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DERI VATI VES AS MELANOCORTI N- 4 RECEPTOR MODULATORS 5Field of the Invention
The preSERYPMNEATi on rel ates to substituted heteroaryPpTHEF0F0HELS
derivatives as nel anocortin-4 receptor nodul ators. Depending on the
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- receptor 5 AN i f Qi sorders
and di Sea%@@ﬂgﬁ@%ﬁfﬁﬁ@%%ﬂ@hﬁ'%gﬁtﬁ&gg %%r eas the
ant agoni sts are r seases such as
cancer cachexia MM@@QW&\' ‘ﬁmgf’%ﬂﬂﬁ@m%ﬂ@ scl erosi s,
anxi ety and depression. Cenerally all diseases and di sorders mhere t he
regul ation of the MC-4R is involved can be 15treated with the conpounds of
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WO 2009/ 010299PCT/ EP2008/ 005913 3 recently has been shown to induce a
potent anti-inflammatory effect in both acute and chroni c nodel s of
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25 feeding models (NPY, ob/ob, agouti, fasted) while ICV injected SHU-9119 (MC-3R and 4R
antagonist; MC-1R and -5R agonist) reverses this effect and can induce hyperphagia;
4} chronic intraperitoneal treatment of Zucker fatty rats with an a-NDP-MSH derivative
(HP-228) has been reported 1o activate MC-1R, -3R, -4R, and -5R and to attenuate food
intake and body weight gain over a 12 week period (I. Corcos et al., "HP-228 is a potent

30 agonist of melanocortin receptor-4 and significantly attenuates obesity and diabetes in
Zucker fatty rats”, Society for Neuroscience Abstracts, 23: 673 (1997)).



TisNR7/R8, 7a (R9)p \ (7)0 R7 and R9 are independently from each

ot her selected fromH, Cl 5-alkyl, Cmalkenyl, 02 6-al kinyl, and wherein
each al K¥p,20et/iaerwyl and al ki nyl is optionally substituPE€d/HPROBMRES%E NOr e
hal ogen atons, CN or OH, RO is independently selected from hal ogen, ON, OH,
Cl_5-al kyl, optionally substituted w fh 1 to 3 substituents selected from
hal ogen, ON and OH, and 0-Cl_6-al kyl, optionally substituted with 1 to 3
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condition of inabiiﬂy to achieve penile erection sufficient for successful intercourse. The
term “impotence" is often employed to describe this prevalent condition. Synthetic
5 melanocortin receptor agonists have been found to initiate erections in men with
psychogenic erectile dysfunction (H. Wesselis et al.,, "Synthetic Melanotropic Peptide
initiates Erections in Men With Psychogenic Erectile Dysfunction: Double-Blind, Placebo
Controlled Crossover Study®, J. Urol, 160: 388-393, (1998)). Activation of melanocortin
receptors of the brain appears to cause normal stimulation of sexual arousal. Evidence for
10 the invoivement of MC-R in male and/or female sexual dysfunction is detailed in WO

00/74679.

Diabetes is a disease in which a mammal's ability to reguiate glucose levels in the hiood is
impaired because the mammal has a reduced ability to convert giucose to glycogen for
15 storage in muscle and liver cells. In Type | diabetes, this reduced ability 1o store giucose is
caused by reduced insulin production. "Type Il diabetes” or "Non-lnsuiin Dependent
Diabetes Mellitus" (NIDDM) is the form of diabetes which is due to a profound resistance
to insulin stimulating or regulatory effect on glucose and lipid metabolism in the main
insuiin-sensitive fissues, muscle, liver and adipose tissue. This resistance to insulin
20 responsiveness results in insufficient insulin activation of glucose uptake, oxidation and
storage in muscie, and inadequate insulin repression of lipolysis in adipose tissue and of
glucose production and secretion in liver. When these celis become desensitized 1o
insulin, the body tries to compensate by producing abnormaliy high levels of insulin and
hyperinsulemia results. Hyperinsulemia is associated with hypertension and elevated body
25 weight. Since insulin is involved in promoting the celluiar uptake of glucose, amino acids
and trigiycefides from the blood by insulin sensitive cells, insulin insensitivity can result in
elevated levels of triglycerides and LDL which are risk factors in cardiovascular diseases.
The constellation of symptoms which includes hyperinsulemia combined with
hypertension, elevated body weight, elevated trigiycerides and elevated LDL, is known as
30 Syndrome X. MC-4R agonists might be useful in the treatment of NIDDM and Syndrome
X



ON, OH, 0_6-alkyl, optionally substituted with 1 to 3 substituents sel ected
from hal ogen, CN and OH, C2_6-al kenyl, 02_6-al kinyl, 0-Cl_6-al kyl,

opt i onalwg 28e863%uted with 1 to 3 substituents sel ect @ITEPOMENAINOYen, ON
and OH, O 6-al kylene-OCl_6-al kyl, optionally substituted with 1 to 3
substituents sel ected from hal ogen, and OH, 0C(0)C1_6-al kyl, -NH2,
-NH(C1_6-al kyl), and N(CL.6-al ky02; R12 and R13 are independently from
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5 corticotropin-releasing factor (CRF) (M.J. Owen and C.B. Nemeroff, "Physiclogy and
pharmacoclogy of corticotrophin releasing factor.” Pharmacol. Rev. 43: 425473 (1991)). In
addition to activation of the brain CRF system, there are several lines of evidence that
melanocortins (MCs), which stem from proopiomelanocortin by enzymatic processing,
mediate important behavioral and biochemical responses to stress and, consequently,

10  stress-induced disorders like anxiety and depression (Shigeyuki Chaki et al, “Anxiolytic-
Like and Anfidepressant-Like Activities of MCL0129 (1-[(S)-2-{4-Fluorophenyl}-2-(4-
isopropylpiperadin-1-yhethyi}-4- [4-(2-methoxynaphthalen-1-yhibutyllpiperazine}, a Novel
and Potent Nonpeptide Antagonist of the Melanocortin-4 Receptor”, J. Pharm. Exp. Ther.
304(2), 818-826 (2003)).

15
Chrronic diseases, such as malignant tumors or infections, are frequently associated with
cachexia resuiting from a combination of a decrease in appetite and a loss of lean body
mass.-Ektenséve toss of iean body mass is often triggered by an inflammatory process and
is usually associated with increased plasma levels of cytokines (e.g. TNF-a}, which

20 increase the production of o-MSH in the brain. Activation of MC4 receptors in the
hypothalamus by o-MSH reduces appetite and increases energy expenditure.
Experimental evidence in tumor bearing mice suggests that cachexia can be prevented or
reversed by genetic MC4 receptor knockout or MC4 receptor blockade. The increased
body weight in the treated mice is attributable to a larger amount of lean body mass, which

25 mainly consists of skeletal muscle (D.L. Marks et al. “Role of the central melanocortin
system in cachexia.” Cancer Res. 61: 1432-1438 (2001)).

Clinical observations indicate, that progression of amytrophic lateral scierosis (ALS) might
be inversely correlated with body weight (e.g. Ludolph AC, Neuromuscul Disord. (2006)
30 16 (8).:530-8). Accordingly, MC-4R inhibitors could be used to treat ALS patients.

Moduiators of the melanocortin receptor are already known from the literature. WO
2004/024720 A1 describes piperazine urea derivatives which are selective agonists of the



F, d, CH3, OCH3, and CF3; R3isH d, F, or CH3; R4 is C, For CH3; RS is
nor phol i ne, optionally substituted by 1 to 3 sane or different substituents
R14, 4 to 7 nenbered, saturated or partially unsaturated heterocycle
containing in the ring one nitrogen a&£n1and optionally a further

het eroat om sel ected fromO, N and S, erein heterocycle is optionally
substituted by 1 to 4 sane or different substituents R11, or NR12R13; 7d

R14 is - - . . - .
C1. 6. gn dRERPEFE-Alekopl =Rpe SRRl g Py i bey Rty n e gaatgent
m i sOpf prevéntiSn obobekityeelatdd ditorders.2; p is0, 1, 2, 3, or 4; r is0, 1, 2, 3,
or 4;
WO 2005/047253 A1 describes 4,4-disubstituted piperidine derivatives which are
postulated to function as melanocortin receptor agonists.

Substituted piperidine derivatives are also described in DE 103 00973 which relates to
carboxylic acids and esters having a piperidine ring or a piperazine ring as the central core
of the molecule and wherein the core is further substituted in the para-position by a 5-7-
membered heterocycle, a phenyl ring, a pyridine ring or a thiazole ring. Said rings are
optionally substituted by an ester group. The compounds are used in the preparation of a
medicament for the treatmeni of headaches, non-insulin dependent diabstes meliitus
(NIDDM), cardiovascularic diseases, morphiniolerance, diseases of the skin,
inflammations, allergic rhinitls, asthma, diseases with vascular dilatation and,
consequently, with reduced biood circulation in fissues, acute or preemptive treatment of
menopausal hot flashes of women with an estrogen deficiency or for the treatment of pain.

In view of the unrescived deficiencies in treatment of various diseases and disorders as
discussed above, it i3 an object of the present invention to provide novel substituted
heteroaryipiperidine derivatives with improved ability 1o cross the blood brain barrier,
which are useful as melanocortin-4 receptor modulators tb freat cancer cachexia, muscie
wasting, anorexia, anxiety, depression, obesity, diabetes, sexual dysfunction, amyotrophic
lateral sclerosis and ‘other diseases with MC-4R involvement.

Summary

Described herein are substituted heteroarylpiperidine derivatives of structural
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sisl, or 2 andt isO or 1. In a second aspect, there is provided a
conpound according to the present invention as nedi canent. The

het er oaryl pi peri di ne derivatives of structural formula (1) are effective as
mel anocortin receptor nodulators and are particularly effective as

sel ective nel anocortin-4 receptor (MC-4R) nodul ators. They are therefore
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di sorders and di seases such as obesity, diabetes and sexual dysfunction,
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| ateral sclerosis (ALS), anxiety and depression. In a third aspect, there
is provided a compound according to the,presgnt invention for the treatment
or prophyl axis of cancer cachexi a, nuﬁé? sting, anorexia, anyotrophic

| ateral sclerosis (ALS), anxiety andfilor depression. 7e In a fourth
aspect, there is provided a co ng to the present {hvention for
the treatment or prophylRXxis betes nellitus, male or female
sexual dysfunction and/o Thus, the present
disclosure relates tog for the treatnent and/or
prophyl axi s of cancer jcachgxi a, mnuscle masi anorexi a, amytrophic

| at eral sclerosis (ALéEkfgnxiety, depre§s'e obesi ty, diabetes nellitus,
mal e or femal e sexual dy&function and &ectile dy&unction. In a fifth
aspect, there is provided the use of the conpound according to the present
invention for the preparation of a medicanent for the treatnment or

pr ophyl axi [

i s,of cancer cachexia, muscl i i 209 hi c

| ateral s@l"@_%&)%?garltﬂ_nﬁr,s’ %{ﬂieéqoym%{gdt/a §F°\P$er%r%gg?tgg%§ﬁhgﬂgl Xt héggggect ,
there is @@gﬁhgggshhgﬁuggopf t he conpound according to the present
invention for the preparation of a nedicanent for the treatnent or

prophyl axiwhestinobesity, diabetes nellitus, male or femal e sexual
dysfunctioqdand/or1§rectgIe dysfunction. In a further exanple, the

di scl osur R'riel atB dCtRe2)usle’ of a conpound of formula (1) for the
preparation of §C§gghgpq§nt for the treatnent and/or prophylaxis of cancer
cachexi a, nuscl %iﬂg, anorexia, amytrophic |lateral sclerosis (ALS),
anxi ety, depres<)-0b(R°Hedity, diabetes nellitus, male or female sexua
dysfunction and erectile dysfunction. In a seventh aspect, there is

provi ded Rpibandupeadenttedeledepdsitti on conprising a conmpound according to
the present invention and a pharnaceutically acceptable carrier. The

pr esent discloslire al'so relates to pharmaceutical conpositions conprising
t he conpounds of the present disclosure and a pharmaceutically acceptable
carrier. Detailed Description of the Invention The present invention

rel ates to subsPH.uted heteroaryl pi peridine derivatives useful as

mel anocortin re or nodul ators, in particular, selective MC4R agoni sts
and MC-4R antagonlé?s. The conpounds of the present invention are
represented by &tgattyloptionalyraubatituted wifiD! 20 oubstipooeriacterolwndesees. £3
and the enantio digg%éqegﬁ?rs, tautoners, solvates and

phar maceuti cal | EP ) s thereof, 10 wherein Rl is or R6 is

i ndependent |y sel,geyeidakyQopidtallyBubsitited with 1 to 3 substituents selected from

halogen, CN, OH and OCHj;

Tis NR'RS,

. (R%)
\N/\:_/\‘ D N/\
K/N k/o )
0 \Rw ’ .



OCH3, C _ral kyl, optionally substituted with 1 to 3
substituents selected from hal ogen, 20CN, OH and OCH3, and C3.5-cycl oal kyl,
optionally substituted with 1 to 3 substituents selected from hal ogen, CN,
OH and OCH3; T i sNR7RG, WO 20095Q10299PCT/ EP2008/ 005913 9 c.."'" 'NY
[ -Z R7 and R8 are independently fromeach other selected fromH,

Cl. 6-al kyl, 5C2-6-al kenyl, C2.6-al kinyl, and C2_6-al kyl ene- O C1. 6- al kyl
wherei n each al kyl, aIkenyI and al kinyl is optionally substituted by one or

nore hal ogen ato @%por OH; 10R9 is indepe ntly sel ected from hal ogen,
CN, OH, %\1 : /\W@

[ . \-:7
g ! )s !

(R%p %
W A o Ny
A /]
) . | ] |

g\
m...\,
z

R’ and R® are independently from each other selected from
H,
Cqsalkyl,
Co.galkenyl,
C,s-alkinyl, and
Co.s-alkylene-O-Cq.s-alkyl, -
wherein each alkyl, alkenyl and alkinyl is optionally substituted by one or more

halogen atoms, CN or OH;

R® is independently selected from
halogen,
CN,
OH,
C,5-alkyl, optionally substituted with 1 to 3 substituents selected from halogen,
CN and OH, and
O-C..¢-alkyl, optionally substituted with 1 to 3 substituents selected from
halogen, CN and OH,
C1_a»aIkyl.ene-Owci-sna!kyl, optionally substituted with 1 to 3 substituents
selected from halogen, CN and OH, or
NR12R13;



Cl.6-al kyl, optionally substituted with 1 to 3 substituents selected from
hal ogen, 15CN and OH, and 0-Cl_6-al kyl, optionally substituted with 1 to 3
substituents selected from hal ogen, CN and OH, C1.6-al kyl ene-O CL1. 6-al kyl
optionally substituted with 1 to 3 sH%stituents sel ected from hal ogen, CN
and OH, or 20NR12R13; R10 isH, or CI-6-alkyl; R11 is independently sel ected
from hal ogen, WD 2009/ 010299PCT/ EP2008/ 005913 10 CN, COH, C1l.6-al kyl,
optionally substituted with 1 to 3 substituents selected from hal ogen, CN
and OH, BCH eHaPkenyl, C2.6-alkinyl, 0-Cl 6-alkyl, optionally substituted
with 1 to 3 sg%g_tajkg,pents sel ected from hal ogen, CN and OH,

Cl. 6-al kyl ene-O- Cl: 6-al kyl, optionally substituted with 1 to 3 substituents

10sel ected ; BfgnOH,  CO_6-al kyl - C3. 6- cycl oal kyl ,

Z0c(0) ClﬁG-t%[@gp%eﬁgg?e[eN (1 8-alkyl), and 15-N(CL.6-al kyl)2: RL2 and RL3
are i ndependehaloged,r om each ot her selected from Cl_6-al kyl, optionally
substituted Wlﬁ:y'] OH, C2.6-al kenyl, C2.6-alkinyl,

20C2. 6- al kyl ere* O C1. 6-al kyl , and C2. 64l kyl ene-N-( Cl. 6-al ky1l) 2;

OH

Cis-alkyl, optionally substituted with 1 to 3 substituents selected from halogen,
CN and CH,

C.c-alkkenyl,

Cog-alkinyl,

0-C. g-alkyl, optionally substituted with 1 to 3 substituents selected from
halogen, CN and OH,

C.g-alkylene-O-C,g-alkyl, optionally substituted with 1 to 3 substituents
selected from halogen, CN and OH,

Cee-alkyl-Cz g-cycloalkyl,

-OC(0)Cq¢-alkyl,

-NHa,

-NH(C4¢-akkyl), and

-N(C+.g-alkyl)z;

R* and R™ are independently from each other selected from
C+¢-alkyl, optionally substituted with OH,
Co.g-alkenyl,
Co.s-alkinyl,
Co.g-alkylene-O-C45-alkyl, and
Cosalkylene-N-(Cq.g-alkyl)z;

Wis CH, OorNR'®

Xis CHor N;
Yis CHorN;
Zis CH or N;

Alis a 3-7-membered saturated, unsaturated or aromatic ring containing 0-2

nitrogen atoms;



WisCH O or NRL(); XisCHor N, YisCHor N, 25 ZisCHor N, Aisa
3-7-nmenbered saturated, unsaturated or aromatic ring containing 0-2
nitrogen atonms; BisCR2 or NN GisCR2 or Ny 30 DisCR2 or NN WO

2009/ 010299PCT/ EP2008/ 005913 11 E is§:R2 or N with the proviso that one or
two of the variables B, G D and E must be N, R2 is independently sel ected
fromH 5 F, d, CH3, OCH3, and CF3; 10 R3is H d'

Bis CRZorN;
Gis CR?*orN;
Dis CR%orN;
Eis CR®orN;

with the proviso that one or two of the variables B, G, D and E must be N:

R? is independently selected from
H,
F,
Cl,
CHs,
OCHs, and
CFs;

RYis H,
Cl,
F,or
CHa;

R'is CI,

F or
CHa;

R%is
o R i o
N / R "Nﬂ\j/p
WL T

5

morpholine, optionally substituted by 1 to 3 same or different substituents R',

4 to 7 membered, saturated or partially unsaturated heterocycle containing in
the ring one nitrogen atom and optionally a further heteroatom selected from O,
N and S, wherein heterocycie is optionally substituted by 1 to 4 same or
different substituents R"", or

NR12R13;



F, or CH3; 15 R4 is C, For CH3; R5 s nor phol i ne, optionally

- substituted by 1 to 3 sane or different substituents R14, 20 4 to 7
menbered, saturated or partially unsaturated heterocycle containing in the
ring one nitrogen atom and opti onal | further heteroatom selected fromO,
N and S, wherein heterocycle is optionally substituted by 1 to 4 sanme or
different substituents R11l, or NRI12R13; 25R14 isCl5-alkyl,

Cl. 6- al k\R eke-©OH-alkvip 2009/ 010299PCT/ EP2008/ 005913 12 Cl. 6-al kyl ene- NI 2,

Cl. 6- al kyl ene- NH-_ -al - Cl_6-al kyl ene- N(C1. 6-al kyl)2; R15 isH or
5C1. 6- al kyl ; Iéli‘%%ﬂ%f}ggﬁ N a@{yi,ll; misO, 1, 2, 3, or 4; ois0O, 1, or 2;
Cig-alkylene-OH,
Cis-alkylene-NHs,
C1.g-alkylene-NH-C g-alkyl, or

C.s-alkylene-N(Cqs-alkyl)s;
R™is Hor
Ci.g-alkyt;
lis 0,1,2,3 o0ré4;
mis 0,1,2 3, 0r4;
ois 0,1,0r2;
pis 0,1, 2 3, 0or4,
ris 0,1,2, 3, 0r4;
sis 1,0r2 and

tis Oor.

In a second aspect, there is provided a compound according to the present invention

as medicament.

The heteroaryipiperidine derivatives of structural formula (I) are effective as melanocortin
receptor modulators and are particularly effective as selective melanocoriin-4 receptor
(MC-4R) modulators. They are therefore useful for the treaiment of disorders where the
activation or inactivation of the MC-4R are involved. Agonists can be used for the
treatment of disorders and diseases such as obesity, diabeies and sexual dysfunction,
whereas the antagonists are useful for the treatment of disorders and diseases such as
cancer cachexia, muscle wasting, anorexia, amyotrophic lateral sclerosis (ALS), anxiety
and depression.

