reaction stirred at this  temperature for 2
h then an additional amount of lithium
(trimethylsilyl)acetylide (0.5 M  in THF, 81 mL, 41
mmol) was added and stirring continued for 3 h at -78
C. The  reaction was diluted with saturated aqueous
NH4C1 and extracted with EtOAc. The  organic layer was
washed with brine, dried over Na2SO4, and concentrated
in vacuo. The  material was purified by flash
chromatography (silica, 15 % EtOAc/petroleum ether) to
give 550 mg of the title compound as a brown syrup,
m/z 154.18 [M-t-Bu]+.
[1-((E)-3-Dimethylamino-acryloyl)-cyclopropyl]-carbami
c acid tert-butyl ester H  O H N O  NYO~ NUO~ O IO
(1-Propynoyl-cyclopropyl)-carbamic acid tert-butyl
ester (2.2 g, 10.5 mmol) was  dissolved in a solution
of Me2NH (2 M in THF, 21 mL, 42 mmol) at 0 C. The
reaction  mixture was stirred at room temperature for
2 h and then the volatiles were removed in  vacuo to
give a crude solid. The solid was purified by washing
with n-pentane and Et20  to give 1.8 g of the title
compound as a yellow solid, m/z 255.36 [M+1]+. 148 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
(1-Pyrimidin-4-yl-cyclopropyl)-carbamic acid
tert-butyl ester  NH HCI O HANH2 NON 



N O1< N O1-~  EtN O 3 O To a solution of
[1-((E)-3-Dimethylamino-acryloyl)-cyclopropyl]-carbami
c acid tert- butyl ester (600 mg , 2.4 mmol) was added
triethylamine (1.3 mL, 9.4 mmol) and  formamidine
hydrochloride (570 mg, 7.1 mmol) at room temperature.
The reaction was  stirred at 75-80 C for 14 h. The
volatiles were removed in vacuo to give a crude solid
mass that was purified by preparative reversed phase
HPLC to give 115 mg of the title  compound as a light
yellow solid, m/z 236.36 [M+1]+.
1-Pyrimidin-4-yl-cyclopropylamine dihydrochloride was
obtained by a method  analogous to that described for
1-Pyrimidin-2-yl-cyclopropylamine dihydrochloride, m/z
136.02 [M+1]+.
1-(5-Cyclopropyl-4H-[1,2,4]triazol-3-yl)-cyclopropylam
ine  o oJ H 4N HCI \ O~f /\N NON + O)N N'N~O I / O H N
H 0 H 'CI 0 CI  H  Nz~ O ` O~N N N N HZ, Pd/C N N N
149 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT
N-(1-Benzyloxycarbonylamino-cyclopropanecarbonyl)-hydr
azinecarboxylic acid tert- butyl ester (450mg,
1.29mmol) was dissolved in 4N HCl in Dioxane (8m1,
32mmol).  The mixture was allowed to stir at RT for
2h. Diluted with Et20 (20mL) and the mixture
concentrated under high vacuum to give
(1-Hydrazinocarbonyl-cyclopropyl)-carbamic  



acid benzyl ester; hydrochloride (340mg, 1.19mmol,
92.4%) as white solids.
(1-Hydrazinocarbonyl-cyclopropyl)-carbamic acid benzyl
ester; hydrochloride (916mg,  3.2mmol) and
Cyclopropanecarboximidic acid ethyl ester;
hydrochloride (480mg,  3.2mmol) and triethylamine
(0.89mL, 6.4mmol) were combined in DMF (10 mL) and
heated in the oil bath at 120C for 45 minutes. LCMS
shows - 50% conversion to the  product. The reaction
was loaded directly onto a prep HPLC (mass-triggered
Waters,  Column: Sunfire C18 30x150mm, Mobile phase:
95% water to 65% water, retention time  of product
=15.4min) and after concentrating in vacuo, yielded
[1-(5-Cyclopropyl-4H-
[1,2,4]triazol-3-yl)-cyclopropyl]-carbamic acid benzyl
ester (220mg, 0.74mmol, 23.0%)  as white solids.
[1-(5-Cyclopropyl-4H-[1,2,4]triazol-3-yl)-cyclopropyl]
-carbamic acid benzyl ester  (220mg, 0.74mmol) was
dissolved in MeOH(4OmL) followed by the addition of
10%  Pd/C. The solution mixture was stirred under H2
balloon for 1.5 hours. The reaction  mixture was
filtered through celite. The solvent was concentrated
under high vacuum  pump to afford
1-(5-Cyclopropyl-4H-[1,2,4]triazol-3-yl)-cyclopropylam
ine (120mg,  0.73mmol,99.1%) as off-white solids.
1-Pyridin-2-yl-cyclobutylamine 150 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT F AcOH O
NaHMDS N H2SO4 N + OH  N  I I  N DPPA  t-BuOH  Et3N  



TFA, DCM 0 N~ NH2 I N NAO  ";,1 H + In a dry flask
under Ar, 2-fluoropyridine (3.18 ml, 37 mmol) and
cyclobutanecarbonitrile  (3.0 g, 37 mmol) were
dissolved in toluene (55 mL). The solution was cooled
to 0C. A  1M solution of sodium
bis(trimethylsilyl)amide in THE (40.7 mL, 40.7 mmol)
was added  slowly over 5 min. After 1h, the solution
was warmed to room temperature. After another 19h, the
reaction was diluted with NH4C1(aq) and DCM. The
layers were  separated. The aqueous layer was
extracted with DCM. The combined organic layers  were
dried over MgSO4, filtered and concentrated to yield
4.68g (80%) of 1-pyridin-2-yl- cyclobutanecarbonitrile
as a pale yellow oil, m/z = 159.7 [M + 1]+.
1-Pridin-2-yl-cyclobutanecarbonitrile (4.92g,
31.lmmol) was combined with water (5  mL), AcOH (5 mL)
and sulfuric acid (5 mL). The homogeneous solution was
heated to  reflux. After 2.5h, the solution was cooled
to room temperature and poured into water  (20 mL) and
Et20. The layers were separated and the Et20 layer was
discarded. The  aqueous layer was basified to pH 4.5 -
5 with 10% NaOH and extracted with DCM (2 x  100mL).
The combined organic layers were washed with brine,
dried over MgSO4,  filtered and concentrated to yield
3.28g (59%) of 1-pyridin-2-yl-cyclobutanecarboxylic
acid as pale yellow solid, n/,7= 178.5 [M + 1]+.
1-Pyridin-2-yl-cyclobutanecarboxylic acid (2.0g, 11.3
mmol) was combined with t- BuOH 50 mL), Et3N (1.78 mL,
12.4 mmol) and diphenylphosphoryl azide (2.7 mL, 12.4
mmol). The reaction was heated to reflux for 1.5h. The
t-BuOH was removed in vacuo  151 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT to yield
7.Og of crude (1-pyridin-2-yl-cyclobutyl)-carbamic
acid tert-butyl ester as a pink- black oil. The crude
product was used in subsequent reactions without
further  purification. Crude
(1-pyridin-2-yl-cyclobutyl)-carbamic acid tert-butyl
ester (7.0 g, 5.64 mmol) was  



dissolved in DCM (20 mL) and TFA (20 mL) was added
dropwise. After 6h, the reaction  was concentrated in
vacuo and partitioned between DCM (IOOmL) and water
(20mL).  The aqueous layer was extracted with DCM
(2x5OmL). The aqueous layer was then  concentrated in
vacuo. The brown oil was dissolved in water (3mL) and
purified via  Mass-directed reverse phase HPLC
purification which yielded 322mg of 1-pyridin-2-yl-
cyclobutylamine as a formic acid salt (yellow solid),
m/z =149.5 [M + 1]+.
1-(5-Methanesulfonyl-pyridin-2-yl)-cyclopropylamine 0
O yY O Y_ NH2  / O / O O MeSNa N MCPBA N TFA  NH _ - N
Et N I / N N ' N 01=0  =O O= S=O In a Biotage
microwave vial was placed
[1-(5-iodo-pyridin-2-yl)-cyclopropyl]-carbamic  acid
tert-butyl ester (500 mg, 1.39 mmol), sodium
thiomethoxide (292mg, 4.17 mmol)  and Xantphos (80mg,
0.14 mmol). The vial was flushed with Ar. 1,4-Dioxane
(7.5 ml)  and Et3N (0.48 mL, 2.78 mmol) were added. Ar
was bubbled through the reaction  solution for 15
minutes. Pd2(dba)3 (65 mg, 0.07 mmol) was added and
the reaction was  thermally heated to 100C . After 8h,
the reaction was transferred to a separatory funnel,
diluted with saturated NaHCO3 and brine, and extracted
with EtOAc (2x 50mL). The  combined organic layers
were dried, filtered and evaporated to give a black
oil. Flash 152 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT chromatography (log silica,
0-10% MeOH in DCM) yielded 300mg of [1-(5-
methylsulfanyl-pyridin-2-yl)-cyclopropyl]-carbamic
acid tert-butyl ester as a dark oil.  



[1-(5-Methylsulfanyl-pyridin-2-yl)-cyclopropyl]-carbam
ic acid tert-butyl ester (150 mg,  0.54 mmol) was
dissolved in DCM (5 mL) and m-chloroperbenzoic acid
(253 mg, 1.1  mmol) was added in one portion. After
4h, 1g of TBD-polymethyl styrene (loading:  2.5mmol/g)
was added and the reaction was shaken for 2h. The
reaction was filtered and  the resin was washed with
10%MeOH in DCM. The filtrate was concentrated to yield
148 mg (89%) of
[1-(5-methanesulfonyl-pyridin-2-yl)-cyclopropyl]-carba
mic acid tert- butyl ester as a pale yellow solid, m/z
= 313.6 [M + 1]+.
[1-(5-Methanesulfonyl-pyridin-2-yl)-cyclopropyl]-carba
mic acid tert-butyl ester (148 mg,  0.47 mmol) was
dissolved in DCM (4 mL). TFA (2 mL) was added
dropwise. After 4h,  the reaction was concentrated
in-vacuo to yield 250 mg of crude
1-(5-methanesulfonyl- pyridin-2-yl)-cyclopropylamine
as a TFA salt (dark oil), m/z = 213.3 [M + 1]+. The
product was used in subsequent reactions without
further purification.
2-(1-amino-cyclopropyl)-oxazole-4-carboxylic acid
amide hydrobromide o i o  II ~ I HATU, Et3N O NyO \
Nyo + Bryo\/  HO NH,HCO3 HzN O O O 2N NaOH O0 HO, O
HATU, Et3N  O N Y O N X Y NH,HCO3  H N / O ~ HBr H2 N
/ O z~ N O \ I~ NH, O N Y O N ~( H~Br  153 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
To a solution of
1-benzyloxycarbonylamino-cyclopropanecarboxylic acid
(7.0 g, 29.8  mmol) in DMF (30 mL) was added HATU
(11.3 g, 29.8 mmol) and Et3N (4.3 mL, 29.8  mmol). The
mixture was allowed to stir at room temperature for 20
min, then ammonium  



hydrogen carbonate (7.06 g, 89.3 mmol) was added in
one portion. The reaction was  heated at 60C for 12h.
The mixture was cooled to room temperature, diluted
with water  and extracted with EtOAc (2 x 100 mL). The
combined extracts were washed with satd  NaHCO3,
water, brine and dried with MgSO4. The mixture was
filtered and the solvent  removed to give
(1-carbamoyl-cyclopropyl)-carbamic acid benzyl ester
(5.5 g, 24.5  mmol) as a white solid. To a solution of
(1-carbamoyl-cyclopropyl)-carbamic acid benzyl ester
(3.0 g, 8.1 mmol)  in THE (100 mL) was added NaHCO3
(9.7 g, 120 mmol) and 3-bromo-2-oxo-propionic  acid
ethyl ester (8.1 mL, 64.0 mmol). The reaction was
heated at 70C for 15h. The resulting orange suspension
was filtered through celite and concentrated under
reduced  pressure. The resulting orange oil was
dissolved in THE (10 mL) and to this was added
trifluoroacetic anhydride (1 mL). The mixture was
stirred at room temperature for 24h.  The reaction was
quenched with satd NaHCO3 and extracted with EtOAc (3
x 50 mL).  The combined extracts were washed with
water, brine and dried with MgSO4. The  mixture was
filtered, concentrated and purified by reverse phase
HPLC. The combined  HPLC fractions were extracted with
EtOAc (3 x 100 mL). The extracts were washed with
water, brine and dried with MgSO4. The mixture was
filtered and concentrated to give 2-
(1-benzyloxycarbonylamino-cyclopropyl)-oxazole-4-carbo
xylic acid ethyl ester (1.3g, 3.9  mmol) as a white
solid. 154 WO 2009/070485 PCT/US2008/084149  Docket
No. 09-0446 PCT
2-(1-Benzyloxycarbonylamino-cyclopropyl)-oxazole-4-car
boxylic acid ethyl ester (0.44  g, 1.3 mmol) was
dissolved in THE (10 mL) and to this solution was
added 2N NaOH  (2.0 mL, 4.0 mmol). The mixture was
heated at 70C for 17h. The mixture was neutralized
with 2N HC1 and extracted with EtOAc (3 x 100 mL). The
combined extracts were  washed with water, brine and
dried with MgSO4. The mixture was filtered and
concentrated to give
2-(1-benzyloxycarbonylamino-cyclopropyl)-oxazole-4-car
boxylic  acid (0.22 g, 0.73 mmol) as a brown solid. 



To a solution of
2-(1-benzyloxycarbonylamino-cyclopropyl)-oxazole-4-car
boxylic acid  (0.20 g, 0.66 mmol) in DMF (3 mL) was
added HATU (0.25 g, 0.66 mmol) and Et3N  (0.16 g, 2.0
mmol). Ammonium hydrogen carbonate was then added and
the reaction  vessel sealed. The mixture was heated at
60C for 18h. The reaction was allowed to cool  to room
temperature and diluted with water. The mixture was
extracted with EtOAc (3 x  100 mL) and the combined
extracts were washed with water, brine and dried with
MgSO4. The mixture was filtered and concentrated to
give [1-(4-carbamoyl-oxazol-2-yl)-
cyclopropyl]-carbamic acid benzyl ester (0.17 g, 0.55
mmol).
1-(4-Carbamoyl-oxazol-2-yl)-cyclopropyl]-carbamic acid
benzyl ester (0.14 g, 0.47  mmol) was dissolved in 33%
HBr in acetic acid (3.0 mL) and allowed to stir at
room  temperature for 30 min. The solution was diluted
with Et20 resulting in the precipitation  of a white
solid. The majority of the liquid was decanted off and
the residue concentrated  under reduced pressure. The
material was treated with Et20 and concentrated again
to  give 2-(1-amino-cyclopropyl)-oxazole-4-carboxylic
acid amide hydrobromide (0.11 g,  0.44 mmol) as an
orange solid.
1-(5-Trifluoromethyl-1,2,4-oxadiazol-3-yl)-cyclopropyl
amine hydrobromide  155 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT cl  O / H
N'OH IJ, H N N O + N IN ~ N~\ N O \  101 CINCI Y  0
}IOI HO.NH / F O F F` I F- O-N / HBr F F O-N N O \ I N
N O \ I )N NH2 HBr  HN Y Y To a GC solution of
(1-carbamoyl-cyclopropyl)-carbamic acid benzyl ester
(1,8 g, 7.7  mmol) in DMF (20 mL) was added cyanuric
chloride in one portion. The reaction was  



allowed to warm to room temperature overnight. The
reaction was quenched with water  and extracted with
EtOAc (3x 100 mL). The combined extracts were washed
with water  (3 x 50 mL), brine and dried with MgSO4.
The mixture was filtered and concentrated.  The
resulting crude residue was dissolved in 30% EtOAc in
hexanes (90 mL) and filtered  through a plug of silica
gel. The filtrate was concentrated to give
(1-cyano-cyclopropyl)- carbamic acid benzyl ester (1.4
g, 6.5 mmol) as a white foam. To a solution of
(1-cyano-cyclopropyl)-carbamic acid benzyl ester (3.7
g, 17.11 mmol) in  EtOH (40 mL) was added
hydroxylamine hydrochloride (3.6 g, 51 mmol) and K2CO3
(9.5 g, 68 mmol). The reaction mixture was heated at
reflux for 24h. The resulting white  suspension was
cooled to RT and concentrated under reduced pressure.
The residue was  diluted with water and extracted with
EtOAc (3 x 100 mL). The combined extracts were  washed
with water, brine and dried with MgSO4. The mixture
was filtered, concentrated  and purified by reverse
phase HPLC to give
[1-(N-hydroxycarbamimidoyl)-cyclopropyl]- carbamic
acid benzyl ester (0.68 g, 2.7 mmol) as a white solid.
To a solution of
[1-(N-hydroxycarbamimidoyl)-cyclopropyl]-carbamic acid
benzyl ester  (0.30 g, 1.0 mmol) in dioxane (10 mL)
was added Et3N (0.33 mL, 2.4 mmol) and TFAA  (0.14 mL,
1.0 mmol). The reaction was allowed to stir at RT for
30 min, then BF3.OEt2  (0.4 mL) was added and the
reaction heated at 11GC for 20h. The resulting yellow
solution was cooled to RT, diluted with water and
extracted with EtOAc (3 x 100 mL).  The combined
extracts were washed with water, brine and dried with
MgSO4. The 156 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT mixture was filtered,
concentrated and the residue purified by silica gel
chromatography  (0-100% EtOAc in hexanes) to give
[1-(5-trifluoromethyl-1,2,4-oxadiazol-3-yl)-
cyclopropyl]-carbamic acid benzyl ester (0.24 g, 0.73
mmol) as a yellow oil.
[1-(5-Trifluoromethyl-1,2,4-oxadiazol-3-yl)-cyclopropy
l]-carbamic acid benzyl ester  (0.22 g, 0.67 mmol) was
dissolved in 33% HBr in acetic acid (0.5 mL) and the
reaction  allowed to stir for 30 min at RT. The
mixture was diluted with Et20 resulting is  



formation of a white precipitate. The majority of the
liquid was decanted off and the  residue concentrated
under reduce pressure to give
1-(5-trifluoromethyl-1,2,4-oxadiazol-
3-yl)-cyclopropylamine hydrobromide (0.19 g, 0.69
mmol) as an orange solid.
(2S,3R)-2-Amino-3-tent-butoxy-N-(1-pyrimidin-2-yl-cycl
opropyl)-butyramide  trifluoro-acetic acid O  Y HOti
- NHZ 2 HCI + O~` O HATUN N ~TFA N  CIN ~ IHO NIk O~
N)rNO~ N ~NH,  )r O LL~~ O O To a solution of
(2S,3R)-3-tert-butoxy-2-tert-butoxycarbonylamino-butyr
ic acid (0.20 g,  0.72 mmol)in DMF (1 mL) was added
HATU (0.27 g, 0.72 mmol), Et3N (0.30 mL, 2.2  mmol)
and 1-pyrimidin-2-yl-cyclopropylamine dihydrochloride
(0.15 g, 0.72 mmoL).  The reaction was allowed to stir
at RT for 24h. The mixture was diluted with water and
extracted with EtOAc (3 x 50 mL). The combined
extracts were washed with satd  NaHCO3, 2N HCI, water
and brine. The solution was dried with MgSO4, filtered
and  concentrated to give
[(1S,2R)-2-tert-butoxy-l-(1-pyrimidin-2-yl-cyclopropyl
carbamoyl)- propyl]-carbamic acid tert-butyl ester
(0.23 g, 0.59 mmol).
[(1S,2R)-2-tert-butoxy-l-(1-pyrimidin-2-yl-cyclopropyl
carbamoyl)-propyl]-carbamic  acid tent-butyl ester
(0.17 g, 0.45 mmol) was dissolved in DCM (1 mL) and to
this was  added TFA (0.2 mL). The reaction was allowed
to stir at RT for 24h. The solvent was  removed under
reduced pressure and the residue triturated with Et20
to give (2S,3R)-2 157 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT amino-
3-tent-butoxy-N-(1-pyrimidin-2-yl-cyclopropyl)-butyram
ide trifluoro-acetic acid  (0.16 g, 0.45 mmol) as a
white solid. 



[1-(5-Acetyl-pyridin-2-yl)-cyclopropyl]-carbamic acid
tert-butyl ester  N Y- ~ o NH NH  + Sn N r 0~ 1 0  To
a solution of
[1-(5-lodo-pyridin-2-yl)-cyclopropyl]-carbamic acid
tert-butyl ester (100  mg, 0.278 mmol) in anhydrous
DMF (1 mL) was added tributyl-(1-ethoxy-vinyl)-
stannane (0.103 mL, 0.305 mmol) followed by
tetrakis(triphenylphosphane)palladium (0)  (32.1 mg,
0.028 mmol). The mixture was stirred at 100 C under an
atmosphere of argon.  After 16h, pyridinium
p-toluenesulfonate (77.0 mg, 0.306 mmol) was added
along with  0.5 mL of water and the mixture was
stirred at rt for 1h. The reaction was diluted with 10
mL of 10% citric acid and was extracted with EtOAc (3
x 30 mL). The combined  organic layers were washed
with brine, dried over MgSO4, filtered, and
concentrated in  vacuo. The product was purified by
column chromatography (10 g biotage SNAP  column,
5-40% EtOAc in hexanes) to give the title compound as
a yellow solid (74.7 mg,  97%). Preparation of
2-Amino-N-(1-pyrimidin-2-yl-cyclopropyl)-4-1,2,3-triaz
ol-2-yl-butyramide  trifluoroacetate: 158 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
/II  Br N,N..N  O Br BrH IO O  H2NO OH 4O AN O' 4 O\
HN H O N 



Z O O H O  //-\\ r/ -\\ N,N,N N,N,N  10  H N/ H N  N '
,, ~11 4O N k N H 2 N 7( N  H O O LLL~~~ A suspension
of c -amino-y' butyrolactone hydrobromide in 30 % HBr
in HOAc was heated  at 100 C in a sealed tube for 5
days. The mixture was concentrated to give a white
solid  that was washed with Et20 to provide 23.1 g
(64%) of 2-amino-4-bromo-butyric acid  hydrobromide.
Acetyl chloride (61 mL, 860 mmol) was added dropwise
to 200 mL of MeOH at 0 T. The  mixture was stirred at
room temperature for 30 min, and 22.5 g (124 mmol) of
2-amino-4- bromo-butyric acid hydrobromide was added.
The mixture was stirred overnight and concentrated.
The residue was washed with Et20 to provide 23.5 g
(82%) of methyl 4- bromo-2-amino-butyrate
hydrochloride. A solution of 27.7g (330 mmol) of
NaHCO3 in  100 mL of water was slowly added to 19.2 g
(82.5 mmol) of this material along with 21.6  g (99.0
mmol) of Boc20 in 140mL of 1,4-dioxane at 0 C ,. The
mixture was warmed to  room temperature and stirred
overnight. N,N-dimethylpropane-1,3-diamine (5 mL) was
added to the mixture, and stirring was continued for
20 min. The mixture was diluted with  water then
extracted twice with EtOAc. The extracts were washed
with water, 1M  NaHSO4, and brine, and then combined,
dried with Na2SO4, filtered, and concentrated to
provide 21.5 g (88%) of
4-bromo-2-tert-butoxycarbonylamino-butyric acid methyl
ester as  a white solid. To a solution of 0.87 g (8.4
mmol) of 2-chloroimidazole in 14 mL of DMF was added
0.40 g (10 mmol) of 60% NaH in mineral oil. After 20
min of stirring, 2.5 g (8.4 mmol)  159 



WO 2009/070485 PCT/US2008/084149  Docket No. 09-0446
PCT of 4-bromo-2-tert-butoxycarbonylamino-butyric acid
methyl ester in 5 mL of DMF was  added. The reaction
mixture was heated to 80 C for 1 h. The mixture was
diluted with  EtOAc (150 mL), washed with water,
brine, dried over MgS04, filtered, and concentrated.
The residue was purified by flash chromatography (0-5%
MeOH in  CH2C12) to provide 2.1 g (78%) of
2-tert-butoxycarbonylamino-4-1,2,3-triazol-2-yl-
butyric acid methyl ester. A mixture of 0.50 g (1.6
mmol) of
2-tert-butoxycarbonylamino-4-1,2,3-triazol-2-yl-
butyric acid methyl ester in 1.0 mL of MeOH and 3.0 mL
(9.0 mmol) of 3M aq. NaOH is  stirred at 80 C for 60
min The mixture was cooled to rt and washed with EtOAc
(1 x 10  mL). After adjusting the pH to 4 with 3M HC1,
the mixture is extracted with EtOAc (3x)  and the
extracts are washed with brine, then dried with
Na2SO4, filtered, and  concentrated to provide 0.42 g
(87%) of
2-tert-butoxycarbonylamino-4-1,2,3-triazol-2-yl-
butyric acid as a white solid. To a solution of the
2-tert-butoxycarbonylamino-4-1,2,3-triazol-2-yl-butyri
c acid (0.1 g,  0.37 mmol) in DMF (2 mL) was added
1-pyrimidin-2-yl-cyclopropylamine  dihydrochloride (50
mg, 0.24 mmol) followed by Et3N (0.1 ml, 0.74 mmol)
and HATU  (211mg, 0.55 mmol). The mixture was stirred
at room temperature for 1h. The mixture  was diluted
with water and EtOAc. The layers were separated and
the organic layer was  washed with water (3 x 30 mL),
brine (2 x 30 mL), dried over MgSO4, filtered, and
concentrated in vacuo to yield crude
[1-(1-pyrimidin-2-yl-cyclopropyl-carbamoyl)-3-
1,2,3-triazol-2-yl-propyl]-carbamic acid tert-butyl
ester. The product was not purified  and was used in
subsequent reactions. To a solution of the
[1-(1-pyrimidin-2-yl-cyclopropyl-carbamoyl)-3-1,2,3-tr
iazol-2-yl- propyl]-carbamic acid tert-butyl ester
(143 mg, 0.37 mmol) in CH2C12 (5 mL) was added  TFA
(0.14 mL, 1.85 mmol) and the mixture was stirred at rt
for 2h. The mixture was  concentrated in vacuo and 106
mg of crude
2-amino-N-(1-pyrimidin-2-yl-cyclopropyl)-4-
1,2,3-triazol-2-yl-butyramide trifluoroacetate. The
title compound was used in  



subsequent reactions without further purification. 160
WO 2009/070485 PCT/US2008/084149  Docket No. 09-0446
PCT 1-Amino-cyclopropanecarboxylic acid
[1-(4-pyrrolidin-1-ylmethyl-pyridin-2-yl)-
cyclopropyl]-amide: O  IOI f-l2 HNO  HN O HATU O TEA
O / + N \ YIV  YIV H DMF NH O `` /  N OH Y ~I' O I N
NuO  II  O O HN O~ IIII O HNxO l \I \  HCI Br~~Br O NH
NH  N Na2CO3 NH2 HCI DMA N I N  NH2 Oy  



10 wt.% Pd/C NH ~/  MeOH N  I / NJ
1-Benzyloxycarbonylamino-cyclopropanecarboxylic acid
(1.251 g, 5.316 mmol) and  HATU (2.527 g, 6.645 mmol)
were dissolved in dry DMF (15 mL) and stirred for 5
min.  This solution was added to the solution of
[2-(1-Amino-cyclopropyl)-pyridin-4- ylmethyl]-carbamic
acid tert-butyl ester (2.8 g, 10.633 mmol) in dry DMF
(5 mL). TEA  (2.2 mL, 16 mmol) was then added and the
reaction was stirred at room temperature for  25 min.
The reaction was diluted with EtOAc (450 mL) and then
acidified with IN HC1  (20 mL) to pH 1. Without
separation of the layers, the mixture was basified
with  saturated NaHCO3 (140 mL) to pH 8.5. Layers were
separated. The organic layer was  further washed with
water (3x350 mL). The organics was dried with
anhydrous Na2SO4,  filtered, and concentrated to
afford 3.73 g of the crude product which was purified
by  Biotage flash column using 0-2% MeOH/DCM as the
gradient to afford 1.447 g of (1-{1 161 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT
[4-(tert-Butoxycarbonylamino-methyl)-pyridin-2-yl]-cyc
lopropylcarbamoyl}- cyclopropyl)-carbamic acid benzyl
ester as a light brown foam. 4M HCl solution in
1,4-dioxane (15 mL) was added to (1-{ 1-[4-(tert-
Butoxycarbonylamino-methyl)-pyridin-2-yl]
-cyclopropylcarbamoyl } -cyclopropyl)- carbamic acid
benzyl ester (1.403 g, 2.92 mmol). The resultant
mixture was allowed to  stir at RT for 6 h. The
mixture was concentrated to afford a light brown
solid. This solid  was washed with diethyl ether and
dried in vacuo to afford 1.271 g of { 1-[1-(4-
Aminomethyl-pyridin-2-yl)-cyclopropylcarbamoyl]-cyclop
ropyl}-carbamic acid benzyl  ester di-hydrochloric
acid salt.
{1-[1-(4-Aminomethyl-pyridin-2-yl)-cyclopropylcarbamoy
l]-cyclopropyl}-carbamic acid  benzyl ester
dihydrochloride (200 mg, 0.441 mmol) was dissolved in
dry DMA (5 mL).  



1,4-Dibromobutane (0.264 mL, 2.206 mmol) was added
followed by Na2C03 (0.234 g,  2.206 mmol). The
reaction mixture was heated at 80 C in a microwave
reactor for 20  min. The reaction mixture was diluted
with MeCN (4 mL) and water (1 mL) and filtered.  The
resultant crude product was purified by mass triggered
LCMS using 5-35%  MeCN/water as the gradient to afford
67 mg of { 1-[1-(4-Pyrrolidin-1-ylmethyl-pyridin-2-
yl)-cyclopropylcarbamoyl]-cyclopropyl}-carbamic acid
benzyl ester. In a 100 mL one neck round bottom flask,
{ 1-[1-(4-Pyrrolidin-1-ylmethyl-pyridin-2-yl)-
cyclopropylcarbamoyl]-cyclopropyl}-carbamic acid
benzyl ester (67 mg, 0.154 mmol)  was dissolved in
MeOH (10 mL). 10 Wt.% Pd/C (15 mg) was then added.
Nitrogen gas  was bubbled through the suspension for
10 min. The reaction flask was evacuated and  then
filled with H2. This purging process was repeated
twice and then the reaction was  allowed to stir for
16 h under H2 (1 atm).. The reaction mixture was
filtered through  celite. The filtrate was
concentrated in vacuo to afford 39.3 mg of the title
compound as a  white solid. The following compound was
prepared using similar procedures as described above:
162 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT 1-Amino-cyclopropanecarboxylic acid
[1-(4-morpholin-4-ylmethyl-pyridin-2-yl)-
cyclopropyl]-amide 3,5-Dichloro-4-fluoro-phenylamine:
F Zn dust F CI CI NH4HCO2 CI CI  MeOH  NO2 NH2 To a
solution of 1,3-dichloro-2-fluoro-5-nitro-benzene
(71.4 g, 340 mmol) in methanol  (1.5 L) was added a
solution of ammonium formate (180.2 g, 2.86 mol) in
water (300  mL). Zinc dust (93.4 g, 1.43 mol) was then
added in four equal portions over 20 min.  The
reaction was stirred for 1 h and then allowed to cool
to room temperature. The  



reaction mixture was filtered through diatomaceous
earth and the filtrate was  concentrated in vacuo.
Ethyl acetate (300 mL) and water (300 mL) were added
and the  mixture was again filtered through
diatomaceous earth. The layers were separated, and
the aqueous layer was further extracted with ethyl
acetate (350 mL). The combined  organics were washed
with 500 mL of brine, dried over Na2SO4, filtered, and
concentrated to afford 56.4 g of the title compound as
a brown solid, n /z 180.2 [M+H]+.  This material was
used without any further purification.
[(R)-1-(3,5-Dichloro-4-fluoro-phenylcarbamoyl)-ethyl]-
carbamic acid tert-butyl  ester: I H 0 F 0 Y N OH CI
CI CI O 0 / F  NMM i-BuOCOCI 0 N - ~K '( NH THE O H CI
z 163 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT To a cooled (-20 C) solution of
(R)-2-tert-butoxycarbonylamino-propionic acid (57.2 g,
302 mmol) in anhydrous THE (582 mL) was added
N-methyl-morpholine (34.9 mL, 317  mmol) at a rate to
keep the internal temperature at -15 T. Isobutyl
chloroformate (42.0  mL, 317 mmol) was then added over
a 20 min period and the resulting mixture was  stirred
for 30 min. A solution of
3,5-dichloro-4-fluoro-phenylamine (54.4 g, 302 mmol)
in THE (160 mL) was then added over 40 min. The
reaction mixture was warmed to 20  C and stirred for
20 h. The reaction mixture was filtered and
concentrated in vacuo. To  the resulting oil was added
MeOH (200 mL) and the solution was concentrated to
provide  the title compound as a tan colored solid,
nilz 295.3 [M-t-Bu]+. This material was used  without
further purification.
(R)-2-Amino-N-(3,5-dichloro-4-fluoro-phenyl)-propionam
ide:  



CI CI  0 F HCI 0 , F 0 N 'JAN CI MeO H2N AN I CI  I0
To a solution of hydrochloric acid (12 M, 266 mL, 3.19
mol) in water (272 mL) and  MeOH (135 mL) was added a
solution of crude [(R)-1-(3,5-dichloro-4-fluoro-
phenylcarbamoyl)-ethyl]-carbamic acid tert-butyl ester
(208.6 g, max. 594 mmol) in  McOH (600 mL) via an
addition funnel over 30 min. CH2C12 (300 mL) was then
added  and the reaction mixture was stirred at room
temperature overnight. An additional portion  of HCl
(12 M, 100 mL) was added and stirring was continued
for another 20 h. The  volatile solvents were removed
in vacuo and the remaining aqueous mixture was cooled
to -15 to -20 C. Toluene (400 mL) was added followed
by the addition of NaOH  solution (50% aqueous, 300
mL), which was added at a rate to keep the internal
temperature below 25 C. The layers were separated and
the aqueous layer was extracted  with toluene (2x1 Q.
The combined organic layers were dried with Na2SO4 and
concentrated to give 158.3 g of the title compound as
a dark brown oil that solidifies  slowly in the
freezer, m/z 251.1 [M+H] +. This crude material was
used without further  purification. 164 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT
(2S,5R)-2-tert-Butyl-3-(3,5-dichloro-4-fluoro-phenyl)-
5-methyl-l-(2,2,2-trifluoro-
acetyl)-imidazolidin-4-one: Cl a a  O / F pivaldehyde
! / I Et3N, TFAA ~ ~ ~N \ CI  H2N N \ CI toluene, 50 C
HN~N CI THE 3W O  HO 0C tort F O F F 



To a solution of
(R)-2-amino-N-(3,5-dichloro-4-fluoro-phenyl)-propionam
ide (149.1 g  crude, max 594 mmol) in toluene (743 mL)
at 40 C, was added pivalaldehyde (67.1 mL,  618 mmol)
in one portion. The reaction was stirred at 50 C for
22 h and then all volatiles  were removed in vacuo to
give a viscous brown oil. Hexane (500 mL) was added
and the  resulting suspension was stirred at room
temperature for 30 min. The mixture was filtered  and
the solids rinsed with cold hexane. The filtrate was
concentrated in vacuo and reprocessed in a similar
manner to obtain additional precipitate. The remaining
filtrate  was diluted with hexane until a black oil
separated from the solution. The hexane layer  was
decanted from this black oil and concentrated in
vacuo. The residue was re-dissolved  in warm diethyl
ether (300 mL) and stored in the freezer for 1.5 h
over which time crystal  growth was observed. The
solids were filtered, and the filtrate reprocessed in
a similar  manner to obtain additional crystals. All
of the collected solids were combined to give  112.2 g
of
(2S,5R)-2-tert-butyl-3-(3,5-dichloro-4-fluoro-phenyl)-
5-methyl-imidazolidin- 4-one as a tan solid. To a
solution of this solid in toluene (639 mL) at 0 C was
added  triethylamine (73.5 mL, 527 mmol) in one
portion. Trifluoroacetic anhydride (58.6 mL,  422
mmol) was added to the reaction mixture over 1 h at a
rate to keep the internal  temperature below 5 T. The
reaction mixture was stirred at 0 C for 1 h and then
warmed to 20 C over 1 h. The mixture was then cooled
to 10 C and water (1.2 L) was  added. The layers were
separated and the organic layer was washed with water
(1.2 L and  then 0.6 L). The combined aqueous layers
were extracted with toluene (0.6 Q. The  combined
organic layers were dried over MgSO4 and concentrated
in vacuo to give 149.4  g of the title compound as a
tan solid, m/z 456.4 [M+MeCN+H]+. 165 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT
4-[(2R,4R)-2-tert-Butyl-l-(3,5-dichloro-4-fluoro-pheny
l)-4-methyl-5-oxo-3-(2,2,2-
trifluoro-acetyl)-imidazolidin-4-ylmethyl]
-benzonitrile: F F  CI CI Br CI CI  



CN N O LiHMDS N O  N THE N  O , F OF  F F F F To a
solution of
(2S,5R)-2-tert-butyl-3-(3,5-dichloro-4-fluoro-phenyl)-
5-methyl-l-(2,2,2-
trifluoro-acetyl)-imidazolidin-4-one (158.4 g, 0.382
mol) in anhydrous THE (382 mL)  under a nitrogen
atmosphere at -20 C was added a solution of LiHMDS
(1.0 M in THF,  401 mL, 0.401 mol) over 50 min. The
internal temperature increased to -5 C over the
course of this addition. Stirring was continued at
this temperature for an additional hour.  The reaction
was cooled to -10 C and a solution of 4-cyanobenzyl
bromide (78.5 g, 401  mmol) in anhydrous THE (400 mL)
was added over 50 min. The reaction temperature  had
increased to 0 C over the course of the addition.
Stirring was continued for 2 h while  the reaction was
allowed to warm to 10 C. To the reaction mixture was
added saturated  aqueous NH4C1(200 mL), water (800
mL), and EtOAc (1 Q. The layers were separated  and
the aqueous layer was extracted with EtOAc (1 Q. The
combined organic layers  were dried with MgSO4 and
concentrated in vacuo to give 214.2 g of the title
compound  as a tanibrown solid, m/z 571.3 [M+MeCN+H]+.
(R)-2-(4-Cyano-phenyl)-1-(3,5-dichloro-4-fluoro-phenyl
carbamoyl)-1-methyl-ethyl- ammonium
toluene-4-sulfonate: 166 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT F 0-SO  CI
CI 1. i) BnMe3NOH, NaOH F THF, 0 C CI CI  N O ii) HCI,
50 C 



N 2. pTsOH, MeCN O HN O  60 C F .,,.N  F F H3N \ To a
solution of
4-[(2R,4R)-2-tert-butyl-l-(3,5-dichloro-4-fluoro-pheny
l)-4-methyl-5-
oxo-3-(2,2,2-trifluoro-acetyl)-imidazolidin-4-ylmethyl
]-benzonitrile (121.3 g, 228.7  mmol) in THE (457 mL)
at 0 C was added an aqueous solution of BnMe3NOH (40
wt%  in water, 135.3 mL, 343.1 mmol) over 30 min
followed by aqueous NaOH (50 wt%, 21.5  mL, 407.4
mmol). Both reagents were added at a rate sufficient
to keep the internal  temperature at 0 C. The reaction
mixture was stirred at this temperature for 6.5 h. HC1
solution (6N, 234 mL, 1.40 mol) was then added to the
reaction mixture at a rate  sufficient to keep the
internal temperature below 15 T. The reaction was
heated to 50 C  and stirred at this temperature for
1.5 h. A portion of the solvent (--350 mL) was
removed in vacuo and CH2C12 (300 mL) was added. The
mixture was cooled in an ice  bath and a NaOH solution
(2N) was added at a rate to keep the internal
temperature  below 20 C until the pH of aqueous layer
reached 14. The mixture was transferred to a
separatory funnel using CH2C12 and H2O to ensure the
transfer all of the solid material.  The layers were
separated and the aqueous layer was extracted with
CH2C12 (2x500 mL).  The combined organic layers were
washed once with brine (300 mL), dried with Na2SO4,
and concentrated in vacuo to give 83.8 g of a
red/black viscous oil. This material was  dissolved in
MeCN (600 mL) and heated to 60 C with stirring.
p-Toluenesulfonic acid  monohydrate (50.1 g, 263 mmol)
was added to the solution causing a precipitate to
form.  Additional MeCN (200 mL) was added and mixture
was filtered to collect the solids. The  filter cake
washed with 600 mL of MeCN and dried to give 106 g of
the title compound  as a white solid, m/z 366.6 [M]+.
167 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT 



(R)-3-(4-Cyano-phenyl)-N-(3,5-dichloro-4-fluoro-phenyl
)-2-[3-(2,2-dimethoxy-
ethyl)-ureido]-2-methyl-propionamide: 0, 1 0 F  S \O~N
F 0 CI CI  CI CI O K3P04 HN O  N-methylmorpholine H
,,, ,~ N  HN O H DMSO, 65 C -0. jN  H3N. O  -0 To a
solution of
(R)-2-(4-cyano-phenyl)-1-(3,5-dichloro-4-fluoro-phenyl
carbamoyl)-1- methyl-ethyl-ammonium
toluene-4-sulfonate (87.7 g, 162.9 mmol) and
(2,2-dimethoxy- ethyl)-carbamic acid phenyl ester
(40.4 g, 179 mmol) in DMSO (162 mL) was added  Na3PO4
(29.4 g, 179 mmol) and N-methylmorpholine (3.04 mL,
27.7 mmol). The  solution was heated to 65 C and
stirred for 6 h. The solution was cooled to 20 C and
transferred to a separatory funnel with aqueous Na2CO3
(3 wt%, 500mL) and EtOAc  (500mL), forming a triphasic
system after shaking. The bottom two layers were
removed. The top organic layer was washed with 3% NaCl
(500 mL), dried with Na2SO4  and concentrated in vacuo
keeping internal temperature lower than 40 C. A
mixture of  heptane and EtOAc (10:1 heptane:EtOAc, 20
mL) was added and the resulting slurry was  stirred at
22 C for 16 h. The slurry was filtered and the solids
were washed with a 10:1  mixture of heptane/EtOAc (2 x
100 mL) to give 61.6 g of the title compound as a
white  solid, mhz 497.7 [M+H]+.
4-[(R)-1-(3,5-Dichloro-4-fluoro-phenyl)-3-methyl-2-oxo
-2,3-dihydro-1H-
imidazo[1,2-a]imidazol-3-ylmethyl]-benzonitrile:  168
WO 2009/070485 PCT/US2008/084149  



Docket No. 09-0446 PCT F F  CI CI CI CI  i) PPh,,
CC14, Et3N HN 0 MeCN H _N N O _O N4 ii) p-TsOH, 70 C N
O _O To a room temperature suspension of
(R)-3-(4-cyano-phenyl)-N-(3,5-dichloro-4-fluoro-
phenyl)-2-[3-(2,2-dimethoxy-ethyl)-ureido]-2-methyl-pr
opionamide (62.6 g, 125.9  mmol), PPh3 (51.98 g,
198.17 mmol), and Et3N (29.35 mL, 210.6 mmol) in MeCN
(250  mL) was added CC14 (20.3 mL, 210.6 mmol) in one
portion. The reaction was stirred for  2 h and then
cooled to 0 C. To this solution was added
p-toluenesulfonic acid  monohydrate (37.7 g, 198.2
mmol) and the reaction was heated at 70 C for 2 h. The
volatiles were evaporated in vacuo, and the residue
was diluted with isopropyl acetate (i- PrOAc) (500 mL)
and water (500 mL). The water layer was removed and
the organic  layer was washed with aqueous Na2CO3 (5
wt%, 500 mL) and then aqueous NaCl (3  wt%, 500 mL).
The organic layer was dried over Na2SO4 and
concentrated in vacuo to  give an oily solid. A
mixture of Heptane/i-PrOAc (150 mL, 80:20
heptane:i-PrOAc) was  added causing precipitation of a
solid. The resulting slurry was stirred overnight and
then  filtered. The filtrate was evaporated in vacuo
to give a brown oil. The oil was re- processed using
the same conditions 3 more times. The remaining brown
oil from the  filtrate was then purified by flash
chromatography on silica gel (20-50% EtOAc/hexanes)
to give 48.0 g of the title compounds as a white
solid, nilz 415.7 [M+H]+.
4-[(R)-1-(3,5-Dichloro-4-fluoro-phenyl)-5-iodo-3-methy
l-2-oxo-2,3-dihydro-1H-
imidazo[1,2-a]imidazol-3-ylmethyl]-benzonitrile: 



169 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT F F  CI CI Cl CI  NIS, PPTS N O _ N O N- N
f IN CHZCIZ N N An aluminum foil covered flask
containing a solution of
4-[(R)-1-(3,5-dichloro-4-fluoro-
phenyl)-3-methyl-2-oxo-2,3-dihydro-1H-imidazo[1,2-a]im
idazol-3-ylmethyl]- benzonitrile (48.8 g, 117.5 mmol)
in CH2C12 (900 mL) was partially submerged in an ice
water bath. To this solution was added a solid mixture
of N-iodosuccinimide (29.1 g, 129  mmol) and
pyridinium p-toluenesulfonate (2.95 g, 11.7 mmol) in
four separate portions  over a 30 min period. The
reaction was allowed to stir in the thawing ice bath
for 1 h and  then the bath was removed. Stirring was
continued overnight. Saturated aqueous Na2S2O3  (300
mL) was added to the reaction and the mixture was
transferred to a separatory  funnel using CH2C12 (200
mL) and water (1 L). The layers were separated and the
aqueous layer was further extracted with CH2C12 (2 x
500 mL) and EtOAc (500 mL). The  combined organic
layers were dried over MgSO4 and concentrated in vacuo
to give a  yellow oil. This oil was purified by flash
chromatography on silica gel (0-2.5%  EtOAc/toluene)
to give 52 g of the title compound as a white solid,
m/z 541.3 [M+H]+.
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-4-fluoro-phenyl
)-5-methyl-6-oxo-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid :
F F  CI CI CI \ CI  NaHCO2, Ac2O N 0 Pd(OAc)2, LiCI N
0  N=~  N N DIPEA, DMF; 80 C N 



HO O  170 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT Acetic anhydride (14.0 mL, 148 mmol),
sodium formate (15.1 g, 222 mmol) and Hunig's  base
(25.8 mL, 148 mmol) were suspended in anhydrous DMF
(50 mL) in a 1000 mL  screw-top glass pressure-vessel.
This was sealed with the screw cap and allowed to stir
for 45 min at room temperature. To this mixture was
added a solution of 4-[(R)-1-(3,5-
dichloro-4-fluoro-phenyl)-5-iodo-3-methyl-2-oxo-2,3-di
hydro-1H-imidazo[1,2-
a]imidazol-3-ylmethyl]-benzonitrile (40.0 g, 73.9
mmol) in anhydrous DMF (200 mL)  followed by Pd(OAc)2
(830 mg, 3.70 mmol) and anhydrous LiCl (9.40 g, 221
mmol).  The vessel was capped tightly and allowed to
stir at 80 C for 20 h. In a well ventilated  fume
hood, the reaction was cooled to room temperature and
the screw cap was slowly  removed allowing for gas
release. The reaction was transferred to a seperatory
funnel  containing a solution of aqueous HCl (2N, 1 L)
using EtOAc (1L). The layers were  separated and the
organic phase was washed with aqueous 2N HCl (1 L).
The combined  aqueous phase was extracted with EtOAc
(2 x 1 L). The combined organic phase was  dried with
MgSO4 and concentrated in vacuo. Toluene was added to
the dark colored  residue causing precipitation of a
solid. The solid was filtered and washed with 1:1
toluene:hexanes followed by hexanes. The filtrate was
concentrated and re-processed in a  similar manner to
give additional solids. A total of 29.4 g of the title
compound was  obtained as an off-white solid,
m/z.459.4 [M+H]+. The following compounds were
prepared using procedures similar to those described
above:
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7-dihydro-5H-
imidazo[1,2-a]imidazole-3-carboxylic acid
(R)-7-(3,5-Dichloro-phenyl)-5-methyl-6-oxo-5-(4-triflu
oromethoxy-benzyl)-6,7-dihydro- 5H-imidazo[
1,2-a]imidazole-3-carboxylic acid
(R)-7-(3,5-Dichloro-phenyl)-5-methyl-6-oxo-5-(4-triflu
oromethyl-benzyl)-6,7-dihydro- 



5H-imidazo[1,2-a]imidazole-3-carboxylic acid, m/z
484.5 [M + 1]+ 171 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT
1-{[(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-m
ethyl-6-oxo-6,7-dihydro-5H-
imidazo[1,2-a]imidazole-3-carbonyl]-amino}-cyclopropan
ecarboxylic acid: 0 H I t-BuOH 0 H PdiC HZ O N O \ - N
O ~ONHZ  H0 O Y EDCI, DMAP 0 O CI CI I / CI CI CII,CI
q N- 0 N N--~ N 0 N--~ N O  \ N N HO O TFA Nzz  HN O L
HN O 11 HATU, NEt3 0~ / N O" 7 N  ~0 OH V
1-Benzyloxycarbonylamino-cyclopropanecarboxylic acid
(10 g, 42.5 mmol), t-butanol  (4.78 mL, 50.0 mmol) and
DMAP (2.60 g, 21.2 mmol) in CH2C12 (160 mL) were
cooled  to 0 T. EDCI (9.20 g, 48.0 mmol) was then
added to the mixture. The reaction was  stirred at 0 C
for 2 h and then at room temperature overnight. The
solution was dried in  vacuo and the residue was
dissolved in EtOAc (200 mL) and water (50 mL) The
organic  layer was separated and washed by saturated
aqueous NaHCO3 (1x100 mL) and brine  (1x100 mL). The
organic fraction was concentrated in vacuo and the
residue was purified  by flash chromatography on
silica gel (20% EtOAc/Hexanes). 1-Benzyloxycarbonyl-
amino-cyclopropanecarboxylic acid tert-butyl ester
(5.3 g, 17.5 mmol, 41%) was  isolated. 



1-Benzyloxycarbonylamino-cyclopropanecarboxylic acid
tert-butyl ester (5.1 g, 17.5  mmol) was dissolved in
MeOH (50 mL). The solution was degassed with Ar for 15
min.  Pd/C (370 mg) was then added to the solution.
The mixture was degassed with Ar again.  The flask was
flushed with H2. After 3 h, the reaction was then
filtered through  diatomaceous earth and
1-amino-cyclopropanecarboxylic acid tert-butyl ester
(2.3 g, 14.6  mmol, 84%) was collected as pale yellow
oil. 172 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7-dihydro-5H- imidazo[ 1,2-a]
imidazole-3-carboxylic acid (3.3 g, 7.48 mmol),
1-amino-cyclopropane- carboxylic acid tert-butyl ester
(1.8 g, 11.4 mmol) and HATU (4.27 g, 11.2 mmol) were
dissolved in anhydrous DMF (20 mL). The mixture was
stirred for 15 min. Et3N (2.95  mL, 20.4 mmol) was
then added to the reaction. After 30 min, the crude
reaction was  concentrated in vacuo. The residue was
purified by flash chromatography on silica gel  (10%
to 30% EtOAc/Hexanes) to give 1-{
[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-
phenyl)-5-methyl-6-oxo-6,7-dihydro-5H-imidazo[1,2-a]im
idazole-3-carbonyl]-amino }- cyclopropanecarboxylic
acid tert-butyl ester (3.8g, 6.55mmol, 87.5%) as a
white solid,  m/z 580.5 [M+1]+. 1-{
[(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-meth
yl-6-oxo-6,7-dihydro-5H- imidazo[ 1,2-a]
imidazole-3-carbonyl]-amino}-cyclopropanecarboxylic
acid tert-butyl  ester (3.8 g, 6.55 mmol) was
dissolved in CH2C12 (100 mL), and. TFA (20 mL) was
then  added dropwise to the solution. The mixture was
stirred overnight. After evaporation of  the solvent
in vacuo, the residue was purified by flash
chromatography on silica gel (5%  MeOH/CH2C12) to give
1-{[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-m
ethyl-6- oxo-6,7-dihydro-5H-imidazo [
1,2-a]imidazole-3-carbonyl] -amino } -cyclopropane-
carboxylic acid (3.4g, 6.48mmol, 99.0%) as a white
solid, m/z 524.3 [M+1]+. The following compounds were
prepared using procedures similar to those described
above using either
(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7- 



dihydro-5H-imidazo[ 1,2-a]imidazole-3-carboxylic acid,
(R)-7-(3,5-dichloro-phenyl)-5-
methyl-6-oxo-5-(4-trifluoromethoxy-benzyl)-6,7-dihydro
-5H-imidazo[1,2-a]imidazole-3- carboxylic acid, or
(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-4-fluoro-phenyl
)-5-methyl-6-
oxo-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carboxyli
c acid as starting materials:  (S)-2-{
[(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-meth
yl-6-oxo-6,7-dihydro- 5H-imidazo[
1,2-a]imidazole-3-carbonyl]-amino }-propionic acid 173
WO 2009/070485 PCT/US2008/084149  Docket No. 09-0446
PCT (S)-2-{
[(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-4-fluoro-pheny
l)-5-methyl-6-oxo-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino}-
propionic acid 1-{
[(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-4-fluoro-pheny
l)-5-methyl-6-oxo-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino}-
cyclopropanecarboxylic acid  1-{
[(R)-7-(3,5-Dichloro-phenyl)-5-methyl-6-oxo-5-(4-trifl
uoromethoxy-benzyl)-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino}-
cyclopropanecarboxylic acid  (S)-2-{
[(R)-7-(3,5-Dichloro-phenyl)-5-methyl-6-oxo-5-(4-trifl
uoromethoxy-benzyl)-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino}-
propionic acid The following two intermediates were
made using a similar procedure to Example 12  using
either 1-{
[(R)-7-(3,5-dichloro-phenyl)-5-methyl-6-oxo-5-(4-trifl
uoromethoxy- benzyl)-6,7-dihydro-5H-imidazo [
1,2-a]imidazole-3-carbonyl] -amino } -
cyclopropanecarboxylic acid or 1-{
[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-
methyl-6-oxo-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-
carbonyl]-amino }- cyclopropanecarboxylic acid as the
starting material:
(R)-7-(3,5-Dichloro-phenyl)-5-methyl-6-oxo-5-(4-triflu
oromethoxy-benzyl)-6,7-dihydro- 5H-imidazo[1,2-a]
imidazole-3-carboxylic acid
[1-(1-{6-[bis-(4-methoxy-benzyl)-amino] -
pyridin-2-yl}-cyclopropylcarbamoyl)-cyclopropyl]-amide
, nilz 956.21 [M+2]+
(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7-dihydro-5H- imidazo[1,2-a]
imidazole-3-carboxylic acid
[1-(1-{6-[bis-(4-methoxy-benzyl)-amino]-
pyridin-2-yl}-cyclopropylcarbamoyl)-cyclopropyl]-amide
, m/z 897.2 [M+3]+ 



174 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT Synthesis of Final Compounds: Example 1.
(3R)-3-(4-Cyanobenzyl)-1-(3,5-dichlorophenyl)-3-methyl
-N-{(1S)-1-
methyl-2-oxo-2-[(3R)-3-(2H-tetrazol-5-yl)piperidin-1-y
l]ethyl}-2-oxo-2,3-dihydro-
1H-imidazo[1,2-a]imidazole-5-carboxamide ci \ ci  ci \
ci I ~  / H N--~N O  N~N O ~. 1 NH \ N N N; ~  N HN O
MI 0 N HN O HATU, HOAt, NEt3, DMF N  O _ SIN YOH I N.
NH  N,N To a solution of
(S)-2-{[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)
-5-methyl-6-oxo-
6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-ami
no}-propionic acid (60 mg,  0.117 mmol) and
(R)-3-(2H-tetrazol-5-yl)-piperidine (35.8 mg, 0.234
mmol) in  anhydrous DMF (1 mL) was added Et3N (33.8 l,
0.234 mmol) at 0 C. HOAt (47.8 mg,  0.351 mmol) was
then added to the reaction. After 10 min of stirring
at 0 C, HATU  (53.4 mg, 0.140 mmol) was added. The
reaction was slowly warmed to 25 C and stirred
overnight. The crude reaction was purified by reverse
phase HPLC to afford 55mg of
(3R)-3-(4-cyanobenzyl)-1-(3,5-dichlorophenyl)-3-methyl
-N-{ (1S)-1-methyl-2-oxo-2-
[(3R)-3-(2H-tetrazol-5-yl)piperidin-l-yl]ethyl}-2-oxo-
2,3-dihydro-lH-imidazo[1,2- a]imidazole-5-carboxamide
as a white solid, m/z 647.5 [M+1]+. 