In a third aspect, there is provided a compound according to the present invention for
the treatment or prophylaxis of cancer cachexia, muscle wasting, anorexia, amyotrophic

lateral sclerosis (ALS), anxiety and/or depression.



pisO, 1, 2, 3, or 4; 10r isO, 1, 2, 3, or 4; s isl, or 2 and t isO or 1.
In a preferred embodi ment, the conpounds of formula (1) are defined as
follows: 15R1 is or R6 is independently selected fromH, 20F, OH OCH3,

ClL. 6-al kyl ,

optionally substituted wygh 1 to 3 substituents selected from

hal ogen, CN, OH and OCH3, and 25C3. 6-cycl oal kyl, optionally substituted

wth 1t
nor phol i

2 54 SoRT O DGR e a0RT bRoT Aot to i ARfeiiEntch fof NI

i ndepended lgafiierm saphopdilags stbbetigd diatmted maius- aldeylor RIS -sakkadnyl

C2. 6-al ki n

Cl. 6-al kyl, wherein each al kyl, aIkenyI

and al ki H%lf”ncg'oBﬁf’%ﬁﬁﬁ"bleé{ﬁﬁ@?ﬂoﬂt ed by one or nmore hal ogen atons, CN or

Thus, the present disclosure relates to compounds of formula (1) for the treatment and/or

prophylaxis of cancer cachexia, muscle wasting, anorexia, amytrophic lateral sclerosis

(ALS), anxiety, depression, obesity, diabetes mellitus, male or female sexual dysfunction

and erecfile dysfunction.

In a fifth aspect, there is provided the use of the compound according to the present

invention for the preparation of a medicament for the treatment or prophytaxis of cancer

cachexia, muscle wasting, anorexia, amyotrophic lateral sclerosis (ALS), anxiety and/or

depression.

In a sixth aspect, there is provided the use of the compound according to the present

invention for the preparation of a medicament for the treatment or prophylaxis of obesity,

diabetes mellitus, male or female sexua! dysfunction and/or erectile dysfunction.

In a further example, the disclosure relates to the use of a compound of formula (I} for the
preparation of a medicament for the treatment andfor prophyfaxis of cancer cachexia,
muscle wasting, anorexia, amytrophic lateral sclerosis (ALS), anxiety, depression, obesity,

diabetes mellitus, male or female sexual dysfunction and erectile dysfunction.

In a seventh aspect, there is provided a pharmaceutical composition comprising a

compound according to the present invention and a pharmaceutically acceptable carrier.

The present disclosure also relates to pharmaceutical compositions comprising the

compounds of the present disclosure and a pharmaceutically acceptable carrier.

Detailed Description of the Invention
The present invention relates to substituted heteroarylpiperidine derivatives useful as
melanocortin receptor modulators, in particular, selective MC-4R agonists and MC-4R

antagonists.

The compounds of the present invention are represented by structural formula (f)



10R9 is independently selected from hal ogen, CN, OH,

Cl.6-al kyl, optionally substituted with 1 to 3 substituents selected from
hal ogen, W@3M9¥0a¢249 OH, and 0- Cl. 6-al kyl, optional |y sub8FEEFEWEO%Hh 1 to 3
substituents sel ected from hal ogen, Cg and OH, Cl.6-al kyl ene-O Cl. 6-al kyl
optionally substituted with 1 to 3 substituents sel ected from hal ogen, CN
and OH, WD 2009/ 010299PCT/ EP2008/ 005913 14 Ci1-C6-al kyl; R11 is

i ndependently sel ected from hal ogen, CN, 504, Cl.6-alkyl, optionally
substituted with 1 to 3 substituents selcﬁct edzd rom hal ogen, CN and OH,
0-Cl.6-al kyl, optionally substituted git 0 3 substituents selected from
hal ogen, CN and OH, 10C1. 5-al kyl ene- GQjCl1-64al kyl, optionally substituted
with 1 to 3 substituents sel ect w.hal-dgen, CNandC]—I - N,
-NH(ClGaIkyI) and -N(G1_e- N, YisCHor N Z isCHor

and the enantiomers, diastereomers, tautomers, solvates and pharmaceutically acceptable
salts thereof,

10 wherein

R'is NR)-(C(R%2)m-T
~(C(R%)2)- T, or
-O-(C(R%)2)m-T

R® is independently selected from
15 H,
F,
OH,
OCHj,
_ Ci.s-alkyi, optionally substituted with 1 t0 3 substituents selected from halogen,
20 CN, OH and OCHg3;, and
| Cs.s-Cycloalkyl, optionaily substituted with 1 10 3 substituents selected from
halogen, CN, OH and OCHg;

Tis NR'RE

,/\ %ﬂg)p \\N/w
kw LI



ISCR2 or N;, with the proviso that one or two of the variables B, G D and E
must be N, 25R2 is independently selected fromH F, d, CH3, 300CH3, and
WO 2009702 88099KETY EP2008/ 005913 15 CF3; R3 isH, O, F, PoF/EEMEYOSS jsa or
F;, RS is nmor phai ne, optionally substituted by 1 to 3, sane or different
substituents R14, or 10NR12R13; R12 and R13 are independently from each

ot her selected from Cl. 6-al kyl, C2.6-al kenyl, C2.6-alkinyl,

15C2. 6- al kyl ene- O Cl. 6-al kyl, and C2. 6-al kyl ene-N-(CL. 6-al ky02; 20 R14 is

(R%,

w N \\‘/Y
\L-
"'L"'ZO ' \"‘—Z !

. (R™, N
ey

R,
W e

R’ and R® are independentiy from each other selected from
H,
Cre-alkyl,
5 Co.e-alkenyl,
Cag-alkinyl, and
C,ealkylene-0O-Cy.g-alkyl, .
wherein each alkyl, alkenyl and alkinyl is optionally substituted by one or more

halogen atoms, CN or OH;

10 R®is independently selected from
halogen,
CN,
OH,
Cis-alkyl, optionally substituted with 1 to 3 substituents selected from halogen,
15 CN and OH, and
0O-Cy¢-alkyl, optionally substituted with 1 to 3 substituents selected from
halogen, CN and OH, .
Cig-alkylene-O-Cyg-alkyl, optionally substituited with 1 1o 3 substituents
selected from halogen, CN and OH, or
20 NR'R",

R"ig H, or
C1—5-a[kyi;

R is independently selected from
halogen,



Cl. 6-al kyl, Ci.6-al kyl ene-OH, Cl1.6-al kyl ene- NH2,

Cl. 6- al kyl ene- NH C1. 6-al kyl, or Cl.6-al kyl ene-N(Cl. 6-al ky02; | is0, 1, 2,
3, or 4;Wn2pe@iozpy 2, 3, or 4; 250 is0, 1, or 2; p isOPCI/EP2008®05%¢ 4, WO
2009/ 010299PCT/ EP2008/ 005913 16 q is0O,. 1, 2, or 3; r is0O, 1, 2, 3, or 4 and
s isl, or 2. 5Preferably, the corrpoun’@s according to fornmula (1) adopt the
structural conformation of the follow ng stereoi soner forrmula (1"):

wherein B, G .D, E Rl, R3, RA and R5 are as defined above. The nviety
structures: (P 'general formula (1) is selected fromthe followng WO
2009/ 010299PGPHEP2008/ 005913 17

Ci.e-alkyl, optionally substituted with 1 to 3 substituents selected from halogen,
CN and OH,
5 Ca.g-alkenyl,
Cog-alkinyl,
0-Cq.e-alkyl, optionaily substituted with 1 1o 3 substituents selected from
halogen, CN and OH,
C+.s-alkylene-O-Cg-alkyl, optionally substituted with 1 to 3 substituents
10 selected from halogen, CN and OH,
Co.e-alkyl-Ca.g-cycloalkyl,
-OC{O)Cs-alkyl,
-NH,
-NH{C4.¢-alkyl), and
15 -N(C.¢-alkyl)z;

R' and R'™ are independently from each other selected from
Cg-alkyl, optionally substituted with OH,

Cag-alkenyl,
Cg-a'aikiﬂyf,
20 Cog-alkylene-0-C,.g-alkyl, and
Cp_-s-alkylene-N-(Q -s-alkyi)g;
W is CH, O or NR™;
Xis CHor N;
Y is CH or N;
25 Zis CH or N;
Alis a 3-7-membered saturated, unsaturated or aromatic ring containing 0-2

nitrogen atoms,;
B is CR*orN;
Gis CR?or N;

30 Dis CR?or N;



RN Therein, the variant R2 is defined as above. In a preferred enbodi nent

of the present invention, R2 represents H Cl, F or CH3. Mire preferred, R2

represere 2pp9groBP3. Preferred enbodi nents of the noi ePERIEMRESINE1S ol | owi ng

structures: WO 2009/ 010299PCT/ EP2008/ 005913 18 In a preferred

enbodi nent of the present invention, fhe variant R represents - N(RL9)-

(C(R6)2)-T, -(C(R6)2)1-T, or -0-(C(R6)2)m T wherein R6 and R19 are

prefe a,bly in ntly selected fromthe group consisting of H and
s

Cl. 6- ‘Eyl urther preferred that R3 represents H, C, or CH3, nore
pr ef er abl . In_an alternative enbodi nent, R3 preferably represents F.

Pr ef er ab¥ tW”P@ﬁPéB%‘rﬁ@ @ tweopfriha variables Be G, ehBod Enenst g Nt he pr esent
inventi,on, the variant R5 represents (R i)r 7/ whereinr

pr ef eFAS fidependentiyiselenied frofef er abl y assunes the number 1 or 2. 15 In a
further prefegyed enbodi nent at | east one of R7 and R8 is selected fromthe
group consisting of al.6-al kyl, C2.6-al kenyl, C2.6-alkinyl and

C25 6- al kyl eneFQ C1_6-al kyl, nore preferably from C2_6-al kenyl, C2.6-al ki nyl
and C2. 6-al kyl.ene-O Cl_6-alkyl. 20It is preferred that R9 is independently
sel ected fromtthe group consisting of hal ogen, CN, OH Cl.6-alkyl
optionally sulgg{tuted with 1 to 3 substituents sel ected from hal ogen, CN
and OH, and 0-Cl.6-al kyl optionally substituted with 1 to 3 substituents
sel ected fromq{%h"fe@é’ﬁ CN and OH. 25The variant | is preferably selected
from2 or 3. -variant mis preferably selected from2, 3 or 4, nore
preferably from ? or 3. WD 2009/ 010299PCT/ EP2008/ 005913 19

10 R%is H,

Cl,
F,or
CHa;
R*is Cl,
15 For
CHa;
R®is
11 | R O
LN |
(R“) ",,N :
( — ’ 1 Qs ’
morpholine, optionally substituted by 1 to 3 same or different substituents R™,
20 4 to 7 membered, saturated or partially unsaturated heterocycle containing in

the ring one nitrogen atom and optionally a further heteroatom selected from O,
N and S, wherein heterocycle is optionally substituted by 1 to 4 same or
different substituents R'", or
NRQRIG;

25 R"is Cre-alkyl,
Cig-alkylene-O-Cy¢-alkyl,
C;.galkylene-OH,



As regards conpounds of formula (lI), T.is preferably selected fromthe
group consisting of the follow ng radicals: N6 (.5".Cr:ef y' 9,¢))0.
A E_T,WORPIDNIHA. % | i Ff WO 2009/ 010299PCT/ EP2508/170B8 392D
Compounds of the formula (1) in which ,sone or all of the above-nentioned
groups have the preferred or nore prela rred neanings are also an object of
the present invention. In the above and the follow ng, the enployed terns
have t he neani&g_aga}? desRlH'ébed below. 5 Alkyl is a straight chain or
branched al kyl™'§ %@n% * 6 carbon atons, such as nethyl, ethyl, n-propyl,
i sopropyl, n-igytdikylésoRM-gl s-alk@nobut yl , n-pentyl, isopentyl, neopentyl, or

hexyl .
CN;-aikyiene-N(C1.a~alkyl)g;

R™is H or
5 Cie-alkyl;
tis 0, 1,2, 3, or4,
mis 0, 1,2 3 or4,
ois 0, 1, 0r2;
pis 0, 1,2, 3 or4;
10 ris 0, 1,2 3, or4;
5is 1, or 2 and
tis Oor1.

In a preferred embodiment, the compounds of formula (I} are defined as follows:
15 R'is “N(R')-(C(R®)a)m-T
~(C(R%))-T, or
-O-(C(R%2)m-T;

R® is independently seiected from
H,
20 F,
OH,
OCH;,
C..¢-alkyl, optionally substituted with 1 to 3 substituents selected from halogen,
CN, OH and OCHj3, and
25 Cae-cycloalkyl, optionatly substituted with 1 fo 3 substituents selected from
halogen, CN, OH and OCHg;
Tis NR'R®,
morpholine,



10Al kenyl is a straight chain or branched al kyl having 2 to 6 carbon atons
and which contains at | east one carbon-carbon doubl e bond, such as vinyl,

al lyl, WE2ePERHI9? 2-but enyl, 2-nethyl -2-butenyl, isopPEp&RgIsopEitenyl, or
hexenyl . Al kinyl is a stralght cha g or branched al kyl having 2 to 6
carbon atonms and whi ch contai ns 15at ast one carbon-carbon triple bond,
such as ethinyl, 1-propinyl, 1-butiny|, 2-butinyl, pentinyl or hexinyl. A
3-7-nmenbered, saturated, unsaturated or aromatic ring containing 0-2
nitrogen atons pq;gﬂ?;fégs a 3-7-nmenbered qgeurated car bocycl e such as

cycl opropyl, cycth , 20 cycl openty ;;E? I'Ohexyl or cycl oheptyl. Said
term further encophpasses 3-7-nenbered ‘wnsat/urated carbocycl es such as

cycl obut enyl , cycﬂzggﬁtenyl cycl ohexen Jgycl ohept enyl ,

cycl ohexa- 1, 4- di ene* or c?cloheptadlenes or aromatic rings such as benzene.
Ni t rogen-containing, 3-7-nenbered, saturated, unsaturated or aronmatic

het erocycl es are further epconpassed by the above term Exanples thereof

i ncl ude azetldlne PYLAQ di ne, 25p|per|d'qgn)azepane pi per azi ne,

pyridine, pyrinri p ?a2|ne pyrrokes o a.zole and pyrazole. The
conpounds of structudl (fiornula (1) are ef f/ 6* mel anocortin receptor
nodul ators and are partl Bl arly ef f ect [ e—4 el ecti veP'nodul at ors of MC-4R
They are therefore useful 30 for the treatnent and/or prevention of

di sorders responsive to the activation and inactivation of MC4R, such as
cancer cachexia, nusclg wasting, anorexia, amyotrophic |ateral sclerosis,
anxi ety, depreSS|on ~Obegi ty, diabetes, sexual dysfunction and ot her

di seases with NC—4R*L;¥; i verrent . WO 2009/ 010299PCT/ EP2008/ 005913 23 The
conpounds of structu formula (1) are particularly useful as antagonists
of MC-4R. Thus, they are preferably used for the preparation of a

medi canent for the treatnent and/or prevention of cancer cachexia, nuscle
masting anorexi a, amyotrophic lateral sclerosis, anxiety and depression. 5
Opt i c&’ ansdifeare indélarsicatie orr sach Shensslettedlispmer s - Taut oners Conpounds
of structural ,formula (1) contain one or nore asymetric centers and can 10
occur -as racehates and racem c m xtures, single enantioners, diastereoneric
m xtures and cpg@mhmual di astereoners. The present invention is neant to
conprehend all_ such isoneric forns of the conmpounds of structural fornula
(0° Cbnpoundscaﬁﬁﬁﬁmﬁtural formula (1) may be separated into their

i ndi vi dual 15cg| egﬁéoners by, for exanple, fractional crystallization
froma suitabl é soI ent for exanple nethanol or ethyl acetate or a m xture
t hereof, or viCaectiwene- @I‘@Qafa!kﬂgr aphy using an opti caIIy active stationary

phase. Absolu S t. ne rystal | ography
of crystalli n@ﬁgf%ﬁ e%’?'g%wi 4'{}%’%@?‘9%@“&2 gr"%ﬁ?é u?%d §Vém§e9 “\f)ﬂi% zed,
i f necessary, haiogbnatoreageRtorcit ai ni ng an asynnetrlc center of known

absol ute 20configuration. Alternatively, any stereoisomer of a conmpound of
the gerer mdepeorndanty seldctemirolre obt ai ned by stereospecific synthesis using
optically purﬁ tartlng materials or reagents of known absol ute
configuration'@ IB§eRy| t s The term "pharnaceutically acceptable salts" refers
to salts prepgned from 30 pharmaceutically acceptable non-toxic bases or
aci ds |nclud|8$+|norgan|c or organi c bases and inorganic or organic acids.
Salts derived~Frominorgani c bases include alum num amoni um cal cium

o assi um - sodt iy Hifonaly SsRugBRGS! 147 STBRRTENE Sicidy rERLAERGHS:
akhoni um cal ChNuand OH, lsindm  nagnesi um potassiun1and sodiumsalts. Salts
derived from VE 6-9&9{ 0&&%%%! U%nglgsé 0v9:§19l13 to 3 substituents selected from
halogen, CN and OH,
Cie-alkylene-O-C.g-alkyl oplionally substituted with 1 to 3 substituents selected
from haiogen, CN and OH;

20 RYis H, or



24 pharmaceutical ly acceptabl e organic non-toxi c bases include salts of
primary, secondary and tertiary am nes, substituted am nes including

nat ur al IYO0G8MPIhg substituted am nes, cyclic ani nes ERABFAYBOHCTOH
exchange resins, such as arginine, bedﬁine, caf fei ne, choli ne,

N, N - di benzyl et hyl enedi am ne, di et hyl am ne, 2-di et hyl am noet hanol ,

2-di met hyl am no- 5 ethanol, ethanol am ne, ethyl enedi am ne,

N—ethylnorphoH ..\ et hyl pi peridi ne, glucam ne, glucosan ne, histidine,
hydr abam ne, |ég%5%%91anine, | ysi ne, met hyl gl ucam ne, norpholi ne,

pi per azi ne i peridin l.yam ne resins, procaine, purines, theobrom ne,
triet %I ﬁr{{‘?&epnp?f‘&%ﬁﬁW%aif ' tripropyl am ne, tromethanine and the like.
10 Wen the cpgpgend of the present invention is basic, salts may be
prepared from pharnmaceutically acceptabl e non-toxic acids, including

i norgani ¢ andC® gani ¢ acids. Such acids include acetic, benzenesul fonic,
bquoic, camppg(sul fonic, citric, ethanesulfonic, formc, furnaric,
gluconi ¢, glutaric, hydrobrom c, hydrochloric, isethionic, lactic, naleic,
mal i ¢, mandel Cgg-atiat, aptiosallyf substifutedivdthi tio Bsubstituentsr sadectpdrfioat balogen,
pant ot heni c, gﬁfS&?g&{c, 15 propionic, succinic, sulfuric, tartaric,

p-tol uenesul f o 'fluoroacetic acid and the like. Particularly
preferred areoc?(;u-hmyt,f%zﬁwdaﬂy durdtinhednkien  hvier acblipstitGentses@bsted from
phosphoric, sulfuric_and tartaric acids. It will be understood that,
as used hereiﬂ?b9%$@$@ﬁﬁgégﬁo t he conpounds of formula (1) are 20neant to
a}§o i ncl ude the RYRNEBRGSHULL-QR YoRraR) a8hist®@blS witdt 14 1Y 22%ubiGtuents
conpounds of fornmul'a (1) are mel anocortin receptor nodul ators and as such
are useful ins¢lpetedfem halpgencehtasi Obk prevention of di seases, disorders
or conditions_ggsponsive to the inactivation of one or nore of the

nmel anocortin rec%ptors including, but not limted to, M1 ER M- 2R

MC- 3R, MC- 4R d¥H{G-sekySachd di seases, disorders or conditions include, but
are not Iinitaggio,ic ncer cachexia, nuscle wasting, anorexia, 30 anxiety,
depression, o *F§‘5@?'reducing appetite, increasing netabolic rate,
rﬁguckﬁg f at E%{abg_or reduci ng carbohydrate craving), diabetes nellitus

( e nci ng Qcdse tol erance, decreasing insulin resistance) and mal e
and f@nale se E@I @ysfunction (i ncluding inpotence, loss of libido and
erecti'l'®8 dysf i'®n). WD 2009/ 010299PCT/ EP2008/ 005913 25 The conpounds of
formulLas (1) & n gg'further used in the treatnent, control or prevention of
hyper £€hsi on, §Vﬁ‘ i pidema, osteoarthritis, cancer, gall bladder disease,
sl eep .apnea, canpul si on, neuroses, insomi al/sl eep, disorder, substance
abuseA Bai n, RevEMERPIRHSREIRISE, UPFAIIECHBHBIORAKTING SRIVABING @r2ar thri ti s,
skin tanni ng, n@epen atmot her skin 5 disorders, neuroprotective and
cognitive and nenory enhancenent including the treatnent of Al zheiner's
dh§eagge Adni@pgb;ﬂgion and Dose Ranges 10 Any suitable route of

adm ni stration may be enployed for providing a manmal , especially a human
with an.effecgheg dosage of a conpound of the present invention. For
exanple, oral, rectal, topical, parenteral, ocular, pulnonary, nasal and
the | pke may égzgpﬂ@oyed. Dosage forns include tablets, troches,

di spersions, sSuspensions, solutions, capsules, 15creans, ointnents,
aerosng and éﬂpP}kﬁe. Preferably conpounds of fornmula (1) are adm nistered .