175 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT Example 2.
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid
[(S)-1-((R)-1-thiocarbamoyl-
ethylcarbamoyl)-ethyl]-amide. CI \ CI cI \ cI  I~ N  N
O N 0  N NHZ H-CI HATU, DIPEA N H N S HOAt, DMF H1N O
z HN 0 O "IN O YIN. N  IOH NH  H2N S A solution of
(S)-2-{[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)
-5-methyl-6-oxo-
6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-ami
no}-propionic acid, (129 mg,  0.25 mmol),
(R)-2-amino-thiopropionamide hydrochloride (53 mg,
0.38 mmol) and  diisopropylethylamine (0.175 mL, 1.01
mmol) in DMF (1 mL) was stirred at room  temperature
for 10 min. After cooling to 0 C, HOAt (69 mg, 0.50
mmol) and HATU  (105 mg, 0.25 mmol) were added. The
clear yellow reaction mixture was allowed to  warm to
room temperature slowly overnight. The reaction
mixture was partitioned  between ethyl acetate (35 mL)
and 1 M HCl (10 mL). The organic phase was washed
with saturated NaHCO3 solution and brine, dried over
Na2SO4, filtered, and concentrated  in vacuo. The
residue was purified by flash chromatography on silica
gel (0-10% MeOH  in dichloromethane) to afford 154 mg
of the title compound as a white foam, m/z 598.4  [M +
1]+. 176 
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PCT Example 3.
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid
[(S)-1-(5-methyl-1,3,4-
oxadiazol-2-ylcarbamoyl)-ethyl]-amide. /  c /ci N O
NN O N' C N N NH, N Z \ / N  NN / NN jN NO HN O  OH O
O NH  N--( OH N` To To a solution of
(S)-2-{[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)
-5-methyl-6-oxo-
6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-ami
no}-propionic acid (40 mg,  0.078 mmol) in
dichloromethane (1 mL) were added SiliaBond
Carbodiimide (205 mg,  0.234 mmol, Silicycle -
R70530B, loading 1.14 mmol/g) and HOBt (16 mg, 0.117
mmol). The reaction mixture was stirred at room
temperature for 1 h and the 5-methyl-
1,3,4-oxadiazol-2-ylamine (31 mg, 0.312 mmol) was
added. The reaction mixture was  stirred at room
temperature for 16 h. The reaction mixture was then
filtered through a  glass frit and the solution was
concentrated in vacuo. The resulting residue was
purified  by reverse phase HPLC to afford 10 mg of the
title compound as a white solid, m/z 593.4  [M + 1]+.
Example 4.
(3R)-3-(4-Cyanobenzyl)-1-(3,5-dichlorophenyl)-3-methyl
-N-{(1S)-1-
methyl-2-[(1-methyl-1H-pyrazol-5-yl)amino]-2-oxoethyl}
-2-oxo-2,3-dihydro-lH- 



imidazo[1,2-a]imidazole-5-carboxamide and
(3R)-3-(4-cyanobenzyl)-1-(3,5
dichlorophenyl)-3-methyl-N-{(1R)-1-methyl-2-[(1-methyl
-1H-pyrazol-5-yl)amino]-2-
oxoethyl}-2-oxo-2,3-dihydro-lH-imidazo[1,2-a]imidazole
-5-carboxamide.  177 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT CI cl NN  N N O_N N NHZ N + N_
+ N\ I + Et3N  N HN O O\ PFs  ~OH CI ~ CI CI CI  N N~
O N O  \ N N~ N + N N  HN O O HN O  I O  N NH NI NJ Ir
NH  N\ I To a solution of
(S)-2-{[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)
-5-methyl-6-oxo-
6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-ami
no}-propionic acid (100 mg,  0.195 mmol),
[dimethylamino-(1,2,3-triazolo[4,5-b]pyridin-3-yloxy)-
methylene]- 



dimethyl-ammonium hexafluoro phosphate (111 mg, 0.293
mmol) and 2-methyl-2H- pyrazol-3-ylamine (75 mg, 0.781
mmol) in DMF (1 mL) was added triethylamine (136  L,
0.976 mmol). The reaction mixture was stirred at room
temperature for 4 h. The  reaction mixture was then
diluted with water and extracted with dichloromethane
(x3).  The combined organic layers were then washed
with water (x3). The organic phase was  dried over
anhydrous Na2SO4 and concentrated in vacuo. The
resulting diastereomers  were purified and separated
by reverse phase HPLC to afford 22 mg and 21 mg,
respectively, of the title compounds as white solids,
m/z 591.5 [M + 1]+. The following compounds were
prepared using procedures similar to those described
above using either 1-{
[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-meth
yl-6-oxo- 6,7-dihydro-5H-imidazo [ 1,2-a]
imidazole-3-carbonyl] -amino } -cyclopropanecarboxylic
acid, 1-{
[(R)-7-(3,5-dichloro-phenyl)-5-methyl-6-oxo-5-(4-trifl
uoromethoxy-benzyl)-6,7 178 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT
dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino}-
cyclopropanecarboxylic acid,  (S)-2-{
[(R)-7-(3,5-Dichloro-phenyl)-5-methyl-6-oxo-5-(4-trifl
uoromethoxy-benzyl)-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino}-
propionic acid, (S)-2-{[(R)-7-
(3,5-Dichloro-4-fluoro-phenyl)-5-methyl-6-oxo-5-(4-tri
fluoromethoxy-benzyl)-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino}-
propionic acid, 1-{[(R)-7-(3,5-
Dichloro-4-fluoro-phenyl)-5-methyl-6-oxo-5-(4-trifluor
omethoxy-benzyl)-6,7-dihydro- 5H-imidazo[
1,2-a]imidazole-3-carbonyl]-amino
}-cyclopropanecarboxylic acid, 1-{ [(R)-
5-(4-Cyano-benzyl)-7-(3,5-dichloro-4-fluoro-phenyl)-5-
methyl-6-oxo-6,7-dihydro-5H- imidazo[ 1,2-a]
imidazole-3-carbonyl]-amino}-cyclopropanecarboxylic
acid or (S)-2 {
[(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-4-fluoro-pheny
l)-5-methyl-6-oxo-6,7-dihydro- 5H-imidazo[ 1,2-a]
imidazole-3-carbonyl]-amino}-propionic acid as a
starting material:  Compound 243, m/z 647.5 [M+1]+
Compound 168, m/z 647.5 [M+1]+  Compound 226, m/z
647.5 [M+1]+  



Compound 7, m/z 706.5 [M+1]+  Compound 227, m/z 706.5
[M+1]+  Compound 167, m/z 706.5 [M+1]+  Compound 206,
m/z 706.5 [M+1]+  Compound 276, m/z 647.6 [M+1]+
Compound 219, m/z 647.6 [M+1]+  Compound 230, m/z
706.6 [M+1]+ 179 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT Compound 197, m/z 633.5 [M+1]+
Compound 169, m/z 692.6 [M+1]+  Compound 191, m/z
608.4 [M+1]+  Compound 217, m/z 608.4 [M+1]+  Compound
285, m/z 634.4 [M + 1]+  Compound 251, m/z 607.4 [M +
1]+  Compound 261, m/z 752.1 [M +I]-'  Compound 131,
m/z 608 [M + 1]+  Compound 139, m/z 593 [M + 1]+
Compound 170, m/z 595.6 [M + 1]+  Compound 179, m/z
595.6 [M + 1]+  Compound 180, m/z 636.6[M + 1]+
Compound 188, m/z 587.4[M + 1]+  Compound 193, m/z
636.5[M + 1]+  Compound 203, m/z 622.5[M + 1]+
Compound 212, m/z 681.5[M + 1]+ 180 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT 



Compound 218, m/z 695.6[M + 1]+  Compound 233, m/z
695.6[M + 1]+  Compound 235, m/z 646.5[M + 1]+
Compound 240, m/z 681.5[M + 1]+  Compound 239, m/z
622.5[M + 1]+  Compound 103, m/z 582.4[M +1]+
Compound 120, m/z 596.4[M +1]+  Compound 127, m/z
637.0 [M+1]+  Compound 95, m/z 636.9 [M+1]+  Compound
115, m/z 637.2 [M+1]+  Compound 87, m/z 637.2 [M+1 ]+
Compound 146, m/z 595.5 [M + 1]+  Compound 113,m/z
582.4 [M + 1]+  Compound 90, m/z 582.4 [M + 1]+
Compound 111, m/z 594.5 [M + 1]+ 181 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT Compound
286, m/z 594.5 [M + 1]+  Compound 107, m/z 595.4 [M +
1]+  Compound 122, m/z 595.4 [M + 1]+  Compound 132,
m/z 597.6 [M + 1]+  Compound 135, m/z 597.6 [M + 1]+
Compound 2" m/z 616.5 [M + 1]+  Compound 114, m/z
622.5 [M + 1]+  Compound 21, m/z 622.6 [M + 1]+
Compound 82, m/z 609.4 [M + 1]+  Compound 88, m/z
602.4 [M + 1]+  Compound 166, m/z 609.4 [M + 1]+  



Compound 97, m/z 602.4 [M + 1]+  Compound 100, m/z
603.4 [M + 2]+  Compound 102, m/z 591.5 [M + 1]+
Compound 182, m/z 608.2 [M + 1]+  Compound 190, m/z
622.6 [M + 1]+ 182 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT Compound 195, m/z 567.5 [M +
1]+  Compound 106, m/z 609.2 [M + 3]+  Compound 205,
m/z 595.3 [M + 1]+  Compound 117, m/z 596.4 [M + 1]+
Compound 215, m/z 596.9 [M + 2]+  Compound 138 , m/z
611.4 [M + 1]+  Compound 229, m/z 636.6 [M + 1]+
Compound 149, m/z 568.4 [M + 1]+  Compound 150, m/z
598.9 [M + 1]+  Compound 157, m/z 636.2 [M + 1]+
Compound 158, m/z 596.2 [M + 1]+  Compound 259 m/z
624.4 [M + 1]+  Compound 277, m/z 647.5 [M + 1]+
Compound 266, m/z 620.2 [M + 2]+  Compound 75, m/z
651.3 [M + 1]+  Compound 181, nilz 651.3 [M + 1]+ 183
WO 2009/070485 PCT/US2008/084149  Docket No. 09-0446
PCT Compound 141 , m/z 660.5 [M + 1]+  Compound 148,
m/z 674.5 [M + 1]+  



Compound 130, m/z 674.5 [M + 1]+  Compound 118, m/z
688.5 [M + 1]+  Compound 66, m/z 675.5 [M + 1]+
Compound 282, m/z 675.5 [M + 1]+  Compound 67 , m/z
687.5 [M + 1]+  Compound 283, m/z 675.5 [M + 1]+
Compound 252, m/z 661.5 [M + 1]+  Compound 204, m/z
689.2 [M+1]+  Compound 245, m/z 748.0 [M+1]+  Compound
145, m/z 607.5 [M + 1]+  Compound 140, m/z 621.5 [M +
1]+  Compound 65, m/z 658.1 [M + 1]+  Compound 198,
m/z 665.6 [M + 1]+ 184 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT Compound
336, m/z 669.9 [M + 1]+  Compound 337, m/z 697.9 [M +
1]+  Compound 338, m/z 670.5 [M + 1]+  Compound 339,
m/z 654.5 [M + 1]+  Compound 340, m/z 670.5 [M + 1]+
Compound 341, m/z 672.5 [M + 1]+  Compound 342, m/z
690.5 [M + 1]+  Compound 343, m/z 688.4 [M + 1]+
Compound 344, m/z 644.4 [M + 1]+ Compound 61, m/z
665.7 [M + 1]+ Compound 400,  m/z 673.6 [M + 1]+
Compound 401, m/z 717.6 [M + 1]+ Compound 405, m/z
677.5 [M + 1]+  Compound 299, m/z 766.4 [M+1]+
Compound 413, m/z 670.4 [M+1]+  



Compound 414, m/z 736.2 [M+1]+  Compound 320, m/z
741.5 [M+1]+ Compound 408, m/z 720 [M+1]+ Compound
407, m/z 691.7 [M+1]+  185 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT Example 5.
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid
[(S)-1-(1-thiazol-2-yl- ethylcarbamoyl)-ethyl]-amide.
ci ci  I ~  N-( N O N N O  N + O H \ HN O cl,~ Br~O~
acetone O HN O N OY N  NH ~ NH  HZN S N S I v  To a
solution of
(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid
[(S)-1-((R)-1-thiocarbamoyl-
ethylcarbamoyl)-ethyl]-amide (132 mg, 0.22 mmol) in 1
mL of acetone was added  bromoacetaldehyde diethyl
acetal (0.166 mL, 1.10 mmol) and HC1 in dioxane (4 M,
0.003 mL, 0.01 mmol). The reaction mixture was heated
at reflux for 5 h, and then  cooled to room
temperature and concentrated in vacuo. The residue was
dissolved in 25  



mL of ethyl acetate and washed with 10 mL of saturated
NaHCO3 solution. The organic  phase was washed with
water and brine (10 mL each), dried over Na2SO4,
filtered, and  concentrated in vacuo to a pale brown
oil. The crude product was purified by flash
chromatography on silica gel, eluting with 0-5% MeOH
in CH2C12, to furnish 122 mg  (89%) of the title
compound as a pale brown foam, obtained as a 1:1
mixture of thiazole  (x-methyl diastereomers, m/z
622.3 [M + 1]+. 186 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT Example 6.
(3R)-1-(3,5-dichlorophenyl)-N-{2-[(3R)-3-(3-hydroxy-lH
-pyrazol-5-
yl)piperidin-1-yl]-1-methyl-2-oxoethyl}-3-methyl-2-oxo
-3-[4-(trifluoromethoxy)-
benzyl]-2,3-dihydro-lH-imidazo[1,2-a]imidazole-5-carbo
xamide ci \ ci ci I ci  I~ N N O  N~ 0 N~  ~ N z,\ N
HN O I Hydrazine, EtOH HN O I O  O\~ YYI\ F4"F  N F F
F N F  O H ~0 N  I IN  OH To a solution of
3-[(R)-1-((S)-2-{ [(R)-7-(3,5-
dichloro-phenyl)-5-methyl-6-oxo-5-(4-
trifluoromethoxy-benzyl)-6,7-dihydro-5H-imidazo [
1,2-a] imidazole-3-carbonyl] -amino } -
propionyl)-piperidin-3-yl]-3-oxo-propionic acid ethyl
ester (40 mg, 0.05 mmol) in  ethanol (2 mL) was added
hydrazine (8.5 L, 0.26 mmol). The reaction mixture was
stirred at room temperature for 1.5 h. The solvent was
evaporated in vacuo, and the  



residue was purified using reverse phase HPLC to
afford the title compound (27 mg,  71%) as a white
solid, m/z 720.6 [M + 1]+. Example 7.
(3R)-1-(3,5-Dichlorophenyl)-N-{2-[(3R)-3-(3-hydroxyiso
xazol-5-
yl)piperidin-l-yl]-1-methyl-2-oxoethyl}-3-methyl-2-oxo
-3-[4-(trifluoromethoxy)-
benzyl]-2,3-dihydro-lH-imidazo[1,2-a]imidazole-5-carbo
xamide and (3R)-1-(3,5-
dichlorophenyl)-3-methyl-N-{1-methyl-2-oxo-2-[(3R)-3-(
5-oxo-4,5-dihydroisoxazol-
3-yl)piperidin-1-yl]ethyl}-2-oxo-3-[4-(trifluoromethox
y)benzyl]-2,3-dihydro-lH-
imidazo[1,2-a]imidazole-5-carboxamide (. 187 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
ci I\ci CI CI CI CI  I~ I~ N  N~N N~N [[[ N p  N N' 1
. Hydroxylamine, THF; HN p + H HN O 1 p p pp  o F O F
2. Con. HCI Owl' F 0 F N F" F'F  N F IN F HN O  OH O
To a solution of 3-[(R)- 1-((S)-2-1
[(R)-7-(3,5-dichloro-phenyl)-5-methyl-6-oxo-5-(4-
trifluoromethoxy-benzyl)-6,7-dihydro-5H-imidazo [
1,2-a]imidazole-3-carbonyl] -amino } -
propionyl)-piperidin-3-yl]-3-oxo-propionic acid ethyl
ester (70 mg, 0.09 mmol) in 1 mL  THE was added NaOH
(60 mg in 0.5 mL H20) at 0 C and stirred for 10 min.
The above  solution was added dropwise to a pre-cooled
solution of hydroxylamine-HC1(20 mg,  0.28 mmol) in
THE (1 mL) at 0 T. The pH value of the reaction
mixture was adjusted  from 7-8 to 1011. After 30 min,
the reaction mixture was poured into concentrated HC1
(0.5 mL) at 0 C and stirred overnight. The crude
mixture was purified using reverse  



phase HPLC to afford the title compounds:
(3R)-1-(3,5-dichlorophenyl)-N-{2-[(3R)-3-(3-
hydroxyisoxazol-5-yl)piperidin-l-yl]-1-methyl-2-oxoeth
yl}-3-methyl-2-oxo-3-[4-
(trifluoromethoxy)benzyl]-2,3-dihydro-lH-imidazo[1,2-a
]imidazole-5-carboxamide , m/z  721.0 [M + 1]+, and
(3R)-1-(3,5-dichlorophenyl)-3-methyl-N-{1-methyl-2-oxo
-2-[(3R)-
3-(5-oxo-4,5-dihydroisoxazol-3-yl)piperidin-l-yl]ethyl
}-2-oxo-3-[4-
(trifluoromethoxy)benzyl]-2,3-dihydro-lH-imidazo[1,2-a
]imidazole-5-carboxamide (,  m/z 721.0 [M + 1]+,
Example 8.
(3R)-N-{(1S)-2-[(3R)-3-Carbamoylpiperidin-1-yl]-1-meth
yl-2-
oxoethyl}-3-(4-cyanobenzyl)-1-(3,5-dichlorophenyl)-3-m
ethyl-2-oxo-2,3-dihydro-1H- imidazo[ 1,2-a]
imidazole-5-carboxamide. 188 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT ci I ~ ci ci
~ ci  I~  N N O N--~ N O  ~NH, ~ N HN O CH OH HN 0  OY
~N p `  N _ ~N' `  OYO p  r 0 NH2 _~ `vim
(R)-1-((S)-2-{
[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-meth
yl-6-oxo-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino
}-propionyl)-piperidine-3- carboxylic acid ethyl ester
was dissolved in 7N NH3 in MeOH (5 mL) and heated to
70  C for 48 h. The volatiles were removed in vacuo
and the crude residue was purified by  reverse phase
HPLC to afford 0.049 g of the title compound as a
white foam, nilz 622.3  



[M + 1]+. The following compounds were prepared by
procedures analogous to those described  above:
Compound 83, m/z 622.4 [M + 1]+  Compound 159, m/z
622.0 [M+1]+  Compound 92, m/z 622.2 [M+1]+  Compound
104, m/z 622.1 [M+1]+  Compound 121, m/z 622.2 [M+1]+
189 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT Example 9.
(1R,3R)-3-((S)-2-{[(R)-5-(4-Cyano-benzyl)-7-(3,5-dichl
oro-phenyl)-5-
methyl-6-oxo-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-
carbonyl]-amino}-
propionylamino)-cyclopentanecarboxylic acid cl l ci C
a  I~ N- O NN O  HN 0 HN 0 0 _ N O Y_1___ 1N  0 NH O
"'NH -O H0 To (1R,3R)-3-((S)-2-{
[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-meth
yl-6-oxo- 6,7-dihydro-5H-imidazo [
1,2-a]imidazole-3-carbonyl] -amino } -propionylamino)-
cyclopentanecarboxylic acid methyl ester (35.1 mg,
0.055 mmol) were added IN HCl in  1,4-dioxane (1 mL, 1
mmol) and IN HCl (0.5 mL, 0.5 mmol). The reaction tube
was  sealed and the reaction solution was stirred at
100 C for lh. The reaction solution was  then cooled
to room temperature, filtered, and was purified by
reverse phase HPLC to  afford 21 mg of the title
compound as a white solid, m/z 623.1 [M+1]+. The
following compounds were prepared using a procedure
analogous to that described  



above: Compound 265, m/z 623.1 [M+1]+  Compound 270,
m/z 623.5 [M+1]+  Compound 177, m/z 623.1 [M+1]+
Compound 278, m/z 623.0 [M+1]+ 190 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT Example 10.
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid
((S)-1-benzylcarbamoyl- ethyl)-amide o1~ / I ~ Oj<
HNO NHz PoI' v HNO  O` O"rO O ~' ` + \ + O O NH  O.N.
I / W O POI \ J CI \ CI CI\ CI  NH, I / O O  N O N N
NH / .N  \ N N TFA HO O HN O  O Y  



F NH  F F OH HATU, NEt3 / To a solution of
(S)-2-tert-butoxycarbonylamino-propionic acid
4-nitro-phenyl ester (200  mg, 0.645 mmol) and
MP-carbonate (664 mg, 1.93 mmol, Biotage, Part
#:800268) in  CH2C12 (1.5 mL) was added benzylamine
(70 mg, 0.645 mmol). The reaction mixture  was stirred
for 1 h. The reaction mixture was then filtered and
concentrated in vacuo to  afford
((S)-1-benzylcarbamoyl-ethyl)-carbamic acid tent-butyl
ester, m/z 279.4 [M + 1]+.  To a solution of
((S)-1-benzylcarbamoyl-ethyl)-carbamic acid tert-butyl
ester (180 mg,  0.645 mmol) in dichloromethane (1.0
mL) was added trifluoroacetic acid (0.500 mL, 6.73
mmol). The reaction mixture was stirred for 4 h. The
reaction mixture was then  concentrated in vacuo to
afford (S)-1-benzylcarbamoyl-ethyl-ammonium trifluoro-
acetate, nilz 179.2 [M + 1]+. To a solution of
(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid
(100 mg, 0.227 mmol) and
[dimethylamino-(1,2,3-triazolo[4,5-b]pyridin-3-yloxy)-
methylene]-dimethyl-ammonium 191 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT hexafluoro
phosphate (95 mg, 0.249 mmol) were added the
(S)-1-benzylcarbamoyl-ethyl- ammonium
trifluoro-acetate (94 mg, 0.322 mmol) in THE (1 mL)
and triethylamine (126  L, 0.906 mmol). The reaction
mixture was stirred for 4 h. The reaction mixture was
concentrated in vacuo. The resulting residue was
purified by reverse phase HPLC to  afford 121 mg of
the trifluoroacetic acid salt of the title compound as
a white solid, m/z  601.5 [M + 1]+. The following
compounds were prepared using procedures similar to
those described  above using either
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid
or (R)-7-(3,5-Dichloro-phenyl)-
5-methyl-6-oxo-5-(4-trifluoromethoxy-benzyl)-6,7-dihyd
ro-5H-imidazo[1,2-a]imidazole- 3-carboxylic acid as a
starting material: 



Compound 124, m/z 615.5 [M + 1]+  Compound 147, m/z
615.5 [M + 1]+  Compound 262, m/z 629.5 [M + 1]+
Compound 247, m/z 616.5 [M + 1]+  Compound 248, m/z
616.5 [M + 1]+  Compound 249, m/z 605.4 [M + 1]+
Compound 284, m/z 621.4 [M + 1]+  Compound 32, m/z
628.7 [M + 1]+  Compound 46, m/z 671.8 [M + 1]+ 192 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
Compound 47, m/z 730.8 [M + 1]+ Compound 346, m/z
644.08 [M + 2]+ Compound 354, m/z 662.57 [M + 1]+
Compound 422, m/z 782.8 [M + 1]+ Compound 423, m/z
739.8 [M + 1]+ Example 11.
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-4-fluoro-phenyl
)-5-methyl-6-
oxo-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carboxyli
c acid [(S)-1-(1-pyridin-2-
yl-cyclopropylcarbamoyl)-ethyl] -amide H  NHZ 0 1)
HATU, NE3, DMF 0 N + HON O 0,1< 2) HCI, 1,4 dioxane N
HNH,- 2 HCI  \ 1 ~ I F  F CI Cl  j 1) oxalyl chloride,
DMF N~N O  Cl Cl N 2) NEt3, DMF 



N~ O N IN  \ N O 11 \ N NHZ  2 HCI HN O  HO O \ H O NH
N_ To a solution of Boc-Ala (100 mg, 0.53 mmol), HATU
(261 mg, 0.69 mmol) and  triethylamine (0.15 mL, 1.1
mmol) in DMF (2 mL) was added a solution of
1-pyridin-2- yl-cyclopropylamine (80 mg, 0.60 mmol) in
DMF (1 mL). The mixture was stirred for  1.5 h then
diluted with EtOAc (30 mL), washed with water (3 x 30
mL), brine (1 x 25  mL), dried with MgSO4, filtered,
and concentrated to afford a crude solid. The crude
material was purified by flash chromatography on
silica gel, eluting with Hex/EtOAc  (50/50 to 75/25)
to afford [(S)-1
-(1-pyridin-2-yl-cyclopropylcarbamoyl)-ethyl]-carbamic
acid tert-butyl ester (120 mg, 74%) as a white solid.
193 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT A solution of [(S)-1
-(1-pyridin-2-yl-cyclopropylcarbamoyl)-ethyl]-carbamic
acid tert- butyl ester (120 mg, 0.39 mmol) in CH2C12
(5 mL) was added 4M HCl in dioxane (0.98  mL, 3.9
mmol). The solution stirred for 4 hours then was
concentrated in vacuo to afford  crude
(S)-2-amino-N-(1-pyridin-2-yl-cyclopropyl)-propionamid
e dihydrochloride (100  mg, 0.36 mmol).
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-4-fluoro-phenyl
)-5-methyl-6-oxo-6,7-dihydro-
5H-imidazo[1,2-a]imidazole-3-carboxylic acid (300 mg,
0.65 mmol) was dissolved in  CH2C12 (4 mL). To this
solution was added oxalyl chloride (0.11 mL, 1.3 mmol)
followed by DMF (0.05 mL). The reaction was allowed to
stir for 2h. The volatiles were  removed in vacua to
yield the crude acid chloride (300 mg). The crude acid
chloride (100 mg, 0.21 mmol) was dissolved in
anhydrous THE (2 mL).  To this solution was added a
solution of
(S)-2-amino-N-(1-pyridin-2-yl-cyclopropyl)- 



propionamide dihydrochloride (70 mg, 0.25 mmol)
dissolved in DMF (0.5 mL).  Triethylamine (0.11 mL,
0.63 mmol) was then added. The reaction was allowed to
stir  for 2 hours. The volatiles were removed in vacuo
and the resultant residue was diluted  with EtOAc (20
ml) and poured into saturated aqueous NaC1:10% NaHCO3
(1:1) (30 ml).  The aqueous phase was separated and
further extracted with EtOAc (2 x 20 mL). The  organic
layers were combined, dried (Na2SO4), decanted and
concentrated. The crude  residue was purified by flash
chromatography on silica gel, eluting with 1-5% MeOH
in  CHzCl2, to furnish 130 mg (96%) of
(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-4-fluoro-
phenyl)-5-methyl-6-oxo-6,7dihydro-5H-imidazo[1,2-a]imi
dazole-3-carboxylic acid [(S)-
1-(1-pyridin-2-yl-cyclopropyl carbamoyl)-ethyl]-amide
as a pale yellow solid, m/z 646.6  [M + 1]+. The
following compounds were prepared using procedures
similar to those described  above: Compound 300, m/z
646.4 [M + 1]+. 194 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT Compound 329, m/z 690.43 [M +
1]+ Compound 351, m/z 659.64 [M + 1]+ Compound 385,
m/z  676.8 [M + 1]+ Compound 383, nilz 618.9 [M + 1]+
Compound 394, m/z 711.6 [M + 1]+  Compound 352, m/z
647.3 [M + 1]+ Example 12.
(3R)-3-(4-Cyanobenzyl)-1-(3,5-dichlorophenyl)-3-methyl
-2-oxo-N-(1- { [2-(2H-tetrazol-5-yl)ethyl]carbamoyl
}cyclopropyl)-2,3-dihydro-lH-imidazo[1,2- a]
imidazole-5-carboxamide CI CI NHZ I  I NN~ N~ N O  N 0
N,NN N HATU, NEt3 HN O  ~N 



HN 0 I 7  0 DMF DMF NH YIV OH NI N  ,N-N 1- {
[(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-meth
yl-6-oxo-6,7-dihydro-5H- imidazo[ 1,2-a]
imidazole-3-carbonyl]-amino}-cyclopropanecarboxylic
acid (50 mg, 0.09  mmol) and HATU (57 mg, 0.15 mmol),
were combined with a heterogeneous solution of
2-(1H-tetrazol-5-yl)-ethylamine formiate (45 mg, 0.26
mmol) in anhydrous DMF (1 mL)  and cooled to 0 C. Et3N
(0.043 mL, 0.3 mmol) was added to the reaction. After
18 h  the reaction slowly warmed to room temperature.
The crude reaction solution was filtered  and purified
via reverse HPLC to yield 45mg of the title compound
as a white solid, m/z  619.5 [M + 1]+). The following
compounds were prepared using procedures similar to
those described  above using either 1-{
[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-meth
yl-6-oxo- 6,7-dihydro-5H-imidazo [ 1,2-a]
imidazole-3-carbonyl] -amino } -cyclopropanecarboxylic
acid,
1-{[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-4-fluoro-ph
enyl)-5-methyl-6-oxo-6,7- dihydro-5H-imidazo[ 1,2-a]
imidazole-3-carbonyl]-amino}-cyclopropanecarboxylic
acid,  or 1-{
[(R)-7-(3,5-dichloro-phenyl)-5-methyl-6-oxo-5-(4-trifl
uoromethoxy-benzyl)-6,7 195 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT
dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino}-
cyclopropanecarboxylic acid  as a starting material:
Compound 41, m/z = 644.64 [M + 2]+  Compound 48, m/z =
661.66 [M + 2]+  Compound 301, m/z = 532.63 [M + 2]+
Compound 49, m/z = 690.69 [M + 2]+  Compound 62, m/z =
649.65 [M + 2]+  



Compound 305, m/z = 690.69 [M + 2]+  Compound 306, m/z
= 645.65 [M + 2]+  Compound 307, m/z = 663.67 [M + 2]+
Compound 308, m/z = 648.65 [M + 2]+ Compound 324, m/z
= 708.7 [M + 1]+ Compound 328, m/z 660.55 [M + 1]+
Compound 330, m/z 632.52 [M + 1]+ Compound 331, m/z
697.36 [M + 1]+ Compound 332, m/z 681.34 [M + 1]+.
This compound was obtained by separation (via  HPLC)
from its diastereomer resulting from the coupling of
rac-1-(1H-Pyrrolo[2,3- b]pyridin-6-yl)-propylamine
with
1-{[(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5
}-
methyl-6-oxo-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-
carbonyl]-amino cyclopropanecarboxylic acid. 196 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
Compound 333, m/z 697.39 [M + 1]+  Compound 348, m/z
641.8 [M + 1]+ Compound 347, m/z 642.8 [M + 1]+
Compound 349, m/z 641.73 [M + 1]+  Compound 350, m/z
641.61 [M + 1]+ Compound 353, m/z 659.62 [M + 1]+
Compound 355, m/z 655.68 [M + 1]+  Compound 356, m/z
656.70 [M + 1]+ [1-(6-{ 1-[(1-{
[(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-4-fluoro-pheny
l)-5-methyl-6-oxo- 6,7-dihydro-5H-imidazo [ 1,2-a]
imidazole-3-carbonyl] -amino } -cyclopropanecarbonyl)-
amino]-cyclopropyl}-pyridazin-3-yl)-1-methyl-ethyl]-ca
rbamic acid benzyl ester, m/z  850.88 [M + 1]+
Compound 411, m/z 641.66 [M + 1]+ Compound 389, m/z
669.9 [M + 1]+  Compound 409, m/z 728.4 [M + 1]+ 