orallytor toprcal’ly! The effective dosage of active ingredient enpl oyed may

vary de i.n n rticul conpound | qyed, -t he . node of
adm ni ss'ﬁg\dﬁhgg),r&'ﬁ%g'%éﬁﬁieﬁr il %fefn?g‘['%}iag’é Se%’”@h@ g eE ?B‘%Q\?ﬁi ty of the
di ,eon hei ng, treated uch dosage may be ascertained readily by a person
|1 Ed'S 'HQ?;FI%%szEW S@%&W‘ﬁf%@ti ng cancer cachexi a, nuscle wasting,
anmyotrophic l@gferal sclerosis or anorexia generally satisfactory results
are obtai ned when the conpounds of the present invention 25 are
adnministered Bt a dai ly dosage of from about 0.001 mlligramto about 100
mlligrams pegy kil ogram of body weight, preferably given in a single dose
or in divided doses two to six times a day, or in sustained release form
In the case ofHa 70 kg adult human, the total daily dose will generally be
Eﬁpn1about 0.8§; 'éﬁdgrans to about 3500 mlligranms. This dosage regi nen
nay be adjusteéd to provide the optinal therapeutic response. 30 Wen
treating obesity, in conjunction with diabetes and/or hyperglycem a, or
al one, generally satisfactory results are obtai ned when the conpounds of
the present invention are adm nistered at a daily dosage of from about
0.001 mlligramto about 100 mlligrams per kilogram of body weight,
preferably given in a single dose or in divided doses two to WO
2009/ 010299PCT/ EP2008/ 005913 26



six tinmes a day, or in sustained release form In the case of a 70 kg adult
human, the total daily dose will generally be fromabout 0.07 mlligrans to
about 3500 2M4%UiP¥Pans. Thi s dosage regi nen may be adj uSCEEPRSHPTNS de t he
optimal therapeutic response. 5Wen treating diabetes nellitus and/or
hypergl ycem a, as well as other diseaSes or disorders for which conpounds
of fornmula (1) are useful, generally satisfactory results are obtai ned when
t he conpoundscgf the present invention are adm nistered at a daily dosage
of from about ¥0%001 milligramto about 100 milligram per kil ogram of aninma
body i ght, Qreferably given in a single dose or in divided doses two to
Ssix t a day, or in sustained 10 release form In the case of a 70 kg
adult human, ghe total daily dose will generally be from about 0.07
mlligrams to _about 3500 mlligrans. This dosage regi nen nmay be adjusted to
provi de the obt®hal therapeutic response. For the treatnent of sexual
dysfunction, egmpounds of the present invention are given in a 15dose range
of 0.001 nilllg?hn1to about 100 m | ligram per kil ogram of body weight,
prefeha y as ?o?#“gle dose orally or as a nasal spray. Fornulation 20 The
conpounds of ?ornu1a (I') are preferably fornulated into a dosage form prior
to adpgerj stration. Accordingly the present invention also includes a

phar maceuti cal conposition conprising a conpound of formula (1) and a

sui tabl e pharnaceuticgyﬁcarrier. 25 The present pharnmaceutical conpositions
are prepared by.k pr'lobcedures usin H'%known and readily avail able
ingredients. In Raking the fornul ati'wns “g—the QﬂFsent i nvention, the
active ingredient gﬁqonpour}d of for u alé uéqally mxed with a
carrier, or diluted by a carrier, or‘emchased within a carrier, which may

be in the formof a capsule, sachet, paper or other container. Wen the

carrier serves a diluent, it be a solid, 30 semsolid or liquid
materi al whi crﬁ‘oﬁ}@nﬁ’s‘) iqnafly éP@%@?Qﬁ’M %mﬁro?anﬁ%ef dHerent Sﬁﬁg’iﬁ€$t§%4r
i ngredi ent. Thus, the conmpositions can be in the formof tablets, pills,
powders, Iozen%%§fssachets, cachets, elixirs, suspensions, enulsions,
st uti ons, syw p§§iaerosol (as a solid or in a liquid medium, soft and
hard gg) atin,capsul es, suppositories, sterile injectable solutions and
st er | Be #¥cRa 8 inrsReadsntly ingmxemdy ghepsgected BRPD08/ 005913 27 Sone
exanpl es of sgkggmxp carriers, excipients and diluents include |actose,
dextrose, sucrose, S$orbitol, mannitol, starches, gum acacia, cal cium
phosphat e, al@i-nalkesyl, t ragacanth, gelatin, calciumsilicate,
nicrocrystalI%nqa&ﬁglulose, pol yvi nyl pyrrol i done, cellul ose, water syrup,
met hyl cel | ul 658% “"€thyl and propyl hydr oxybenzoates, talc, 5 nmagnesium
sttear at e and Oi.pakalkeneid-C Ehekifiodrdil ati ons can additionally include
| ubri cati ng ents,, wetting agents, enulsifying and suspendi ng agents,.
preser vi ng aggﬁfg@y@ﬂﬁéﬁéﬁrﬁﬁ ¥ents or flavoring agents. The conpositions
of thesd.nventjon y be fornulated so as to provide quick, sustained or
del ay®ed ¥ el ea @Tﬁﬁﬁthe active ingredient after admnistration to the
patient. 10 Reepakakhern-of, akpounds of the Invention When descri bi ng
the preparation of the present” conpounds of formula (1), the ternms "A
15moi et y", "B3nnﬂéﬁ?ﬂeéﬁd,"c nmoi ety" are used below. This noiety concept is
idg ustrat ed q§lgg& lene- The preparation of the conpounds of the present
i nvention may be“carried dut via sequential or convergent synthetic routes.
The skill ed dt4-alayleneINH-Cageadkilzer that, in general, the A and B noieties
of a conpoun otiF@rnukﬁ (I)Iage connected via am de bonds. The skilled
artist can, ther3rgPRS” gé’ﬂ“lallv)énvi si on nunerous routes and met hods of
connqgting tggjtﬁosnoi_ties via standard peptide coupling reaction
condi't¥ ons. The ﬁﬂ} se "standard peptide coupling reaction conditions”
means_coupl i a,carboxylic acid with an am ne using an acid activating
agent™dRich aggéD%I ,51’ ‘Efi%ycl ohexyl car bodi i ni de and
ggnzotriazol-l-ylox%tris(dinethylanino)-phosphoniun1hexaf|uorophosphate, in
i nétt® sol véht''8Ueh as DCM in the presence of a catalyst such as HOBt.

The uses of praotective
pls 0,1,2 3 or4;



WO 2009/ 010299PCT/ EP2008/ 005913 28 groups for am ne and carboxylic acids to
facilitate the desired reaction and mnim ze undesired reactions are well
document™¥& 20@4RMA% i ons required to renove protecting gPEEFP2MBIEH Ay be
present can be found in Geene et al., . Protective Goups in Oganic
Synt hesis, John Wley & Sons, Inc., h@ﬁ/Ybrk, NY 1991. 5 Protecting groups
| i ke Z, Boo and Fnoc are used extensively in the synthesis, and their
renovghscondibi9qgcﬁﬁg wel | known to those skilled in the art. For exanple,
renmoval " of Z groups can he achi eved by catal ytic hydrogenation with
hydro?en in t@e 8%§fen erg{ a noble netal or its oxide, such as palladium
on acfi¥vat ed aF i “P Bt otic sol vent, such as 10 ethanol. In cases where
catalgtic hydrogegation is contraindicated by the presence of other
potenPi®il Iy rdafffve functionality, removal of Z can also be achieved by
treatment with a solution of hydrogen brom de in acetic acid, or by
treatnent with a mxture of TFA and di net hyl sul fi de. Renoval of Boc
prot eErIRERRYY. JDB campaUnde aecosdingita farmswa Vbnadepidhe sirusturay tenformsatianr dhie,
met ha ' .strong acid, such as TFA or HCl or
15hyd?ﬁ%%ﬁ5¥E@§¥%§§E§§§%q?ﬁﬁ&%( hd C noieties of a conpound of formula (1)
are |linked together via a urea function The§§killed artist can, therefore,
e

readi |y envi sion numerous routes and(yep of connecting the two noieties
h

using different well known nethods. T Iconpounds of fornmula (1), when
existing as a diastereongric m rgﬁﬁq?x, separat qgy i nto di astereomeric
pﬁirs of enantioners by fractifonal Nerystal lization froma suitable sol vent
such as net hanol, ethyl a m¥ture thereof. The pair of
enanti oners thus obtaigne epar at ed 41t i ndi vi dual stereoi soners by
25 conventional neans |by uging an opticall jve acid as a resol ving
agent . Alternatively,Dag%féhantioner of .a-sQnpetnd of the formula (1) may
be obtai ned by stereospeeific synthesi & using optifcally pure starting
materials or reagents of known configuration. The conpounds of fornula (I)
of t hehprais&nG,ih\Em'| B Bhant&’ parepss éafinedaodeng to the 30 procedures of
t foll ow ng schenes and exanpl es, using appropriate naterials and are
further exenplified by the follow ng specific exanples. Moreover, by
utilizing the procadures described herein, in conjunction with ordinary
skills in the art,; addi ti onal conpounds of the present invention clained
herein can be rea Iy%frepared. The WD 2009/ 010299PCT/ EP2008/ 005913 29

n

CO”DOIHﬁd?ndiétlyusgr at R rRXRTDINRSa ) & SbcteBNRY He f_oiiaw#ﬁghconst rued as

formng the only genys that is considered as the invention. e exanpl es

f ur t h8FUGHIegst #etails for the preparation of the conpounds of the
present invention. Those skilled in the art will readily understand that
known variations of the conditions and processes of the following 5
preparative procedures can be used to prepare these conpounds. The instant
conpounds are generally isolated in the formof their pharnmaceutically
acceptabl e salts, such as those described previously. The free am ne bases
corresponding to the isolated salts can be generated by neutralization with
a suitable base, such as aqueous sodi um hydrogencar bonate, sodi um

car bonat e, sodi um hydroxi de and potassi um hydroxi de, and 10 extraction of
the liberated amne free base into an organic solvent followed by
evaporation. The am ne free base isolated in this manner can be further
converted into anot her pharnaceutically acceptable salt by dissolution in
an organi c solvent foll owed by addition of the appropriate acid and
subsequent evaporation, precipitation or crystallization. Al tenperatures
are degrees Celsius. 15 In the schenes, preparations and exanpl es bel ow,
various reagent synbols and abbreviations have the foll ow ng neanings:
Ac20aceti c anhydride 20 AcOHacetic acid Boctert-butoxycarbonyl Bubutyl

BuLi butyl I it hi um DBUL, 8- di azabi cycl o[ 5. 4. 0] undec- 7- ene



25DCCN, N - di cycl ohexyl car bodi i m de DCE1, 2-dij chl or oet hane DCMli chl or onet hane
DEADdi et hyl azodi carboxyl ate DI ADdi i sopropyl azodi carboxyl ate

30DI CN, NWOdiopsEpt8py| car bodi i mi de DI EAet hyl - di i sopr opy |PAFTEPS008/605913

DVAN, N- di net hyl acet am de DVAP4- di net h){ am nopyridine WO

2009/ 010299PCT/ EP2008/ 005913 30. DWVFN, N-di net hyl f or mam de

DvBdi net hyl sul fi de DMSCGdi net hyl sul f oxi de

dppf 1, 1' - bi s(di phenyl phosphi no) -ferrocen

5EDCI 1- ( 3-di net hyl am nopr opyl ) - 3- et hyl car bodi i m de hydrochl ori de

Et 20di et hyl ether EtOAcethyl acetate EtOHethanol
Fnoc9- f | uor enyl mefhyl oxycar bonyIR 10hhour (s) HOBt
hydrate HTMP2, 2, 6,{6- tetrar@thylp pesi di ne
15nmp. nel ting pqj ine P
PPh3t ri phenyl phjpsphi

hydroxybenzotrlazole
CNacegtoni trile MeOHret hanol

group
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Therein, the variant R? is defined as above. In a preferred embodiment of the present
invention, R? represents H, C!, F or CH,. More preferred, R? represents H or CHa.

H‘

Preferred embodiments of the moiety are the following structures:
A

]
D. G
\E/



Rl room tenperature 20 TEAtri ethyl am ne TFAtrifl uoroacetic acid

THFt et r ahydr of ur ane benzyl oxycar bonyl

Z- OSuN- (Wer£Y/eR3ar bonyl oxy) succi ni mi de 25 The fol | owPG/EREDGSDOSEBE d
derivatives were custom synt hesi zed b%gPepTech Cor poration, 20 Mall Road,
Suite 460, Burlington, MA 01803 USA: 2-chl or o- 4-fl uor ophenyl al ani ne

nmet hyl ester hydrochl oride, D 4-chloro-2-fluorophenyl al ani ne net hyl ester
hydrochl oride, and D-2, 4;di fl uoro-phenyl al ani ne methyl ester hydrochloride.
D 2- Chl oro-4- 30 nethyl henylalanlne met hyl ter hydrochl oride and

D- 4- chl or 0- 2- et hyl phenyl akani ne net hyl,2est er] hydrochl ori de were obtai ned
from Net Chem Inc., ey Ave, Suite w Brunswi ck, NJ 08901
USA. Ci s-3-aza-bicycllp[ 3. 1.0]hexane hydr oc lori dle was prepared as descri bed
in US4, 183, 857. : QQPCT/EP2098 5 31

2- Fl uor o- 3-i odo- pffrazi n& wasPprepared & desdribed in Tetrahedron 1998, 54,
4899-4912. 4-Fl uoro-3-igsgo-pyridi ne was prepaped as described in
Tetrahedron 1993, 49, 49-64. Reaction schene 1. Directed ortho-netallation
D,E," n-BuLi THF HTMP -78C The starting material for the synthesis of

het er gary 3 -' di,nes,. .. pyridazine

oyr ) BepRAEREA ShitiRimGht BP1AC Rt MWD MBS andl 7 TobRRERE AT

f1 uor GS(RS¥kATut ew(ﬁ&zwoawl -oa(m(aé)zymawmeﬂ vkt hane & derdr eperermif rom

area | um and | i sopropyl am ne or
3. o o RRpe T SR dert e BbS B SR p T AP W eniitlac ur e n & sui tabl e
soI vent such as THE. The resulting lithio der| vatives can subsequently be

f mﬁp iodine to yigeld the desired conpounds. 15 Reaction schene 2:
Ac t yftds fyHeARSERERC dhalr fr?@f%ﬁﬂé? HalCl :fQS’rC‘T‘hén%"?erﬁ@ﬁ@y&l In an alternative

het er aaipdlarh&R! Rélpg@g,,;abw ﬁ;@%}pxybr onopyri di nes, -pyridazines and
-pyrazi nes, can be prepdared as shown in Reaction scherre 2. A brono- or

chloroheteroaryl containing a hydroxy group in ortho-position to the brono

?thgm 5@3%@&'%@%&%&8@2803;8%55 ng reagent such as acetic anhydride in

10 In a preferred embodiment of the present invention, the variant R® represents

11
«.“ /\/(R }r

N \_J)q

wherein r preferably is 0 or 1 and g preferably assumes the number 1 or 2.

15
In a further preferred embodiment at least one of R’ and R® is selected from the group
consisting of Cie-alkyl, Cos-alkenyl, Cpe-alkinyl and Cpg-alkylene-O-Cqg-alkyl, more
preferably from Co.g-alkenyl, Cps-alkiny! and Cp.g-alkylene-O-Cq g-alkyl.

20 It is preferred that R® is independently selected from the group consisting of halogen, CN,
OH, Ci.e-alkyl optionally substituted with 1 to 3 substituents selected from halogen, CN
and OH, and O-Cig¢-alkyl optionally substituted with 1 to 3 substituents selected from
halogen, CN and OH.

25  The variant | is preferably selected from 2 or 3.

The variant m is preferably selected from 2, 3 or 4, more preferably from 2 or 3.



32 presence of a suitable base such as pyridine in an appropriate sol vent
like DCM at a suitable tenperature. 5 Realction schenme 3. Negi shi Coupling
React i ontVER20BYEMY® or | odosubstituted Heteroaryls zZnl PCTEPRHSOBHA3 || |
D.E..6Cul F Cul Pd(dppf)Cl2 x DCM DVA,.0 ON-Boc R-Lr",J CulB D. .0
Pd(dppf) Cl2 x DCM EDEG DVA 10 As sho&% in Reaction schene 3,

ort ho-fl uoro-bronopyridines, pyridazines and -pyrazi nes can be subjected to

oo, GhasoS St Nl 0w 88 (07 ' TSR EBT ol B rbyb chBr B
d| hi eio{cliowing rad@aRP09/ 010299PCT/ EP2008/ 005913 33

bi s(di phenyl - phosphi no) -ferrocene)pal |l adi unm(l1) DCM adduct in an inert
sol vent such as:DVA to yielg the fesultipg arprlperldlne : The sane product

i s obtained, orlehy-f oi ogo pyrlgﬁy yr| i ne nd - pyrazi nes
are used as startingsmat ers I. THhe Ne d% an_akternatively be
per formed using the ort ho- acetoxysubstltute 5 bro yrfﬁlnes - pyridazi nes

and -pyrazines fron1REact|on schene 2 ;as stagting material; The free

al cohol is obtained @tio ;hg;gLetl N |d~€§?er with a base
such as |ithium hydroXi de | suita Sol v £Su as m=ture of water
and net hanol. Usage of ortho-acetoxy- chloropyﬁldlnes - pyri dazi nes and
-pyrazines as starting naterlals results in formati on of the same products.
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10 Reaktion schene 4: Negishi Coupling Reaction of Heteroaryls with a

Car boxal dehyde or Benzyl am ne Function Zni Optional |y substituted
ortho-cé?%é&?ﬂ%W@ﬁDpyrld|nes pyridazi nes and - pyrazi n&€§TERANSEIBD] ect ed
to a Negishi coupling as depicted in action schene 4. Reaction with
(1-tert- butoxycarbonyl pi peri.di n-4-y1y(i odo)zinc in the presence of

copper (1) iodide and 20

dichloro(1, 1' - bi s(di phenyl - phosphj no) - ferrocene)palladlun(ll) DCM adduct in
an inert solveht such as DVA | eads to thg resuh¢|ng ylpporldlne

Reducti ve am {iayi on{wit h appithg/ grou g;gsen f a reducing
agent such as odiq;r?mo 9/ 03299P 20Q§- Oﬂhé S
triacet oxyborohydride in a suitable so vent such as™1, 2- dithl or oet hane

| eads to the Bacprotiected A-inoiety. , termatlvely, optionally

substituted ortho-qégpo%m gggfﬁﬂyl a2|n€§ra Zi nes can
first be subjected are tive am\watfo “;éga be e ?Eg;ﬁéglshl

coupling 5is perforned. The reaction sequence fescribed above can al so be
performed using optionally substituted ortho-carboxy-chloropyridines,

pyri dazi nes - pytazin 10 ReaktEF schene 5: Am noal cohol Preparation
H2N1c( R6) 2L, )2 oL /HACH HO L DZO )o Br-.Br K2CO3 MeCN
t'"11y(R6)2)m, r2c-oH
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In a further preferred embodiment, R® is preferably selected from the group consisting of



H2N1ly(R6) ) m, (R6)2C 01-1 N-substituted am no al cohols HOJ(C(R6)-2)",

can be obtai ned as described in Reaction 15schene 5. Reaction of an

opt i onaMW§ 2¥48582P% ut ed ami no al cohol FI O( C(R6) 2) r oNH2 RFTEPHOMPYPLY e of
formc acid and formal dehyde in a sui @bl e solvent such as water at a given
tenperature results in formation of t correspondi ng N, N-di net hyl at ed

am no al cohols. Cyclic anal ogs of such am no al cohols can be obtai ned by
reacting opti onal |y substituted am no al cohol HO(C(R6)2),,NH2 with

a, co- di brionpal nes |* t he resencql of a ase s ch 20a5 pot as:;g um carbonate

in an a pri v nt e ac%fﬁ?ntry tio heme Epdxi/des as
Am noal gﬁl?o cur 0 R_( Z‘Q 5—-—7 N
e

H
2009/ 010299Pcﬁ'/ EP2008/ 005913 35 As shovvn in actl on sche \6 optionally

substi tut ed epoxi des can be react eil n a regl oael ecti ve way wifh an
al

appr op t*e_a oSui t for @Cj
a- subs ut°§dmiﬁmol S. Ft | (;she 7 Nu ophl_,~ A, iC
Substitution Reactl on Boccoer ) m)/o{ 9( F€6)c m ( R6) 2C, OH( R6) 2C, 0 , Boc® NaH
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D, E, G DVF DEG 10 As shown in Reaction schene.7, fluoro-substituted
pyridyl -, pyridazyl- and pyrazinyl pi peridines can be subjected to a

nucl eophWPi2B0%4HBIMt i ¢ substitution reaction with a 6)- PCEEFRYE/BI%Y| al cohol
in the presence of a base such as sod%%nlhydride in a solvent such as DW
at a suitable tenperature to obtain t Boc-protected A noiety. 15
Alternatively, the fluoro-substituted heteroaryl pi peridines can al so be

of o bauibeblipd of e ERROE RN MG sGs RSN Y Bl PNPRs SihS T IROLL o

sol veptefatrechosmoteairbried mpeardatgs &e o ahject htheBresanatveati@d A noiety. 20
WO 2009/ 010299PCT/ EP2008/ 005913 36 Reacti on schene 8 Synthesis of A
Moi eties Containing Cyclic Amnes 5 As shown in Reaction schene 8, the

i nt er Ieghecdsovierdiuae fHIichene tdndlopeis havethé Altaining £4/86ddribaliiow:

f1 uoropyridines, -pyridazines and -pyrazines, can also be subjected to a
nd@leophilic aromati c substitution reaction with an al cohol which contains

a cyclang: tent digd; ] 7 | ' C S um
v Y, IR AR LA? P hdted B RENRRTS rodh BRIFe, o & ot A
noi et €8y, SioePvr Isppreaylanduitdl isobotyhi terhgutyl, pr-oesv, edopsrivi, espeotytiaoy
am nehEQi ety can be introduced as building block using the conditions
descri e)g' above. The protecting group has to be orthogonal to the
Boc-protecting group used for protection of the piperidine. After

1 i f the. . ' ith the B- i hi tecti , b
BovBikeddl &, 2 Pl Ghaty AbGLehSS slyLbRuRe B 00b e Gn s S
React temagshereedst AhbetadonvarSdmtdiesis tind® dinetisesingd, t Al Kydehasy,

Spacer. (Rl = T.c(tRG) 2%._, ,
2-butenyl, 2-methyi-2-bufenyl, isopropenyl, pentenyl, or hexenyl.