Compound 50, m/z 631.6 [M + 1]+ 197 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT Example 13.
(R)-1-(1-{[(R)-7-(3,5-Dichloro-phenyl)-5-methyl-6-oxo-
5-(4-trifluoro-
methoxy-benzyl)-6,7-dihydro-SH-imidazo[1,2-a]imidazole
-3-carbonyl]-amino}-
cyclopropanecarbonyl)-pyrrolidine-3-carboxylic acid C
C  C a i JNH N O  N~  N_ N O HO- N HN~N O O HN O EDC,
NEt3 Oyj Oj,F  '~~ Vy ~  OO F N F F  OH VV FF (~O O
HO To a solution of 1-{
[(R)-7-(3,5-dichloro-phenyl)-5-methyl-6-oxo-5-(4-trifl
uoromethoxy- benzyl)-6,7-dihydro-5H-imidazo [
1,2-a]imidazole-3-carbonyl] -amino } -cyclopropane-
carboxylic acid (0.10 g, 0.17 mmol) in DMF (1 mL) was
added EDC (0.059 g, 0.26  mmol) and the mixture
allowed to stir for 10 min. In a separate reaction
vessel,  pyrrolidine 3-carboxylic acid (0.039 g, 0.34
mmol) was dissolve in DMF (1 mL) and to  this was
added Et3N (0.049 mL, 0.34 mmol). The amine solution
was then slowly added  to the acid mixture and the
reaction allowed to stir at room temperature for 12 h.
The  crude reaction mixture was purified by
reverse-phase HPLC to give 54 mg of the title
compound as a white solid, m/z 680.5 [M+]+. The
following compounds were prepared using procedures
similar to those described above  



using either
1-{[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-m
ethyl-6-oxo-6,7-dihydro- 5H-imidazo[
1,2-a]imidazole-3-carbonyl]-amino
}-cyclopropanecarboxylic acid, 1-{ [(R)-5-(4-
cyano-benzyl)-7-(3,5-dichloro-4-fluoro-phenyl)-5-methy
l-6-oxo-6,7-dihydro-5H-imidazo[1,2-
a]imidazole-3-carbonyl]-amino}-cyclopropanecarboxylic
acid, or 1-{[(R)-7-(3,5-dichloro-
phenyl)-5-methyl-6-oxo-5-(4-trifluoromethoxy-benzyl)-6
,7-dihydro-5H-imidazo[1,2-
a]imidazole-3-carbonyl]-amino}-cyclopropanecarboxylic
acid (1-{[(R)-7-(3,5-dichloro-phenyl)-
5-methyl-6-oxo-5-(4-1,2,4-triazol-1-yl-benzyl)-6,7-dih
ydro-5H-imidazo[1,2-a]imidazole-3-
carbonyl]-amino}-cyclopropanecarboxylic acid,
1-{[(R)-7-(3,5-Dichloro-phenyl)-5-methyl-6- 198 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
oxo-5-(4-1,2,3-triazol-1-yl-benzyl)-6,7-dihydro-5H-imi
dazo[1,2-a]imidazole-3-carbonyl]-
amino}-cyclopropanecarboxylic acid,
1-{[(R)-7-(3,5-Dichloro-phenyl)-5-methyl-6-oxo-5-(4-
1,2,3-triazol-2-yl-benzyl)-6,7-dihydro-5H-imidazo [
1,2-a]imidazole-3-carbonyl] -amino } -
cyclopropanecarboxylic acid, 1-{
[(R)-5-(4-chloro-benzyl)-7-(3,5-dichloro-phenyl)-5-met
hyl-6-
oxo-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]
-amino}-cyclopropanecarboxylic acid  as a starting
material: Compound 81, m/z 621.4[M+1]+  Compound 232,
m/z 621.4[M+1]+  Compound 91, m/z 614.5[M+1]+
Compound 176, m/z 621.5[M+1]+  Compound 196, m/z
634.5[M+1]+  Compound 200, m/z 634.5[M+1]+  Compound
133, m/z 608.5[M+1]+  Compound 164, m/z 620.4[M+1]+
Compound 192, m/z 620.5[M+1]+  Compound 79, m/z
676.9[M+1]+  Compound 8, m/z 645.5[M+1]+  Compound 76,
m/z 645.5 [M+1]+  



Compound 173, m/z 659.6 [M+1]+ 199 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT Compound
225, m/z 658.9 [M+1]+  Compound 18, m/z 760.2 [M+1]+
Compound 6, m/z 599.5 [M+1]+  Compound 12, m/z 634.6
[M+1]+  Compound 14, m/z 634.6 [M+1]+  Compound 17,
m/z 613.5 [M+1]+  Compound 160, m/z 592.8 [M+1]+
Compound 162, m/z 663.6 [M + 1]+  Compound 174, m/z
593.0 [M+1]+  Compound 185, m/z 656.6 [M + 1]+
Compound 189, m/z 648.6 [M+1]+  Compound 201, m/z
648.5 [M+1]+  Compound 143, m/z 647.9 [M+1]+  Compound
234, m/z 621.6 [M + 1]+  Compound 241, m/z 620.6
[M+1]+  Compound 9, m/z 661.5 [M + 1]+  Compound 152,
m/z 633.5 [M + 1]+ 200 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT Compound 15,
m/z 718.6 [M + 1]+  Compound 22, m/z 659.6 [M + 1]+
Compound 74, m/z 602.5 [M + 1]+  Compound 94,m/z 594.5
[M + 1]+  Compound 108, m/z 608.5 [M + 1]+  



Compound 72, m/z 606.5 [M + 1]+  Compound 3,m/z 628.5
[M + 1]+  Compound 220, m/z 660.5 [M + 1]+  Compound
268, m/z 632.5 [M + 1]+  Compound 267, m/z 646.6 [M +
1]+  Compound 126, m/z 646.5 [M + 1]+  Compound 154,
m/z 632.5 [M + 1]+  Compound 137, m/z 707.6 [M + 1]+
Compound 101, m/z 646.5 [M + 1]+  Compound 272, m/z
647.5 [M + 1]+  Compound 151, m/z 663.5 [M + 1]+
Compound 31, m/z 640.6 [M + 1]+ 201 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT Compound
254, m/z 642.5 [M + 1]+  Compound 255, m/z 682.5 [M +
1]+  Compound 109, m/z 649.21 [M+1]+  Compound 89, m/z
649.01 [M+1]+  Compound 98, m/z 649.01 [M+1]+
Compound 156, m/z 649.15 [M+1]+  Compound 125, m/z
620.4 [M + 1]+  Compound 123,m/z, 605 [M + 1]+
Compound 80, m/z 659.1 [M + 1]+  Compound 77, m/z
735.9 [M+1]+  Compound 19, m/z 704.6 [M+1]+  Compound
171, m/z 718.6 [M+1]+  Compound 199, m/z 718.2 [M+1]+
Compound 10, m/z 693.4 [M+1]+  



Compound 11, m/z 653.5[M + 1]+  Compound 16, m/z 693.1
[M+1]+  Compound 20, m/z 673.4 [M + 1]+ 202 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
Compound 84, m/z 653.5 [M + 1]+  Compound 187, m/z
722.7 [M + 1]+  Compound 194, m/z 707.5 [M+1]+
Compound 207, m/z 707.1 [M+1]+  Compound 211, m/z
715.5 [M + 1]+  Compound 214, m/z 706.8 [M+1]+
Compound 221, m/z 679.6 [M+1]+  Compound 231, m/z
679.6 [M+1]+  Compound 4, m/z 720.6 [M + I]'  Compound
5, m/z 704.2 [M + 1]+  Compound 23, m/z 661.5 [M + 1]+
Compound 253,m/z 673.5 [M + 1]+  Compound 68, m/z
699.5 [M + 1]+  Compound 69, m/z 665.5 [M + 1]+
Compound 30, m/z 687.5 [M + 1]+  Compound 58, m/z
689.7 [M + 1]+  Compound 33, m/z 670.7 [M + 1]+ 203 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
Compound 34, m/z 670.7 [M + 1]+  Compound 59, m/z
688.7 [M + 1]+  Compound 36, m/z 647.7 [M+1]+  



Compound 56, m/z 659.0 [M+1]+  Compound 64, m/z 663.7
[M + 1]+  Compound 37, m/z 646.00 [M + 1]+  Compound
38, m/z 717.06 [M + 1]+  Compound 57, m/z 673.1 [M+1]+
Compound 40, m/z 683.4 [M+1]+  Compound 39, m/z 742.8
[M+1]+  Compound 41, m/z 644 [M+1]+  Compound 48, m/z
661 [M+1]+  Compound 50, m/z 631.1 [M+1]+  Compound
42, m/z 631 [M+1]+  Compound 256, m/z 622.7 [M + 1]+
Compound 257, m/z 640.7 [M + I]-' 204 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT Compound
288, m/z = 686.53 [M + 1]+  Compound 289, m/z = 687.69
[M + 1]+  Compound 290, m/z = 681.64 [M + 1]+
Compound 321, m/z = 732.8 [M + 1]+  Compound 322, m/z
= 689.7 [M + 1]+ Compound 323, m/z = 730.7 [M + 1]+
Compound 325, m/z = 683.7 [M + 1]+  Compound 326, m/z
= 684.5[M + 1]+ Compound 327, m/z = 700.6 [M + 1]+
Compound 365, m/z 671.7 [M + 1]+  Compound 366, m/z
675.8 [M + 1]+  Compound 367, m/z 645.7 [M + 1]+
Compound 368, m/z 673.8 [M + 1]+  Compound 369, m/z
713.6 [M + 1]+  



Compound 370, m/z 659.8 [M + 1]+  Compound 371, m/z
689.8 [M + 1]+ Compound 372, m/z 674.8 [M + 1]+
Compound 374, m/z 682.7 [M + 1]+  205 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT Compound
375, m/z 649.6 [M + 1]+  Compound 376, m/z 682.7 [M +
1]+  Compound 377, m/z 682.5 [M + 1]+  Compound 379,
m/z 784.7 [M + 1]+  Compound 384, m/z 688.8 [M + 1]+
Compound 386, m/z 654.7 [M + 1]+ Compound 387, m/z
720.5 [M + 1]+  Compound 393, m/z 653.2 [M]+ Compound
396, m/z 777.8 [M + 1]+ 206 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT Example 14.
(3R)-3-(4-Bromobenzyl)-N-{(1R)-2-[(3R)-3-cyanopiperidi
n-l-yl]-l-
methyl-2-oxoethyl}-1-(3,5-dichlorophenyl)-3-methyl-2-o
xo-2,3-dihydro-lH-
imidazo[1,2-a]imidazole-5-carboxamide and
(3R)-3-(4-bromobenzyl)-N-{(1S)-2-
[(3R)-3-cyanopiperidin-1-yl]-1-methyl-2-oxoethyl}-1-(3
,5-dichlorophenyl)-3-methyl-
2-oxo-2,3-dihydro-lH-imidazo[1,2-a]imidazole-5-
carboxamide CI  C \ 1 I~  CI \ CI Br CI \ CI Mg I /
O-f"~-NHZ N(N O  N N O CL 



~N  THE N EDC, HOBt ~ O Br  HO O DMAP O`_ O  Br Br CI
\ CI CI \ CI N\ I  NH N O N O  TFA N-( N N  EDC, HOBt
HN O DMAP HN O O` Br O Br  OH N A solution of
(R)-3-(4-bromo-benzyl)-1-(3,5-dichloro-phenyl)-5-iodo-
3-methyl-lH- imidazo[1,2-a]imidazol-2-one (4.5 g, 7.8
mmol) in THE (50 mL) was cooled to -40C.  To this was
slowly added isopropyl magnesium bromide (1M in THF,
15.6 mL, 15.6  mmol) over 30 min. The reaction mixture
was stirred at -40 C for 1 h and then C02 gas  passed
through the solution for 1h. The reaction mixture was
concentrated under reduced  pressure and diluted with
water. The mixture was acidified with IN HCl and
extracted  with CH2C12 (3 x 100 mL). The combined
extracts were washed with water, brine and  dried with
MgSO4. The mixture was filtered and concentrated in
vacuo. The residue was  dissolved in toluene (40 mL)
and hexane was added (100 mL). The resulting
precipitate  was filtered and washed with hexane to
afford 2.6 g of (R)-5-(4-bromo-benzyl)-7-(3,5- 



dich
oro-phenyl)-5-methyl-6-oxo-6,7-d'hydro-5H-imidazo[1,2-
a]imidazole-3-carboxylic  acid as a purple solid, m/z
495.5 [M+]+. 207 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT To a solution of
(R)-5-(4-bromo-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid
(2.5 g, 5.0 mmol) in DMF (5 mL)  was added
(S)-2-amino-propionic acid tert-butyl ester
hydrochloride (0.92 g, 5.0 mmol),  HOBt (0.68 g, 5.0
mmol), EDC (0.97 g, 5.0 mmol) and DMAP (0.061 g, 0.50
mmol).  The reaction mixture was heated at 80 C for 12
h. The mixture was allowed to cool to  room
temperature and diluted with water (100 mL). The
mixture was extracted with  EtOAc (3 x 100 mL) and the
combined organic layers were washed with water, brine
and  dried with MgSO4. The mixture was filtered and
concentrated in vacuo to give 2.5 g of  (S)-2-{
[(R)-5-(4-bromo-benzyl)-7-(3,5-dichloro-phenyl)-5-meth
yl-6-oxo-6,7-dihydro- 5H-imidazo[ 1,2-a]
imidazole-3-carbonyl]-amino}-propionic acid tent-butyl
ester as a  yellow solid, m/z 623.5 [M+1]+. To a
solution of
(S)-2-{[(R)-5-(4-bromo-benzyl)-7-(3,5-dichloro-phenyl)
-5-methyl-6-
oxo-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]
-amino}-propionic acid tert- butyl ester (3.0 g, 4.8
mmol) in CH2Cl2 (20 mL) was added TFA (1 mL). The
reaction  was allowed to stir for 30 minutes and then
the solvent removed in vacuo to afford 2.2 g  of
(S)-2-{
[(R)-5-(4-bromo-benzyl)-7-(3,5-dichloro-phenyl)-5-meth
yl-6-oxo-6,7-dihydro- 5H-imidazo[
1,2-a]imidazole-3-carbonyl]-amino}-propionic acid as a
white solid, m/z  442.2 [M+]+. To a solution of
(S)-2-{[(R)-5-(4-bromo-benzyl)-7-(3,5-dichloro-phenyl)
-5-methyl-6-
oxo-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]
-amino}-propionic acid (2.7g,  4.8 mmol) in DMF (5 mL)
and Et3N (2 mL) was added
(R)-piperidine-3-carbonitrile  trifluoroacetic acid
(1.1 g, 4.8 mmol), HOBt (0.64 g, 4.8 mmol), EDC (0.91
g, 4.8 mmol)  and DMAP (0.010 g, 0.082 mmol). The
reaction was heated at 80 C for 5 h. The mixture  was
cooled to room temperature and diluted with water (100
mL). The mixture was  



extracted with EtOAc (3 x 100 mL) and the combined
extracts were washed with water,  brine (2 x 100 mL)
and dried with MgSO4. The mixture was filtered,
concentrated in  vacuo and purified by flash
chromatography on silica gel. The resulting residue
(200 mg)  was dissolved in MeOH and purified by
reverse phase HPLC to give 12 mg of (3R)-3-(4-
bromobenzyl)-N-{ (1
R)-2-[(3R)-3-cyanopiperidin-l-yl]-1-methyl-2-oxoethyl}
-1-(3,5 208 WO 2009/070485 PCT/US2008/084149  Docket
No. 09-0446 PCT
dichlorophenyl)-3-methyl-2-oxo-2,3-dihydro-lH-imidazo[
1,2-a]imidazole-5- carboxamide (eluted first), m/z
659.3 [M+1]+ and 15mg of (3R)-3-(4-bromobenzyl)-N-
{(1S)-2-[(3R)-3-cyanopiperidin-l-yl]-1-methyl-2-oxoeth
yl}-1-(3,5-dichlorophenyl)-3-
methyl-2-oxo-2,3-dihydro-lH-imidazo[1,2-a]imidazole-5-
carboxamidem/z 659.3 [M+1]+.  The following compounds
were prepared using procedures similar to those
described  above: Compound 373, m/z 683.5 [M + 1]+
Example 15.
(3R)-3-(4-bromobenzyl)-1-(3,5-dichlorophenyl)-3-methyl
-N-{(1S)-1-
methyl-2-oxo-2-[(3R)-3-(1H-tetrazol-5-yl)piperidin-1-y
l]ethyl}-2-oxo-2,3-dihydro-
1H-imidazo[1,2-a]imidazole-5-carboxamide . ci \ ci  a
1\ a 0 3  CF N O  N-N N~  N 0 N N I NH N  N H~ \ HN O
I ,  HN 0 I O Br  O Br HATU, HOAI, N 



Et3N, DMF OH N  N  N-NH To a cold (0 C) solution of
(S)-2-{
[(R)-5-(4-bromo-benzyl)-7-(3,5-dichloro-phenyl)-5-
methyl-6-oxo-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-
carbonyl]-amino }-propionic  acid (0.050 g, 0.088
mmol) in DMF (1 mL) was added
(R)-3-(1H-tetrazol-5-yl)- piperidine trifluoro-acetic
acid salt (0.047 g, 0.18 mmol), HATU (0.040 g, 0.11
mmol)  and Et3N (0.026 mL, 0.18 mmol). The reaction
was allowed to stir for 10 minutes and 209 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
HOAt (0.024 g, 0.18 mmol) was added and the mixture
allowed to warm to room  temperature overnight. The
crude reaction mixture was purified by reverse-phase
HPLC  to give 10 mg of the title compound as a white
solid, m/z 701.4 [M]+. Example 16.
(3R)-1-(3,5-dichlorophenyl)-3-[(4'-fluorobiphenyl-4-yl
)methyl]-3-
methyl-N-{(1S)-1-methyl-2-oxo-2-[(3R)-3-(1H-tetrazol-5
-yl)piperidin-1-yl]ethyl}-2-
oxo-2,3-dihydro-lH-imidazo[1,2-a]imidazole-5-carboxami
de . CI'qCI  ~ HO.B,OH CII iCI  N--~ N 0 N 0 N N N F
TFA  0H~ O Br HNN O I/ r  PdCl,dppf, 0 0 K2CO3, DME 0
F  CI 0  CI~CI I O 



N 0  N CF3 OH N-_~ N--( N_N N ~NN I N~ NH  0 O I/ I\ H
O O Y N F  Et r l OH F H , HOAI, 3N, DMF MF N N N-NH A
solution of
(S)-2-{[(R)-5-(4-bromo-benzyl)-7-(3,5-dichloro-phenyl)
-5-methyl-6-oxo-
6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-ami
no}-propionic acid tent-butyl  ester (0.20 g, 0.32
mmol), 4-fluorophenyl boronic acid (0.059 g, 0.43
mmol) and K2C03  (0.15 g, 1.1 mmol) in DME (5 mL) was
degassed under N2 for 10 minutes. To this was  added
PdC12(dppf) (5 mg) and the mixture heated at 80 C for
12 h. The resulting black  mixture was cooled to room
temperature, diluted with saturated NH4C1 and
extracted 210 WO 2009/070485 PCT/US2008/084149  Docket
No. 09-0446 PCT with EtOAc (3 x 50 mL). The combined
organic extracts were washed with water, brine,  dried
with MgSO4 and concentrated. The residue was purified
by silica gel  chromatography to afford 150 mg of
(S)-2-{ [(R)-7-(3,5-dichloro-phenyl)-5-(4'-fluoro-
biphenyl-4-ylmethyl)-5-methyl-6-oxo-6,7-dihydro-5H-imi
dazo[1,2-a]imidazole-3- carbonyl]-amino}-propionic
acid tert-butyl ester as a white solid, m/z 637.5
[M+]+. To a solution of
(S)-2-{[(R)-7-(3,5-dichloro-phenyl)-5-(4'-fluoro-biphe
nyl-4-ylmethyl)-5-
methyl-6-oxo-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-
carbonyl]-amino }-propionic  acid tert-butyl ester
(0.15 g, 0.24 mmol) in CH2C12 (10 mL) was added TFA (4
mL) and  the mixture stirred at room temperature for
12 h. The mixture was diluted with water (50  



mL) and extracted with EtOAc (3 x 50 mL). The combined
organic extracts were washed  with water, brine and
dried with MgSO4. The mixture was filtered and
concentrated to  give 120 mg of (S)-2-{
[(R)-7-(3,5-dichloro-phenyl)-5-(4'-fluoro-biphenyl-4-y
lmethyl)-5- methyl-6-oxo-6,7-dihydro-5H-imidazo [
1,2-a]imidazole-3-carbonyl] -amino } -propionic  acid
as a white solid, m/z 581.3 [M]+. To a cold (0 C)
solution of (S)-2-{
[(R)-7-(3,5-dichloro-phenyl)-5-(4'-fluoro-biphenyl-4-
ylmethyl)-5-methyl-6-oxo-6,7-dihydro-5H-imidazo [
1,2-a]imidazole-3-carbonyl] -amino } - propionic acid
(0.12 g, 0.21 mmol) in DMF (1 mL) was added
(R)-3-(1H-tetrazol-5-yl)- piperidine trifluoro-acetic
acid salt (0.055 g, 0.21 mmol), HATU (0.093 mg, 0.25
mmol)  and Et3N (0.059 mL, 0.41 mmol). The reaction
was allowed to stir for 10 min and then  HOAt (0.056
g, 0.41 mmol) was added. The mixture was allowed to
warm to room  temperature overnight. The crude
reaction mixture was purified by reverse phase HPLC
to give 35 mg of the title compound as a white solid,
m/z 716.6 [M]+. The following compound was prepared
using similar procedures as described above:  Compound
86, m/z 698.2 [M+]+ 211 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT Example 17.
(3R)-N-{(1S)-4-Amino-l-[(3-carbamoylpiperidin-1-yl)car
bonyl]-4-
oxobutyl}-3-(4-cyanobenzyl)-1-(3,5-dichlorophenyl)-3-m
ethyl-2-oxo-2,3-dihydro-1H-
imidazo[1,2-a]imidazole-5-carboxamide. CI I CI O O NFi
N EDCHCI, HOBt, NEt3  N~ O + N 0 NH2 DMF  HO O N H.CI
CI I \ CI CI ~ CI  O  



N- N p CF OH N~N O N N  HN O HN O O NHZ O NHZ  O OH  1
0 O  1 CI \ CI HZN O N  NH N ~N N  EDCHCI, HOBt, NEt3
HN O  DMF NHZ  N O  O NHZ To a solution of
(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid
(1.0 g, 2.3 mmol) in DMF (25  mL) were added
(3-dimethylamino-propyl)-ethyl-carbodiimide
hydrochloride (652 mg,  3.4 mmol), benzotriazol-l-ol
(459 mg, 3.4 mmol) and triethylamine (1.2 mL, 10.9
mmol).  The reaction mixture was stirred at room
temperature for 20 min, and (S)-2-amino-4-
carbamoyl-butyric acid tert-butyl ester hydrochloride
(811 mg, 3.4 mmol) was added. 212 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT The reaction
mixture was stirred at room temperature for 64 h then
diluted with water and  filtered through a glass frit.
The solution was then extracted with dichloromethane
(x3).  The combined organic layers were then washed
with water (x3). The organic phase was  



dried over anhydrous Na2SO, decanted and concentrated
in vacuo. The resulting residue  was purified by flash
chromatography on silica gel (40 to 100 % ethyl
acetate in hexanes)  to afford 999 mg of
(S)-4-carbamoyl-2-{
[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro
phenyl)-5-methyl-6-oxo-6,7-dihydro-5H-imidazo
[1,2-a]imidazole-3-carbonyl] -amino }- butyric acid
tent-butyl ester as a white solid, m/z 625.5 [M + 1]+.
To a solution of (S)-4-carbamoyl-2-{
[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-
methyl-6-oxo-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-
carbonyl]-amino}-butyric acid  tert-butyl ester (970
mg, 1.5 mmol) in CH2C12 (10 mL) was added
trifluoroacetic acid  (5.0 mL, 28 mmol). The reaction
mixture was stirred at room temperature for 4 h. The
reaction mixture was then concentrated in vacuo to
afford 882 mg of (S)-4-carbamoyl-2- {
[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-meth
yl-6-oxo-6,7-dihydro-5H-
imidazo[1,2-a]imidazole-3-carbonyl]-amino}-butyric
acid as a white solid, m/z 569.4 [M  + 1]+. To a
solution of (S)-4-carbamoyl-2-{
[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-
methyl-6-oxo-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-
carbonyl]-amino}-butyric acid  (50 mg, 0.088 mmol) in
DMF (1 mL) was added (3-dimethylamino-propyl)-ethyl
carbodiimide hydrochloride (25 mg, 0.132 mmol),
benzotriazol-l-ol (18 mg, 0.132  mmol) and
triethylamine (47 L, 0.395 mmol). The reaction mixture
was stirred at room  temperature for 20 min then
piperidine-3-carboxylic acid amide (17 mg, 0.132 mmol)
was added. The reaction mixture was stirred at room
temperature for 64 h. The reaction  mixture was then
diluted with water and filtered through a glass frit.
The solution was  then extracted with CHzClz (x3). The
combined organic layers were then washed with  water
(x3). The organic phase was dried over anhydrous
Na2SO4 and concentrated in  vacuo. The resulting
residue was purified via reverse phase HPLC to afford
60 mg of the  title compound as a white solid, m/z
679.6 [M + 1]+. 213 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT The following compound was
prepared using similar procedures as described above:



Compound 71, m/z 659.5 [M + 1]+ Example 18.
(3R)-1-(3,5-Dichlorophenyl)-3-methyl-2-oxo-N-{2-oxo-2-
[(3R)-3-(2H-
tetrazol-5-yl)pyrrolidin-1-yl]ethyl}-3-[4-(trifluorome
thoxy)benzyl]-2,3-dihydro-1H-
imidazo[1,2-a]imidazole-5-carboxamide . clP \ cl cl cl
ci / cl I \~ N~N 0 1. (COCI)21 cat. DMF N O 1.
HCI/dioxane N~ O  N N N  2. O p, JNH2 HN O NN~ ~NH HN
O HO O I/ O O 0~ O F N_//"' 0 / O  F F" F Et3N F F H
HATU, HOAt, ,N FF  Et3N, DMA ~\--l) N  N' . N' NH To a
solution of
(R)-7-(3,5-dichloro-phenyl)-5-methyl-6-oxo-5-(4-triflu
oromethoxy-
benzyl)-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carbo
xylic acid (0.500 g, 1.0 mmol)  in CH2C12 (15 mL) was
added oxalyl chloride (0.194 mL, 2.2 mmol), followed
by slow  addition of DMF (0.05 mL). The reaction was
stirred for 90 min. The volatiles were  removed in
vacuo, and the residue dissolved in THE (15 mL). To
this cloudy solution  was added diisopropylethylamine
(0.88 mL, 5.0 mmol) followed by glycine tert-butyl
ester (0.30 mL, 2.2 mmol). The reaction was stirred
for another 14 h. The volatiles were  removed in vacuo
at 40 C. The reaction mixture was diluted with ethyl
acetate and  washed with 1 N aqueous HCl (x2), 10%
aqueous Na2CO3 (x2) and brine (x2). The  organic phase
was dried over anhydrous Na2SO4 and concentrated in
vacuo to afford {
[(R)-7-(3,5-dichloro-phenyl)-5-methyl-6-oxo-5-(4-trifl
uoromethoxy-benzyl)-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino}-
acetic acid tert-butyl ester  



(0.483 g) as a colorless foam. {
[(R)-7-(3,5-Dichloro-phenyl)-5-methyl-6-oxo-5-(4-trifl
uoromethoxy-benzyl)-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-ca
bonyl]-amino}-acetic acid tert-butyl ester  214 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
(0.061 g, 0.1 mmol) was dissolved in CH2C12 (0.5mL)
and 4N HC4/dioxane (1 mL)  added. The solution was
agitated on an orbital shaker for 14 h and then
concentrated in  vacuo. The resulting residue was
dissolved in DMA (2 mL), and (R)-5-pyrrolidin-3-yl-
2H-tetrazole (0.21 g, 0.15 mmol), HOAt (0.041 g, 0.3
mmol), triethylamine (0.09 mL, 0.6  mmol) and HATU
(0.057 g, 0.15 mmol) were added. The reaction mixture
was agitated  for 14 h and then concentrated in vacuo.
The residue was dissolved in DMSO (1 mL)  and water
(0.1 mL) and purified via reverse phase HPLC
purification to afford 0.045 g of
(3R)-1-(3,5-dichlorophenyl)-3-methyl-2-oxo-N- f
2-oxo-2- [(3R)-3-(2H-tetrazol-5-
yl)pyrrolidin-l-yl]ethyl}-3-[4-(trifluoromethoxy)benzy
l]-2,3-dihydro-lH-imidazo[1,2-
a]imidazole-5-carboxamide as a white solid, m/z 680.1
[M + 1]+ The following compounds were prepared using
similar procedures as described above:  Compound 274,
m/z 621.1 [M + 1]+ Compound 175, m/z 649.1 [M + 1]+
Compound 161, m/z 706.3 [M + 1]+  Compound 236, m/z
635.0 [M + 1]+  Compound 209, m/z 694.0 [M + 1]+
Compound 280, m/z 621.1 [M + 1]+  Compound 223, m/z
680.0 [M + 1]+  Compound 186, m/z 708.1 [M + 1]+
Compound 242, m/z 635.1 [M + 1]+  Compound 210, m/z
694.0 [M + I]-' 215 WO 2009/070485 PCT/US2008/084149  



Docket No. 09-0446 PCT Compound 264, m/z 595.0 [M +
1]+  Compound 134, m/z 654.0 [M + 1]+  Compound 153,
m/z 623.1 [M + 1]+  Compound 116, m/z 682.0 [M + 1]+
Compound 144, m/z 609.1 [M + 1]+  Compound 112, m/z
668.0 [M + 1]+  Compound 271, m/z 609.1 [M + 1]+
Compound 155, m/z 668.0 [M + 1]+  Compound 158, m/z
637.1 [M + 1]+  Compound 128, m/z 696.1 [M + 1]+
Compound 287, m/z 623.1 [M + 1]+  Compound 119, m/z
682.0 [M + 1]+  Compound 183, m/z 635.1 [M + 1]+
Compound 163, m/z 694.1 [M + 1]+  Compound 237, m/z
663.0 [M + 1]+  Compound 202, m/z 722.1 [M + 1]+
Compound 279, m/z 635.1 [M + 1]+ 216 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT Compound
238, m/z 694.1 [M + 1]+  Compound 275, m/z 663.0 [M +
1]+  Compound 224, m/z 722.1 [M + 1]+ Example
19.4-Acetyl-l-{[1-({[(3R)-3-(4-cyanobenzyl)-1-(3,5-dic
hlorophenyl)-3-
methyl-2-oxo-2,3-dihydro-lH-imidazo[1,2-a]imidazol-5-y
l]carbonyl}amino)-
cyclopropyl]carbonyl}piperazine-2-carboxylic acid cl ~
ci  I/ 



CI / I ~ CI N N N O  H 0  N N O O EDCI  N N + CN y HN
O  N \ DMF O~ N HN O I 11N) 0, X N  OH 0 0 TFA  cl cl
N CI CI  N N O N O  \ N AcZO N~ \ N  HN O I ~  OO i ~N
OO HN O  ~] N  H O N ) HO N N N  HO O 



1- {
[(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-meth
yl-6-oxo-6,7-dihydro-5H- imidazo[ 1,2-a]
imidazole-3-carbonyl]-amino}-cyclopropanecarboxylic
acid (100mg,  0.19mmol), piperazine-1,3-dicarboxylic
acid di-tert-butyl ester (109 mg, 0.38 mmol) and  EDC
(46mg, 0.24mmol) were dissolved in DMF (1 mL) and
triethylamine (0.07 mL, 0.38  mmol) was added. After
20 h, the reaction was diluted with CH2C12 and water.
The  layers were separated and the aqueous layer was
extracted with CH2C12 (2x). The 217 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT combined
organic layers were washed with water (2x), dried over
MgSO4, filtered and  concentrated in vacuo to yield a
colorless oil. Purification by flash chromatography on
silica gel (0-15% MeOH in CH2C12) yielded 51 mg of a
tan solid as 4-(1-{[(R)-5-(4-
cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-oxo-6
,7-dihydro-5H-imidazo[1,2-
a]imidazole-3-carbonyl]-amino
}-cyclopropanecarbonyl)-piperazine-1,3-dicarboxylic
acid  di-tert-butyl ester (approximately 75% pure)
which was used without further purification.  4-(1-{
[(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-meth
yl-6-oxo-6,7-dihydro-5H- imidazo [
1,2-a]imidazole-3-carbonyl] -amino }
-cyclopropanecarbonyl)-piperazine-1,3- dicarboxylic
acid di-tert-butyl ester (256 mg, 0.32 mmol) was
dissolved in CH2C12 (2  mL) and TFA (2 mL) was added
dropwise. After 16 h, the reaction was concentrated in
vacuo. The crude orange oil was dissolved in DMSO (1.5
mL), purified via reverse  phase HPLC to afford 64 mg
of 1-(1-{
[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-
5-methyl-6-oxo-6,7-dihydro-5H-imidazo [
1,2-a]imidazole-3-carbonyl] -amino }-cyclo-
propanecarbonyl)-piperazine-2-carboxylic acid
trifluoroacetic acid salt as a white solid.  1-(1-{
[(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-meth
yl-6-oxo-6,7-dihydro-5H- imidazo [ 1,2-a]
imidazole-3-carbonyl] -amino }
-cyclopropanecarbonyl)-piperazine-2- carboxylic acid
trifluoroacetic acid salt (40 mg, 0.05 mmol) was
dissolved in pyridine (1  mL), and acetic anhydride
(0.01 mL, 0.11 mmol) was added dropwise. After 30 min,
the  reaction was partitioned between CH2C12 and
water, and the aqueous layer was acidified  with 1M
HC1 to pH 2. The layers were separated and the aqueous
layer was extracted  



with CH2C12 (2x) and CHC13 (1x). The combined organic
layers were dried over MgSO4,  filtered and
concentrated to yield 35 mg of a white solid. The
crude product was  dissolved in DMSO (1.3 mL) and
purified via reverse phase HPLC to yield 23 mg of the
title compound, m/z 678.5 [M + 1]+. 218 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT Example
20.1-Acetyl-4-{[1-({[(3R)-3-(4-cyanobenzyl)-1-(3,5-dic
hlorophenyl)-3-
methyl-2-oxo-2,3-dihydro-1H-imidazo[1,2-a]imidazol-5-y
l]carbonyl}amino)-
cyclopropyl]carbonyl}piperazine-2-carboxylic acid. a a
CI I CI N 0 1) DMF, N=N O  N~ 0 H NaOH, ~N N (NOH EDC,
N 2) Ac20, HN 0 HN 0 H pyr. 0 ~\N  '( v N N OH NJ  OHO
1- {
[(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-meth
yl-6-oxo-6,7-dihydro-5H- imidazo[ 1,2-a]
imidazole-3-carbonyl]-amino}-cyclopropanecarboxylic
acid (200 mg, 0.38  mmol) and EDC (81 mg, 0.42 mmol)
were combined and dissolved in DMF (1 mL) and  stirred
for 15 min. In another vial, piperazine-2-carboxylic
acid dihydrochloride (132  mg, 0.65 mmol) was
neutralized with 4M NaOH solution (0.65 mL, 2.6 mmol).
The  aqueous solution of the amine was added dropwise
to the DMF solution of carboxylic  acid and EDC. After
2 h, the heterogeneous reaction was acidified with 1M
HCl (10  drops). The crude solution was purified via
reverse phase HPLC to yield 110 mg of 4-(1- {
[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-meth
yl-6-oxo-6,7-dihydro-5H- 



imidazo [ 1,2-a] imidazole-3-carbonyl] -amino }
-cyclopropanecarbonyl)-piperazine-2- carboxylic acid
trifluoroacetic acid salt as a colorless oil. 4-(1-{
[(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-meth
yl-6-oxo-6,7-dihydro-5H- imidazo [ 1,2-a]
imidazole-3-carbonyl] -amino }
-cyclopropanecarbonyl)-piperazine-2- carboxylic acid
trifluoroacetic acid salt (60 mg, 0.08 mmol) was
dissolved in pyridine (1  mL) and acetic anhydride
(0.015 mL, 0.16 mmol) was added dropwise. After 30
min, the  reaction was partitioned between CH2C12 and
water and the aqueous layer was acidified 219 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
with 1M HCl to pH2. The layers were separated and the
aqueous layer was extracted  with CH2C12 (2x) and
CHC13 (1x). The combined organic layers were dried
over MgSO4,  filtered and concentrated to yield 50 mg
of a white solid. The crude product was  dissolved in
DMSO (1.3 mL) and purified via reverse phase HPLC to
yield 21 mg of the  title compound as a colorless oil
which slowly solidifies, nilz 678.6 [M + 1]+. Example
21.
(1S,3R)-3-({[1-({[(3R)-3-(4-Cyanobenzyl)-1-(3,5-dichlo
rophenyl)-3-
methyl-2-oxo-2,3-dihydro-1H-imidazo[1,2-a]imidazol-5-y
l]carbonyl}amino)-
cyclopropyl]carbonyl}amino)cyclopentanecarboxylic acid
(4). C I\ C a \ a  / I/  N N- O NN O  ,N HCI \ N HN O
HN O O N O` -~ ~~N  O 0 "0,NH -O\ HO IN HCl in
1,4-dioxane (1 mL, 1 mmol) and IN HCl (aq.) (0.5 mL,
0.5 mmol) were added  to methyl (1S,3R)-3-({ [1-({
[(3R)-3-(4-cyanobenzyl)-1-(3,5-dichlorophenyl)-3-methy
l-2- 



oxo-2,3-dihydro-1H-imidazo[1,2-a]imidazol-5-yl]carbony
l} amino)cyclopropyl]-
carbonyl}amino)cyclopentanecarboxylate (35 mg, 0.054
mmol). The reaction tube was  sealed and the reaction
solution was stirred at 100 C for 1 h. The reaction
solution was  then cooled to room temperature,
filtered and purified via reverse phase HPLC. The
title  compound (23.1 mg) was isolated as a white
solid, m/z 635.1 [M+1]+. The following compounds were
prepared using similar procedures as described above:
Compound 260, m/z 635.2 [M+1]+ Compound 273, m/z 635.0
[M+1]+. 220 WO 2009/070485 PCT/US2008/084149  Docket
No. 09-0446 PCT Example 22.
(3R)-N-(1-{[(1R,3S)-3-carbamoylcyclopentyl]carbamoyl}c
yclopropyl)-
3-(4-cyanobenzyl)-1-(3,5-dichlorophenyl)-3-methyl-2-ox
o-2,3-dihydro-lH-imidazo- [
1,2-a]imidazole-5-carboxamide. 0'1l10' c a  ~  N N~ 0
N--~ N O  N NH3 \ N HN O HN 0  0y-'7 N O` -~  O ,,,NH
0 NH To methyl (1S,3R)-3-({ [1-({
[(3R)-3-(4-cyanobenzyl)-1-(3,5-dichlorophenyl)-3-methy
l-2-
oxo-2,3-dihydro-1H-imidazo[1,2-a]imidazol-5-yl]carbony
l} amino)cyclopropyl]-
carbonyl}amino)cyclopentanecarboxylate (109.2 mg,
0.168 mmol) was added ammonia  (7N in methanol, 4 mL,
28 mmol) and the reaction tube was sealed. The
reaction solution  was stirred at 80 C for 65 h. The
reaction solution was then cooled to room temperature
and concentrated in vacuo. The resultant residue was
purified via reverse phase HPLC to  afford 58.6 mg of
the title compound as a white solid, nilz 634.2
[M+1]+. The following compounds were prepared using
similar procedures as described above:  



Compound 96, m/z 634.2 [M+1]+ Compound 73 m/z 634.2
[M+1]+ Compound 142, mlz  634.2 [M+1]+, Example 23.
(3R)-1-(3,5-Dichlorophenyl)-N-(1-{[(3R)-3-(3-hydroxy-l
H-pyrazol-5-
yl)pyrrolidin-1-yl]carbonyl}cyclopropyl)-3-methyl-2-ox
o-3-[4-(trifluoromethoxy)-
benzyl]-2,3-dihydro-lH-imidazo[1,2-a]imidazole-5-carbo
xamide . 221 WO 2009/070485 PCT/US2008/084149  Docket
No. 09-0446 PCT a ~ a  0'1l m 'C' N=< O N--( N 0  ~N ~
N  Hydrazine, EtOH HNO  O\~ 0 HN O V O  N F F Y_~
F"F'F  ( > F N N  O Ci,N  0> `OH  To a solution of
3-[(R)-1-(1-{
[(R)-7-(3,5-dichloro-phenyl)-5-methyl-6-oxo-5-(4
trifluoromethoxy-benzyl)-6,7-dihydro-5H-imidazo [
1,2-a]imidazole-3-carbonyl] -amino } -
cyclopropanecarbonyl)-pyrrolidin-3-yl]-3-oxo-propionic
acid ethyl ester (35 mg, 0.05  mmol) in ethanol (2 mL)
was added hydrazine (7.0 L, 0.23 mmol). The reaction
mixture  was stirred at room temperature for 1.5 h.
The solvent was evaporated in vacuo, and the  residue
was purified via reverse phase HPLC to afford the
title compound (20 mg, 60%)  as a white solid, nilz
718.1 [M + 1]+. Example 24.
(R)-5-(4-Cyanobenzyl)-7-(3,5-dichlorophenyl)-5-methyl-
6-oxo-6,7- 



dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid
[1-acetyl-4-(1-pyridin-2-yl-
cyclopropylcarbamoyl)-piperidin-4-yl]-amide . 222 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
110  O NH2 O NH  HATU, DIEA, 0 kNH piperidine, 0 Ilk 0
NH + N L DMF 0 DMF NH NY0 O ON O NH N\/0 N- 0~ O 0~
O-~ N- CI CI  CI CI N O  N 0 N~ N~ ~N  HN O N TFA, DCM
HO O O ~\N N N 0  HATU, DIEA, DMF N, CI I CI CI CI
N--~ N O N-( N O  AcZO, pyridine N N  HN O N HN O ~N
0 O  



NH NH DN 0  T'J N N To a solution of
4-(9H-fluoren-9-ylmethoxycarbonylamino)-piperidine-1,4
-dicarboxylic  acid mono-tert-butyl ester (100 mg,
0.21 mmol) and 1-pyridin-2-yl-cyclopropylamine (35
mg, 0.26 mmol) in DMF (0.5 mL) was added HATU (98 mg,
0.26 mmol) followed by  diisopropylethylamine (0.5
mL). The reaction mixture was stirred at room
temperature  for 3 h. The crude reaction mixture was
used in the next step. To the solution of crude
4-(9H-fluoren-9-ylmethoxycarbonylamino)-4-(1-pyridin-2
-yl- cyclopropylcarbamoyl)-piperidine-l-carboxylic
acid tert-butyl ester in DMF (0.5 mL)  223 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
was added piperidine (0.2 mL). The mixture was stirred
at room temperature. After 1h,  the solution was
diluted with EtOAc (20 mL) and washed with water (4x20
mL). The  organic phase was dried over anhydrous
Na2SO4 and concentrated in vacuo. The  resulting
residue was purified via flash chromatography on
silica gel (10% MeOH in  CHzCl2 containing 0.1% NH4OH)
to afford 74 mg of 4-amino-4-(1-pyridin-2-yl-
cyclopropylcarbamoyl)-piperidine-1-carboxylic acid
tert-butyl ester as a white solid.  To a mixture of
(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid
(80 mg, 0.18 mmol) and 4-
amino-4-(1-pyridin-2-yl-cyclopropylcarbamoyl)-piperidi
ne-l-carboxylic acid tent-butyl  ester (74 mg, 0.20
mmol) in DMF (1 mL) was added HATU (76 mg, 0.19 mmol)
and  diisopropylethylamine (47 mg, 0.36 mmol). The
reaction was stirred at room temperature  for 7h.
After addition of water (10 mL) the mixture was
extracted with EtOAc (2x 15  mL). The organic layer
was washed with brine and dried over Na2SO4. The
solvent was  removed in vacuo and the remaining
residue was purified via reverse phase HPLC to  afford
4-{
[(R)-5-(4-cyanobenzyl)-7-(3,5-dichlorophenyl)-5-methyl
-6-oxo-6,7-dihydro- 5H-imidazo [
1,2-a]imidazole-3-carbonyl] -amino
}-4-(1-pyridin-2-yl-cyclopropyl- 



carbamoyl)-piperidine-l-carboxylic acid tent-butyl
ester as a white solid (140 mg), m/z  784.9 [M+1]+. To
a solution of
4-{[(R)-5-(4-cyanobenzyl)-7-(3,5-dichlorophenyl)-5-met
hyl-6-oxo-6,7- dihydro-5H-imidazo [
1,2-a]imidazole-3-carbonyl] -amino J-4-(I
-pyridin-2-yl-cyclopropyl-
carbamoyl)-piperidine-1-carboxylic acid tent-butyl
ester (140 mg, 0.18 mmol) in CHzCl2  (0.5 mL) was
added TFA (0.5 mL) and stirred at room temperature for
1 h. The solvent  was removed in vacuo to afford
(R)-5-(4-cyanobenzyl)-7-(3,5-dichlorophenyl)-5-methyl-
6-oxo-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carboxy
lic acid [4-(1-pyridin-2-yl-
cyclopropylcarbamoyl)-piperidin-4-yl]-amide as a white
solid (120 mg), m/z 683.8  [M+1]+. To a solution of
(R)-5-(4-cyanobenzyl)-7-(3,5-dichlorophenyl)-5-methyl-
6-oxo-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid
[4-(1-pyridin-2-yl 224 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT
cyclopropylcarbamoyl)-piperidin-4-yl]-amide (20 mg,
0.03 mmol) in pyridine (0.5 mL)  was added acetic
anhydride (0.5 mL). The reaction mixture was stirred
at room  temperature for 1 h. The solvent was removed
in vacuo and the remaining residue was  dissolved in
water and extracted with CH2C12 (3x10 mL). The organic
layer was washed  with brine and dried over Na2SO4.
After removal of the solvent in vacuo, the title
compound was obtained as a white solid (21 mg), m/z
725.5 [M+1]+. The following compounds were prepared
using procedures similar to those described  above
using
(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-4-fluoro-phenyl
)-5-methyl-6-oxo-
6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic
acid, (R)-7-(3,5-dichloro-4-fluoro-
phenyl)-5-methyl-6-oxo-5-(4-trifluoromethoxy-benzyl)-6
,7-dihydro-5H-imidazo[1,2- a]imidazole-3-carboxylic
acid or
(R)-7-(3,5-dichloro-phenyl)-5-methyl-6-oxo-5-(4-
trifluoromethoxy-benzyl)-6,7-dihydro-5H-imidazo[1,2-a]
imidazole-3-carboxylic acid as a starting material:
Compound 310, m/z = 744.3 [M + 1]+ Compound 314, m/z =
770.4 [M + 1]+  



Compound 317, m/z = 726.5 [M + 1]+ Compound 316, m/z =
740.7 [M + 1]+ Compound  318, m/z = 754.5 [M + 1]+
Compound 335, m/z 711.9 [M + 1]+ Compound 303, m/z
819.9 [M + 1]+  Compound 445, m/z 643.5 [M + 1]+
Compound 446, m/z 726.6 [M + 1]+  Compound 447, m/z
708.6 [M + 1]+  Compound 448, m/z 662.4 [M + 1]+
Compound 450, m/z 760.4 [M + 1]+ 225 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT Compound
451, m/z 704.7 [M + 1]+  Compound 302, m/z 657.4 [M +
1]+ [(S)-3-{
[(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-4-fluoro-pheny
l)-5-methyl-6-oxo-6,7- dihydro-5H-imidazo [
1,2-a]imidazole-3-carbonyl] -amino }
-3-(1-pyrimidin-2-yl-
cyclopropylcarbamoyl)-propyl]-carbamic acid tert-butyl
ester, m/z 776.5 [M + 1]+  Example 25.
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7-
dihydro-SH-imidazo[1,2-a]imidazole-3-carboxylic acid
[3-(1-pyridin-2-yl-cyclo-
propylcarbamoyl)-oxetan-3-yl]-amide NH, O  N ' HN 0
HN 0 O 0 ~ O TFA,DCM  0 NH  OH HATU,TEA NI CI ~ CI CI
~ CI N  NH N N 0 N 



~  O O ~ N N  NH HN 0  0 OH HO O N 0 Y-to  NH  HATU,
TEA N I 3-Benzylamino-oxetane-3-carboxylic acid (200
mg, 0.97 mmol), prepared from oxetan-3- one
(Wuitschik, G. W. et al. Angew. Chem. Int. Ed. 2006,
7736-7739) according to the  226 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT procedure of
Kozikowski and Fauq (Kozikowski, A.P.; Fauq, A. H.
Synlett 1991, 783- 784), was suspended in MeOH (10
mL). Palladium hydroxide (20% on carbon, 50 wt%
water, 100 mg) was added, and the mixture stirred
under 1 atm of hydrogen for 30 h. The  resulting
suspension was heated to 60 C for 5 min and filtered
through a 0.45 m PTFE  syringe filter. To this
solution was added BoC20 (421 mg, 1.93 mmol) and
triethylamine  (274 L, 1.93 mmol), and the reaction
stirred at room temperature for 48 h. The solvent  was
removed in vacuo and the resulting oil was purified by
reverse phase HPLC to give
3-tert-butoxycarbonylamino-oxetane-3-carboxylic acid
as a white solid (82 mg, 39 %)  after lyophilization,
m/z 218.5 [M+1]+. A solution of
3-tert-butoxycarbonylamino-oxetane-3-carboxylic acid
(82 mg, 0.38  mmol), 1-pyridin-2-yl-cyclopropylamine
(56 mg, 0.42 mmol), HATU (215 mg, 0.57  mmol), and
triethylamine (77 L, 0.57 mmol) in DMF (0.5 mL) was
stirred at room  temperature for 29 h. Water (0.2 mL)
and MeOH (1 mL) were added, and the resulting  clear
solution was purified directly by reverse phase HPLC
to give [3-(1-pyridin-2-yl-
cyclopropylcarbamoyl)-oxetan-3-yl]-carbamic acid
tert-butyl ester as a tan solid (132 mg,  >100%) after
lyophilization, m/z 334.8 [M+1]+, that was carried on
without further  purification. 



To a solution of
[3-(1-pyridin-2-yl-cyclopropylcarbamoyl)-oxetan-3-yl]-
carbamic acid  tert-butyl ester (100 mg, 0.30 mmol) in
CH2C12 (2 mL) was added TFA (1 mL). The  solution was
stirred at room temperature for 17 h and then
concentrated in vacuo. The  residue was purified by
reverse phase HPLC to give
3-amino-oxetane-3-carboxylic acid
(1-pyridin-2-yl-cyclopropyl)-amide formate as a white
powder (72 mg, 86%) after  lyophilization, m/z 234
(free base) [M+1]+. A solution of
(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7-
dihyro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid
(66 mg, 0.15 mmol) and HATU  (71 mg, 0.19 mmol) in DMF
(0.5 mL) was stirred at room temperature for 2 h. To
this  solution was added triethylamine (27 L, 0.19
mmol) and 3-carboxylic acid (1-pyridin-2-
yl-cyclopropyl)-amide formate (35 mg, 0.13 mmol). The
reaction mixture was stirred at 227 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT 50 C for 15
h, then purified via reverse phase HPLC to give
(R)-5-(4-cyano-benzyl)-7-
(3,5-dichloro-phenyl)-5-methyl-6-oxo-6,7-dihydro-5H-im
idazo[1,2-a]imidazole-3- carboxylic acid
[3-(1-pyridin-2-yl-cyclopropylcarbamoyl)-oxetan-3-yl]-
amide as a white  powder (32 mg, 39%) after
lyophilization, nilz 656.7 [M+1]+. The following
compounds were prepared using procedures similar to
those described  above using either
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-4-fluoro-phenyl
)-5-methyl-6-
oxo-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carboxyli
c acid, (R)-5-(4-Cyano-
benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-oxo-6,7-dih
ydro-5H-imidazo[1,2- a]imidazole-3-carboxylic acid,
(R)-7-(3,5-Dichloro-4-fluoro-phenyl)-5-methyl-6-oxo-5-
(4-trifluoromethoxy-benzyl)-6,7-dihydro-5H-imidazo[1,2
-a]imidazole-3-carboxylic acid  or
(R)-7-(3,5-Dichloro-phenyl)-5-methyl-6-oxo-5-(4-triflu
oromethoxy-benzyl)-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid,
as a starting material:  Compound 309, m/z = 751.1 [M
+ 1]+ Compound 311, m/z = 704.4 [M + 1]+ Compound 312,
m/z = 727.5 [M + 1]+ Compound 313, m/z = 727.4 [M +
1]+  



Compound 319, m/z = 726.6 [M + 1]+ Compound 378, m/z
676.7 [M + 1]+  Compound 410, m/z 682.46 [M + 1]+
Example 26.
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid
[(R)-1-carbamoylmethyl-2-
(3,3-difluoro-azetidin-1-yl)-2-oxo-ethyl]-amide. 228
WO 2009/070485 PCT/US2008/084149  Docket No. 09-0446
PCT 1. 50% piperidine in DMF  2. CIgCI N ~ N , cl /CI
NO 0 N  H2N 0 HO O N==~ O  CI FmocHN OH CI NH z IN O ~
~ \ \ / CI 0 NHFmoc HN 0 DIEA, CHzCIz 0 HATU, DIEA,
DMA O N  Pal \ / \ Poll \ / \ OH 3. 10%TFA in CHzCIz O
NH,  CICI N--( N O  3, 3-difluoroazetidine
hydrochloride N HATU, HOAt, DIEA, DMA F HN 0 I \  F~N
N  O ONH2 



2-Chlorotrityl resin (0.536 g, 0.75 mmol/g) was placed
in a dry glass fritted shaker flask.  To the resin was
added CH2C12 (10 mL), diisopropylethylamine (0.522 mL)
and Fmoc-L- asparagine (0.265 g, 0.75 mmol) and the
reaction was agitated on an orbital shaker for 14  h.
The reaction solution was drained and the resin washed
with CH2C12/MeOH/DIEA  (17:2:1; 3 x 10 mL), CH2C12 (3
x 10 mL), DMF (3 x 10 mL), and CH2C12 (3 x 10 mL).
The resin was swelled with DMF (2 mL) and the solvent
drained. A solution of 50%  piperidine in DMF (10 mL)
was added to the resin and the reaction was agitated
on an  orbital shaker for 90 min. The reaction
solution was drained and the resin washed with  DMF (2
x 10 mL), CH2C12 (2 x 10 mL), DMF (2 x 10 mL), CH2C12
(2 x 10 mL), and  DMA (1 x 2 mL).
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid
(0.132 g, 0.30 mmol) and HATU  (0.285 g, 0.75 mmol)
were dissolved in DMA (2 mL), and the resulting
solution added to  the resin. Diisopropylethylamine
(0.130 mL, 0.75 mmol) was added and the reaction
agitated on an orbital shaker for 48 h. The reaction
solution was drained and washed as  described above.
The resin was treated with 10% TFA in CH2C12 and
agitated on an  orbital shaker for 90 min. The
reaction solution was collected and the resin washed
with  CH2C12 (4 x 3 mL). The filtrates were combined
with the supernatant and the volatiles 229 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
removed in vacuo at 40 C. The residue was dissolved in
CH2C12 (5 mL) and washed  with water (2 x 5 mL) and
brine (5 mL). The organic layer was dried over
anhydrous  Na2SO4, the solution decanted, and the
solvent removed in vacuo to afford 0.122 g (73%)  of
(R)-2-{[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)
-5-methyl-6-oxo-6,7-dihydro- 5H-imidazo[
1,2-a]imidazole-3-carbonyl]-amino }-succinamic acid as
an orange foam. A solution of the resulting
intermediate (S)-2-{
[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-
phenyl)-5-methyl-6-oxo-6,7-dihydro-5H-imidazo
[1,2-a]imidazole-3-carbonyl] -amino }- succinamic acid
(0.039 g, 0.070 mmol) in DMA (0.5 mL) was added to
a.solution of 3,3- difluoroazetidine hydrochloride
(0.014 g, 0.135 mmol) in DMA (0.5 mL). A solution of  



HOAt (0.015 g, 0.110 mmol) in DMA (0.5 mL) was added
to the reaction mixture, followed by HATU (0.04 g,
0.105 mmol) in 0.5 mL DMA. The reaction mixture was
agitated on an orbital shaker for 3 h.
Diisopropylethylamine (0.036 mL, 0.207 mmol)  was
added and the resulting solution was agitated on an
orbital shaker for 14 h. The  volatiles were removed
in vacuo at 40 C and the crude product was dissolved
in DMSO  (1 mL) and water (0.1 mL) and purified via
reverse phase HPLC to afford 0.020 g (45%)  of
(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7-dihydro-5H- imidazo[1,2-a]
imidazole-3-carboxylic acid
[(S)-1-carbamoylmethyl-2-(3,3-difluoro-
azetidin-1-yl)-2-oxo-ethyl]-amide as a white solid,
ml,- 632.3 [M + 1]+. The following compounds were
prepared using similar procedures as described above:
Compound 24, m/z 646.27 [M + 1]+ Compound 25, m/z
660.34 [M + 1]+  Compound 26, m/z 734.31 [M + 1]+
Compound 27 m/z 687.34 [M + 1]+  Compound 28, m/z
722.32 [M + 1]+ 230 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT Compound 29, m/z 660.35 [M +
1]+  Compound 360, m/z 672.73 [M + 1]+  Compound 361,
m/z 697.74 [M + 1]+  Compound 362, m/z 686.8 [M + 1]+
Compound 363 m/z 684.82 [M + 1]+ Compound 54, m/z
670.8 [M + 1]+ (R)-5-(4-Cyano-
benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-oxo-6,7-dih
ydro-SH-imidazo[1,2- a]imidazole-3-carboxylic acid
{1-[1-(5-cyclopropyl-4H-1,2,4-triazol-3-yl)-
cyclopropylcarbamoyl]-cyclopropyl}-amide (BI00659245,
Kd = ? nM, WB =12x) 0 H 0II 20% Pd(OH)2 H I0II N yN
HxO~ H HZN(N.NAO~  O H, 



CI CI CI qCI CI qCI  I~I N-~ N 0 -N 0  N~N 0 ~N N HNO
0 HN O / \ HN 0  ~N 4N HCI O O ti~7 N NHNH N  OH HN O
HN 0  HOBt, EDC, DMAP, Et3N 0y NH NHZ I H-CI  O CI-qCI
J N--~ N 0  0 ~ N ~NH HCI HN 0 VVVVVV O N  Et3N NH  N'
NH N=~
N'-(1-Benzyloxythiocabonylamino-cyclopropyl)-hydrazine
carboxylic acid tert-butyl  ester (2.0 g, 5.72 mmol)
was dissolved in MeOH (20 mL) and to this was
suspended 20%  Pd(OH)2 (0.1 g). The reaction flask was
sealed with a septum and purged with H2. After 3  231
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PCT days under H2 atmosphere, the mixture was filtered
through a plug of diatomaceous earth  and concentrated
in vacuo to give N'-(1-amino-cyclopropanecarbonyl)-
hydrazinecarboxylic acid tert-butyl ester (1.21 g,
98%) as a clear, colorless oil, m/z 215.5  [M+1]+. 