Alkinyl is a straight chain or branched alkyt having 2 to 6 carbon atoms and which contains
15  at least one carbon-carbon triple bond, such as ethinyl, 1-propinyl, 1-butinyl, 2-butinyi,
pentinyl or hexinyl.

A 3-7-membered, saturated, unsaturated or aromatic ring containing 0-2 nitrogen atoms
encompasses a 3-7-membered saturated carbocycle such as cyclopropyl, cyciobutvl,

20  cyclopentyl, cyclohexyl or cycloheptyl. Said term further encompasses 3-7-membered
unsaturated carbocycles such as cyclobutenyl, cyclopentenyl, cycichexenyl, cycloheptenyl,
cyciohexa-1,4-diene or cycloheptadienes, or aromatic rings such as benzene. Nitrogen-
containing, 3-7-membered, saturated, unsaturated or aromatic heterocycles are further
encompassed by the above term. Examples thereof inciude azetidine, pyrrolidine,

25 piperidine, azepane, piperazine, pyriding, pyrimidine, pyrazine, pyrrole, imidazole, and
pyrazole.

The compounds of structural formula (i) are effective as melanocortin receptor modulators
and are particularly effective as selective modulators of MC-4R, They are therefore useful

30 for the treatment andfor prevention of disorders responsive to the activation and
inactivation of MC-4R, such as cancer cachexia, muscie wasting, ancrexia, amyotrophic
lateral scierosis, anxiety, depression, obesity, diabetes, sexual dysfunction and other
diseases with MC-4R involvement.



OH".-...N Boc (e6)2c,ciTiy(R6)2)..1 xHCl (1: 16) 2C, ON, Boc cr) Cs2CO33

D, E'"GM-cl 5 The synthesis of A Miieties bearing an al kyl et her spacer (Rl =
- 0( C( R6)W§ 200901829 al ternati vely be perforned as depi cPEd/EPRORAATNS on
schenme 9. The Boc-protected piperidi is reacted with an al kyl chl ori de or
al kyl brom de bearing the capping gro T in the presence of a base such as
Cs2CAB or NaH in an appropriate sol vent such as DMF to 10gi ve the

Boc- p ected A .noj .. Reactio chene 10: nt hesis aof A _Npiejles
ot KR oo SR St i OB FEaRadSiian usg s Ciederas A ons
H T KRGS tMeiNare prefdtbbly) iBed (dr6ieCofkplrdtion oM@ medicament for the treatment
2009/ 010299PCT/ EP2008/ 005913 38 As shown in Reaction schene 10, the

i nt er ARYPEIBCYRIPNC O CRPREREACHPER BHYRSIRe wastingt ApAEXNas auystrephie dateral
(hydr j k&dlhpes, can also be alkylated with an co- Tcapped
al kyl a %%%F%ﬁﬁ@yhéea%é%g%%%gﬁbf a reagent such as DEAD or DI AD and a
pHosphi ne such as PPh3 in a suitable solvent such as THF to give the
Boc-protected A noieties. 5 Simlarly, the sane internediate can be reacted
wi t h Emticel lsoomersal instdreoh@irs - Gometritdsoawati-Gautom@rgéi ons descri bed
above, to give access to the correspondi ng ether which subsequently can be
used to al kylate the capping group T in the presence of a suitable base
such gampedAds @ dNaidturkiNfcrmuld Pr) Qitinitath SorObY eidreSaEMMmstrie &dhtersHEng QanDVF,
at a 1lOsuitable tenperature, to yield the Boc-Prot ected A noieties.

Rhct PeRYr hEaRemiates SPdt IRE8INIC FIiXisngs, Ringielianantigmeps, rdiastarassersy mpsdres

DI et 4&S indiviBB2BARstereomers. The present invention is meant to comprehend all such

isomeric forms of the compounds of structural formula (f).

Compounds of structural formula (I) may be separated into their individual
15  diastereoisomers by, for example, fractional crystallization from a suitable solvent, for

example methanol or ethyl acetate or a mixture thereof, or via chiral chromatography using

an optically active stationary phase. Absolute stereochemistry may be determined by X-ray

crystallography of crystalline products or crystalline intermediates which are derivatized, if

necessary, with a reagent containing an asymmetric center of known absolute
20  configuration.

Alternatively, any stereoisomer of a compound of the general formula (1) may be obtained
by stereospecific synthesis using optically pure starting materials or reagents of known
absolute configuration.

25

Salts

The term ‘pharmaceutically acceptable salts" refers to salts prepared from
30  pharmaceutically acceptable non-toxic bases or acids including inorganic or organic bases
and inorganic or organic acids. Salts derived from inorganic bases include aluminum,
ammonium, calcium, copper, ferric, ferrous, Iithium, magnesium, manganic salts,
manganous, potassium, sodium, zinc and the like. Particularly preferred are the
ammonium, calcium, lithium, magnesium, potassium and sodium salts. Salts derived from



WO 2009/ 01.0299PCT/ EP2008/ 005913 39 5-Pi peri di n-4-yl -pyri m di ne-derived A
noi eti es can be synthesized as shown in Reaction schene 11.

Boc- 4- pi WOrZ0eHEz%an be reacted with a malonic acid di @T&T208/003983 pr esence
of a reagent such as titani umtetrac[ycori de and a base such as pyridine at
an appropriate tenperature. The prod % of this reaction can be

hydr ogenat ed using a catalyst such as 5 10% pal |l adi um on charcoal in a

it I ) f_.wat t t. ieldt
cor r SRR H ey S Go BRI gl o R e b dR aRER! pr@adt ReoREN an
am di aed hyrtianchinorasd eubstititeed alﬁmégﬂﬁ@u@fhf;awé?@@ﬁy wbrrmg St dRimAgs de i n
a solvent |ike nmethanol leads to optionally substitute
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using a reagent such as POCI 3 In the presen a sul tabl'e base’ suc
sym cefhenal gthanglamminappthyiencdiamingl Nattylnokehalivet rthylplperiditet ghucahline,

subst | 6- di.chl orogpyrim di he n be reacted with an co-T-capped
al kyl %'}‘g%%g?ﬁ?h t ée‘%eeseﬁ@%aggg“ﬂ*%as@E[?c“ﬁ(‘%@‘”?odﬂ%ﬂ{'ﬁydW%F@Y‘SPHCQ"E'EE% abl e
so: ?/engbrpﬁhdﬁaefrﬁlpl'tpef&i?s,eqmﬂiﬂiri&yOhicﬂmmfeic cmssslmﬁi p@c&ir@gtmm, Slilgdibr@miﬂ&%
pa i_ymon. charc In the presence of calciumoxide in an appropriate
sol v:}ﬁ'PHlin%mﬁi &Wﬁ}ﬁy%wm t@:‘?rgpﬁgmt"?f’e *@%‘E@W?Qﬁ "l‘*lfl‘ﬁt-"@ lik§yr i i di ne-derived A
noi eti es. Reaction schene 12 20 A Moi ety Deprotection R NOC HCl
di oxan I\/E%I;deNH rkr)x 3 HCl D, -0 E Cenerally, the starting material of
B8 - WE‘P@C CATPEHBRA S| epBrasanhdeatinpi ist D3sicakake raayp st eranaded rframe

oy : ' ' ; di ne
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with or wthout a cation scavenger, such as “dine ore
bei ngAciGh|ireiudel acetic.hberzanssuiienipr berzhic.ecamphomuifbmicc aitsier etdntsultdmic, f r ee

ns ¢ HSRDR, ey oBEEh BT bEEah BB neBe IS aee i S R ekt 1o
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15 propionic, uccm%, sulfuric, Qrtanc, p-toluenasulionic, trifluoroacetic acid and the iike.

ne
as

Particularly preferred are citric, fumaric, hydrobromic, hydrochioric, maleic, phosphoric,
sulfuric and tartaric acids.

It will be understood that, as used herein, references to the compounds of formula (1) are
20  meant to also include the pharmaceutically acceptable salts.

Utility

25 The compounds of formula (I) are melanocortin receptor modulators and as such are
useful in the treatment, control or prevention of diseases, disorders or conditions
responsive 1o the inactivation of one or more of the melanocartin receptors including, but
not limited to, MC-1R, MC-2R, MC-3R, MC-4R or MC-5R. Such diseases, disorders or
conditions include, but are not limited to, cancer cachexia, muscie wasting, anorexia,

30  anxiety, depression, obesity (by reducing appstite, increasing metabolic rate, reducing fat
intake or reducing carbohydrate craving), diabetes mellitus (by enhancing glucose
tolerance, decreasing insulin resistance) and male and female sexual dysfunction
{including impotence, ioss of libide and erectile dysfunction).



,11:01-1 THFPGRit il F3CSI Me3 COH deprotection , PG NO CsFPG CF3 THF
5React|on Schene 13 shows the synthesis of amnes H R5 beari n% |5r$/d oxy
subst it YEARYEAA8he additi onal substituent at the sanmePEAFBRWSAPTMN Such
am nes can be synthesi zed usi ng oxo- sg%stltut ed am nes protected with a
suitabl e protecting group. Suitable protecting group includes, but is not
limted to, Boc, Z, benzyl, and benzhydryl. Protected oxo-substituted

Toor - ArERRyTEORR: Somtliad o FheRBRIHGEAER By 18 AR BRLIchRL b 8lfbnai ng
subst bf hymheadsdmh @iyperhﬁldem:aabﬁeedar;thntrseaahcm geft bpddlee diszhsex sleep apineb it ed

amnes wth Rupert's reagent (trifl uorone hyItr net hyl silane) int
ot 5 eRREPHRIR | digyiiness dnsomtiallaain FIRGEHT e SHASRHCS P APEMsolfoNSH

li ke Tilanfhatbr)imfurcoBaGIatioH, emleeﬁr@%o:acarwﬁst &iif Itw:ﬁwé%l ah&Sther skin
15al cohol s. Protecting groups of protected am nes H-R5 obtained via the
synt héispedatet Hndsorretastive eandbsogniiven ded r eyemaend esharcernemid dneudioading ons.
20 25 / 08/ 005913 41 5 The B-C noieties can be
synthg§¥§@%qg§ E%géﬁgﬁggégg ion schene 14. Optionally substituted
phenyl al ani ne can be converted to the correspondi ng nethyl ester
hydr ochl ori de using an activating reagent such as thionyl chloride or

oxal yiAdmhintstrsiton anddidseBangési no acid nmethyl ester hydrochl oride can be
r gcted wth a reagent such as triphosgene in the presence of a base such
as“NaHCO3 (aq.) in a suitable solvent such as 10 DCMto yield the

l SOCYW&?"S%I%B!@QBUW éd’rﬁﬁa%ﬁ‘é%ﬁh'rb{a Sereﬁﬁ;% ‘!’Mrtd?o'ﬂﬁtn ng ﬁ%n'ﬁﬁa!"ésﬁeé&ally
sui tabl & sol vent such a -His use f orm of

hydr o@Mupam avithaars foﬁ%ib’leed%@@é e ﬁbﬁwommf |t%e pEesent mm&pm oPr emmmiaer ate
the f B A€ 1R piﬂéﬁfeﬁgla{%fcgfa‘r'”ﬁufnhﬁs?\aﬁ%é%%z E%thﬂhwk%% /%ﬁ:@foﬁét gsuch

as Li inasuta vent 7 xture such as vva er hanol
to gi msagee‘ssns(}nclbée Babletmhi roghes] xdig@ersions, suspensions, solutions, capsules,

15 creams, ointments, aercscis and the like. Preferably compounds of formula () are

administered orally or topically.

The effective dosage of active ingredient employed may vary depending on the pariicular
compound empioyed, the mode of administration, the condition being treated and the

20  severity of the condition being treated. Such dosage may be ascertained readily by a
person skilled in the art.

When treating cancer cachexia, muscle wasting, amyotrophic laterai sclerosis or anorexia
generally satisfactory results are obtained when the compounds of the present invention
25 are administered at a daily dosage of from about 0.001 milligram io about 100 milligrams
per kilogram of body weight, preferably given in a single dose or in divided doses two to
six times a day, or in sustained release form. In the case of a 70 kg adult human, the total
daily dose will generally be from about 0.07 milligrams to about 3500 milligrams. This
dosage regimen may be adjusted to provide the optimal therapeutic response.
30
When treating obesity, in conjunction with diabetes and/or hyperglycemia, or alone,
generally satisfactory results are obtained when the compounds of the present invention
are administered at a daily dosage of from about 0.001 milligram fo about 100 milligrams
per kilogram of body weight, preferably given in a single dose or in divided doses two to



WO 2009/ 010299PCT/ EP2008/ 005913 42 Reacti on schene 15: B-C Mi ety -

Sol i d- Phase Synt hesis 00 HONHFnocWang, OH Wang, NHFnoc pi peri di ne

5Al t er naVPBINPIOBWIC- noi eti es can al so be synthesized oRCIGMEPSIHEEE as
shown in Reaction schene 15. Wang res}aa can be | oaded with optionally
substituted Fnoc-protected phenyl al anfhe using a reagent such as DI C or DCC
in the presence of a base such as DIVAP in a suitable solvent such as DVF or

DCM  Capping.o unreatdC]—I-rou t solid-s rt
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group with a base such as peridine or diethylamne in a solvent |ike DCM

the f dBSAgmasimER makbe FHiksIacs TEVIdR (e PPUmALBCHRNHFIRSIREN

p- ni trophenyl chloroformate in the presence of a base such as TEA in an
appropriate solvent Iike DCM Reaction of said p-nitrophenyl carbamate with
anb amWkerRaradting diabetesatrieditso landior bypdrglysediy g elels ashethéesdhsmls@- er 15
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shown in Reac?‘l on scheme 16, A noieties can be coupled w't noietires in

the presaseorng: MEtheviasetof 2/ B kg adulibnmas, ma@ﬁa%ﬁam)dpﬁ%wlhgewm bafgm
|
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pr oc e gtarvide meslmmmiltbefaaeetla mbud% 10t ri et hyl am ne (TEA),
di i sopropyl ethyl am ne (DI EA), N-nethyl norpholine (NMM, collidine or
2,6-lutidine. A base may not be needed when EDCl /HOBt is used. Cenerally

af t er Fohther teeattriemt of Seﬂmtrﬂkﬁuadt,lort faen'rmat!s ontHy m-uém ingentle fheldieding t h
an_appr ggrl ate orgggu | vent,, such aa 0Ac, r Et20, which is then
ge s™ Ql

wahe {898 Aq PEam dRsa b%cﬂ am prC llogias®f, DAY AraidHat e,
NaH2 PGfofe RIBAS RS sl 685 ofdll| of hs A4 sBFayany combi nation thereof. The

reaction m Xture can be concentrated and then be partitioned between an

appropriate organic solvent and an aqueous solution. The reaction m xture

can be concentrated and subjected to chronmat ography w t hout aqueous workup.

20 ThEopmudpiion can be transferred to a pharmaceutical ly acceptable salt

Z%h as a hydrochloride, using HCl in a solvent or solvent m xture such as
e

t h%eeéé}ﬁﬁéﬂ%%t BP‘?OrmzYIQ 5)09{% %Jrgi%?grﬁ%ﬁﬁ&lgpe%/ ?nqg 92} 3do%ége form prior to

administration. Accordingly the present invention also includes a pharmaceutical
composition comprising a compound of formula (1) and a suitable pharmaceutical carrier.

25  The present pharmaceuticai compositions are prepared by known procedures using weli-
known and readily available ingredients. In making the formuiations of the present
invention, the active ingredient (a compound of formula (1)) is usually mixed with a carrier,
or diluted by a carrier, or enclosed within a carrier, which may be in the form of a capsuie,
sachet, paper or other container. When the carrier serves as a diluent, it may be a solid,

30 semisolid or liquid material which acts as a vehicle, excipient or medium for the active
ingredient. Thus, the compositions can be in the form of tablets, pills, powders, lozenges,
sachets, cachets, elixirs, suspensions, emulsions, solutions, syrups, aerosol (as a solid or
in a liguid medium), soft and hard gelatin capsules, suppositories, sterile injectable
solutions and sterile packaged powders.



Reaction schene 17: Urea Formation via N trophenylformate |Internediate

DCM H RS DI EA THF Rl DDE,G 5 The three noieties can al so be

combi nedVE28H18E? as shown in Reaction scheme 17. An EPPFESRIRAIYIA noiety
i's coupled to a Boc-protected B noi eté?i n the presence of EDC /HOBt, a base
such as N net hyl nor phol i ne (NMV) and sol vent such as dichl oronet hane
(DCM followed by Boc deprotection with the aid of hydrogen chloride in a

i f di d. hanol ., The. d . d with
i vt SpR R AT Sl e, e i SRS, HaGEe Heehbe ongiasen an
appr oputice, ssurishell Mmaehitels BEMiiee, yoaind ddaeiad- BhIciMPhBRYspHEAE, balgihateshi ch

subsequently can be treated with an amne HR5 in the presence of a base
such #30pFaNth; rdslatinp sakivmarsdicats v Bnerosiysialine egtulope polyvinylpyrrolidone,
2009/ 400 4 | v eSSt ;Id% u The
final Q%%g%é;%agﬁ@b c%m#:;r(géri Esgd%{a gm%géﬁhg}e?rgge%tﬁ Pc%lr(?%}& cce’gﬁ’th?‘g&g% tq g*gﬁ
deS§cr imagheshov steaBatReanst imdmerat bibnenel Birmutatiens eanmdditionddy mrlude lubricating

1-Met figbad (LAY TagdhOWhiisiling MaA8? Luspehdiil ' 296AR, 2prdBRT8" agents,
sweetening agents or flavoring agents. The compositions of the invention may be
formulated so as {0 provide quick, sustained or delayed release of the active ingredient
after administration to the patient.
10

Preparation of Compounds of the invention

When describing the preparation of the present compounds of formula (), the terms “A
15 moiety”, “B moiety” and “C molety” are used below. This moiety concept is illustrated
below:

20

B

25 The preparation of the compounds of the present invention may be carried out via
sequential or convergent synthetic routes. The skilled artisan will recognize that, in
general, the A and B moieties of a compound of formula (I) are connected via amide
bonds. The skilled artist can, therefore, readily envision numerous routes and methods of
connecting the two moieties via standard peptide coupling reaction conditions.

30
The phrase "standard peptide coupling reaction conditions" means coupling a carboxylic
acid with an amine using an acid activating agent such as EDCI, dicyclohexylcarbodiimide
and benzotriazol-1-yloxytris(dimethylamino)-phosphonium hexaflucrophosphate, in a inert
solvent such as DCM, in the presence of a catalyst such as HOBt. The uses of protective



10 As shown in Reaction schenme 18 1,1'-carbonyl diim dazole can be reacted
wth an amne in an appropriate sol vent such as THF at a suitable

t enper atWPSI¥HEZBr oduct of this reaction is further r@&FHEFA0H0PF1Aet hyl
iodide in a suitable solvent such as ggetonltrlle to yield the

1- net hyl- 3- (am no- 1-car bonyl)-3Himd 1-iumiodide. This activated
species 15 is reacted with a deprotected A-B noiety in the presence of a
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Anal yti cal LG M5 The conpounds of the present invention according to

f or muPEPYRS) Whigh &"ainae preseny ran prdryrd imEraanael alTiRsoiesis Grows BSREANE t he

anal y SRR emabad nditions summary:
LClOA?ygtr%E%pg( Shi %%%?B%?WCSI@DNE N i s di ode array detector and

Q2010 Ms-detector in ESI+ nodus with UV- det ection at 214 and 254 nm 10
Col el e 2005 B ol e ik 0D o MBI PR 20
e o s et Kt o e 2
HOOO 7 OB PR e bY Gotptiee o0 14 bV OB Co e Bresse of @
i nB. RepieIAethborils HXiE: Siuhcds pSIARLMIORRAHINIESR #8058 bedtic Bivent, such as
10 ethanol. In cases where catalytic hydrogenation is contraindicated by the presence of
other potentially reactive functionality, removal of Z can also be achieved by treatment with
a solution of hydrogen bromide in acetic acid, or by treatment with a mixture of TFA and
dimethylsulfide. Removal of Boc protecting groups is carried out in a scivent such as
methylene chloride, methanol or ethyl acetate with a strong acid, such as TFA or HCI or
15 hydrogen chioride gas.