To a solution of
1-{[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-m
ethyl-6-oxo-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino}-
cyclopropanecarboxylic acid  (0.25 g, 0.48 mmol) in
DMF (2 mL) was added HOAt (0.065 g, 0.48 mmol), EDC
(0.092  g, 0.48 mmol), DMAP (0.005 g, 0.041 mmol),
Et3N (0.066 mL, 0.48 mmol). The reaction allowed to
stir for 10 min at room temperature. To this mixture
was added N'-(1-
amino-cyclopropanecarbonyl)-hydrazinecarboxylic acid
tert-butyl ester (0.10 g, 0.48  mmol) and the reaction
was heated at 70 C for 15 h. The mixture was cooled to
room  temperature, diluted with water and extracted
with EtOAc (3 x 50 mL). The combined  extracts were
washed with saturated NaHCO3, 2N HCl, brine and dried
with MgSO4. The  mixture was filtered and concentrated
in vacuo to give N-{ 1-[(1-{ [(R)-5-(4-cyano-
benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-oxo-6,7-dih
ydro-5H-imidazo[1,2- a] imidazole-3-carbonyl] -amino }
-cyclopropanecarbonyl)-amino] -cyclopropanecarbonyl }-
hydrazinecarboxylic acid tert-butyl ester (0.33 g,
96%) as a yellow solid, nilz 721.9  [M+1]+. N-{
1-[(1-{
[(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-meth
yl-6-oxo-6,7- dihydro-5H-imidazo [ 1,2-a]
imidazole-3-carbonyl] -amino } -cyclopropanec
arbonyl)-
amino]-cyclopropanecarbonyl}-hydrazinecarboxylic acid
tert-butyl ester (0.30 g, 0.42  mmol) was dissolved in
4 N HCl in dioxane (3 mL) and allowed to stir at room
temperature for 40 min. The resulting white suspension
was diluted with Et20 and the  precipitate was
collected by filtration. The solid was washed twice
with Et20 to give (R)-
5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-
oxo-6,7-dihydro-5H-imidazo-
[1,2-a]imidazole-3-carboxylic acid [1 -(1
-hydrazinocarbonyl-cyclopropylcarbamoyl)-
cyclopropyl]-amide hydrochloride (0.15 g, 52%) as a
white powder, m/z 621.7 [M+1]+, 232 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT
Cyclopropanecarbonitrile (0.56 mL, 7.5 mmol) was
dissolved in EtOH freshly saturated  with HCl (20 mL)
and the reaction allowed to stir at room temperature
for 12 h. The  solvent was removed under reduced
pressure to give cyclopropanecarboximidic acid  



ethyl ester hydrochloride (0.55 g) as a white solid.
To a solution of
(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7- dihydro-5H-imidazo[1,2-a]
imidazole-3-carboxylic acid [1 -(1 -hydrazinocarbonyl-
cyclopropylcarbamoyl)-cyclopropyl]-amide hydrochloride
(0.080 g, 0.12 mmol) and  cyclopropanecarboximidic
acid ethyl ester hydrochloride (0.018 g, 0.12 mmol) in
DMF  (1 mL) was added Et3N (0.051 mL, 0.37 mmol). The
reaction was heated in a microwave  at 140 C for 45
min and then at 180 C for 1.5 h. The mixture was
cooled to room  temperature and purified via
reverse-phase HPLC to give
(R)-5-(4-cyano-benzyl)-7-(3,5-
dichloro-phenyl)-5-methyl-6-oxo-6,7-dihydro-5H-imidazo
[1,2-a]imidazole-3-carboxylic  acid {
1-[1-(5-cyclopropyl-4H-1,2,4-triazol-3-yl)-cyclopropyl
carbamoyl]-cyclopropyl}- amide (0.022 g, 28%) as a
white solid, m/z 670.8 [M+1]+. Example 28.
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid
[1-(1-thiazol-2-yl-cyclo-
propylcarbamoyl)-cyclopropyl]-amide. C a I a ~ a  N O
N-( N O  N O HCI \ N NNI Br` ~ HN O I / v 0~ HN O
acetone -a  O Y_IV N O N  NH NH  H2N S N S v  



To a solution of
(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7- dihydro-5H-imidazo[1,2-a]
imidazole-3-carboxylic acid [1-(1-thiocarbamoyl-cyclo-
propylcarbamoyl)-cyclopropyl]-amide (92 mg, 0.15 mmol)
in 1.5 mL of acetone was 233 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT added
bromoacetaldehyde diethyl acetal (0.089 mL, 0.59 mmol)
and HC1 in dioxane (4  M, 0.002 mL, 0.01 mmol). The
reaction mixture was heated at reflux for 15 h, and
then  cooled to room temperature and concentrated in
vacuo. The residue was dissolved in 25  mL of ethyl
acetate and washed with 10 mL of saturated NaHCO3
solution. The organic  phase was washed with water and
brine (10 mL each), dried over Na2SO4, filtered, and
concentrated in vacuo to yield a pale brown oil. The
crude product was purified by flash  chromatography on
silica gel (1-5% MeOH in CH2C12), to furnish 30 mg
(31%) of the  title compound as a pale brown foam,
nilz 646.7 [M + 1]+. The following compound was
prepared using similar procedures as described above:
Compound 60, m/z 664.7 [M + 1]+ Example 29.
(R)-7-(3,5-Dichloro-phenyl)-5-methyl-6-oxo-5-(4-triflu
oromethoxy-
benzyl)-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carbo
xylic acid {1-[1-(6-amino-
pyridin-2-yl)-cyclopropylcarbamoyl]-cyclopropyl}-amide
ci \ ci ci ci  N N-~ O N  N N-( O  N HN O jF TFA \ 0~
O\ / O F HN 0 I\ I F  NH OAF  



H  N Z  N \ HZN O A solution of
(R)-7-(3,5-dichloro-phenyl)-5-methyl-6-oxo-5-(4-triflu
oromethoxy-
benzyl)-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carbo
xylic acid [1-(1-{6-[bis-(4- methoxy-benzyl)-amino]
-pyridin-2-yl}-cyclopropylcarbamoyl)-cyclopropyl]-amid
e (80  mg, 0.084 mmol) in trifluoroacetic acid (2 mL)
was stirred at room temperature for 4 h. 234 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
The solvent was removed under a stream of N2 and the
residue was partitioned between  EtOAc (4 mL) and
saturated aqueous NaHCO3 (4 mL). The layers were
separated and the  aqueous layer was further extracted
with EtOAc (2 x 4 mL). The combined organics were
evaporated in vacuo, and the residue was purified via
reverse phase HPLC. The purified  material was then
passed through a basic amino group functionalized
solid phase  extraction cartridge to give 31 mg (51%)
of the title compound as a white solid, m/z 715.0
[M+2] +. The following compounds were prepared using
similar procedures as described above:  Compound 53,
m/z 656.1 [M+2]+ Example 30.
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid
{1-[1-(4-aminomethyl-
pyridin-2-yl)-cyclopropylcarbamoyl]-cyclopropyl}-amide
. clcl clcl  I N--~ N O _ N O  N  N N 



TFA \  HN O 1 ~ N OY-17 CH2CI, HN O N  NH y-17  NH  N
HNYO NHZ  O k To a solution of (2-{ 1-[(1-{
[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-meth
yl-6-
oxo-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]
-amino}-cyclopropane-
carbonyl)-amino]-cyclopropyl}-pyridin-4-ylmethyl)-carb
amic acid tert-butyl ester (45 235 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT mg, 0.22
mmol) in CH2C12 (5 mL) was added TFA (1 mL). The
reaction mixture was  stirred at room temperature for
16 h. Water (10 mL) was added and the resulting
solution  extracted with 5% MeOH/CH2C12 (3 x 20 mL).
The organics were combined, dried and  concentrated in
vacuo. The residue was purified via reverse phase HPLC
to afford (R)-5-
(4-cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-ox
o-6,7-dihydro-5H-imidazo[1,2- a]imidazole-3-carboxylic
acid { 1-[1-(4-aminomethyl-pyridin-2-yl)-cyclopropyl-
carbamoyl]-cyclopropyl}-amide as a solid, m/z 669.5
[M]+. The following compounds were prepared using
similar procedures as described above:  Compound 43,
nilz 728.5 [M]+ Compound 63, nilz 687.7 [M+1]+ (2-{
1-[(1-{ [(R)-5-(4-
Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-oxo-6
,7-dihydro-5H-imidazo[1,2- a] imidazole-3-carbonyl]
-amino } -cyclopropanec arbonyl) -amino] -cyclopropyl
} -pyridin-4- ylmethyl)-carbamic acid tert-butyl
ester, m/z 769.6 [M]+, (2-11+1-1
[(R)-5-(4-cyano-benzyl)-7-
(3,5-dichloro-4-fluoro-phenyl)-5-methyl-6-oxo-6,7-dihy
dro-5H-imidazo[1,2-a]imidazole-3- carbonyl] -amino
}-cyclopropanecarbonyl)-amino] -cyclopropyl }
-pyridin-4-ylmethyl)-carbamic  



acid tert-butyl ester, and (2-{ 1-[(1-{
[(R)-7-(3,5-dichloro-phenyl)-5-methyl-6-oxo-5-(4-
trifluoromethoxy-benzyl)-6,7-dihydro-5H-imidazo[1,2-a]
imidazole-3-carbonyl]-amino }-
cyclopropanecarbonyl)-amino]-cyclopropyl}-pyridin-4-yl
methyl)-carbamic acid tert-butyl ester  were prepared
using similar procedures as in Example 12. 236 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
Example 31.
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid
[(S)-1-(1-pyrimidin-2-yl-
cyclopropylcarbamoyl)-ethyl]-amide HCI  0 'N HCI HATU
0 H HO Ny0 + I N NH2 TEA I ~7N)YNYO"~  H  0 CN O CI CI
cI I q CI / N 0 N-_~ N O  N \ N HCI HO 0 HN O N  0 HCI
0 HCI N NH2 NH  N~ N ~'H HATU, DIPEA N N  ~ J  \0  To
a suspension of the
(S)-2-tert-Butoxycarbonylamino-propionic acid (43 mg,
0.23 mmol), HATU (99 mg, 0.26 mmol), and
1-Pyrimidin-2-yl-cyclopropylamine dihydrochloride (45
mg,  



0.22 mmol) in CH2C12 (1.5 mL) was added triethylamine
(0.12 mL, 0.87 mmol). The reaction  was stirred at
room temperature for 22 h, diluted with CH2C12 (7 mL)
and then washed with  saturated aqueous NaHCO3 (2x 6
mL) and brine (1x 6 mL). The organic phase was dried
with  MgSO4 and concentrated to afford 54 mg of
[(S)-1-(1-Pyrimidin-2-yl-cyclopropylcarbamoyl)-
ethyl]-carbamic acid tert-butyl ester as white solid,
nilz 307.56 [M+1]+.
[(S)-1-(1-Pyrimidin-2-yl-cyclopropylcarbamoyl)-ethyl]-
carbamic acid tert-butyl ester (54 mg,  0.18 mmol) was
dissolved in CH2C12 (1 mL). HC1 solution (4M in
1,4-dioxane, 1.5 mL, 6.0  mmol) was added via in one
portion via syringe and the reaction was allowed to
stir for 1.5 h.  Solvents were removed in vacuo
yielding (S)-2-Amino-N-(1-pyrimidin-2-yl-cyclopropyl)-
propionamide as a white powder, rn/z 207.41 [M+1]+.
237 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT To a solution of
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-4-fluoro-phenyl
)-5-methyl-6-oxo-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid
(85 mg, 0.19 mmol) and (S)-2-Amino-N-
(1-pyrimidin-2-yl-cyclopropyl)-propionamide (49 mg,
0.18 mmol) in THE (1.0 mL) and DMF  (0.7 mL), was
added HATU (80 mg, 0.21 mmol) followed by DIPEA (0.15
mL, 0.88 mmol). The  reaction was stirred at room
temperature for 20 h. The THE was removed under a
stream of N2  and the reaction mixture was purified by
reverse phase HPLC. The purified material was then
passed through a basic amino group functionalized
solid phase extraction cartridge to give 80 mg  of the
title compound as a solid, m/z 647.34 [M+1]+. The
following compounds were prepared using similar
procedures as described above:  Compound 441, m/z
768.7 [M + 1]+ Compound 419, m/z 727.8 [M + 1]+
Compound 420, m/z 713.9 [M + 1]+ Compound 439, m/z
698.8 [M + 1]+ Compound 440, m/z 697.7 [M + 1]+
Compound 442, m/z 697.8 [M + 1]+ Compound 443, m/z
768.8 [M + 1]+  Compound 291, m/z 699.6 [M + 1]+  



Compound 292, m/z 698.6 [M + 1]+  Compound 293, m/z
710.6 [M + 1]+  Compound 294, m/z 709.7 [M + 1]+
Compound 295, m/z 708.7 [M + 1]+ Compound 296, m/z
709.7 [M + 1]+ Compound 297, m/z 709.7 [M + 1]+
Compound 298, m/z  745.6 [M + 1]+ Compound 388, m/z
709.6 [M + 1]+ Compound 397, m./z709.7 [M+ 1]+
Compound 402, m/z 739.6 [M + 1]+ Compound 403, m/z
663.3 [M + 1]+ Compound 404, m/z 677.6 [M + 1]+ 238 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
Example 32.
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-4-fluoro-phenyl
)-5-methyl-6-
oxo-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carboxyli
c acid {1-[1-(1-oxy-
pyridazin-3-yl)-cyclopropylcarbamoyl]-cyclopropyl}-ami
de F F  CI CI CI CI  N--~ N O N---( N O  N mCPBA N O
HN O HN \  O YI7 O \~ / ~\N  NH ~N H V N  O N,  o
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-4-fluoro-phenyl
)-5-methyl-6-oxo-6,7-dihydro-5H- imidazo[ 1,2-a]
imidazole-3-carboxylic acid
[1-(1-pyridazin-3-yl-cyclopropylcarbamoyl)- 



cyclopropyl]-amide (10 mg, 0.015 mmol) was dissolved
in CH2C12 at 0 C in an ice bath.  mCPBA (7 mg, 0.03
mmol) was added as a solid in one portion. After 40
min the solvent was  removed under a stream of N2 and
the resulting solid purified by reversed phase HPLC
(30->95% MeCN/H20 + 0.1% TFA) to give 7 mg of the
title compound as an off-white powder,  m/z 675.64
[M+1]+. 239 WO 2009/070485 PCT/US2008/084149  Docket
No. 09-0446 PCT Example 33.
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-4-fluoro-phenyl
)-5-methyl-6-
oxo-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carboxyli
c acid (1-{1-[6-(1-amino-1-
methyl-ethyl)-pyridazin-3-yl]-cyclopropylcarbamoyl}-cy
clopropyl)-amide trifluoroacetate F  CI \ CI F  CI CI
N-CN O N---( N O  HN O N O\r~ N Pd/C, H2 NH HN O O N
N~ NH N O  H N~ HO F  O O F H2N [1-(6-{ 1-[(1-{
[(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-4-fluoro-pheny
l)-5-methyl-6-oxo-6,7- dihydro-5H-imidazo [ 1,2-a]
imidazole-3 -carbonyl] -amino }
-cyclopropanecarbonyl)-amino] - 



cyclopropyl}-pyridazin-3-yl)-1-methyl-ethyl]-carbamic
acid benzyl ester (64 mg, 0.075 mmol)  was dissolved
in a mixture of MeOH (0.32 mL) and CH2C12 (3.2 mL).
Pd/C (10 wt%, 3 mg,  0.002 mmol) was added and a H2
balloon was affixed to the reaction flask. The
reaction was  evacuated and flushed with H2 three
times and then stirred under H2 (1 atm) for 6 h. The
suspension was filtered through a plug of diatomaceous
earth and concentrated to give a pale  yellow oily
residue. The residue was purified by reversed phase
HPLC (30-60% MeCN/H20 +  0.1% TFA) to provide, after
lyophilization, 10 mg of the title compound as white
powder, m/z  716.72 [M+1]+. 240 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT Example 34.
1-{[(R)-7-(3,5-dichloro-phenyl)-5-(4-iodo-benzyl)-5-me
thyl-6-oxo-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino}-
cyclopropanecarboxylic  acid allyl ester: CI CI CI cl
N N  O O N NH2 H-Cl HATU, DIPEA N  DMF  0 O O O I  HO
N. Br Oj Br  II CI CI O V I/ N N O  ~ Cul, Ligand, Nal
N  toluene 



HN 0 0 ~ 11;~ I  /YO V /  To a suspension of
(R)-5-(4-bromo-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid
(1.00 g, 2.02 mmol) and 1-amino-
cyclopropanecarboxylic acid allyl ester hydrochloride
(430 mg, 2.42 mmol) in 6 mL of  DMF at room
temperature was added diisopropylethylamine (1.05 mL,
6.06 mmol), and  the reaction mixture (became mostly
clear) was stirred for 10 min. HATU (845 mg, 2.22
mmol) was then added, and the clear yellow reaction
mixture was stirred at room  temperature for 21 h. The
reaction mixture was partitioned between 150 mL of
ethyl  acetate and 50 mL of 1 M HC1. The organic phase
was washed with satd. NaHCO3  solution, water (2x),
and brine, dried over Na2SO4, filtered, and
concentrated. The residue  was purified by flash
chromatography on silica gel (50 g, 10-30% EtOAc in
hexanes), to  furnish 1.16 g of 1-{
[(R)-5-(4-bromo-benzyl)-7-(3,5-dichloro-phenyl)-5-meth
yl-6-oxo-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino}-
cyclopropanecarboxylic acid  allyl ester (93%) as a
colorless foam. 241 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT An 8-mL vial was charged with
the 1-{
[(R)-5-(4-bromo-benzyl)-7-(3,5-dichloro-phenyl)-5-
methyl-6-oxo-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-
carbonyl]-amino }- cyclopropanecarboxylic acid allyl
ester (350 mg, 0.566 mmol), sodium iodide (170 mg,
1.13  mmol), CuI (16 mg, 0.08 mmol),
(IR,2R)-N,N-dimethyl-cyclohexane-1,2-diamine (24 mg,
0.17 mmol), and 0.5 mL of toluene, and the vial was
purged with N2. The reaction  mixture was heated at
reflux for 18 h. The reaction mixture was filtered
through a plug of silica  gel topped with Celite,
washing with ethyl acetate, and then concentrated to a
dark green oil. The residue was dissolved in CH2C12
and filtered through a small plug of silica gel,
washing with  CH2C12. The clear orange filtrates were
concentrated to a pale orange/yellow foam. The crude  



was purified by flash chromatography on silica gel (20
g, 15-40% EtOAc/hexanes) to provide  271 mg (72%) of
1-{
[(R)-7-(3,5-dichloro-phenyl)-5-(4-iodo-benzyl)-5-methy
l-6-oxo-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino}-
cyclopropanecarboxylic acid allyl  ester as a
colorless foam. Example 35. 1-{
[(R)-7-(3,5-dichloro-phenyl)-5-methyl-6-oxo-5-(4-1,2,4
-triazol-1-yl-
benzyl)-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carbo
nyl]-amino}-cyclopropane- carboxylic acid: CI CI CI
,CI I~ I  N---(N 0 N_N Cul, Ligand, K3PO4 N---fN 0  II
\ \ N N  N toluene HN 0 HN 0 0 V CI CI y 0 N N  N 0  ~
Pd(Ph3P)4, morpholine N  THE HN 0 0 N-N  '>  OH N  242
WO 2009/070485 PCT/US2008/084149  Docket No. 09-0446
PCT An 8-mL vial was charged with 1-{
[(R)-7-(3,5-dichloro-phenyl)-5-(4-iodo-benzyl)-5-
methyl-6-oxo-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-
carbonyl]-amino }- 



cyclopropanecarboxylic acid allyl ester (251 mg, 0.377
mmol), 1,2,4-triazole (39 mg, 0.57  mmol), and
(1R,2R)-N,N-dimethyl-cyclohexane-1,2-diamine (16 mg,
0.11 mmol), K3PO4  (160 mg, 0.76 mmol), and 0.5 mL of
DMF. The vial was purged with N2 and sealed with a
screw cap. The green reaction mixture was heated at
reflux for 20 h. The reaction mixture  was cooled to
room temperature, diluted with 3 mL of EtOAc, and
filtered through a small  plug of Celite, washing with
20 mL of ethyl acetate. The filtrates were washed with
3x10  mL of water and 10 mL of brine, dried over
Na2SO4, filtered, and concentrated. The crude  was
purified by flash chromatography on silica gel (20 g,
0-3% McOHICH2C12) to provide  109 mg (48%) of 1-{
[(R)-7-(3,5-dichloro-phenyl)-5-methyl-6-oxo-5-(4-1,2,4
-triazol-l-yl- benzyl)-6,7-dihydro-5H-imidazo [
1,2-a]imidazole-3-carbonyl] -amino } -
cyclopropanecarboxylic acid allyl ester as a pale
orange foam. To a solution of
1-{[(R)-7-(3,5-dichloro-phenyl)-5-methyl-6-oxo-5-(4-1,
2,4-triazol-l-yl- benzyl)-6,7-dihydro-5H-imidazo [
1,2-a]imidazole-3-carbonyl] -amino } -
cyclopropanecarboxylic acid allyl ester (109 mg, 0.18
mmol) and morpholine (0.157 mL,  1.80 mmol) in 1 mL of
THE was added Pd(Ph3P)4 (10 mg, 0.009 mmol). The
reaction  mixture was stirred at room temperature for
3 h. The reaction mixture was then diluted  with 30 mL
of EtOAc and washed with 10 mL each of 10% HCl
solution, water, and brine,  dried over Na2SO4,
filtered, and concentrated to afford 114 mg of 1-{
[(R)-7-(3,5-dichloro-
phenyl)-5-methyl-6-oxo-5-(4-1,2,4-triazol-l-yl-benzyl)
-6,7-dihydro-5H-imidazo[1,2-
a]imidazole-3-carbonyl]-amino}-cyclopropanecarboxylic
acid as an orange oily solid that  was carried to the
next step without further purification. The following
compounds were prepared using similar procedures as
described above:  1-{
[(R)-7-(3,5-Dichloro-phenyl)-5-methyl-6-oxo-5-(4-1,2,3
-triazol-1-yl-benzyl)-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino}-
cyclopropanecarboxylic acid 243 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT 1- {
[(R)-7-(3,5-Dichloro-phenyl)-5-methyl-6-oxo-5-(4-1,2,3
-triazol-2-yl-benzyl)-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-amino}-
cyclopropanecarboxylic acid  



Example 36. 1-{
[(R)-5-(4-Chloro-benzyl)-7-(3,5-dichloro-phenyl)-5-met
hyl-6-oxo-
6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carbonyl]-ami
no}-cyclopropanecarboxylic  acid: CI CI CI CI CI CI
N~N 0 NiCl2.6H2O N-N 0 N_N O  \N + \N \Br DMF HN O I/
HN 0 HN 0 0 Y-17 0 -17 CI O-17 Br  ;0 ;0 ; 0 CI CI CI
CI I~ I~ Pd(Ph3P)4, morpholine N-_~- N O N_~ N 0  THEN
+ \ N N. O HN 0 I  Oj CI Oj Br  OH ~// '~O HV/ HO,BOH
CI ~cl CI I,CI  /I N N_ N O N~N 0  PdCl2(dppf), K3P04
N DME/H20, EtOH HN 0 I HN O  Oj Cl O` SOH \V/ OH N A
microwave vial was charged with 1-{
[(R)-5-(4-bromo-benzyl)-7-(3,5-dichloro-phenyl)-
5-methyl-6-oxo-6,7-dihydro-5H-imidazo [
1,2-a]imidazole-3-carbonyl] -amino } -
cyclopropanecarboxylic acid allyl ester (400 mg, 0.647
mmol), NiC12.6H20 (231 mg, 1.22 



244 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT mmol), and 1.5 mL of DMF. The vial was
sealed and heated in the microwave at 170 C  for 40
min, and then for 1 h. The crude reaction mixture was
diluted with 30 mL of EtOAc  and 15 mL of water (the
solids were not soluble). The aqueous phase was
extracted with  10 mL of EtOAc. The combined organics
were washed with 5% NaCl solution (2x15 mL)  and
brine, dried over Na2SO4, filtered, and concentrated
to afford 299 mg of a cloudy  green oil, isolated as a
-1:1 mixture of product to starting material. To a
solution of the crude allyl esters (299 mg, -0.25
mmol) and morpholine (0.436 mL, 5.0  mmol) in 3 mL of
THE was added Pd(Ph3P)4 (29 mg, 0.0259 mmol). The
reaction mixture was  stirred at room temperature for
2 h. The reaction mixture was then diluted with 30 mL
of EtOAc  and washed with 10 mL each of 10% HCl
solution, water, and brine, dried over Na2SO4,
filtered,  and concentrated. The crude product was
isolated as a -1:1 mixture of chloro to bromo acids
and was carried to the next step without further
purification. The crude bromide/chloride acid mixture
(--0.25 mmol) was concentrated in a microwave vial.
To this mixture was added 3-pyridyl boronic acid (45
mg, 0.37 mmol), PdC12(dppf) (20 mg,  0.024 mmol), 4 mL
of DME/H20/EtOH (7/3/2), and aqueous K3PO4 solution
(0.730 mL, 1 M,  0.73 mmol). The vial was sealed and
heated in the microwave at 100 C for 15 min, followed
by  heating at 130 C for an additional 30 min. The
reaction mixture was then filtered through a  plug of
silica gel, washing with 10 mL of MeOH, and
concentrated. The residue was diluted  with 30 mL of
EtOAc and washed with 10 mL each of 10% HCl solution,
water, and brine, dried  over Na2SO4, filtered, and
concentrated. The crude oil was dissolved in
DMSO/CH3CN/H20  (1:2:1, 1.2 mL) and purified by
reverse-phase HPLC (40-95% CH3CN/H20, 0.1% TFA).
Concentration of the product fractions by Genevac
afforded 52 mg (--40%) of 1-{ [(R)-5-(4-
chloro-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-oxo-
6,7-dihydro-5H-imidazo[1,2-
a]imidazole-3-carbonyl]-amino }-cyclopropanecarboxylic
acid. 245 WO 2009/070485 PCT/US2008/084149  



Docket No. 09-0446 PCT Example 37. Phosphoric acid
mono-[(S)-2-{ [(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-
4-fluoro-phenyl)-5-methyl-6-oxo-6,7-dihydro-5H-imidazo
[1,2-a]imidazole-3-
carbonyl]-amino}-2-(1-methyl-1-pyridin-2-yl-propylcarb
amoyl)-ethyl] ester. F F  CI CI CI CI  N_N O I i N-_~
N O  N m-CPBA N \ O`P + N NH % HN O =N THE N HN O  Y11
Y  NH OH NH 0, O P;  N, F )I+  N C11 C1  N O  HCI N 30
\  HN O O~ ~\N  NH O,P;O HO OH To a solution of
(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-4-fluoro-phenyl
)-5-methyl-6-oxo-6,7- dihydro-5H-imidazo[
1,2-a]imidazole-3-carboxylic acid
[(S)-2-hydroxy-l-(1-pyridin-2-yl-
cyclopropylcarbamoyl)-ethyl]-amide (99 mg, 0.15 mmol)
and di-tert-butyl-N,N- diethylphosphoramidite (0.107
mL, 0.359 mmol) in 1 mL of THE at 0 C was added 1H-
tetrazole (21 mg, 0.30 mmol). The reaction mixture was
warmed to room temperature and  



stirred for 3 h, The reaction mixture was cooled to 0
C, and a solution of m-CPBA (60 mg, 0.27  mmol) in 1
mL of dichloromethane was then added rapidly dropwise.
The reaction mixture was  warmed to room temperature
and stirred for 3 h. The reaction mixture was quenched
with 4 mL  of 10% NaHSO3 solution and stirred for 10
min, then extracted with 40 mL of EtOAc. The  organic
phase was washed with 10 mL each of satd. NaHCO3
solution, water, and brine, dried  over Na2SO4,
filtered, and concentrated to furnish a clear oil. The
crude was purified by flash  246 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT
chromatography on silica gel (10 g, 1-6% MeOH/CHzClz)
to afford product 101158-038-a. The  isolated product
was contaminated with unreacted phosphoramidite and
was repurified by  reverse-phase HPLC (50-100%
CH3CN/H20, 0.1% TFA) to give phosphoric acid
di-tert-butyl  ester (S)-2-{
[(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-4-fluoro-pheny
l)-5-methyl-6-oxo-6,7- dihydro-5H-imidazo [
1,2-a]imidazole-3-carbonyl] -amino 1-2-(l -methyl-l
-pyridin-2-yl- propylcarbamoyl) -ethyl ester as a
colorless oil. A solution of the phosphate ester
(-0.15 mmol) in 1 mL of CHzClz was treated with HCl in
dioxane (0.100 mL, 4 M, 0.400 mmol). A few drops of
MeOH were added to aid solubility. The  reaction
mixture was stirred at room temperature for 24 h.
Ether (4 mL) was added, and a white  precipitate
formed. The reaction mixture was filtered, washing
with 10 mL of ether, to provide  67 mg of a pale
yellow solid. The product was purified by
reverse-phase HPLC (40%  CH3CN/H20, 0.1% TFA) to give
33 mg (26%, two steps)of the title compound as a white
solid,  isolated as the TFA salt, m/z 742.9 [M + 1]+.
Example 38.
(S)-4-{[(R)-7-(3,5-Dichloro-4-fluoro-phenyl)-5-methyl-
6-oxo-5-(4-
trifluoromethoxy-benzyl)-6,7-dihydro-5H-imidazo[1,2-a]
imidazole-3-carbonyl]-
amino}-4-(1-methyl-l-pyridin-2-yl-propylcarbamoyl)-but
yric acid F F  CI CI CI CI  N--~ N O N-_~ N O N HCI 



HN O F j HN O F O / O F O O F  TNH'y O NH O N- O`er N,
OH To a solution of
(S)-4-{[(R)-7-(3,5-dichloro-4-fluoro-phenyl)-5-methyl-
6-oxo-5-(4-
trifluoromethoxy-benzyl)-6,7-dihydro-5H-imidazo[1,2-a]
imidazole-3-carbonyl]-amino }-4-(1- 247 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT
methyl-1-pyridin-2-yl-propylcarbamoyl)-butyric acid
tert-butyl ester (116 mg, 0.142 mmol) in 2  mL of
CH2C12 was added HC1 in dioxane (0.177 mL, 0.708
mmol). The reaction mixture was  stirred at room
temperature for 6 h. An additional portion of HCl in
dioxane (0.177 mL, 0.708  mmol) was added, and the
reaction mixture was stirred for 4 h and then
concentrated to a  colorless oil. The residue was
purified by reverse-phase HPLC (20-90% CH3CN/H20, 0.1%
TFA) to give 45 mg (42%) of the title compound,
isolated as the TFA salt, m/z 763.8 [M + 1]+.  The
following compound was prepared using similar
procedures as described above: Compound 451, m/z 704.7
[M + 1]+ Example 39.
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid
{1-[1-(4-
methanesulfonylamino-pyridin-2-yl)-cyclopropylcarbamoy
l]-cyclopropyl}-amide, I~ I~ C) ICI CI CI 0 N O HO N,~
N--~N O N N Cul, K3PO41 DMF \ N ""' ~N  + O. / 100C HN
O H2N-S,O HN O  \~V O Y-7  NH NH 