The B and C moieties of a compound of formuta (1) are linked together via a urea function.
The skilled artist can, therefore, readily envision numerous routes and methods of
connecting the two moieties using different well known methods.
20
The compounds of formula (i), when existing as a diastereomeric mixture, may be
separated into diastereomeric pairs of enantiomers by fractional crystaliization from a
suitable solvent such as methanol, ethyl acetate or a mixiure thereof. The pair of
enantiomers thus obtained may be separated into individual sterecisomers by
25  conventional means by using an optically active acid as a resolving agent. Alternatively,
any enantiomer of a compound of the formula (I) may be obtained by stersospecific
synthesis using optically pure starting materials or reagents of known configuration.

The compounds of formula (!) of the present invention can be prepared according to the
30  procedures of the foliowing schemes and examples, using appropriate materials and are
further exemplified by the following specific examples. Moreover, by utilizing the
procedures described herein, in conjunction with ordinary skills in the art, additional
compounds of the present invention claimed herein can be readily prepared. The



start concentration 10% acetonitrile (0.15% HCOOH) 10.00 m nB. Conc60 11. 00
m nB. Curve2 12.00 m nB. Conc99 3015. 00 m nB. Conc99 15.20 m nB. Conc10 18. 00
m nPunp SFORMNBIZ2E09/ 010299PCT/ EP2008/ 005913 47 G adi eRCTEP2¢0848313 gr adi ent
from5%to 95% acetonitrile in water éfé) 15% H 0.00 min 5.00 mn b5
5.10 mMn 6.40 mn 6.50 mMn 800 mn 5% B 95%B 99% B 99% B 5% B Punp STOP
10 Gradient Do linear gradient from5%to 80% acetonitrile in water (0.15%

9% ggugokﬁg{qitgs%t%g @#@fﬁexﬁ%ples ar]é&;nc?( ﬁ wreraivgr,% % cr:nénnsi%'egoasn}or}m?r?@ e80% B
only genus that is considered as the invention. The examples further illustrate details for
the preparation of the compounds of the present invention. Those skilled in the art will
readily understand that known variations of the conditions and processes of the following

5 preparative procedures can be used to prepare these compounds. The instant compounds
are generally isolated in the form of their pharmaceutically acceptabie salts, such as those
described previously. The free amine bases corresponding to the isolated salts can be
generated by neutralization with a suitable base, such as aqueous sodium
hydrogencarbonate, sodium carbonate, sodium hydroxide and potassium hydroxide, and

10  extraction of the liberated amine free base into an organic sclvent foliowed by evaporation.
The amine free base isolated in this manner can be further converied into another
pharmaceutically acceptable salt by dissolution in an organic solvent followed by addition
of the appropriate acid and subsequent evaporation, precipitation or crystaliization. All
temperatures are degrees Celsius.

15
in the schemes, preparations and examples below, various reagent symbols and

abbreviations have the ioliowing meanings:

AcO acetic anhydride
20  AcOH acetic acid

Boc . tenrt-butoxycarbonyl

Bu butyi

Buli butyiiithium

DBU 1,8-diazabicycio[5.4.0lundec-7-ene
25 DCC N,N'-dicyciohexylcarbodiimide

DCE 1,2-dichloroethane

DCM dichloromethane

ODEAD diethyl azodicarboxylate

DIAD diisopropyt azodicarboxylate
30 DIC N,N’-diisopropylcarbodiirnide

DIEA ethyl-diisopropylamine

DMA N,N-dimethylacetamide

DMAP 4-dimethylaminopyridine



G adient E: 20linear gradient from1%to 70% acetonitrile in water (0.15%
HCOOH) 0.00 min 5.00 mMin 5.10 mMmn 6.40 mMn 25 6.50 mMn 800 mn 1% B 70% B
99% B 9WOBIEIEIPUND STOP The foll owi ng tabl es def€ATHFIGEIHLT ed
exanpl es of the invention which can :? prepared 30 according to the
Reaction schenes 1 to 18. These exanp s are, however, not construed to
limt the scope of the invention in any manner. WO

2009/ BWQQPCDEP@%&%OE&%%W}%Q Tabl e 1: HPLC M5 No. salt R R2

DMS dimethylsulfide
DMSO dimethyisulfoxide
dppf 1,1'-bis(diphenylphosphino)-ferrocen
5 EDCI 1-(3-dimethylaminopropyl)-3-ethyicarbodiimide hydrochloride
EtO diethyl ether
EtOAc ethyl acetate
EtOH ethanol
Fmoc S-fluorenyimethyloxycarbonyl
10 h hour(s)
HOBt 1-hydroxybenzotriazole hydrate
HTMP 2,2,6,6-tetramethylpiperidine
MeCN acetonitrile
MeQOH methanol
15 mp. metlting point
NMM N-methylmorpholine
PG protecting group
PPhy triphenylphosphine
RT ~room temperature
20 TEA triethytamine
TFA trifluoroacetic acid
THF tetrahydrofurane
Z benzyloxycarbony!
Z-OSu N-{benzyloxycarbonyloxy)succinimide

25
The following amino acid derivatives were custom synthesized by PepTech Corporation,
20 Malt Road, Suite 460, Burlington, MA 01803 USA: D-2-chioro-4-fluorophenylaianine
methyl ester hydrochioride, D-4-chioro-2-fluorophenylalanine methyl ester hydrochioride,
and  D-24-difluoro-phenylalanine  methyl ester  hydrochloride.  D-2-Chioro-4-
30  methylphenylalanine methyl ester hydrochioride and D-4-chioro-2-methylphenylaianine
methyl ester hydrochloride were obtained from NetChem, Inc., 100 Jersey Ave, Suite
A211, New Brunswick, NJ 08901 USA.
Cis-3-aza-bicyclo[3.1.0}hexane hydrochioride was prepared as described in US4,183,857.



tR (mn) method MAN (cab.) free base [MtH (found) 1 2 x HCI N.,,i CIl. NH.
4-Me 4.36 B 600 601 2 2 x HO CN,, .--- 4-Me 5.34 B 614 615 3 2x HCOCH O .
- N. - “WOZDe9010299 PCT/EP2008/005913
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2-Filuoro-3-iodo-pyrazine was prepared as described in Tetrahedron 1998, 54, 4898-4912.
4-Fluoro-3-iodo-pyridine was prepared as described in Tefrahedron 1983, 49, 48-64.

Reaction scheme 1:
Direcied ortho-metallation

F n-Bulli £
i
I e
D._.G THF D._.G
E HTMP E
-78°C

The starting material for the synthesis of heteroaryipiperidines, ortho-fluoro-icdopyridines,
-pyridazines and -pyrazines, can be prepared as shown in Reaction scheme 1. A fluoro-
substituted heteroaryl can be metallated with an amide prepared from a reagent such as n-
butyliithium and an amine such as diisopropylamine or 2,2,6,6-tetramethyipiperidine at an
appropriate temperature in a suitable solvent such as THF. The resulting lithio derivatives
can subsequently be reacted with iodine to yield the desired compounds.

Reaction scheme 2:
Acetylation

OH Ac,O J\

Br pyridine O

0
BT — B
I DCM B X
“E’r 0°C il
D.-G

OH A'CQO J\

al pyridine 070
i o cl
) G DCM BT
*E’f ° 11
0°C D._.G

\E,

Another starting material for the synthesis of heteroaryipiperidines, ortho-acetoxy-
bromopyridines, -pyridazines and —pyrazines, can be prepared as shown in Reaction
scheme 2. A bromo- or chloroheteroary! containing a hydroxy group in ortho-position to the
bromo atom can be reacted with an acetylating reagent such as acetic anhydride in the



3.99 B 614 615 4 2x HC 4-Me 5.60 B 586 587 5 2x HCOOH ..H 5.80 B 587 590 6
2 x HO 4-Me 6.48 B 601 604
WO 2009/010299 PCT/EP2008/605913
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presence of a suitable base such as pyridine in an appropriate solvent like DCM at a
suitable temperature.

5 Reaidion scheme 3:

Negishi Coupling Reaction of Bromo- or lodosubstituted Heteroaryls
Zni

Pd{(dppf)Cl, x DCM E
DMA

Znt

El’ Do {,G
Pd(dppf)CL, x DCM E
DMA
Znl
N 4'\ -Boc
) . OH :
OJ\O Boc 070 N Boc LIOH N
Br ? = BT
§ = - Cul E Y H,0 5 )
D.g2G  Pd(dppfiCl, x DCM  D._.G MeOH E*
DMA
Zni
@ Boc
J\ : . OH -
o%o Boc O;\O N Boc LIOH N
c T - - BT
% = Cul % R H,0 ;j. 5
D.c2G  Pd(dppf)Cl,xDCM DG MeOH “E”

DMA

10 As shown in Reaction scheme 3, ortho-fluoro-bromopyridines, pyridazines and —pyrazines
can be subjected to a Negishi coupling with (1-tert-butoxycarbonylpiperidin-4-yl)(iodo)zinc
(J. Org. Chem. 2004, 89, 5120-5123) in the presence of copper(l) iodide and dichloro(1,1'-



WD 2009/ 010299PCT/ EP2008/ 005913 49 7 2x HCOOH H 6.32 B 615 616 8 2x HCOOH

4-Me 6.74 B 629 630 9 2x HCOOH 3-Me 6.90 B 629 630 10
WO 2009/010299 PCT/EP2008/005913
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bis(diphenyl-phosphino)-ferrocene)palladium{ll) DCM adduct in an inert solvent such as
DMA to yield the resulting arylpiperidine. The same product is obtained, when artho-fluoro-
iodoopyridines, -pyridazines and —pyrazines are used as starting material.
The Negishi coupling can alternatively be performed using the ortho-acetoxysubstituted
5 bromopyridines, -pyridazines and —pyrazines from Reaction scheme 2 as starting material.
The free alcohol is obtained by saponification of the acetic acid ester with a base such as
lithium hydroxide in a suitabie solvent such as mixture of water and methanol. Usage of
ortho-acetoxy-chloropyridines, -pyridazines and —pyrazines as starting materials results in
formation of the same products.

10
Reaidtion scheme 4;
Negishi Coupling Reaction of Heteroaryls with a Carboxaidehyde or Benzyiamine
Function
znl
Oy qj O\ N,Boc T N,Boc
Boc T—H
BL\(B!’ = s % e = % SN
¥ u NaBH(OAc)
D-g=C  padppric, xoem D2 oce . P
DMA
Znl
O\ T (:j T N,Boc
~ T-H 5 boc
B X Br - % B N % .
E DCE Pd(dppf)Cl, x DCM
15 DMA

Optionally substituted ortho-carboxy-bromopyridines, pyridazines and —pyrazines can be
subjected to a Negishi coupiing as depicted in Reaction scheme 4. Reaction with (1-teri-
butoxycarbonylpiperidin-4-yl)(iodo)zinc in the presence of copper(i) iodide and
20  dichloro(1,1"-bis(diphenyi-phosphino)-ferrocene)palladium{ll} DCM adduct in an inert
solvent such as DMA leads to the resuiting arylpiperidine. Reductive amination with a
capping group T-H in the presence of a reducing agent such as sodium



2 x HO po H 6.14 B 599 602 Table 2: 5 HPLC M5 No. salt R2 tR (mn)
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triacetoxyborohydride in a suitable solvent such as 1,2-dichioroethane leads to the Boc-
protected A-moiety.

Alternatively, optionally substituted ortho-carboxy-bromopyridines, pyridazines and
-pyrazines can first be subjected to a reductive amination step before the Negishi coupling
is performed.

The reaction sequences described above can aisc be performed using optionaily
substituted ortho-carboxy-chloropyridines, pyridazines and —pyrazines.

Reaktion scheme 5:
Aminocalcohol Preparation

O o
|

HQNTQ(RG)Qm1 HJJ\OH H H /N\(C(He)z) %
6 = i m-

(R )EC\OH HEO (RS)ZC‘OH

Yo
HN o I Y

] ( }z)m-1 Br N‘(C(FP}Z}
(R6)20~OH KECOS (Rﬁ) é i

MeCN 27"0OH

N-substituted amino alcohols HO(C(R®).)n-T can be obtained as described in Reaction
scheme 5. Reaction of an optionally substituted amino alcohol HO(C(R®)2)mNH, with a
mixture of formic acid and formaldehyde in a suitable solvent such as water at a given
temperature results in formation of the corresponding N,N-dimethylated amino alcohois.
Cyclic analogs of such amino alcohols can be obtained by reacting optionally substituted
amino alcohol HO(C(R®).)mNH, with o, w-dibromoalkanes in the presence of a base such
as potassium carbonate in an appropriate solvent like acetonitrile.

Reaktion scheme 6:
Epoxides as Aminoalcoho! Precursor

T—H TJ\
& LN "
R H,O B oM
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As shown in Reaction scheme 6, optionally substituted epoxides can be reacted in a
regioselective way with an appropriate amine T-H in a suitable solvent like water to form o-

substituted f-aminoalcohols.

5
Reaktion scheme 7:
Nucleophilic Aromatic Substitution Reaction
. T
Boc  E®n  CEIm
7 N (RY,C. .G o
2 OH ( )2 "O N/ OC
87X
1t
E DMF i 4
£
T
‘.(Q(Rs)z)mz T
E ,BOC (RG)2C"NH Tc’:(gs)g)m-1
) ho  (ROC. RO~ .Boc
BT
H
10

As shown in Reaction scheme 7, fluoro-substituted pyridyi-, pyridazyl- and
pyrazinylpiperidines can be subjected fo a nucieoghilic aromatic substitution reaction with
a w-T-capped alkylaicohol in the presence of a base such as sodium hydride in a solvent
such as DMF at a suitable temperature to obtain the Boc-protected A moiety.

15 Alternatively, the fluoro-substituted heteroarylpiperidines can aiso be reacted with a2 ©-T-
capped primary or secondary alkylamine in the presence of a base like BuLi or DIEA in an
'appropriate solvent like THF or without a solvent at a suitable temperature to obtain the
Boc-protected A moiety.

20

25



9 H 6.43 A 589 590

2 x HO 0 CZ) 5 H3.64 B 615 618 13 2x HCOOH I, -- i
Tabl e 4: HPLC M5 No. salt
WO 2009/010299 PCT/EP2008/005913
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Reaction scheme 8
Synthesis of A Moieties Containing Cyclic Amines
(R9)
10 (Hg}a RjgN i
R-—N )
E N,Boc Jo °
| (L0 (RALh5q N-BoC
B X e G
5 G NaH x
“E” DMF G
\E,
(R%),
Paoy (R, PGﬁN:p)
E N,Boc Jo °
’kr/[\/ (L0, ({(RIChsq N-BoC
2 v A\\(Q
Dip-G DMF )
~E*

As shown in Reaction scheme 8, the intermediate product from Reaction scheme 3,

optionally substituted fluoropyridines, -pyridazines and —pyrazines, can also be subjected

to a nucleophilic aromatic substifution reaction with an aicohol which contains a cyclic

tertiary amine moiety, in the presence of a base such as sodium hydride in a suitabie

10 solvent such as DMF to give the Boc-protected A moieties.

Simitarly, an alcohol containing a protected cyclic secondary amine moiety can be

introduced as building block using the conditions described above. The protecting group

has to be orthogonal to the Boc-protecting group used for protection of the piperidine. After

15 coupling of the A moiety with the B-C moiety this protecting group can be removed using

standard methods.

20



R tR(mn) nethod MN(calc.) tree base [MHr (found) 14 2 xHC

H7.48 <

587 588 WO 2009/ 010299PCT/ EP2008/ 005913 51 15 2 x HO | H 4.18 B 575 576
16 2 x B 2009/01629p PCT/EP2008/005913

37

Reaction scheme 9:

Alternative Synthesis of A Moieties with Alkylether Spacer (R = -O{C(R®)2)n-T)

.
Y
.Boc (AL, TC(RSQm1
OH N ci (RS Boc
x HC} o N”
SN
g 1 Cs,C0, B/S/Q
g DMEF I

The synthesis of A Moieties bearing an alkylether spacer (R' = -O(C(R®).)m-T) can
alternatively be performed as depicted in Reaction scheme 9. The Boc-protecied

piperidine is reacted with an alkyichloride or alkylbromide bearing the capping group T in

the presence of & base such as Cs,CO; or NaH in an appropriate solvent such as DMF to

10 give the Boc-protected A moiety.

Reaction scheme 10;

Synthesis of A Moieties with Alkylether Spacer (R’ = -O(C(R®).)n-T} Using Mitsunobu

15  Condifions

T
RG)E)m 1 \(C(F{E)g)m-i

i
R c 5
/\/C ( ", (R,C. y-Boc
B™ ™
f;'} ToEAD N

B
PPh, L

THF tE*

o

Br
Boc G TCFRY)m

OH N (R9.C g (HE)ZQO N’BOC
8 DEAD
1
D._.G B™

E PPh,

D.
THF E’G

G

- A%, C. -
H—T (R°),C o N Boc
[

MeCN

-

D“E’



4.47 B 601 602 17 2x HCl H 4.73 B 615 618 18 H 8.99 A 589 590 19 2 x HC
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As shown in Reaction scheme 10, the intermediate product from Reaction scheme 3,
optionally substituted (hydroxyheteracaryl)piperidines, can also be alkylated with an o-T-
capped alkylalcohol in the presence of a reagent such as DEAD or DIAD and a phosphine
such as PPhg in a suitable solvent such as THF to give the Boc-protected A moieties. |

Similarly, the same intermediate can be reacted with an w-bromo alkylalcohol, using the

reaction conditions described above, to give access to the corresponding ether which

subsequently can be used to alkylate the capping group T in the presence of a suitable

base such as K.CO; or NaH, in an appropriate solvent such as MeCN, THF, or DMF, at a
10 suitable temperature, to vield the Boc-protected A moieties.

Reactlion scheme 11:

Synthesis of 5-piperidin-4-yl-pyrimidine-derived A moieties

O o o0 5
e ]
N TiCl, MGOH

Boc pyridine

NH  , Hal _Boc
F\"U\NHZ o N Hel 0 NH
D ———— i o
NaOMe i dioxane N O
MeOH R ﬁ o Ff*N 0
Z Z
O N ' N
Z.0Su " POCH NN
— 3. —
TEA Fa;)i\ sym-collidine RA P
DMF {:J; O MaCN N Cl
T
(C(Ra ;Jm TC(R )g}m 1 H2 \(C(Ra e)m 1
Rﬁ) C C‘ N F’d/C R }EC“ NH
NaH CaO
THF Et,0

15
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5-Piperidin-4-yl-pyrimidine-derived A moieties can be synthesized as shown in Reaction

scheme 11. Boc-4-piperidone can be reacted with a malonic acid diester in the presence

of a reagent such as titanium tetrachloride and a base such as pyridine at an appropriate

temperature. The product of this reaction can be hydrogenated using a catalyst such as

5 10% palladium on charcoal in a suitable solvent such as a mixture of water and methanol

to vield the corresponding Boc-2-piperidin-4-yl-malonic acid diester. Reaction with an

amidine hydrochloride in the presence of a base such as sodium methoxide in a solvent

like methanol leads to optionally substituted 1H-pyrimidine-4,8-dione which after

exchanging the Boc protecting group to a Z protecting group can be converted {o the 4,6-

10 dichioro-pyrimidine using a reagent such as POCI; in the presence of a suitable base such

as sym-collidine in an appropriate solvent like acetonitrile. Optionally substituted 4,6-

dichioro-pyrimidine can be reacted with an w-T-capped alkylalcohot in the presence of a

base such as sodium hydride in a suitable solvent fike THF. Subsequent hydrogenation

using a catalyst such as 10% palladium on charcoal in the presence of calcium oxide in an

15  appropriate solvent like diethyl ether yieids the 5-piperidin-4-yl-pyrimidine-derived A
moieties.

Reaction scheme 12
20 A Moiety Deprotection

R’ NBOC HC o gt NH
B dioxane B Xy
5. G MeOH 5‘5’6 X 3 HCI
\E, rad

Generally, the starting material of Boc-protected heteroarylpiperidine (A moiety) can be
deprotected in the presence of TFA/CH.Cl,, HCIEOAc, HCldioxane or HCI in

25 MeOH/dioxane with or without a cation scavenger, such as dimethyl sulfide (DMS) before
being subjected to the coupiing procedure. It can be converted to the free base before
being subjected to the coupling procedure or in some cases used as the salt.