N N O.  N.S:O  I H
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7-dihydro-5H- imidazo[ 1,2-a]
imidazole-3-carboxylic acid
{1-[1-(4-iodo-pyridin-2-yl)-
cyclopropylcarbamoyl]-cyclopropyl}-amide (50 mg, 0.065
mmol), methanesulfonamide  (7.4mg, 0.078mmol),
sarcosine (1.2 mg, 0.13 mmol), copper (I) iodide
0.76mg,  0.004mmol) and potassium phosphate (33.9mg,
0.126 mmol) were combined in a Biotage  microwave tube
and flushed with Ar. The reaction was diluted with DMF
and sealed. 248 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT The reaction was heated in a
Biotage microwave at 100C for 1.5h. The reaction was
diluted with EtOAc and water. The layers were
separated and the aqueous layer was  extracted with
EtOAc. The combined organic layers were washed with
water and brine,  dried over MgSO4, filtered and
concentrated to yield 36mg of a colorless oil. The oil
was  dissolve in DMSO (1.OmL) and purified via reverse
phase HPLC and yielded 13 mg of  the title compound as
a white solid, m/z 733.6 [M+1]+. Example 40.
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid
{1-[1-(4-cyano-pyridin-2-yl)-
cyclopropylcarbamoyl]-cyclopropyl}-amide CI \ CI CI \
CI  N O N O  N N ZnCNz N  Pdz(dba)3  N HN O H~O OY~7 /
\\ N O\y v \\N  



T N N  N N  \ \ \\N A solution of
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7- dihydro-5H-imidazo[
1,2-a]imidazole-3-carboxylic acid
{1-[1-(4-iodo-pyridin-2-yl)-
cyclopropylcarbamoyl]-cyclopropyl}-amide (0.1 g, 0.13
mmol) in DMF (5 mL) was  degassed with a stream of N2
for 1h. ZnCN2 (0.015 g, 0.13 mmol) was added followed
by  Pd2dba3 (0.0012g, 0.013 mmol) and dppf (0.0072 g,
0.13 mmol). The reaction was heated  at 120C for 2h.
The mixture was cooled to room temperature and the
solvent removed  under reduced pressure. The residue
was partitioned between EtOAc (400 mL) and water  (300
mL). The organics were washed with brine and dried
over Na2SO4. The mixture was  filtered, concentrated
and purified by reverse phase HPLC to give
(R)-5-(4-cyano- 249 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT
benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-oxo-6,7-dih
ydro-5H-imidazo[1,2- a]imidazole-3-carboxylic acid {
1-[1-(4-cyano-pyridin-2-yl)-cyclopropylcarbamoyl]-
cyclopropyl}-amide (0.051 g, 0.077 mmol) as a brown
solid, m/z 665.7 [M+1]+. Example 41.
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid
{1-[1-(4-azetidin-l-ylmethyl-
pyridin-2-yl)-cyclopropylcarbamoyl]-cyclopropyl}-amide
CI N CI I , cI ~ cI  N= N I/ O N O  N N 



HIN O BrN--"Br_ N HN 0 NH DIPEA 0 N  DMA NH  N" CIH
NH2 N" D  CIH I N To the solution of
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7- dihydro-5H-imidazo[
1,2-a]imidazole-3-carboxylic acid {
1-[1-(4-aminomethyl-pyridin-2-
yl)-cyclopropylcarbamoyl]-cyclopropyl}-amide
dihydrochloric acid salt (60 mg, 0.081  mmol) in dry
DMA (5 mL) was added DIPEA (0.071 mL, 0.405 mmol)
followed by 1,3- dibromopropane (0.0415 mL, 0.405
mmol). The reaction mixture was heated in the
microwave at 100 C for 2x10 min. Diluted with EtOAc
(50 mL). Washed with saturated  NaHCO3 (2x25 mL).
Layers were separated. The organic layer was dried,
filtered, and  concentrated. The resultant crude
product was purified by prep-TLC using 5%  MeOH/DCM as
the eluent. The prep TLC plate looked messy,
presumably due to the  significant existence of DMA.
The product fraction was collected and redissolved in
EtOAc (50 mL), washed with water (3x 15 mL), dried,
filtered, and concentrated. The  crude product was
purified by prep-TLC using 5% MeOH/DCM as the eluent
to afford  7.5 mg of the title compound as a light
yellow solid, m/z 709.8 [M+1]+. 250 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT The
following compound was prepared using similar
procedures as described above:  Compound 425, m/z
725.7 [M+1]+. Example 42.
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid
(1-{1-[4-(acetylamino-methyl)-
pyridin-2-yl]-cyclopropylcarbamoyl}-cyclopropyl)- 



cl ci ci ~ cl  I~ N~N O N O  N---( N O O N Hn, O O HN
O N TEA O N  NH DCM NH  N CIH ~ NH N z H  CIH Ny amide
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7-dihydro-5H- imidazo[ 1,2-a]
imidazole-3-carboxylic acid
{1-[1-(4-aminomethyl-pyridin-2-yl)-
cyclopropylcarbamoyl]-cyclopropyl}-amide
dihydrochloric acid salt (40 mg, 0.0539  mmol) was
suspended in DCM (1 mL). TEA (0.038 mL, 0.269 mmol)
was then added  and the reaction mixture became
homogeneous. Acetic anhydride (0.00624 mL, 0.0646
mmol) was then added. Stirred for 5 min. Solvent was
evaporated. The resultant crude  product was purified
by reverse phase HPLC using 30-100% ACN/water as the
gradient.  Solvent was evaporated. The product was
redissolved in 10% MeOH/DCM and filtered  through a
basic (NH2) cartridge. Solvent was evaporated to
afford 24 mg of the title  compound as a white solid,
m/z 711.7 [M+1]+. The following compounds were
prepared using similar procedures as described above:
251 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT Compound 431, m/z 711.7 [M+1]+.  



Compound 427, m/z 747.6 [M+1]+. Compound 433, m/z
747.6 [M+1]+. Compound 436, m/z 773.6 [M+1]+. Compound
437, m/z 765.7 [M+1]+. Compound 438, m/z 791.7 [M+1]+.
Compound  432, m/z 712.7 [M+1]+. Compound 428, m/z
712.7 [M+1]+. Example 43.
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid
[1-(1-{4-
[(cyclopropanecarbonyl-amino)-methyl]-pyridin-2-yl}-cy
clopropylcarbamoyl)- cyclopropyl]-amide cI ~ cI N cI
icI  i N O N O  N\ N "" N~ HO A \ N  H 0 HIN 0  I O O
N HATU ON  NH DIPEA Y7  DMF NH  N' CIH NHZ CIH N L I H
/  \ N  0 Cyclopropanecarboxylic acid (0.00903 mL,
0.108 mmol) and HATU (25.605 mg, 0.0673  mmol) were
dissolved in dry DMF (1 mL). Stirred for 5 min. To
this solution was added
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7-dihydro-5H- imidazo[1,2-a]
imidazole-3-carboxylic acid
{1-[l-(4-aminomethyl-pyridin-2-yl)-
cyclopropylcarbamoyl]-cyclopropyl}-amide
dihydrochloric acid salt (40 mg, 0.0539  



mmol) followed by DIPEA (0.038 mL, 0.215 mmol).
Stirred at room temperature for 30  min. Diluted with
ACN (1 mL) and water (1 mL) and filtered. The crude
product was  purified by reverse phase HPLC using
20-95% ACN/water as the gradient. Solvent was 252 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
evaporated. The resultant product was redissolved in
10% MeOH/DCM and filtered  through a basic (NH2)
cartridge. Solvent was evaporated to afford 28.1 mg of
the title  compound as a white solid, m/z 737.7
[M+1]+. The following compounds were prepared using
similar procedures as described above:  Compound 430,
m/z 753.7 [M+1]+. Compound 434, m/z 737.6 [M+1]+.
Compound 435, m/z 753.7 [M+1]+. Example 44.
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid
[1-(1-{4-
[(cyclopropanecarbonyl-amino)-methyl]-pyridin-2-yl}-cy
clopropylcarbamoyl) F F  CI CI CI CI  N:zz(N O N==~- N
O N .,. O, N  _N S H.N 0 + 0 N 0 O'~ N 0' ~ N  NH OH
NH O'S-OH 0  N- N cyclopropyl]-amide  To a solution of
(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-4-fluoro-phenyl
)-5-methyl-6-
oxo-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carboxyli
c acid [(S)-2-hydroxy-1-(1- 



pyridin-2-yl-cyclopropylcarbamoyl)-ethyl]-amide (4.6
mg, 0.007 mmol) in DMF (0.2  mL) was added sulfur
trioxide trimethylamine complex (3.06 mg, 0.021 mmol).
The  reaction mixture was stirred at 50C for 16 h. The
reaction was poured into ice water (20  mL) and
extracted with EtOAc (3x 5 mL). The organic layer was
washed with brine and  dried over Na2SO4. After
removal of the solvent in vacuo the remaining residue
was 253 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT purified on silica gel using 10% MeOH in
DCM as an eluent to afford the title compound  as a
white solid (5 mg), m/z 742.4 [M+1]+. Example 45.
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-4-fluoro-phenyl
)-5-methyl-6-
oxo-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carboxyli
c acid [(S)-3-
dimethylamino-1-(1-pyrimidin-2-yl-cyclopropylcarbamoyl
)-propyl]-amide  F CI CI F  CI CI  N~ 0 N 0 N 1) HCI
N--~  2) formaldehyde N  HN 0 0 H N O N 0 N  ~N I;~ ,,
H ~NH Ni I` I N 0 0 N N [(S)-3-{
[(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-4-fluoro-pheny
l)-5-methyl-6-oxo-6,7- dihydro-5H-imidazo [
1,2-a]imidazole-3-carbonyl] -amino }
-3-(1-pyrimidin-2-yl-
cyclopropylcarbamoyl)-propyl]-carbamic acid tert-butyl
ester (109 mg, 0.14 mmol) was  suspended in lmL of
CH2C12 and 3 mL of 4 M HCl in dioxane was added. The
mixture  was stirred for 2.5h. The mixture was
concentrated under a flow of N2 to provide a white  



powder, some of which was blown out of the flask. The
residue was dissolved in 3 mL of 1% HOAc in EtOH and
the NaOAc (24 mg, 0.29  mmol) was added, followed by
the formaldehyde (0.1 mL, 37% solution) and finally
the  NaCNBH3 (36 mg, 0.57 mmol). The mixture was
stirred for 2.5h. The mixture was  poured into NaHCO3
and extracted with EtOAc. The extract was washed with
water and  brine, then dried over Na2SO4, was filtered
and concentrated. The residue was purified  by reverse
phase HPLC. The pure fractions were diluted in NaHCO3
and extracted with 254 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT EtOAc. The
extract was washed brine, then dried over Na2SO4, was
filtered and  concentrated or provide 31 mg of the
title compound as a colorless glass, nilz 704.5 [M +
1]+. The following compounds were prepared using
similar procedures as described above:  Compound 334,
m/z 685.9 [M + 1]+ Example 46.
(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methy
l-6-oxo-6,7-
dihydro-5H-imidazo[1,2-a]imidazole-3-carboxylic acid
{1-[1-(4-aminomethyl-
pyridin-2-yl)-cyclopropylcarbamoyl]-cyclopropyl}-amide
ci ci ci ~ ci  N O TFA N CIN ~ N N N  NN 0 I N N 0 I N
0 N NH, 0 N  \/O (2-{ 1-[(1-{
[(R)-5-(4-Cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-meth
yl-6-oxo-6,7- dihydro-5H-imidazo [1,2-a] imidazole- 3
-carbonyl] - amino } -c ycloprop anec arbonyl)-
amino]-cyclopropyl}-pyridin-4-ylmethyl)-carbamic acid
tert-butyl ester (45 mg, 0.06  mmol) was placed in RBF
with CH2C12 and TFA was added. The reaction was
diluted  



with 10 mL 10% MeOH/CH2C12 and washed with water (2x5
mL). The organic layer  was separated, dried (MgSO4),
and concentrated. Reverse Phase HPLC purification (30
- 100% CH3CN/H20 as gradient) yielded 66 mg of the
title compound as a bis-TFA salt,  m/z = 669.5 [M+1]+.
255 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT The following compounds were synthesized
from either (R)-5-(4-cyano-benzyl)-7-(3,5-
dichloro-phenyl)-5-methyl-6-oxo-6,7-dihydro-5H-imidazo
[1,2-a]imidazole-3-carboxylic  acid {
1-[1-(4-iodo-pyridin-2-yl)-cyclopropylcarbamoyl]-cyclo
propyl}-amide, (R)-5-(4-
cyano-benzyl)-7-(3,5-dichloro-phenyl)-5-methyl-6-oxo-6
,7-dihydro-5H-imidazo[1,2- a]imidazole-3-carboxylic
acid
{1-[1-(5-iodo-pyridin-2-yl)-cyclopropylcarbamoyl]-
cyclopropyl}-amide,
(R)-5-(4-cyano-benzyl)-7-(3,5-dichloro-4-fluoro-phenyl
)-5-methyl-
6-oxo-6,7-dihydro-5H-imidazo[1,2-a]imidazole-3-carboxy
lic acid { 1-[1-(5-iodo-pyridin-
2-yl)-cyclopropylcarbamoyl] -cyclopropyl } -amide or
(R)-7-(3,5-dichloro-4-fluoro-
phenyl)-5-methyl-6-oxo-5-(4-trifluoromethoxy-benzyl)-6
,7-dihydro-5H-imidazo[1,2- a]imidazole-3-carboxylic
acid
{1-[1-(5-iodo-pyridin-2-yl)-cyclopropylcarbamoyl]-
cyclopropyl}-amide in a similar manner as was
described for (R)-5-(4-cyano-benzyl)-7-
(3,5-dichloro-4-fluoro-phenyl)-5-methyl-6-oxo-6,7-dihy
dro-5H-imidazo[1,2-a]imidazole- 3-carboxylic acid:
Compound 415, m/z 684.6 [M + 1]'-Compound 416, m/z
684.7 [M + 1]'Compound 417,  m/z 702.9 [M + 1]'
Compound 418, m/z 761.9 [M + 1]'  DESCRIPTION OF
BIOLOGICAL PROPERTIES The biological properties of
representative compounds of the formula I were
investigated  by way of the experimental protocol
described below. Assay to Determine Inhibition of
LFA-1 Binding to ICAM-1  Purpose of Assay: 256 



WO 2009/070485 PCT/US2008/084149  Docket No. 09-0446
PCT This assay protocol is designed to study the
direct antagonism, by a test compound, of the
interaction of ICAM-1 with the Leukointegrin CD 18/CD
11 a (LFA- 1). Description of Assay Protocol: LFA-1 is
immunopurified using the TS2/4 antibody from a 20 g
pellet of human JY or  SKW3 cells, utilizing a
protocol previously described (Dustin, M. J.; et al.,
J. Immunol.  1992,148,2654-2660). The LFA-1 is
purified from SKW3 lysates by immunoaffinity
chromatography on TS2/4 LFA-1 mAb Sepharose and eluted
at pH 11.5 in the presence  of 2 mM MgCl and 1%
octylglucoside. After collection and neutralization of
fractions  from the TS2/4 column, samples are pooled
and precleared with Protein G agarose. A soluble form
of ICAM-1 is constructed, expressed, purified and
characterized as  previously described (Marlin, S.; et
al., Nature, 1990, 344, 70-72 and see Arruda, A.; et
al., Antimicrob. Agents Chemother. 1992, 36,
1186-1192). Briefly, isoleucine 454 which  is located
at the putative boundary between domain 5 of the
ectodomain and the transmembrane domain, is changed to
a stop codon using standard oligonucleotide- directed
mutagenesis. This construction yields a molecule
identical with the first 453  amino acids of membrane
bound ICAM-1. An expression vector is created with a
hamster dihydrofolate reductase gene, a
neomycin-resistance marker, and the coding  region of
the sICAM-1 construct described above, along with the
promoter, splice  signals, and polyadenylation signal
of the SV40 early region. The recombinant plasmid  is
transfected into CHO DUX cells using standard calcium
phosphate methods. Cells are  passaged in selective
media (G418) and colonies secreting sICAM-1 are
amplified using  methotrexate. sICAM-1 is purified
from serum-free media using traditional non-affinity
chromatographic techniques, including ion exchange and
size exclusion chromatography.  LFA-1 binding to
ICAM-1 is monitored by first incubating sICAM-1 at 40
g/mL in  Dulbecco's phosphate buffered saline with
calcium and magnesium, additional 2 mM  MgC12 and 0.1
mM PMSF (Diluting Buffer) in a 96-well plate for 30
min at room  temperature. Plates are then blocked by
the addition of 2% (w/v) bovine serum albumin 



257 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT in Diluting Buffer for 37 C for 1 h.
Blocking solution is removed from wells, and test
compounds are diluted and then added followed by the
addition of approximately 25 ng  of immunoaffinity
purified LFA- 1. The LFA-1 is incubated in the
presence of test  compound and ICAM-1 at 37 C for 1 h.
Wells are washed 3 times with Diluting Buffer.  The
bound LFA-1 is detected by the addition of a
polyclonal antibody directed against a  peptide
corresponding to the CD18 cytoplasmic tail in a 1:100
dilution with Diluting  Buffer and 1% BSA and allowed
to incubate for 45 min at 37 C. Wells are washed 3
times with Diluting Buffer and the bound polyclonal
antibody is detected by the addition  of a 1:4000
dilution of horse radish peroxidase conjugated to goat
immunoglobulin  directed against rabbit
immunoglobulin. This reagent is allowed to incubate
for 20 min at  37 C, wells are washed as above and the
substrate for the horse radish peroxidase is  added to
each well to develop a quantitative colorimetric
signal proportional to the  amount of LFA-1 bound to
sICAM-1. Soluble ICAM-1 (60 g/mL) is used as a
positive  control for inhibition of the LFA-1/ICAM-1
interaction. The lack of the addition of  LFA-1 to the
binding assay is used as a background control for all
samples. A dose- response curve is obtained for all
test compounds. Representative compounds made in the
above examples were tested in this assay and  each
found to have a Kj < 1 M. Data from this assay for
certain representative  compounds are given below:
Compound LFA / ICAM1  number Kd (nM)  107 28  129 45
2 8.9  72 8.4  114 32  



215 39  259 120  13 2.4  55 10  9 4.6  60 13  286 100
258 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT 12 5.4  201 34  185 24  187 22  143 71
160 5.9  37 6.6  38 8.2  62 7  109 28  105 24  270 420
Assay to Determine Inhibition of Interleukin-2
Production in Whole Blood  Purpose of Assay: The SEB
human whole blood interleukin 2 (SEB-HWB-IL2) assay
measures the ability  of test compounds to inhibit the
elaboration of IL-2 by human whole blood, mediated
through the interaction of ICAM-1 with the
Leukointegrin CD 18/CD 11 a (LFA- 1),  following
stimulation with staphylococcal enterotoxin B (SEB) ex
vivo. Description of Assay Protocol: 



Test compound (15 uL, diluted in human serum to I Ix
final assay concentration) is added  to 96-well
polypropylene plates, followed by the addition of 140
uL of freshly drawn  heparinized human whole blood.
After 30 minutes at 37 C, 10 uL of SEB is added for a
final assay concentration of 300 ng/mL and the plates
are placed on an orbital shaker for  30 seconds to
ensure mixing, and then incubated for 18-24 hours at
37 C. After  incubation, 100 uL of PBS-EDTA is added,
the plates centrifuged to pellet cells, and the
diluted plasma removed for IL-2 quantitation by
standard ECL, DELFIA, or ELISA  methods. Compound IC50
values are determined by nonlinear curve fitting of
the data  from 11-point concentration-effect curves.
The majority of the compounds made in the above
examples were tested in this assay and  found to have
an IC50 < 10 M and preferred compounds have an IC50 <
1 M. 259 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT DESCRIPTION OF THERAPEUTIC USE The novel
small molecules of formula I provided by the invention
inhibit the ICAM- 1/LFA-1 dependent homotypic
aggregation of human lymphocytes and human  lymphocyte
adherence to ICAM-1. These compounds have therapeutic
utility in the  modulation of immune cell
activation/proliferation, e.g., as competitive
inhibitors of  intercellular ligand/receptor binding
reactions involving CAMs and Leukointegrins. To  be
more specific, the compounds of the invention may be
used to treat certain  inflammatory conditions,
including conditions resulting from a response of the
specific  immune system in a mammal (e.g., asthma,
psoriasis, organ/tissue transplant rejection,  graft
vs. host reactions and autoimmune diseases including
Raynaud's syndrome,  autoimmune thyroiditis,
dermatitis, multiple sclerosis, rheumatoid arthritis,
insulin- dependent diabetes mellitus, uveitis,
inflammatory bowel disease including Crohn's  disease
and ulcerative colitis, and systemic lupus
erythematosus) and conditions resulting  from a
response of the non-specific immune system in a mammal
(e.g., adult respiratory  distress syndrome, shock,
oxygen toxicity, multiple organ injury syndrome
secondary to  



septicemia, multiple organ injury syndrome secondary
to trauma, reperfusion injury of  tissue due to
cardiopulmonary bypass, myocardial infarction, acute
glomerulonephritis,  vasculitis, reactive arthritis,
dermatosis with acute inflammatory components, stroke,
thermal injury, hemodialysis, leukapheresis,
necrotizing enterocolitis and granulocyte  transfusion
associated syndrome). Preferably, the compounds of the
invention can be  used to treat psoriasis and multiple
sclerosis. Thus, another aspect of the invention is
directed to a compound of formula I for use as a
medicament and, in a particular aspect, for use as a
medicament for the treatment of  inflammation or an
inflammatory condition. In another particular aspect,
the invention is  directed to a compound of formula I
for use as a medicament for the treatment of any of
the diseases or conditions listed in the previous
paragraph. In another aspect, the 260 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT invention is
directed to the use of a compound of formula I for the
manufacture of a  medicament for the treatment of any
of the diseases or conditions listed in the previous
paragraph, Thus, another aspect of the invention is
the provision of a method for the treatment or
prophylaxis of the above-described conditions through
the adminstration of therapeutic or  prophylactic
amounts of one or more compounds of the formula I. In
accordance with the method provided by the invention,
the novel compounds of  formula I may be administered
for either a prophylactic or therapeutic purpose
either  alone or with other immunosuppressive or
antiinflammatory agents. When provided
prophylactically, the immunosuppressive compound(s)
are provided in advance of any  inflammatory response
or symptom (for example, prior to, at, or shortly
after the time of  a relapse in multiple sclerosis).
The prophylactic administration of a compound of the
formula I serves to prevent or attenuate any
subsequent inflammatory response (such as,  for
example, a relapse in multiple sclerosis). The
therapeutic administration of a  compound of the
formula I serves to attenuate any actual inflammation
(such as, for  



example, a relapse in multiple sclerosis). Thus, in
accordance with the invention, a  compound of the
formula I can be administered either prior to the
onset of inflammation  (so as to suppress an
anticipated inflammation) or after the initiation of
inflammation.  The novel compounds of the formula I
may, in accordance with the invention, be
administered in single or divided doses by the oral,
parenteral or topical routes. A  suitable oral dosage
for a compound of formula I would be in the range of
about 0.1 mg  to 10 g per day, preferably in the range
of 1 mg to 100 mg per day. In parenteral
formulations, a suitable dosage unit may contain from
0.1 to 250 mg of said compounds,  whereas for topical
administration, formulations containing 0.01 to 1%
active ingredient  are preferred. It should be
understood, however, that the dosage administration
from  patient to patient will vary and the dosage for
any particular patient will depend upon the
clinician's judgement, who will use as criteria for
fixing a proper dosage the size and  condition of the
patient as well as the patient's response to the drug.
261 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT When the compounds of the present
invention are to be administered by the oral route,
they may be administered as medicaments in the form of
pharmaceutical preparations  which contain them in
association with a compatible pharmaceutical carrier
material.  Such carrier material can be an inert
organic or inorganic carrier material suitable for
oral  administration. Examples of such carrier
materials are water, gelatin, talc, starch,  magnesium
stearate, gum arabic, vegetable oils,
polyalkylene-glycols, petroleum jelly  and the hike.
The pharmaceutical preparations can be prepared in a
conventional manner and finished  dosage forms can be
solid dosage forms, for example, tablets, dragees,
capsules, and the  like, or liquid dosage forms, for
example solutions, suspensions, emulsions and the
like.  The pharmaceutical preparations may be
subjected to conventional pharmaceutical operations
such as sterilization. Further, the pharmaceutical
preparations may contain  conventional adjuvants such
as preservatives, stabilizers, emulsifiers,
flavor-improvers,  



wetting agents, buffers, salts for varying the osmotic
pressure and the like. Solid carrier  material which
can be used include, for example, starch, lactose,
mannitol, methyl  cellulose, microcrystalline
cellulose, talc, silica, dibasic calcium phosphate,
and high  molecular weight polymers (such as
polyethylene glycol). For parenteral use, a compound
of formula I can be administered in an aqueous or non-
aqueous solution, suspension or emulsion in a
pharmaceutically acceptable oil or a  mixture of
liquids, which may contain bacteriostatic agents,
antioxidants, preservatives,  buffers or other solutes
to render the solution isotonic with the blood,
thickening agents,  suspending agents or other
pharmaceutically acceptable additives. Additives of
this type  include, for example, tartrate, citrate and
acetate buffers, ethanol, propylene glycol,
polyethylene glycol, complex formers (such as EDTA),
antioxidants (such as sodium  bisulfite, sodium
metabisulfite, and ascorbic acid), high molecular
weight polymers (such  as liquid polyethylene oxides)
for viscosity regulation and polyethylene derivatives
of  sorbitol anhydrides. Preservatives may also be
added if necessary, such as benzoic acid, 262 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
methyl or propyl paraben, benzalkonium chloride and
other quaternary ammonium  compounds. The compounds of
this invention may also be administered as solutions
for nasal  application and may contain in addition to
the compounds of this invention suitable  buffers,
tonicity adjusters, microbial preservatives,
antioxidants and viscosity-increasing  agents in an
aqueous vehicle. Examples of agents used to increase
viscosity are  polyvinyl alcohol, cellulose
derivatives, polyvinylpyrrolidone, polysorbates or
glycerin.  Microbial preservatives added may include
benzalkonium chloride, thimerosal, chloro- butanol or
phenylethyl alcohol. Additionally, the compounds
provided by the invention can be administered
topically or  by suppository. 263 
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PCT CLAIMS  1. A compound of formula I: R6  CI R7
N_~N 0  N HN 20  O R  R3 R4.N.R5 I  wherein: R1 is
selected from -CN, -OCF3, halogen, heteroaryl,
optionally substituted with halogen  or C1_3alkyl
optionally substituted with halogen and phenyl,
optionally substituted with  halogen; R2 is selected
from:  (A) H, (B) C1_3alkyl optionally substituted
with one or two groups selected from:  a)
C3.6cycloalkyl, b) -OR9,  c) -NR9Rlo  d) -SOR9,  e)
-S02R9,  f) -C(O)NH2, 264 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT 



g) heteroaryl optionally susbtituted with Ci_2alkyl,
h) heterocyclyl, i) phenyl,  j) -C02R9, k) -OPO(OH)2,
and  1) -OS02(OH);  (C) C3_6cycloalkyl, (D)
heteroaryl, and (E) phenyl, optionally substituted
with halogen, -OR9, -CN or -CF3;  R3 is H or
C1_3alkyl; or R2 and R3, together with the carbon they
are bonded to, form a saturated hydrocarbon  ring of 3
to 7 carbon atoms and wherein one carbon atom in said
hydrocarbon ring may  be optionally replaced by -0-,
-S-, -S(0)-, -SO2-, -NC(O)R9- or -NR9-; R4 is selected
from: (A) Ci_salkyl substituted with one or two groups
selected from:  a) -CF3, b) -C(O)OR9,  c) -C(O)NR9R10
d) -C(S)NR9R10  e) -NR9Rio  f) -N(R9)C(0)R10 g)
-C(O)NH(CH2)20(CH2)20H,  h) -OR9, i) phenyl optionally
substituted with halogen, -NR9R10, -OR9,
C3_5cycloalkyl  or Ci_salkyl, wherein said Ci_5alkyl
is optionally substituted with -F, - NR9R10 or -OR9,
265 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT 



j) heteroaryl optionally substituted with halogen,
-NR9R10, -OR9, C3_  scycloalkyl or Ci-salkyl, wherein
said Ci-salkyl is optionally substituted  with -F,
-NR9R10 or -OR9, k) -S02NR9R10  1) -S02R9, and m)
-SO2Het, wherein Het is selected from heterocyclyl and
heteroaryl;  (B) C3-6cycloalkyl substituted with one
or two groups selected from: a) -C(O)OR9,  b)
-C(O)NR9R10  c) -C(S)NR9R10  d) -OR9, e) phenyl
optionally substituted with halogen, -NR9R10, -OR9,
C3-scycloalkyl  or Ci_salkyl, wherein said Ci_5alkyl
is optionally substituted with -F, -CF3,  -NR9R10 or
-OR9, and f) heteroaryl optionally substituted with:
1) -NR9R1o 2) -NHC(O)R9,  3) -NHS02R9,  4) -OR9, 5)
-C1-2alky1NR9R10, 6) -Ci-2alky1NR10(CO)NR9R10,  7)
-C1-2alky1NR10(CO)R9,  8) -C1-2alkylOR9, 9)
-C1-2alky1NHSO2R9,  10) -C02R9, 11) -COCH3,  12)
halogen,  13) -SO2R9, 14) -C3-scycloalkyl,  