30
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Reaction scheme 13
Synthesis of Amines H-R° using Grignard Reactions or Rupert’s Reagent

)a R1MgBr Y deprotection Ja
N N MGOH N XEOH
PG~ O THF PG~ RY

;:;11
F.CSiMe deprotection )
NT}LQ — N s o ST HN@@OH
PG” © CsF PG” CF, CF,
THF

5 Reaction Scheme 13 shows the synthesis of amines H-R® bearing a hydroxy substituent
and one additional substituent at the same carbon atom. Such amines can be synthesized
using oxo-substituted amines protected with a suitable protecting group. Suitable
protecting group inctudes, but is not iimited to, Boc, £, benzyl, and benzhydryl. Protected
oxo-substituted amines can be reacted with Grignard reagenis in an inert solvent like THF

10  or diethyl ether at an appropriate temperature to vield the corresponding substituted
alcohols.
Alternatively, reaction of protected oxo-substituted amines with Rupert's reagent
(trifluoromethylirimethylsilane) in the presence of a reagent such as cesium fiuoride in an
appropriate solvent like THF at a given temperature leads to the triflucromethylated
15 alcohols.
Protecting groups of protected amines H-R® obtained via the synthetic methods described
above can be removed using standard conditions.

20

25
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Reaction scheme 14:
B-C Moiety Formation
o 9 9
NH NH 2
e
HO 2 SOCI, O 2 % HCI trzphosgene \ N
b i s
MeOH NaHCO
O R& 0. RS
oY LIOH 0Ty
H—R5 ~ O NH H,0 HO NH
bt S terrsre————
DCM THF
' MeOH
Re R4 R3 p4

5 The B-C moieties can be synthesized as shown in Reaction scheme 14. Optionally
substituted phenylalanine can be converted to the corresponding methyl ester
hydrochloride using an activating reagent such as thionyl chioride or oxalyt chioride in
methanol. Amino acid methyt ester hydrochioride can be reacted with a reagent such as
triphosgene in the presence of a base such as NaHCO; (ag.) in a suitable sclvent such as

10 DCM to yield the isocyanate which can subsequently be reacted with an amine R>H in a
suitable solvent such as DCM or DMF. When R°-H is used in form of a hydrochioride, a
suitable base such as DIEA is used in addition to liberate the free amine R>-H. The ester
function can be hydrolyzed with a base such as LiOH in a suitable solvent or solvent
mixture such as water/THF/methanol to give access to the B-C-moiety.

15

20
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Reaction scheme 15;
B-C Moiety Solid-Phase Synthesis

10

15

20

O

Wang.. NHFmoc
HO NHFmoe Wang. g o

OH piperidine

—————————r ———
1. DIC DCM

DMAP
Re Ré DME RS R4
2. Ac,O
DMF

O

T e TE T
Wang\o NH, Ci ONOE Wang\O NH NO,
TEA
DCM O
RS 94 R3 R4

o OYRS o OYRS

35 Wang.\o NH TEA HO NH
————— S
DCM DCM
RS R R3 R4

Alternatively, B-C-moieties can also be synthesized on solid phase as shown in Reaction
scheme 15. Wang resin can be loaded with optionally substituted Fmoc-protected
phenyialanine using a reagent such as DIC or DCC in the presence of a base such as
DMAP in a suitable solvent such as DMF or DCM. Capping of unreacted OH-groups on
the solid-support can be accomplished by subsequent reaction with acetic anhydride in an
appropriate solvent like DMF or DCM. After removing the Fmoc-protecting group with a
base such as piperidine or diethylamine in a solvent like DCM, the free amine can be
converted to an activated carbamate with p-nitrophenyl chioroformate in the presence of a
base such as TEA in an appropriate solvent like DCM. Reaction of said p-nitropheny!
carbamate with an amine R°-H in a suitable solvent such as DCM yields the desired B-C
moiety. When R°-H is used in form of a hydrochioride, a suitable base such as DIEA is
used in addition to liberate the free amine R°-H. Cleavage from solid support can be
achieved by treament with TFA in DCM. B-C-moities obtained by this route can either be

purified or directly be coupled with an appropriate A moiety.
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Reaction scheme 16:
Coupling of A Moiety with B-C Moiety and Salt Formation

Oy F°
0%y
Rl NH RS R R N NH
reT————————
BT HOBt B’KKC
D...G x 3 HCI EDC! B &
“E* R3 R

5 5
R
s 2 oY
R’ Ny HCI R’ NN x2Hg
et rr———

BT ELO B

I acetone B _a

D.p-@ R3 R4 TE® R3 R4

As shown in Reaction scheme 16, A moieties can be coupled with B-C moieties in the
presence of EDCVHOBY, a base such as N-methylmorpholine (NMM) and a solvent such
as dichloromethane (DCM). A suitabie solvent, such as DCM, DMF, THF or a mixture of
the above solvents, can be used for the coupling procedure. A suitable base includes

10 ftriethylamine (TEA), diisopropylethylamine (DIEA), N-methyimorphofine (NMM), collidine
or 2,6-lutidine. A base may not be needed when EDCI/HOB is used.

Generally after the reaction is completed, the reaction mixture can be diluted with an
appropriate organic soivent, such as EtOAc, DCM or Et.O, which is then washed with

15  aqueous solutions, such as water, HCl, NaHSQO,, bicarbonate, NaH,PO,, phosphate buffer
{pH 7), brine or any combination thereof. The reaction mixture can be concentrated and
then be partitioned between an appropriate organic solvent and an agueous solution. The
reaction mixture can be concentrated and subjected to chromatography without aqueous
workup.

20 The product can be transferred to a pharmaceutically acceptable salt such as a
hydrochioride, using HCi in a solvent or solvent mixture such as diethyl ether/acetone.
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Reaction scheme 17:
Urea Formation via Nitrophenylformate Intermediate

O
HO NHBoc
o)
1
R NH fs Pt R N NHBoc HC
r—— R ey - od
BT HOBt B dioxane
D.<G x3HCI gpc B, .G MeOH
NMM E” R3 R4
DCM
T,
———— B
B™S NMM BTN
DG x3HCI o9 DCM D.p-G - "

W NH HCI
D ]
ToEA 87X Et,0
THF K acetane
D26 "
8
a
B™ ™%
i1
D ‘E"G R3 =0

The three moieties can also be combined stepwise, as shown in Reaction scheme 17. An
appropriate A moiety is coupled to a Boc-protected B moiety in the presence of
EDCYHOBL, a base such as N-methylmorpholine (NMM) and a solvent such as
dichloromethane {DCM) followed by Boc deprotection with the aid of hydrogen chioride in
a mixture of dioxane and methanol. The product can be reacted with 4-nitrophenyi
chioroformate in the presence of a base such as NMM in an appropriate solvent such as
DCM to vyield the 4-nitrophenyl carbamate which subsequently can be treated with an
amine H-R° in the presence of a base such as DIEA in an appropriate solvent such as THF
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to give access to the target compound. The final product can be converted 10 a
pharmaceutically acceptable salt as described above.

5 Reaction scheme 18:
Urea Formation Using 1-Methyl-3-{amino-i-carbonyl}-3H-imidazol-1-ium iodide as

Reagent
O O
H—R® s Mel
N-*?\N N”“\\N S N Ry ——a
N WY THF N_ MeCN
A
o

B Ry

| j)L DQIG x3HCE g ZKT/Q NH
P 8
THF

HCI = N NH x 2 HC!
™

‘acetone {3'

g7
10
As shown in Reaction scheme 18 1,1'-carbonyldiimidazole can be reacted with an amine
in an appropriate solvent such as THF at a suitable temperature. The product of this
reaction is further reacted with methyl iodide in a suitabie solvent such as acetonitrile to
vield the 1-methyl-3-(amino-1-carbonyl)-3H-imidazol-1-ium jodide. This activated species
15  is reacted with a deprotected A-B moiety in the presence of a base such as triethylamine
in a suitable solvent such as THF to yield the final product. The final product can be

converted to a pharmaceutically acceptable salt as described above.

20
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Analytical LC-MS

The compounds of the present invention according to formula () were analyzed via
analytical LC-MS. The conditions used in the analysis are summarized below.

Analviical conditions summary;

LC10Advp-Pump (Shimadzu) with SPD-M10Avp UV/Vis diode array detector and QP2010
MS-detector in ESI+ modus with UV-detection at 214 and 254 nm,

Column: Waters XTerra MS C18, 3.5 um, 2.1 * 100 mm,

linear gradient with acetonitrile in water (0.15% HCOOH)

Flow rate of 0,4 mi/min;

Mobile Phase A: water (0.15% HCOOH + 5% acetonitrile)

Mobile Phase B: acetonitrile (0.15% HCOOH + 5% water)

Gradient A:

start concentration 1% acetonitrile (0.15% HCOOH)
9.00 min B.Conc 30

10.00 min B.Curve 3

12.00 min B.Conc 99

15.00 min B.Conc a9

15.20 min B.Conc 1

18.00 min Pump STOP

Gradient B;

start concentration 10% acetonitrile (0.15% HCOOH)
10.00 min B.Conc 60

11.00 min B.Curve 2

12.00 min B.Conc 99

15.00 min B.Conc 99

15.20 min B.Conc 10

18.00 min Pump STOP



46 HCOOH | H 4.68 B 605 606 47 HCOOH H 4.45 B 605 606 48 2 x HCOOH _H 4.29
8 WO 2009/610299 PCT/EP2008/005913
47
Gradient C:
linear gradient from 5% to 95% acetonitrile in water (0.15% HCOOM)
0.00 min 5% B
5.00 min 95% B
5 5.10min 89% B
6.40 min 99% B
6.50 min 5% B
8.00 min Pump STOP
10  Gradient D:
linear gradient from 5% to 80% acetonitrile in water (0.15% HCOOH)
0.00 min 5% B
5.00 min 80% B
5.10 min 99% B
i5 6.40 min 99% B
6.50 min 5% B
8.00 min Pump STOP
Gradient E:
20  linear gradient from 1% to 70% acetonitrile in water (0.15% HCOOH)
0.00 min 1% B
5.00 min 70% B
5.10 min 9%% B
6.40 min 99% B
25 6.50 min 5% B
8.00 min Pump STOP
The following tables describe detailed examples of the invention which can be prepared
30 according to the Reaction schemes 1 to 18. These examples are, however, not construed

to limit the scope of the invention in any manner.



603 604 49 2 x HCOOH H 3.80 B 603 604 50 HCOOH H 4.20 B 614 615 51 HCOOH
H 4.19 B 587 588 ,

WO 2009/010299 PCT/EP2008/005913
48
: OY'D
R NJ\:/NH
8 i
!
4 (P2 cl ci
RZ 3
Table 1;
HPLC MS
No. salt R’ R° ta {min) | method Mw [M+H]
(calc.) {(found)
free
base
1 2 x HCI 4-Me 4.36 B 600 601
G«\L
NH
2 2 x HCI 4-Me 5.34 B 614 615
CA
1
3 2x 3-Me 3.99 B 614 615
HCOOH G,
1
4 2 x HCI | 4-Me 5.60 B 586 587
O
N
5 2X H 5.80 B 587 580
HCOOH ON\I\
0
6 2 x HCI 4-Me 6.48 B 601 604
C‘N\L
Q




52 2 x HCOOH H 4.61 B 603 604 _ WO 2009/ 010299PCT/ EP2008/ 005913 55 53 2x

HOOOH -1 3.91 B 603 604 54 2 x HOl H
WO 2009010299 PCT/EP200B/005913
49
7 2% H 6.32 B 615 616
HCOOH C,L
SN
8 2% iMe | 6.74 B 629 630
HCOOH C‘N
SN
9 2x 3Me | 6.90 B 628 630
HCOOH C‘N
e
10 | 2xHCI N H 6.14 B 599 602
e

NAF 2 cl cl
R? 3
Table 2:
5
’ HPLC MS
No. | salt R’ R* ta (Min) | method MW IM+HT
(calc.) (found}
free
hase
11 2 x HCI H 4.04 B 518 618
Ch
\,lq




4.59 B 587 588 55 HCOOH H 4.70 B 603 604 56 2 x HCOOH H 4.13 B 616 617 57
2 x HCOOH H 4.50 B 601 603
WO 2609/010299 PCT/EP2008/0G3913

50

o A
A

Ri

&
DA St
o
“fgz Cl Cl

"2
Table 3:
HPLC MS
No. salt R R° tr (Min) | method MW [M+HT*
(calc.) (found)
free
base
12 2 x HCI H 3.64 B 615 618
.
0
13 2x | J H 6.43 A 589 590
HCOOH /N\E“
0
5
oA
0%y
R NJ‘K./NH
6
LT L
4 ) 2N2 cl Ci
R2 3
Table 4:
HPLC MS
No. salt R' R* tr (min) | method MW [M+HT
(calc.) {(found)
free
base
14 2 x HCH H 7.48 A 587 588
Q\
Q




58 HCOOH |

FFFI

WO 2009/610299

5.84 B 629 630 59 HCOCH 4-F 5.74 B 604 605 60 2 x HC
4-F 5.88 B 607 608 61 HCOOH 4-F

PCT/EPZONS/005913

51
15 | 2xHC ; 4.18 575 576
/N;\
0
16 2 x HC! 447 601 602
C
A
17 2 x HCI 4.73 515 618
?’i
O
18 | .’ 8.99 589 580
/N\E.‘
Q
19 2 x HCI 4,66 615 617
CN\E,.J
Q
20 : | 5.15 589 590
A
Q
21 | 2xHCI | 4.28 587 588
@l
Q
22 2x | 8.72 588 590
HCOOH N
b
23 2 x HCI | 3.85 572 573
e




6.41 B 607 608 WO 2009/ 010299PCT/ EP2008/ 005913 56 62 4.21 589 590
[M2H ' oy RINH R 3 5 Table 5:

WO 2000/010299 PCT/EPO08/005913
50
54 5 aMe | 7.84 A 520 530
HCOOH CNT\J
Q
25 | HCOOH 1 A 778 A 575 578
/N\[“‘
Q
56 T 2xHCI Ny A .40 B 599 500
W
57 | HCOOH ] ZMe | 893 A 503 504
/NT\‘
Q
28 5 2 H 381 B 586 554"
HCOOH "@
\
) 5% N v 454 B 550 500
HCOOH Q{jl
o
30 | HCOOH i H 475 B 503 504
/N\[“J\
0
31 2% He ¥ 582 c 615 618
Q\:f
Q@
32 | 5xHCI { M 555 5 589 590
P!
Q
33 | 2xHOI | H 790 B 580 590
0




HPLC M5 No. salt RI tR (mn) nethod MWV (calc.) free base [ MH (found) 63
2 x HO o -- 01 H6.11 B 616 621 10Tabl e 6: HPLC
WO 2009/010299 PCT/EP2008/005913
53
34 2 x HCI | H 5.09 B 588 590
/‘NI
S~ Q
35 HCOOH | J 5-Me 4.88 B 603 604
/N\E\ ) .
Q
36 HCOOH | J 4-OMe 5.41 B 619 620
/N\[i“
O
37 2% ~ H 3.33 B 816 617
HCOOH U
\LQ
38 2 x HCI \O\ H 3.72 B 587 588
%
39 HCOOH \N/\ 4-Cl 5.86 B 620 621
NN
40 2 x HCI 4-Cl 6.78 B 6489 652
CNTJ
Q
41 2x ~ H 8.53 A 558 560
HCOOH "D\o
42 2 X \ H 4.12 B 573 574
HCOOH Cj\
0
43 2% \ H 4.31 8 573 574
HCOOH N
..




M5 No.

2009/ 010299PCT/ EP2008/ 005913 57 64 HCOOH | |

sal t

R tR (mn) nmethod MA/(calc.) free base [ MH (found)

N, 4-Me 3.93 B 604 605

WO

Tabl e 8:WO 2009/610299 PCT/EP2008/005913
b4
44 2X 4.45 587 588
HCOOH /N: ?
O
45 2 X fumat 4.33 587 588
HCOOH — \L
o
46 HCOOH | 4 68 605 606
/O\w‘" 0
47 HCOOH i 4.45 605 6086
N
/O\«le
48 2 x ; 429 503 504
HCOOH ('N
49 2x -~ 3.80 603 604
HCOOH g/\N
Q
50 HCOOH } 4.20 614 615
\N/\rm‘
NULN
51 HCOOH \N 419 587 588
%\Q
52 2% ; 461 603 604
HCOQOH (‘N
O\J""O




HPLC M5 No. salt _ R2 R4 tR (mn) nethod MV (cat.) free base [ M+rl-1].
(found) 68 HCOOH H Me C 4.45 B 595 596 69 HCOOH H Cl
WO 2009/010299 PCT/EP2GO8/605013
55
53 2% P H 3.91 B 603 604
HCOOH (j’
o
Q’;
54 | 2xHCI N R 4.59 B 587 588
ﬁe
Q
55 | HCOOH o H 4.70 B 603 604
N \1‘1
"L
0
56 2x / H 413 B 616 617
HCOOH (\N)\
N 0
57 2 % \ H 4.50 =) 601 603
HCOOH Ne
o
58 | HCOOH | A 5.84 B 629 630
_N
"> o
F E !
59 | HCOOH SN 4-F 5.74 B 604 605
LN
60 | 2 x HCI | 4-F 5.88 B 807 808
/N\[“
61 | HCOOH | 4-F 6.41 B 607 608
2
o




10

4.33 B 595 596 70 HCOOH H Me Me 4.00 B 575 576 71 2x HCOOH 4-CI Me Me 6. 83
B 609 611 WD 2009/ 010299PCT/ EP2008/ 005913 58 Table 9:
WO 2009/010299 PCT/EP2008/005913
56
862 - ~NT H 4.21 B 589 590
SLO
* [M+2H]"
,U\/NH
SNJ\YQ ko)
R2 3 cl
Table 5:
HPLC MS
No. salt R’ Rr* ir (min) | method Mw [M+H]
{calc.) {found)
free
base
83 2 x HCI H 8.11 B 616 621
Ch
\,IQ
o)
oY
o N/“\/NH
& i
B G
4 &N/ 2 cl cl
R2 3
Table 6:
HPLC MS
No. salt R R® in (min) | method MW [M+HT
(calc.) (found)
free
base




HPLC M5 No. salt RR IR L tR (mn) nethod MV (cat.) free base [ MtHr (found) .