15) -cyano and 266 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT 16) Ci_5alkyl, wherein said
Ci_5alkyl is optionally substituted with  halogen,
-CF3, -NR9R10 or -OR9; (C) heteroaryl optionally
substituted with one to two groups selected from:  a)
-R9 optionally substituted with halogen or -OH, b)
-CF3,  c) -OR9,  d) -NR9R'  e) halogen,  f)
-C(0)NR9R10  g) -C(O)NH(CH2)20H,  h) -CI_3alky1NR9R10;
(D) -CO_salkylheterocyclyl wherein the heterocycle is
optionally substituted with - C(O)CH3, oxo, or
-C1.3C(S)NH2, R5 is selected from H, C1_3alkyl,
-(CH2)20H and -(CH2)20CH3; or R4 and R5 constitute a
saturated hydrocarbon bridge of 3 to 6 carbon atoms
which  together with the N they are bonded to, form a
heterocyclic ring, and wherein: a) one or two carbon
atoms in said heterocyclic ring are mono or
disubstituted with R8  and b) one carbon atom in said
heterocyclic ring is optionally replaced by -0-, -S-,
-S(0)-, - SO2- or -NC(O)CH3-; R6 is H or halogen;  R7
is halogen or -CF3; R8 is selected from Cl_3alkyl,
halogen, -OH, -CH2OH, -C(O)R9, -SO2R9, - C(O)CH2CO2R9,
-NR9R10, -C(0)NR9R10, -CN, -C(0)OR9, -N(R9)C(0)R10,
heterocyclyl  267 
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PCT and heteroaryl, wherein said heterocyclyl and
heteroaryl are optionally substituted with  Ci4alkyl,
-OH or -CF3; R9 is H or Ci_salkyl or C3_4cycloalkyl,
which Ci_salkyl is optionally substituted with -OH;
R10 is -H or -CH3; or R9 and R10 constitute a
saturated hydrocarbon bridge of 3 to 6 carbon atoms
which  together with the N they are bonded to, form a
heterocyclic ring, wherein one carbon  atom in said
heterocyclic ring may be optionally monosubstituted
with -OH or wherein  one carbon atom in said
heterocyclic ring may be optionally replaced by -0-,
-S-, -SO-, - SO2-, -NH-, -NCH3-, or -NC(O)CH3-; or a
pharmaceutically acceptable salt thereof. 2. A
compound according to claim 1 wherein: RI is selected
from -CN, -OCF3, -CF3, -Cl, -Br and phenyl,
pyrimidinyl and triazolyl,  wherein said phenyl ring
is optionally substituted with -F; R2 is selected
from:  (A) H, (B) C1_2alkyl optionally substituted
with one or two groups selected from:  a) -OR9, b)
-S(O)R9,  c) -S02R9,  d) -C(O)NH2,  e) -CO2R9,  f)
-OPO(OH)27  g) -OSO2(OH),  h) triazolyl, 268 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT 



i) imidazolyl optionally substituted with Ci_2alkyl,
and  j) -NR9R10; R3 is H or -CH3; or R2 and R3,
together with the carbon they are bonded to, form a
saturated hydrocarbon  ring of 3 to 6 carbon atoms and
wherein one carbon atom in said hydrocarbon ring may
be optionally replaced by -0-, -SO2-, -NC(0)R9- or
-NR9-; R4 is selected from: (A) Ci-salkyl substituted
with one or two groups selected from:  a) -CF3, b)
-C(0)OR9,  c) -C(O)NR9R10  d) -C(S)NH2,  e) -NR9Rio
f) -N(R9)C(O)R10 g) -C(O)NH(CH2)20(CH2)20H,  h) -OR9,
i) phenyl, and j) heteroaryl, optionally substituted
with -OH; (B) C3-scycloalkyl substituted with one
group selected from:  a) -C(O)OR9, b) -C(O)NR9R10  c)
-C(S)NR9R10, and d) heteroaryl optionally substituted
with:  1) -NR9R' 2) -NHC(O)R9,  3) -NHSO2R9,  4) -OR9,
5) -C1-2alky1NR9R10, 269 
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PCT 6) -CI_2alkylNR10(CO)NR9R10,  7)
-CI_2alkylNR10(CO)R9,  8) -C1_2alkylOR9, 9)
-CI_2a1ky1NHS02R9,  10) -C02R9, 11) -COCH3,  12)
halogen,  13) -S02R9, 14) -Ci_2alkyl optionally
substituted with halogen,  15) -cyano and 16)
-C3_5cycloalkyl; (C) heteroaryl optionally substituted
with one to two groups selected from:  a) -R9
optionally substituted with halogen or -OH, b)
-C(O)NR9R10  c) -C(O)NH(CH2)2OH,  d) -NR9R1o e)
-C1_3a1ky1NR9R10, and  f) halogen; (D)
-CO_5alkylheterocyclyl wherein the heterocycle is
optionally substituted with - C(O)CH3, oxo, or
-C1.3C(S)NH2; R5 is selected from H, and C1_3alkyl; or
R4 and R5 constitute a saturated hydrocarbon bridge of
3 to 5 carbon atoms which  together with the N they
are bonded to, form a heterocyclic ring, and wherein:
a) one or two carbon atoms in said heterocyclic ring
are mono or disubstituted with R8,  and b) one carbon
atom in said heterocyclic ring may be optionally
replaced by -NC(O)CH3-;  R6 is H, -F or -Cl; 
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09-0446 PCT R7 is -Cl; R8 is selected from -CH3, -F,
-OH, -CH2OH, -SO2CH3, -N(CH3)2, -C(O)NR9R10 -
C(O)CH2CO2Et, -CN, -C(O)OR9, -N(R9)C(O)R10,
heterocyclyl and heteroaryl, wherein  said heteroaryl
is optionally substituted with Ci4alkyl or -OH; R9 is
H, Ci_5alkyl or C3_4cycloalkyl, which C1_5alkyl is
optionally substituted with -OH;  and R10 is H or
-CH3; or R9 and R10 constitute a saturated hydrocarbon
bridge of 3 to 6 carbon atoms which  together with the
N they are bonded to, form a heterocyclic ring,
wherein one carbon  atom in said heterocyclic ring may
be optionally monosubstituted with -OH or wherein  one
carbon atom in said heterocyclic ring may be
optionally replaced by -0-, -NCH3- or - NC(O)CH3-; or
a pharmaceutically acceptable salt thereof. 3. A
compound according to claim 1 wherein: RI is selected
from -CN, -OCF3, -CF3, -Cl, -Br, phenyl, pyrimidinyl
and triazolyl wherein  said phenyl ring is optionally
substituted with -F; R2 is selected from:  (A) H, (B)
C1_2alkyl optionally substituted with one or two
groups selected from:  a) -OH, b) -OCH3,  c) -S(0)R9,
271 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT d) -S02R9,  



e) -C(O)NH2,  f) -C02R9,  g) -OPO(OH)2,  h) -OS02(OH),
h) triazolyl, i) imidazolyl optionally substituted
with C1_2alkyl, and  J) -NR9R10 R3 is H or -CH3; or R2
and R3, together with the carbon they are bonded to,
form a saturated hydrocarbon  ring of 3 to 6 carbon
atoms and wherein one carbon atom in said hydrocarbon
ring may  be optionally replaced by -0-, -SO2-,
-NC(O)R9- or -NR9-; R4 is selected from: (A) C1_3alkyl
substituted with one or two groups selected from:  a)
-CF3, b) -C(0)OR9,  c) -C(0)NH2,  d) -C(S)NH2,  e)
-NHC(0)CH3,,  f) -OR9, g) phenyl, and h) heteroaryl
optionally substituted with -OH, (B) C3_5cycloalkyl
substituted with one group selected from:  a) -C02CH3,
b) -CONH2,  c) -CSNH2, and d) heteroaryl optionally
substituted with:  1) -NR9Rio 272 WO 2009/070485
PCT/US2008/084149  



Docket No. 09-0446 PCT 2) -NHC(O)R9,  3) -NHS02R9,  4)
-OR9, 5) -C1-2alkylNR9R10, 6)
-C1-2alkylNR10(CO)NR9R'0,  7) -Ci-2alkylNR10(CO)R9,
8) -C1-2alkylOR9, 9) -C1-2alkylNHS02R9,  10) -C02R9,
11) -COCH3,  12) halogen,  13) -S02R9, 14) -Ci_2alkyl
optionally substituted with halogen,  15) -cyano and
16) -C3-5cycloalkyl; (C) heteroaryl optionally
substituted with one to two groups selected from:  a)
-R9 optionally substituted with -F or -OH, b)
-C(O)NR9R10  c) -C(O)NH(CH2)20H,  d) -NR9R10 e)
-Ci-3alky1NR9R10, and  f) halogen; (D)
-C0-3alkylheterocyclyl wherein the heterocycle is
optionally substituted with - C(O)CH3 or oxo; R5 is
selected from H, and -CH3; or R4 and R5 constitute a
saturated hydrocarbon bridge of 3 to 5 carbon atoms
which  together with the N they are bonded to, form a
heterocyclic ring, and wherein: a) one or two carbon
atoms in said heterocyclic ring are mono or
disubstituted with R8  



and 273 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT b) one carbon atom in said heterocyclic
ring is optionally replaced by -NC(O)CH3-;  R6 is H -F
or -Cl; R7 is -Cl; R8 is selected from -CH3, -F, -OH,
-CH2OH, -SO2CH3, -N(CH3)2, -C(O)NH2, - C(O)N(CH3)2,
-CN, -C(O)OR9, -N(R9)C(O)CH3, heterocyclyl and
heteroaryl, wherein  said heteroaryl is optionally
substituted with Ci4alkyl or -OH; R9 is H, C1_4alkyl
or C3_4cycloalkyl, which C1_4alkyl is optionally
substituted with -OH;  and R10 is H or -CH3; or R9 and
R10 constitute a saturated hydrocarbon bridge of 3 to
6 carbon atoms which  together with the N they are
bonded to, form a heterocyclic ring, wherein one
carbon  atom in said heterocyclic ring may be
optionally monosubstituted with -OH or wherein  one
carbon atom in said heterocyclic ring may be
optionally replaced by -0- or -NCH3-;  or a
pharmaceutically acceptable salt thereof. 4. A
compound according to claim 1 wherein: RI is selected
from -CN, -OCF3, -CF3, -Cl, phenyl, pyrimidinyl and
triazolyl;  R2 is selected from: (A) C1_2alkyl
optionally substituted with one or two groups selected
from:  a) -OH, b) -OCH3, 274 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT c) -S(O)R9
d) -S02R9,  



e) -C(O)NH2,  f) -C02R9,  g) -OPO(OH)2,  h) -OSO2(OH),
i) triazolyl, j) imidazolyl optionally substituted
with C1-2alkyl, and  k) -NR9R10; R3 is H; or R2 and
R3, together with the carbon they are bonded to, form
a saturated hydrocarbon  ring of 3 to 6 carbon atoms
and wherein one carbon atom in said hydrocarbon ring
may  be optionally replaced by -0-, -S02- or
-NC(O)R9-; R4 is selected from: (A) C2.3alkyl
substituted with pyridinyl, thiazolyl, or
pyrrolopyridinyl, and  (B) C3-scycloalkyl substituted
with one group selected from: a) -C(O)NH2, b)
pyridinyl optionally substituted with:  1) -NR9R' 2)
-NHC(O)R9,  3) -NHS02R9,  4) -OR9, 5)
-Ci-2a1ky1NR9R10, 6) -C1-2alkylNR10(CO)NR9Ri0,  7)
-C1-2alky1NR10(CO)R9,  8) -C1-2alkylOR9, 9)
-Ci_2alkylNHS02R9,  10) -C02R9, 275 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT 



11) -COCH3,  12) halogen,  13) -SO2R9, 14) -C1_2alkyl
optionally substituted with halogen, and  15) -cyano;
c) oxadiazolyl optionally substituted with, -NR9R10,
or R9 wherein R9 is  optionally substituted with -F or
-OH, d) imidazolyl optionally substituted with R9 or
-CF3i  e) triazolyl optionally substituted with R9, f)
oxazolyl optionally substituted with R9 or -CONH2,  g)
thiazolyl optionally substituted with R9, h)
thiadiazolyl, i) pyrimidinyl optionally substituted
with -NR9R10  j) pyridopyrimidinyl, k) pyrazinyl
optionally substituted with C1_2alkyl, 1) pyridazinyl
optionally substituted with C1_3alky1NR9R10  m)
naphthyridinyl, n) quinazolinyl optionally substituted
with halogen,  o) pyrrolopyridin-6-yl, p) quinolinyl,
q) triazinyl mono- or disubstituted with -NH2,  r)
oxazolopyridinyl, s) benzooxazolyl,  t) tetrazolyl,
and  u) isoxazolyl;  R5 is H; or 276 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT 



R4 and R5 constitute a saturated hydrocarbon bridge of
3 to 5 carbon atoms which  together with the N they
are bonded to, form a heterocyclic ring, and wherein
one carbon  atom in said heterocyclic ring is mono or
disubstituted with R8; R6 is H or -F;  R7 is -Cl; R8
is selected from -F, -OH, -CH2OH, -NHC(O)CH3,
-C(O)NH2, -CN, -CO2Et, -CO2H, 3-
hydroxy-1H-pyrazol-5-yl,
5-oxo-4,5-dihydro-1,2,4-oxadiazol-3-yl,
5-oxo-4,5-dihydro- 1,2,4-thiadiazol-3-yl and
tetrazolyl, wherein said tetrazolyl is optionally
substituted with  Ci-4alkyl; R9 is H, C1.4alkyl or
C3.4cycloalkyl and  R10 is H or -CH3; or R9 and R10
constitute a saturated hydrocarbon bridge of 3 to 6
carbon atoms which  together with the N they are
bonded to, form a heterocyclic ring, wherein one
carbon  atom in said heterocyclic ring is optionally
monosubstituted with -OH or wherein one  carbon atom
in said heterocyclic ring may be optionally replaced
by -0-; or a pharmaceutically acceptable salt thereof.
5. A compound according to claim 1 wherein: R' is
selected from -CN and -OCF3, -CF3, pyrimidin-5-yl or
triazolyl;  R2 is selected from: (A) Ci_2alkyl
optionally substituted with one or two groups selected
from:  a) -OH, 277 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT b) -OCH3,  c) -S02R9,  d)
-C(O)NH2,  e) -C02R9, and  f) -OPO(OH)2,  



g) -OSO2(OH), and h) heteroaryl selected from
triazol-2-yl or imidazol-4-yl which imidazol-4-yl  is
optionally substituted with C1-2alkyl; R3 is H; or R2
and R3, together with the carbon they are bonded to,
form a saturated hydrocarbon  ring of 3 to 6 carbon
atoms and wherein one carbon atom in said hydrocarbon
ring is  optionally replaced by -0-, -S02-, or
-NC(0)R9-; R4 is selected from: (A) C2alkyl
substituted with pyridin-2-yl, and (B) Cyclopropyl
substituted with one group selected from:  a)
-C(O)NH2, b) pyridin-2-yl optionally substituted with:
1) -NR9R10 2) -NHC(O)R9,  3) -OR9, 4)
-C1-2a1ky1NR9R10, 5) -C1-2alkylNR10(CO)NR9R10  6)
-C1-2alky1NR10(CO)R9,  7) -C1-2alkylOR9, 8) -C02R9,
9) -COCH3,  10) halogen, 11) -C1-2a1ky1NHS02R9,  278
WO 2009/070485 PCT/US2008/084149  Docket No. 09-0446
PCT 12) -S02R9,  13) -Ci_2alkyl; c) 1,2,4-oxadiazolyl
substituted with R9, -CHF2, C1_2alkylOH or -NR9R10  



d) imidazolyl optionally substituted with R9 or -CF3,
e) 1,2,4-triazol-3-yl, optionally substituted with R9,
f) oxazolyl optionally substituted with R9 or -CONH2,
g) thiazol-2-yl optionally substituted with R9, h)
thiazol-4-yl optionally substituted with -CH3,  i)
1,3,4-thiadiazol-2-yl, j) pyrimidinyl optionally
substituted with -NH2,  k)
pyrido[2,3-d]pyrimidin-2-yl, 1) pyrazin-2-yl
optionally substituted with C1_2alkyl,  m)
pyridazin-3-yl, n) naphthyridin-2-yl, o)
quinazolin-2-yl optionally substituted with halogen,
p) 1H-pyrrolo[2,3-(3]pyridin-6-yl, q) quinolin-2-yl,
r) oxazolopyridin-2-yl, and  s) benzooxazol-2-yl;  R5
is H; or R4 and R5 constitute a saturated hydrocarbon
bridge of 3 to 5 carbon atoms which  together with the
N they are bonded to, form a heterocyclic ring, and
wherein one carbon  atom in said heterocyclic ring is
mono or disubstituted with R8; R6 is H or F;  R' is
Cl; 279 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT R8 is selected from -F, -OH, -NHC(O)CH3,
-C(O)NH2, -CN, -CO2H, 5-oxo-4,5-dihydro-
1,2,4-oxadiazol-3-yl, and tetrazolyl, wherein
tetrazolyl is optionally substituted with Ci_  4alkyl;
R9 is H, C1_4alkyl or C3_4cycloalkyl and  



R10 is H or -CH3; or R9 and R10 constitute a saturated
hydrocarbon bridge of 3 to 6 carbon atoms which
together with the N they are bonded to, form a
heterocyclic ring, wherein one carbon  atom in said
heterocyclic ring is optionally monosubstituted with
-OH or wherein one  carbon atom in said heterocyclic
ring may be optionally replaced by -0-; or a
pharmaceutically acceptable salt thereof.  or a
pharmaceutically acceptable salt thereof. 6. A
compound according to claim 1 wherein: RI is selected
from -CN and -OCF3 or pyrimidin-5-yl;  R2 is selected
from: (A) C1_2alkyl optionally substituted with one
group selected from:  a) -OH, b) -CO2H,  c) -CONH2,
d) -OPO(OH)2 and  e) -OSO2(OH);  R3 is H; or 280 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
R2 and R3, together with the carbon they are bonded
to, form a cyclopropyl or cyclohexyl  ring wherein one
carbon atom in said cyclohexyl ring is replaced with
-NC(O)R9- or - SO2-; R4 is cyclopropyl substituted
with one group selected from:  (A) pyridin-2-yl
optionally substituted with: a) -NHC(O)R9,  b)
-CH2NH2,  b) -CH2NHC(O)R9,  c) -CH2NHSO2R9,  



d) -CO2H, e) -NR9R10, or  f) -OR9;  (B)
pyridazin-3-yl,  (C) pyrimidin-2-yl,  (D)
naphthyridin-2-yl, (E) quinazolin-2-yl optionally
substituted with chlorine,  (F)
1H-pyrrolo[2,3-p]pyridin-6-yl, (G)
2-isopropyl-oxazol-4-yl, (H)
1-isopropyl-1H-imidazol-4-yl, or  (I) thiazol-2-yl; RS
is H; R6 is H or F;  R7 is Cl; R9 is H, -CH3 or
cyclopropyl; 281 WO 2009/070485 PCT/US2008/084149
Docket No. 09-0446 PCT R10 is H or -CH3; or a
pharmaceutically acceptable salt thereof. 7. A
compound according to claim 1, which is provided in
the table below:  Li  CI CI N N O  N HN O OY X L2  NR2
Cpd # NR2 X L, L2  



NH 57 N- F CN  NH 2 --1--- NH  56 N- F CN 282 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
--i--- NH  59 N~ I F CN O \  NH  60 F CN Ns  NH  58 N,
F CN o'  NH 55 N- F CN  4 H H OCF3  N N, 0 ~" 0  --I--
1 NH 38 N~ 0 H CN  N N  



0 283 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT --1- N  5 H OCF3 rN ,  N,, N, NH --r N  1
N H CN  NH N;  --F N H 48 H CN  N S  T 6 H CN  K> ~ F
F  --i--- NH  31 N- H CN NH  43 N H OCF3  NH2 



--r N  7 H OCF3  (N `,l NH  Nc N 284 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT N  8 ~-! H
CN  N N. N, NH  N 9 H H CN  N HN,O~O  N 10 O H OCF3  N
H-~  NH  41 N JV H CN ~  NJ  NH  45 N JV H CN I NH2  N



11 H OCF3  q )V OH  N 12 O H CN  N H 285 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
--i--- NH  34 N- H CN C Z NH  62 F CN  NH NH  66 N- H
OCF3  NH 68 N H OCF3  N 13 H CN  NH2 NH  39 N- H OCF3
N", 286 



WO 2009/070485 PCT/US2008/084149  Docket No. 09-0446
PCT NH  53 N" H CN  H2N N  14 0 0 H CN  N H-~  NH H CN
33 N JV  1 0' N  65 1X )v H OCF3  F F NH  50 N H CN  O
--i--- NH  3 N, H CN NH  30 N- j H OCF3  287 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
--I-- 



NH  35 H CN Ns  NH  40 N- H CN  ~NNI N JV  15 N H OCF3
N. N, N N  16 O H OCF3  N ,~ H~  NH  27 N- 0 H CN  I
NH2  NH 29 ' H CN  0  288 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT NH  52 N, H
OCF3  H2N NH  61 F CN  



N~ S N-/  N 17 ~ -- --- j H CN  F F v --I--- NH  2 H
CN  N N  18 H OCF3  % N" N.N-~ 19 H OCF3  N, N2NH
--i--- NH  24 N- H CN OH  289 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT --i --- NH
44 H CN N ~ I NTo  NH 67 \ H OCF3  1 



20 N 4 H OCF3 F NH  28 H CN  0  --r  NH  42 . H CN  N
NH NH  25 N- H CN  OH  NH 46 N-I H CN  N" 290 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
21 O H CN  NH 2 NH  26 H CN  N O O  NH 32 H CN  NH 54
N NH H CN  N 



N  22 N JV H CN  N. N, N- --I-- 37 N' O NH H CN  N JV
291 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT NH  49 H OCF3  N NH N I  NH  69 H OCF3  O
NH2 N  70 0 H OCF3  HO -T- NH  64 F CN N O  N  NH 47
N- H OCF3  N", 



(N~  23 ~l JV H OCF3  N NH  36 H CN  N S NJ 292 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
--i--- NH  51 N- H CN O  NH N- 320 1 F CN  HNY" O  NH
394 N- F Tj~ N  NH 294 N' F CN  N' NH  296 N' F CN  i
N~ 



NH  451 N_ F CN  O OH  293 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT I  NH  333
N' F CN  HN NH  353 F CN  N N T  NH  437 F CN  NH Oz
0  -T NH  N 436 H CN  NH Ocs  O  --i--- 



NH ---- 359 N' I H CN  O OH NH  350 H CN  N 294 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
1  NH  314 INS IIN N p F CN NH 449 N- p SOH F CN 0 " 0
NH 433 H CN  %  NH Oz'  0  NH  427 N~ , H CN H  \ N,Si
I\\ O O  NH 297 V N F CN  NH 



311 0 F CN  INS IIN NH2  295 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT ---I -- NH
378 N- F CN IOH  4NH 342 N F CN  o NH  416 N' I H CN
N. O OH NH  305 / N F CN  N~ NH  343 N~ F CN  N NH 2
I NH 298 N~ N F CN  c 296 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT 



NH  426 N~ H CN  H N,Tr  0  NH 380 N O F CN  HO OH NH
N 438 \ I v F CN  NH Oas  O  NH 309 F CN  N N S~O u  \
O  -T NT  432 H CN  NH O'j, NH2  --1--- NH 381 N- F
OCF3  O  OH 



297 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT --I-- NH  293 N IN F CN N~ T NH  413 H CN
OH NH  351 F CN  N~ JN NH  428 N- H CN  Nu NH2 0  7,
NH  410 N- H CN  O --r NH  48 H CN  S 298 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT 



--1-- NH  340 N H CN LOH  NH  310 F CN N/ N NTO  NH
405 F CN  N N 0 OH  NH 415 N- I ~ H CN  OH 0  NH 355
N- I H CN  I)v  N NH  368 N N H CN  O 299 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
NH  43 N H OCF3  I NH2 NH  



384 N NH F CN  N r NH  425 OH H CN  N NJ  NH 387 ZN JV
H CN  Br NH  331 N NH H CN  F F F NH  429 N' H H CN  N
O  NH 387 ZN )V H CN  Br 300 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT NH Ilz 322 N
N F CN I -~v  0 NH  289 N o H CN  



-1 NH  41 N JV H CN  ~ NJ --F NH  62 F CN  NH NH  321
N 0 H OCF3  N NH  424 H CN  ~ Nom/ 301 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT NH  402 O F
CN  N' JN ~~ S- O  NH 338 N H CN  O NH  357 N F CN
-C,N 



NH  295 N~ F CN  NH 376 H N' N. N  N NH  39 N' H OCF3
NN, 1-1 302 WO 2009/070485 PCT/US2008/084149  Docket
No. 09-0446 PCT --1-- NH  403 N~ N F CN 0 OH  ~NH 288
N' o H CN  -N C  423 H CN  rO L J  N N H  409 F CN  N
iN N% N_  



NH 327 H OCF3  N F NH  379 N- I .~ F CN  303 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
--I-- NH  336 N' H CN NH2  NH  290 N\\'-- O H CN FrN
F -T NH  50 H CN  --O 4NH  389 N O H CN  NH 404 F CN
N ON,  NH 365 N N H CN  O 



304 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT --i--- NH  448 N F CN OH  NH 411 .,~ H CN
N N NH  N 431 H CN  NH O-1~1  NH  307 F CN Nv NH %
N=~ NH  40 N-I H CN  "I N~l NH --_ 422 H OCF3  N NO
305 WO 2009/070485 PCT/US2008/084149  



Docket No. 09-0446 PCT NH  430 N I H H CN  N O  NH 323
N N H OCF3  0 NH  349 N~ H CN  I N  --I-- NH 293 N~ IN
F CN  N NH  414 N- F CN  Br NH  341 H CN  0 306 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
NH  52 N' H OCF3  H2N --1-- 



NH  374 N- H NN N  NH 61 F CN  N S NJ NH  407 N O F CN
N NH  306 H CN  N~ NH N~ NH  335 N N H CN  O  NH 292 N
O F CN  307 WO 2009/070485 PCT/US2008/084149  Docket
No. 09-0446 PCT --I-- I NH 291 NO F CN  N\ NH  313 F
CN  N' N 



~\ JI N  NJ  NH ____- 308 F CN N- H NH  64 N' O F CN
N NH  408 N O H OCF3  N NH  44 N' N O H CN  NH _ 370 N
O H CN  N 308 WO 2009/070485 PCT/US2008/084149  Docket
No. 09-0446 PCT NH  372 N' 0 H CN  N N NH  385 N NH F
CN  N NH  386 H CN  N 



NH  400 N' 0 H CN  O~ NH 2  --I-- NH 354 ZN' H CN  CI
NH  396 N~ H OCF3  O, ;S~  0 309 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT --I--- NH
325 H F F F  NH 348 N~ N H CN  NH 356 N~ N H CN  NH2
NH  312 F CN  N~ N N NH  



N 434 I H CN  NH O--I-v -r NH  49 H OCF3  N NH N 310
WO 2009/070485 PCT/US2008/084149  Docket No. 09-0446
PCT --F NH  54 N NH H CN  % N NH  367 N N H CN  O NH
N 434 H CN  NH O NH  324 N~ I H CN  F F F  --1--- 



NH 24 N- H CN  OH  NH 369 N 0 H CN  N F F F 311 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
or is a pharmaceutically acceptable salt of any of the
foregoing compounds. 8. A compound according to claim
1, which is provided in the table below:  Li  C1,11 CI
N--< N O  N HN O OyX L2  NR2 Cpd # NR2 X L1 L2  NH 57
N- F CN  NH2 --1--- NH  F CN JV  56 N  



NH F CN  59 N JV  O 312 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT --I-- NH  60
F CN NS  NH  58 N, F CN 0- NH 55 N - F CN  NH 320 JV F
CN  HN~ O  NH  394 N ----- F I J \ ', v N  NH 294 N-
JV F CN  N 313 WO 2009/070485 PCT/US2008/084149  



Docket No. 09-0446 PCT NH  296 N' F CN  N NH  451 N' o
F CN  OH  NH 333 N- F CN  HN NH  353 N F CN  N, NH
437 F CN  NH O_'  ISM  0  NH  N 436 H CN  NH OZ nS  O
"V 314 WO 2009/070485 PCT/US2008/084149  



Docket No. 09-0446 PCT -T- NH  417 N' I F CN 0 OH  NH
350 H CN N F ----- NH 314 IN IN N p F CN  NH 449 N-
p,s OH F CN  O / "O -T- NH  N 433 Jv H CN  NH '  OSM
I O  NH  427 N - H CN H  \ N, S1\  O O 



315 WO 2009/070485 PCT/US2008/084149  Docket No.
09-0446 PCT 11 NH 297 N N F CN  NH 311 0 F CN  N N 0
NH 2  --l-- NH 378 N- F CN OH  NH 342 F CN  O NH  416
N I J H CN  O OH ANH  305 N F CN  NJ 316 WO
2009/070485 PCT/US2008/084149  Docket No. 09-0446 PCT
--I-- NH  343 N F CN NH2  NH  



298 N ~v `,~ F CN ~I  Cl --F NH  426 N- I H H CN  Ny 0
NH 380 F CN  ,  N' O, ,O HO OH  -T NH  N 438 F CN  NH
O, S  O  NH 309 F CN  N N S=0 O  317 WO 2009/070485
PCT/US2008/084149  Docket No. 09-0446 PCT -T- NH  



432 H CN NH  O NH 2 or is a pharmaceutically
acceptable salt of any of the foregoing compounds. 9.
A pharmaceutical composition comprising a compound in
accordance with claim  1 and at least one
pharmaceutically acceptable carrier or adjuvant. 10. A
compound according to claim 1 for use as a medicament.
11. A compound according to claim 1 for use as a
medicament for the treatment of  inflammation or an
inflammatory condition. 12. A compound according to
claim 1 for use as a medicament for the treatment of
adult respiratory distress syndrome, shock, oxygen
toxicity, multiple organ injury  syndrome secondary to
septicemia, multiple organ injury syndrome secondary
to trauma,  reperfusion injury of tissue due to
cardiopulmonary bypass, myocardial infarction, acute
glomerulonephritis, vasculitis, reactive arthritis,
dermatosis with acute inflammatory  components,
stroke, thermal injury, hemodialysis, leukapheresis,
necrotizing enterocolitis  or granulocyte transfusion
associated syndrome, psoriasis, organ/tissue
transplant  rejection, graft vs. host reaction, an
autoimmune disease, Raynaud's syndrome,  autoimmune
thyroiditis, dermatitis, multiple sclerosis,
rheumatoid arthritis, insulin- dependent diabetes
mellitus, uveitis, inflammatory bowel disease, Crohn's
disease,  ulcerative colitis or systemic lupus
erythematosus or asthma. 318 


