72 HCOOH 4-Me F C 8.35 A 587 588 73 HCOOH 4-C Me Me 5,91
W 2069/016299 PCT/EP2008/003913

57

64 HCOGH ; J 4-Me 3.93 B 604 805

R2 3
Table 7:
5
HPLC MS
No. sait R? R° R* [tg (min) | method MW [M+HT
{caic.) {found)
free
base
65 2xHCI! 4-Me F Ci 5.33 B 570 571
66 | 2xHCI 4-Me Ci F 5.06 B 570 571
67 | 2xHCI 4-Me F F 4.51 B 554 555
Gy o
o . N)K:/NH
L O
s ANz K R
RZ 3
Tabie 8:
10
HPLC MS
No. salt R® R® R" tr {min) | method MW [M+HT
{calc.} {found)
free
base
68 | HCOOH H Me Ci 4.45 B 585 586
698 | HCOOH H Ci Me 4.33 B 595 586
70 | HCOOH B Me Me 4.00 B 575 578
71 2 X 4-Cl Me Me £.83 B 609 611
HCOOH




B 583 585

Tabl e 10: HPLC M5 No. salt R2 R3 R4 tR (m_n) nethod MV
(cat.) free base [MtH (found) 74 HCOOH 4-CI Me Me 5.04 B
WO 2009/016299 PCT/EP2008/005913
58
L D
-~ 7;"“ 0 Oﬁ/
0 N : NH
5 H
4 /N2 R Rd
R? 3
Table 9:
i HPLC MS
No. salt R* R° R* |ts(min) | method MW [M+HT"
{calc.) | (found)
free
base
72 | HCOOH ¢ 4-Me E Cl 8.35 A 587 588
73 | HCOOH 4-Cl Me Me 5.91 B 583 585
OH
]
/N\Ea o OYN/j
o N NH
] H
LT O
s 42Nz M =
R® 3
Table 10:
i HPLC MS
No. salt R* R® R* | ts(min) | method MW [M+H]
{calc.) (found)
free
base
74 | HCOOH 4-Cl Me Me 5.04 B 585 586
75 | HCOOH 4-F Ci Ci 5.13 B 609 610
10
Ch :
N\L 0 OYR
o NN NH
& z
(A o
a4 N2 C! cl



585 586 75 HCOCH 4-F d d 5.13 B 609 610 WD 2009/ 010299PCDEP2008/ 005913

59 Table 11: HPLC M5 No. salt Ro R tR (mn) nmethod MV ( calc2 free
base WO 2009/610299 PCT/EP2008/00591
59
Table 11:
HPLC MS
No. salt R° R® tn (min) | method MW [M+HT
(calc.) {found)
free
base
78 HCOOH /3 H 4.83 B 601 602
N
77 HCGOH | H 4.59 B 589 580
."N\.
78 - ( H 5.51 B 617 618
N~
78 2 x HCI ( H 3.59 E 603 604
’,.N\
80 2 x HCI H 8.12 A 6831 832
81 - H 5.02 B - 633 634

i~
82 - F H 5.47 B 647 648
F

83 - H 5.74 B 665 666

84 2 X OH H 3.63 B 617 518
HCOOH , N/j/

85 HCOOH o~ H 5.18 B 677 678
."N\/\O/

86 2 x HCl | H 4.66 E 619 620
Noy

87 2 x HC! g H 3.52 £ 633 634
,-N\/\O/

88 - !/S H 5.08 B 633 634

8% 2 x HCI H 2.97 E 631 632
A Dwon




[
H

M+
5

H (found) 76 HCOOH H 4.83 B 601 602 77 HCOOH | H 4.59 B 589 590 78
.518617618792XHC|I’_N... _
WO 2009/610299 PCT/EP2008/005913
60
a0 HCQOOH H 4.79 B 833 634
a1 2 x HCI I/\O H 2.70 C 631 634
N
g2 2 x HCI (\O H 2.79 C 645 646
A
93 2 x HCI H 2.80 C 659 660
O
."N\)\
94 2 x HCI (') H 2.83 C 617 618
‘,-N3
95 3 x HCI N= H 2.70 C 614 815
N
96 2% OH H 6.69 B 845 846
HCOOH O
97 2 X HCI H 2.86 C 627 628
98 HCOCH O H 4,14 B 631 632
T
a9 - /j H 3.39 E 8631 632
o
100 HCOOH O H 8.83 A 659 660
AT
| J .
/N\Ei\ Oﬁ/ﬁ
N 4
L 2
“Hz’;Nz cr N g
Table 12:
HPLC MS
No. salt R® R® |t (min) | method MW [M+H]*
{cailc.) (found)

r



H_3.59 E 603 604 80 2 x HCl , NOOH H 8.12 A 631 632 81 H 5.02 B 633 634
82 - r,_,.F HJ5.47 B 647 648 83

WO 2009/0106299 PCT/EP2G08/005913
61
free
base
101 2 x HCI ( H 7.83 B 577 578
,-'N\
102 HCOOH OH H 3.48 B 591 592
| T
103 2 X HCI i 4.10 B 605 606
D-on
104 2 x HC! | H - 4.50 B 607 609
,N\/\o/
105 HCOOH O H 8.17 A 619 620
N o
106 HCOOM H 8.54 A 619 620
OH
107 HCOOH H 416 B 518 620
M)
*~0OH
108 2x H 4.05 B 619 620
ndoon | _f=o
109 2X H 4.00 B 819 620
HCOOH NO " o\
110 2 x HCI O( H 7.85 A 619 620
N OH
111 HCOOH | H 418 B 621 622
.'N\XOH
112 HCOOH H 3.87 B 633 634
OH
113 HCOOH O\ H 4.03 B 619 620
~N OH
114 HCOOH H 7.77 A 619 820
OH
RES HCOOH 2 7.66 | A 619 620
N
i OH




H5.74 B 665 666 84 2 x HCOOH OH H 3.63 B 617 618 85 HCOOH CD 1) H 5.18 B

677 678 86 2 x HC - i\j----- '01-1 H 4.66
S WO 2009/010299 PCT/EP2008/005913
62
116 | HCOOH H 3.40 B 605 606
A D=on
117 | HCOOH H 4.58 B 647 648
D
O
118 | HCOOH U%/ H 3.79 B 615 616
N OH
119 | HCOOH | H 4.54 B 621 622
N0
120 | HCOOH H 4.35 B 647 648
NO‘%\

O
121 HCOOH H 4.88 = 647 648
"5
."N
122 | HCOOH H 4.63 B 633 634
,-N,%H

123 2 x H 4.44 B 631 632
HCOOH ¥
o

124 - : H 4.14 B 805 606
N
“—OH
125 | HCOOH H 4.41 B 633 634
126 - H 5.31 B 647 648

127 - H 4.05 B 605 606
N
OH

128 - CE H 5.15 B 673 674




E 619 620 87 2 x HCl | ".N. ! ---- 0...- H3.52 E633 634 88 N H

5.00 B 633 634 89 2 x HCl "OH H 2.97 E 631 632 WO
2009/ 01099981 EPP008/ 005913 PCT/EP2008/005913
63
129 N CF, H 9.04 B 550 560
NTom
130 | HCOOH A 4.92 B 650 660
AN oH
131 5 A 3.00 B 604 605
A,
132 5x P H 743 A 632 633
HCOOH _NO"'N\
133 2 x ; H 6.94 B 805 606
HCOOH N
A
134 2x | 9 H 7.06 B 633 634
HCOOH N
N :
- 05"
o N NH
6
LT
4;:&2; N2 cl cl
Table 13:
5
APLC MS
No. salt R° R® ta (min) | method MW [M+HT
(calc.} (found)
free
base
135 | 2 X HCI - H 7.76 B 577 578
NG
136 | HCOOH on H 3.65 B 591 592
NT
137 | 2 X HCI 5 412 B 605 606
A >won
138 2 x HC | 5 4.88 B 507 608
_"N‘\/\G/




60 90 HCOOH H 4.79 B 633 634 91 2 x HC

2.79 C 645 646 93 2 x HC

H 2.90

H2.70 C 631 634 92 2 x HC

WO 2009/010299 PCT/EP2008/005913
136 HCOOH H 3.56 B 605 606
..NQ"OH
O, o
0 NJYNH
a4 =Na
A cl cl
Table 14:
5
HPLC MS
No. salt R° R* tn (min) | method MW [M+HT
(caic.) (found)
free
base
140 HCOOH O H 3.17 B 588 591
T
141 2 x HCI H 3.52 B 603 604
142 2 x Ml ! H 3.87 B 605 606
N ~"N0
143 HCOQOH H 3.18 B 603 604
,.NO‘OH
5
\N/\ 0 OYH
LN NH
5
LT O
4N ct cl
R2 3
Table 15:
10
' HPLC MS
No. salt R° R® tn (min} | method MW [M+HTY
(calc.) {found)
free
base

H



C 659 660 94 2 x HOI H 2,83 C 617 618 95 3x HCl cl DH2.70 C 614 615 96

2x HCOOH ("Ofri H 6.69 B 645 646 97 2 x HC
WO 2009/010299 PCT/EP2008/005913

65

144 HCOOH OH 4-F 4.43 B 606 607

AT

-

The following examples are provided to iliustrate the invention and are not limiting the
scope of the invention in any mannetr.

Common Intermediates:
1-tert-Butoxycarbonyipiperidin-4-yi)(iodo)zinc:

o
L
N0
e
10

Zinc activation. A schienk flask was charged with Celite (1.28 g) and dried by heating in
vacuo. Then zinc dust (6.51 g) and dry N,N-dimethylacetamide (15 ml) were added. The
mixture was stirred at room temperature while a 7:5 v/v mixiure of chiorotrimethylsilane
(1.14 ml) and 1,2-dibromoethane (0.80 ml) as solution in N, N-dimethylacetamide (1 mi)
15 was added at a rate to maintain the temperature below 65°C (~15 min). The resulting
slurry was aged for 15 min.
Zink insertion. A solution of Boc-4-iodopiperidine (24.8 g) in N,N-dimethylacetamide
(38 ml) was slowly added to the mixture described above at a rate to maintain a
temperature below 85°C (~20 min). The resulling reaction mixture was then aged for
20 30 min at room temperature. The suspension was filtered through a frit under argon to
remove all solids. The resulting pale yellow solution was stored at room temperature under
argon and was directly used for the coupling reactions.

3-Fluoro-3.,4',5,6-tetrahydro-2'H-[2,4'[bipyridinyi-1'-carboxylic acid teri-buty! ester:

o .
3 NJ\D><

25



H 2.86_C 627 628 98 HCOOH H 4.14 B 631 632 99 OH H 3.39 E 631 632 100

HCOOH H 8.93 A 659 660
WO 2009/010299 PCT/EP2008/005913

66

A 500 ml flask was charged with 2-bromo-3-fluoropyridine (10.0 g), [1,1-
bis(diphenyiphosphino)ferrocene]dichloropalladium(ll) complex  with  dichioromethane
(1.39 g), copper(l) iodide (0.65 g), and dry N,N-dimethylacetamide (80 mi). The resulting
mixture was degassed with alternating vacuum/argoen purges. Then 1-tert-

5 butoxycarbonylpiperidin-4-yl)(iodojzinc (79.7 mmol} was added. The mixture was
degassed once again and then heated to BC°C overnight. The main part of NN-
dimethylacetamide was then evaporated and the remainder was taken up in a mixture of
EtOAc and water (500 ml each). This was then filtered through Celite and transferred into
a separatory funnel. The phases were separated and the water layer was extracted with

10 EtOAc (3 x 250 ml). The combined organic layer was washed with water and brine (500 ml
each), dried (NapxS0,), filtered and concentrated in vacuo. The crude product was purified
by chromatography to furnish the desired compound in form of a brown solid.

{S)-1-Pyrrolidin-1-yl-butan-2-ol:
C
}—OH

Pyrrolidine (5.76 ml) was added to a mixture of (S)-(-)-1,2-epoxybutane (5.00 ml) and

15

water (25 ml}. The reaction mixture was vigorously stirred overnight at room temperature.
More water (25 ml) was added, and the organic materials were extracted with diethyl ether

20 (2 x 100 mi). The combined organic layer was dried (Na,SQy,), filtered and concentrated in
vacuo. In order to get rid of volatiie impurities several co-evaporations with ether and
toluene were carried out (each with 2 x 10 mi) to furnish the desired compound in form of a
colorless liquid.

25  (R)-2-Pyrroiidin-1-yl-butan-1-oi:

\
O,

To a solution of (R)-(-)-2-amino-1-butanol (5.00 g) and 1,4-dibromobutane (6.61 ml) in
CH3CN (60 ml) was added K,COj; (15.48 g) and the resulting suspension was stirred at



Tabl e 12: HPLC M5 No. salt IR5S IR2 tR (mn) nmethod MV (calc.) [ MtHr
(found) WD 2009/ 010299PCT/ EP2008/ 005913 61 free base

10

15

20

25

WO 2009/610299 PCT/EP2008/005913
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reflux temperature for 19 hours. The reaction mixture was evaporated in vacuo and the
residue was divided between EtOAc and water. The organic layer was washed with water
and brine. The agueous layers were extracted with EtOAc. The combined organic layer
was dried over Na,S0O, and evaporated in vacuo to dryness. The crude product was
purified by Kugelrohr distillation {12 mbar, 106-150°C) to yieid a clear colorless oil.

(8)-1-Dimethylamino-butan-2-ol:
\

N
T

A mixture of (S)-(~)-1,2-epoxybutane (2.66) and water {40 ml) was placed in a 100 mi
flask. Dimethylamine (40% solution in water, 20.3 mi) was added in one portion and the
reaction mixture was cooled for a few minutes with an ice bath and stirred ovemight at
room temperature. Solid NaCl was added until saturation and the mixture was extracied
with DCM (3 x 50 mi). The combined organic layer was washed with water and brine
(30 mi each), dried (Na;S0Q,), filtered and carefully evaporated (20 mbar / 25°C) to vield a
colorless liguid.

(R)-2-Dimethylamino-butan-1-of:

(R)-{-}-2-Amino-1-butanol (5.00 g) was added dropwise to cooled formic acid (11.0 mi).
Formaldehyde (36.5% aq., 10.73 ml) was added and the mixture was stirred at 0°C for 1 h.
It was then heated to 90°C for 4 h. The reaction was evaporated in vacuo and the oily
residue was partitioned between DCM (150 ml) and 1 N NaQOH. The organic phase was
washed with 1 N Na,COj; and brine. The DCM phase was dried over MgSQ., filtered and
evaporated to vield a yeliow oil. 1t was purified by Kugelrohr distillation (60 mbar, 85~
130°C). The product was obtained in form of a coloriess oil.



101 2 x HC r t?i H7.83 B 577 578 102 HCOOH 110H N H 3.46 B 591 592

103 2 x HCI , NOOH H 4.10 B 605 606 104 2 x HCl | H
WO 2009/030299 PCT/EPZG08/0G5%13
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2-Dimethylamino-2-methyl-propan-1-of:
\
NA‘:
/ OH

A mixture of 2-amino-2-methyl-1-propanol (5.00 g), formaidehyde solution, 36.5% in water

5 (10.73 mi) and formic acid (11.00 mi) in water (20 mi) was stirred at 0°C for 1 h and then

heated to 90°C for 4 h. The reaction mixture was concentrated in vacuo, the residue

diluted with water (20 ml) and made alkaline (pH 14) by addition of 1 N NaOH.

Furthermore, solid NaCl was added until saturation. The aqueous solution was extracted

with dichloromethane (3 x 50 ml) and the combined organic layer was dried (Na,S0,) and

10 concentrated in vacuo. Distillation under reduced pressure (40 mbar) afforded the desired
compound as colorless oil.

{S)-1-Methyl-piperidin-3-of;

W
15

A mixture of (S)-3-hydroxypiperidine hydrochloride (4.00 g), formaldehyde solution, 36.5%
in water {3.73 mi) and formic acid {2.19 ml) in water (20 mi) was kept under refiux
overnight. The reaction mixture was concentrated in vacuo, the residue diluted with water
(20 mi} and made alkaline (pH 14) by addition of 1 N NaOH. Furthermore, solid NaCl was

20  added until saturation. The agueous solution was extracted with dichioromethane (3 x 50
mi) and the combined organic layer was dried (Na;SO4) and concentrated in vacuo.
Distillation under reduced pressure (10 mbar) afforded the desired compound as coloriess
fiquid.

25



4.50 B 607 609 105 HCOOH C --N.---"OH H 8.17_A 619 620 106 HCOOH OH H

8.54 A 619 620 107 HCOOH : "'OH H 4.16 B 619 620 108 2x
WO 2009/010299 BCT/EP2008/005913
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3-({R)-2-Dimethylamino-butoxy)-3',4' 5,6 -tetrahydro-2'H-{2,4 [bipyridinyi-1"-
carboxylic acid teri-butyl ester:

5 (R)-2-Dimethylamino-butan-1-ol (1.004 g) was added under argon at 0°C to a suspension
of sodium hydride (60% in mineral oil, 240 mg) in DMF (30 ml). The cooling bath was
removed and the mixture was stirred at room temperature for 2 h. Then 3-fluoro-3',4',5',6'-
tetrahydro-2'H-[2,4'Ibipyridinyl-1'-carboxylic acid tert-butyl ester (1.200 g} was added and
the reaction mixture was heated to 120°C (oil bath temperature). After being stirred at

10 120°C overnight the reaction mixture was concentrated in vacuo. The remaining dark
brown oil was dissoived in ethyt acetate (150 m!) and the mixture was washed with 1 N
Na,CO; {2 x 60 mi). The combined agueous layer was re-extracted with EtOAC (30 mb)
and the combined organic layer was washed with brine (50 ml), dried (MgSQ,), filtered and
evaporated to yield a dark brown oil. It was purified by column chromatography.

15
[(R)-1-(1.,2'3",4" 5", 6 -Hexahydro-[2 4 ]bipyridinyi-3-yloxymethyl)-propyl]-dimethyi-
amine:
! J X 3 HC!
~ N w
O NH
, =
A

20  3-{(R)-2-Dimethylamino-butoxy)-3',4',5',6'-tetrahydro-2'H-[ 2,4 Tbipyridinyl-1'-carboxylic acid
tert-butyl ester (788 mg) was dissolved in a mixture of dioxane (15 ml) and methanol
(4 ml). 4 N HCI in dioxane (15 mi) was added and the reaction was stirred at room
temperature for 1 h. Evaporation of all volatiles including co-evaporation with toluene (4 x
30 ml) gave a beige semisolid, which was dried further in high vacuum ovefnight. The
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remaining solid was ftriturated with 10 m! of dry diethyl ether. The solvent was decanted
and the product was dried in vacuo.

Synthesis of B-C Moieties:
B-C Moiety 1:
intermediate A1):

To a suspension of D-2,4-dichlorophenyialanine (10.00 g} in methanol (100 mi) was
dropwise added thionyichtoride (8.39 mi). During the course of the addition a clear solution
was formed and the reaction started to reflux. The reaction mixture was kept under refiux
for 2 h. After cooling to room temperature the mixture was evaporatad {o dryness at 40°C.
The crude product was friturated in diethyl ether, and the insoluble compound was filtered
oft, washed with diethyi ether, and finally dried in vacuo at room temperature over P,Os
overnight. The product was obtained in form of coloriess needles.

intermediate B1):

A 350 ml three-necked, flat-bottomed flask was equipped with a mechanical stirrer and
charged with DCM (80 ml), saturated agueous sodium bicarbonate solution (80 mi), and
intermediate A1) (5.69 g). The biphasic mixture was cooled in an ice bath and stirred
mechanically while triphosgene (1.96 g) was added in a single portion. The reaction
mixture was stirred in the ice bath for 45 min and then poured into a 250 m! separatory
funnel. The organic layer was collected, and the aqueous layer was extracted with three
20 ml portions of DCM. The combined organic layer was washed with water, dried over
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NapSO,, filtered, and evaporated in vacuo to dryness to vield the crude product as a
semisolid. The residue was purified by Kugelrohr distillation (200-240°C, 0.04-0.08 mbar).
The product was obtained as clear colorless oil.

5 intermediate C1):

oM
<A

To an ice cold solution of intermediate B1) (4.99 g) in DCM (50 ml) was added pyvrroiidine
(4.56 mi}. After 10 minutes the ice bath was removed and stirring was continued for 4 h.

10 The reaction mixture was evaporated in vacuo. The residue was redissolved in EtOAc and
the organic layer was washed with 1 N HCI, water, sat. Na,COj3, water and brine. All the
aqueous Iaye}s were extracted with EtOAc. The combined organic layer was dried over
Na.SQ, and evaporated in vacuo to dryness.

15 B-C Moiety 1:

o A

C!ID\CI

intermediate C1) (6.28 g) was dissolved in MeOH (100 mi) and THF (30 mi) at 0°C. A
solution of lithium hydroxide monohydrate (1.53 g) in water (30 m!) was added dropwise

20  over the course of 5 min. The mixture was stirred at 0°C for 60 min and then acidified by
adding 0.5 M HCIL The reaction mixture was extracted two times with EtOAc. The
combined organic layer was washed two times with water and with brine, dried over
Na.50, and evaporated in vacuo. The solid residue was triturated in EtO, then filtered off
and washed with £t,0. The product was obtained as a white solid.
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B-C Moiety 2:
intermediate A2):

5 To an ice cold solution of intermediate B1) (200 mg) in anhydrous DMF (2.5 ml) was
added a solution of 3-hydroxyazetidine hydrochioride {160 mg) and tristhylamine (205 pl)
in anhydrous DMF (2.5 ml) under Ar. The mixture was left stirring at 0°C for 4 h 30 min.
The reaction mixture was evaporated in vacuo. The residue was diluted with cold EtQAc
(75 ml), the organic phase was washed with 0.1 M HCI (2 x 25 ml) and brine. The aqueous

10 phase was re-extracted with EtOAc and the organic phase was dried over Na,SQ,, filtered
and evaporated. A colorless oil was obtained which was dried under high vacuum.

B-C Moiety 2:

OH
o

OO

CID\CI

intermediate A2) (255 mg) was dissolved in MeOH (1.5 ml) and THF (4.0 ml) at 0°C. A
solution of lithium hydroxyde monohydrate (62 mq) in H:O (1.5 mi) was added. The
mixture was stirred at 0°C for 4 h 30 min. The reaction mixture was neutralized by addition
of 1 N HCI and the solvents were evaporated in vacuo. The agueous phase was then
20  acidified with 1 N HCI (pH ~ 1-2). The aqueous phase was exiracted with EtOAc (~1 x
20 ml). The organic layer was washed with water and brine. The aqueous phases were re-

llll<
=
€I

HO

15

extracted with EtOAc, the combined organic layer was dried over Na,SO, and evaporated

in vacuo to yield a colorless solid.
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B-C Moiety 3:
intermediate A3):

10

15

20

o OYNO“OH

\O . NH

(R)-3-Pyrrolidinol (1.43 g) was added to a ice cold solution of intermediate B1) (1.50 g) in
CHClz (25 mi). After 2 hours, the ice bath was removed and stirring continued for 2 hours.
The reaction mixture was evaporated in vacuo. The residue was redissolved in E1QAc and
the organic layer was washed with 1 N HCI, water, sat. NaHCOj;, water and brine. All the
aqueous layers were extracted with EtOAc. The combined organic layer was dried over
MgSQ,, filtered and evaporated in vacuo to dryness.

B-C Moiety 3:

o OYi\D‘OH
HOJ\E,NH

intermediate A3) (1.78 g) was dissolved in MeOH (35 ml) and THF (2.5 mi) at 0°C. A
solution of the lithium hydroxide monohydrate (0.41 g) in Ho0 (8.5 ml) was added dropwise
over the course of 5 minutes. The mixture was stirred at 0°C for 2 hours. The reaction
mixture was acidified by adding 0.5 M HCI and was then extracted twice with EtOAc. The
organic layers were washed twice with water and brine. The combined organic layer was
dried over Na 30, and evaporated /in vacuo. The solid residue was triturated in Et,Q, then
filtered off and washed with Et,O to yield a coloriess, crystalline sofid.
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B-C Moiety 4:
Intermediate A4):

5 (S5)-3-Pymrolidinol (1.43 g) was added to a ice cold solution of the isocyanate (1.50 g) in
CHoClp (25 mi). After 20 minutes the ice bath was removed and stirring continued for 4
hours. The reaction mixture was evaporated in vacuo. The residue was redissolved in
EtOAc and the organic layer was washed with 1 N HCI, water, sat. NaHCOs and brine.
Each aqueous layer was re-extracted with EtOAc. The combined organic layer was dried

10 over MgSQ, filtered and evaporated in vacuo to dryness. The product was obtained in

form of a coiorless, stable foam.

B-C Moiety 4:

o OYNO'"OH
HO/H\E/NH

BN

Intermediate A4) (1.97 g) was dissolved in MeOH (35 ml) and THF (.5 ml) at 0°C. A
solution of the lithium hydroxide monohydrate (0.45 g) in H2O (9.5 mi) was added dropwise
over the course of 5 minutes. The mixiure was stirred at 0°C for 2 hours. The reaction
rnixture was acidified by adding 0.5 M HCI and was then extracted twice with EtOAc. The
20 organic layers were washed with water and brine. The combined organic layer was dried
over Na,50, and evaporated in vacuo. The residue was taken up in diethyl ether and

15

evaporated again. The remaining colorless foam was dried in vacuo.
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Synthesis of Example 2:
intermediate 2a):

5 A flame dried Schienk flask was charged with 3-bromo-2-fluoro-6-picoline (434 mg), [1,1'-
bis(diphenylphosphino}ferrocene]dichioropaliadium(ll) complex  with  dichloromethane
(56 mg), copper(l} iodide (26 mg), and dry N,N-dimethylacetamide (3 ml). The resulting
mixture was degassed with aiternating vacuum/argon purges. Then 1-tert-
butoxycarbonylpiperidin-4-yl)(iodo)zinc (3.19 mmol, prepared as described above) was

10 added. The mixture was degassed once again and then heated to 80°C overnight. The
main part of N,N-dimethylacetamide was then evaporated and {he remainder was taken up
in a mixture of EtOAc and water (50 ml each). The mixture was then filtered through Celite
and transferred into a separatory funnel. The phases were separated and the aqueous
layer was extracted with EtOAc (2 x 50 ml). The combined organic layer was washed with

15 water and brine (100 mi each), dried (Na,S0,), filtered and concentrated in vacuo. The
crude product was purified by column chromatography to furnish the desired compound in

form of a colortess oil.

Intermediate 2b):

w2

RS
%
20

In a sealed tube were placed intermediate 2a) (0.55 g), methyl-(2-pyrrolidin-1-yi-ethyl)-
amine (2.10 g), and N,N-diisopropyiethylamine (286 ul). The reaction mixture was heated
to 150°C for 4 d. The main part of the volatiles was evaporated and the remainder taken
25 up in EtOAc (100 ml). The solution was washed with NaHCO; (2 x 25 ml) and the
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combined water layer was re-extracted with EtOAc (25 ml). The organic layers were

merged and washed with brine (25 mi), dried (Na,S0,), filtered and evaporated. The crude

product was purified by column chromatography to isolate unreacted starting material and

a mixed fraction containing the desired product. The desired compound was finally isolated
5 Dby preparative HPLC under acidic conditions in form of a brownish resin.

fntermediate 2c):

10 To Boc-protected intermediate 2b) (69 mg) in a mixture of DCM (1 mi) and MeOH (1 ml)
was added hydrogen chloride, 4.0 M sol. in 1,4-dioxane (2 ml) and the solution was stirred
at room temperature for 1 h. Evaporation of ali volatiies and co-evaporation with toluene (2
x 5 mi}, and acetone (5 mi} led to a beige solid, which was dried further in a desiccator
over Sicapent overnight.

15
Example 2:

x2HCI

N/ JK/NH

intermediate 2c) (68 mg) and B-C Moiety 1 (60 mg), 1-hydroxybenzotriazole hydrate
20 (32 mg) and N-methylmorpholine (58 ul) were dissolved in DMF (3 ml). After being stirred
at room temperature for 30 wmin N-(3-dimethylaminopropyl)-A-ethyicarbodiimide
hydrochioride (48 mg) was added and stlirring was continued for another hour. An
additional amount of N-methylmorpholine (12 ul) was added and stirring was continued
overnight. The reaction mixture was diluted with EtCAc (70 ml), washed with sat. Na,COs,
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(3 x 25 ml}, H,O and brine (each with 25 ml). The organic layer was dried (Na,SO,) and
the solvent removed in vacuo. Purification of the crude product by column chromatography
furnished the corresponding amine in form of a yeliowish resin. This was dissolved in
EtOAc (1 mi} and treated with hydrogen chioride solution, 1.0 M in diethyl ether (114 pl).
The resuiting suspension was diluted with hexane (& ml) in order to obtain a complete
precipitation of the corresponding dihydrochioride. The solid was filtered off, washed with
hexane, and dried in a desiccator over Sicapent overnight to provide the desired
compound in form of an off-white solid.

Synthesis of Example 4:
intermediate 4a):

To a cooled solution (0°C) of 1-methylpiperazine (257 pl) in dry THF (2 ml) was added n-
butyllithium, 2.5 M in hexane (0.50 ml} dropwise via syringe. After being stirred at room
temperature for 15 min, the resulting lithium amide was then added dropwise 10 a solution
of 2a) (387 mg) in dry THF (2 ml) at 0°C. After 2.5 h the reaction mixture was hydrolyzed
with sat. NH,Cl (2 mi) and diluted with EtOAc (70 mi). Extraction of the organic layer with
NaHCO,; {2 x 25 ml) and brine (25 ml), drying over Na,.SO,, filtration and concentration in
vacuo led to a yeliow oil. This was purified by column chromatography to afford the desired
compound in form of a yellowish resin.
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intermediate 4b):

|

(N] x 3 HCI
N NH

N™ ™=

L

To Boc-protected intermediate 4a) (117 mg) in a mixture of DCM (1 mi) and MeOH (1 mi)

5 was added hydrogen chioride, 4.0 M sol. in 1,4-dioxane (2 mi) and the solution was stirred
at room temperature for 1 h. Evaporation of all volatiles and co-evaporation with toluene (2
x 5 ml), and acetone (5 ml} led o a beige solid, which was dried further in a desiccator
over Sicapent overnight.

10 Example 4:

[ 2 x HCI

N JK,NH

Intermediate 4b} (66 mq) and B-C Moiety t (70 mg), 1-hydroxybenzotriazole hydrate
{37 mg) and N-methyimorpho!ine (68 i) were dissolved in DMF (3 ml). After being stirred
15 at room temperature for 30 min N-(3-dimethylaminopropyl)-N-ethylcarbodiimide
hydrochloride (56 mg) was added and stirring was continued for another hour. An
additional amount of N-methyimorpholine (14 pl) was added and stirring was continued
overnight. The reaction mixture was diluted with EtOAc (70 ml), washed with sat. Na,CO,
(3 x 25 ml), H,O and brine (each with 25 ml). The organic layer was dried (Na;SO,4) and
20 the solvent removed in vacuo. Purification of the crude product by column chromatography
furnished the corresponding amine in form of a yellowish solid. This was dissoived in
EtOAc (1 ml) and treated with hydrogen chloride solution, 1.0 M in diethyl ether (214 ul).
The resulting suspension was diluted with hexane (5 ml) in order to obtain a complete
precipitation of the corresponding dihydrochioride. The solid was filtered off, washed with
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hexane, and dried in a desiccator over Sicapent overnight to provide the desired
compound in form of a white solid.

5 Synthesis of Example 9:
Intermediate Sa):

A flame dried Schienk flask was charged with 3-bromo-2-flucro-5-picoline (1.00 g), [1,1"-
10 bis(diphenyiphosphino)ferroceneldichloropaliadium{ily complex  with  dichloromethane
(129 mg), copper(l) iodide (60 mg), and dry N,N-dimethylacetamide (7 ml). The resulting
mixtiure was degassed with alternating vacuum/argon purges. Then 1-tert-
butoxycarbonylipiperidin-4-yl)(iodo)zinc (7.37 mmol, prepared as described in above) was
added. The mixture was degassed once again and then heated to 80°C overnight. The
15 main part of N,N-dimethylacetamide was then evaporated and the remainder was taken up
in a mixture of EtOAc and water (100 ml each). The mixture was then filtered through
Celite and transferred into a separatory funnel. The phases were separated and the water
layer was extracted with £EtOAc (3 x 50 ml). The combined organic layer was washed with
water and brine (100 mi each), dried (Na,SQ,), filiered and concentrated in vacuo. The
20  crude product was purified by column chromatography to furnish the desired compound in

form of a white solid.

Intermediate 9b):

G x 2 HCOOH
0
\/\Lo NJLO><

N
I/
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A solution of (S)-1-pyrrolidin-1-yl-butan-2-ol (191 mg) in DMF (1 mi) was added under
argon at 0°C to a suspension of sodium hydride, 60% dispersion in mineral oil (36 mg) in
DMF (1 ml). The cooling bath was removed and the mixture stirred at room temperature
for 1 h. Then a solution of intermediate 9a) (158 mg) in DMF (1 ml) was added and the
5 reaction mixture was heated to 60°C for 1 h. The reaction mixture was cooled to 0°C and
was then hyrolyzed with sat. NH,CI (1 mi). EtOAc (70 mi) was added and the mixture was
washed with NaHCO; (2 x 25 mi). The combined agueous layer was re-extracted with
EtOAc (25 ml) and the combined organic layer then washed with brine (25 mi), dried
(Na 50,), filtered and concentrated in vacuo. The crude product was purified by
10  preparative HPLC to afford the corresponding diformate in form of a yeliowish oil.

Intermediate 9c):

CN X 3 HCI
A

O NH
[
* ==

15  To Boc-protected intermediate 9b) (125 mg) in a mixture of DCM (2 ml) and MeOH
(0.5 ml) was added hydrogen chioride, 4.0 M sol. in 1,4-dioxane (2 mi) and the solution
was stirred at room temperature for 30 min. Evaporation of all volatiles and co-evaporation
with toluene, acetone, and diethy! ether (5§ mi each) led to a white solid, which was dried
further in a desiccator over Sicapent overnight.

20
Example g:

<:f\\1 x2HCOOH D
\)\ oY
o O NH

i
[ |
& o e
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intermediate 9¢) (65 mg) and B-C Moiety 1 (55 mg), t-hydroxybenzotriazole hydrate
(28 mg) and N-methylmorpholine (54 pl) were dissolved in DMF (3 ml). After being stirred
at room temperature for 30 min, N-(3-dimethylaminopropyl)-NM-ethylcarbodiimide
hydrochioride (44 mg) was added and stirring was continued for another hour. An

5 additional amount of N-methylmorpholine (11 ul) was added and stirring was continued
overnight. The reaction mixture was diluted with EtOAc (70 ml), washed with sat. Na,CO;
(3 x 25 mi), water and brine (25 m! each). The organic layer was dried (Na,SO,) and the
solvent removed in vacuo. The crude product was purified by preparative HPLC to afford
the corresponding diformate in form of a brownish resin.

10
Synthesis of Example 11:
Intermediate 11aj:
0O
F N)LOX
o
Nz
15

A flame dried Schienk flask was charged with 3-fluoro-4-iodopyridine (1.00 g, [1,1-
bis{diphenylphosphino)ferrocenejdichioropaliadium(ll) complex  with  dichloromethane
(110 mg), copper(l) iodide (51 mg), and dry N,N-dimethylacetamide (6 ml). The resulting
mixture was degassed with aiternating vacuum/argon purges. Then 1-tert-

20 butoxycarbonylpiperidin-4-yl)(iodo)zinc (6.28 mmol, prepared as described above) was
added. The mixture was degassed once again and then heated to 80°C overnight. The
mainpart of N,N-dimethylacetamide was then evaporated and the remainder was taken up
in a mixture of EtOAc and water (each with 100 mi). The mixture was then filtered through
Celite and transferred into a separatory funnel. The phases were separated and the water

25 layer was extracted with EtOAc (3 x 30 mi). The combined organic layer was washed with
water and brine (each with 75 mi), dried {Na,S0y), filtered and concentrated in vacuo. The
crude product was purified by column chromatography to furnish the desired compound in
form of a brownish solid.

30
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intermediate 11b):

C x 2 HCOOH
O,

A solution of (S)-1-pyrrolidin-1-yl-butan-2-ol (156 mg) in DMF (2 ml) was added under
argon at 0°C to a suspension of sodium hydride, 60% dispersion in mineral oil (29 mg) in
DMF {1 mi). The cooling bath was removed and the mixture stirred for 1 h at room
temperature. Then a solution of intermediate 11a) {102 mg) in DMF (2 ml) was added and
the reaction mixture was heated to 120°C overnight. The reaction mibdure was cooled to
0°C and was then hyrolyzed with sat. NH,Cl (1 ml). EtQAc (50 ml) was added and the
mixture was washed with NaHCO; (2 x 25 ml). The combined aqueous layer was re-
extracted with EtOAc (25 ml) and the combined organic layer then washed with brine
(25 mi), dried (Na5Qy), filtered and concentrated in vacuo. The crude product was purified
by preparative HPLC to afford the corresponding diformate in form of a yeliowish resin.

Intermediate 1ic)h:

To Boc-protected intermediate 11b) (111 mg) in a mixture of DCM (1 ml) and MeOH (1 ml)
was added hydrogen chloride, 4.0 M sol. in 1,4-dioxane (2 ml) and the solution was stirred
at room temperature for 15 min. Evaporation of ali volatiles and co-evaporation with
toiuene (2 x 5 ml), and acetone (5 m!) led to a beige solid, which was dried further in a
desiccator over Sicapent overnight.

| RS
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The resulting suspension was diluted with hexane (5 ml) in order to obtain a complete

15 precipitation of the corresponding dihydrochioride. The solid was filtered off, washed with
hexane, and dried in a desiccator over Sicapent overnight to provide the desired
compound in form of a beige solid.

20  Synthesis of Example 12:
Intermediate 12a):

A fiame dried Schienk flask was charged with 4-fluoro-3-iodo-pyridine (1.00 g), [1,1-
25 bis(diphenylphosphino)ferroceneldichioropalladium(ll) complex  with  dichloromethane
(110 mg), copper(!) iodide (51 mg), and dry N,N-dimethylacetamide (6 mi). The resulting



15 Pyrrolidine (5.76 mM) was added to a m xture of (S)-(-)-1, 2-epoxybut ane
(5.00 M) and water (25 ml). The reaction m xture was vigorously stirred
over ni glwoapoHdewt enperature. More water (25 nl) was EBGFER200846¢5%The
organic materials were extracted with_diethyl ether 20 (2 x 100 m). The
conbi ned organic |ayer was dried (Na2 ), filtered and concentrated in
vacuo. In order to get rid of volatile inpurities several co-evaporations

" B oGRS ey A8 SRl e R 1T
(F1) - Bubsycaiobayipipbri@indadypiodo)eine @8 Aol QréBaRi0 48 29REDLERARNG] QPRI13

67 reflux tenperature for 19 hours. The reaction m xture was evaporated in

vacuo 28A8d+ hiae ustuiR dvaradegassed nogeterie mne has heatedde S0°Conernigghnine

| ayer wwh i : ed
witn CE PR APNMInBIHA BHarAR RS Ben oTaBoRIEEHE VT BRE SaSGRTES: o
i S vadua mistuge phe¥IAC ahg vwatadeeash odtict0Gwnd). Sipermixiwd was Keg diltecddt through

di sti ' +wk06-1500) t i el I | or | l,.

(5 - 1 CoMe e RB8H il 59 ot Bicel s wesm s SHpatatsa Bpeips et

9. 66 vasadxtractedOwith E1QAS (Blxe®®Ehi), cbatbindd biqiic Ryaeivhy haish igH0%0

gol ut ?aosﬁmi n tef( 28. C'i}-:-rtrj(%s (as _agg ’drf'hg one lpodrti on a%gfhgy‘r eactgiggﬂﬁﬁp

i xt uPESIAN RN EEB I 2l nchee AN On. HiePeansRancantRtedip vaduevdini ght

at rogmdee;ﬁf@ana_twﬁﬁ%a@d By belchm\asroadtfaphy td fRAkH e h@f&ré&ﬁéoﬂu Surg i ur e
(3 x 50 m). The conbl ned organic |ayer S washed

was extracted with DC
wq h e ahewlisheolifs (30 M each), dried (Na2SO4), filtered and careful |y
evaporated (20 nmbar / 25C) to yield a colorless liquid.
(R) -2-Di net hyl am no-butan-1-ol: OH 20 (R)-(-)-2-Anm no-1-butanol (5.00 g)
was adrtieamnedaiei’@d):t o cooled formc acid (11.0 ml). Fornmal dehyde (36.5%
ag., 10.73 m) was added and_the m xture was stirred at OC for 1 h. It was
then heated to 90C for 4 h. /Th rg@q_;c%%hiwas evaporated in vacuo and the
oily residue was partitione Bryeen (&0 nm) and 1 N NaOH. The organic
phase was 25 washed with 1 NBN:’%:&B and brjjgg. The DCM phase was dried over
MSH, filtered and evaporate oI y owoil. It was purified by
~ Kugel rohr distillation (60 nbar, ). The product was obtained in
formof a colorless oil. WD 2008/ 0¥0299PCT/ EP2008/ 005913 68

15 A solution of (5)-1-pyrrolidin-t-yl-butan-2-o! (187 mg) in DMF (2 ml) was added under
argon at 0°C to a suspension of sodium hydride, 60% dispersion in mineral il (35 mg) in
DMF (1 mi}. The cooling bath was removed and the mixture stirred for 1 h at room
temperature. Then a solution of intermediate 12a} (122 mg) in DMF (2 ml) was added and
the reaction mixture was heated to 60°C for 1 h. The reaction mixture was cooled to 0°C

20  and was then hyrolyzed with sat. NH,Cl (1 mi). EtOAc (70 mi) was added and the mixture
was washed with NaHCO; (2 x 25 ml). The combined aqueous layer was re-extracted with
EtOAc (25 ml) and the combined organic layer then washed with brine (25 mi), dried
(Nap8Qy,), filtered and concentrated in vacuo. The crude product was purified by
preparative HPLC to afford the corresponding diformate in form of a yellowish resin.

25



2- Di net hyl am no- 2- net hyl - propan-1-0l: OH A_m xture of

2-am no- 2- net hyl - 1- propanol (5.00 g), formal dehyde solution, 36.5%in water
5 (10. 73vmzposgnRPormic acid (11.00 m) in water (20 nPCT#ERRHGOIFMEd at OC
for 1 h and then heated to 90C for 4 h. The reaction m xture was
concentrated in vacua, the residue dif¥ted with water (20 M) and nmade

al kaline (pH 14) by addition of 1 N NaOH Furthernore, solid NaCl was added
unti | watur%tl or)l The aqueous sol ution was extracted w th dichl oronethane
(3 x 8 12RE conbi ned organi c | ayer was dried (Na2SO4) and
loconcentrat ed in vacua. Distil i on under reduced pressure (40 nbar)
afforded the desired conpound @ol orj£s8 oil.

(S)-1-Methyl -piperidin-3-ol: 1 i xture of (S)-3-hydroxypiperidine
hydrochl ori de (4.00 g), fornmal demé;g sol utjon, 36.5%in water (3.73 m) and
formc acid (2.19 m) in water (20 nl t under ref |ux overnight.

The reaction m xture was concentrat { 0, the residue diluted with
water (20 m) and rmade al kal i ne (pH|14) by addition of 1 N NaCH.
Furthernore, solid NaCl was 20 adde til saturation. The aqueous sol ution
was extracted wth dichloronethane (3 x 50 m) and the conbi ned organic

| ayer was dried (Na2SO4) and concentrated in vacua Distillation under

8 S0 T LR G T8 o R Tt S £

315R) vv&slﬁduieﬁhwbwg'emoeﬂbmﬂdei%)e Bsdi; by 62- di@tarmf&dhq -ahitilthé Zoftitioh nya*s stirred -
carboxyllc cidt b:#}x ester; élﬁi ég yl am no- but an- 1 (?I (1 004
g) wa§' REFFINYE ’%F‘ij abvVeRoTation Ok Bt KA ‘Pﬁﬁ“ fcos%‘tﬂa?mtwiﬁaéo

i ner &5 @i, acatheMBhd ighdNB thBeasH) |ed1ib% Q@i@b@wd b@hk‘:hV\@és Hﬁa@vﬁ%éﬂﬁ' at he
mxture was stirred at roomtenperature for . Then 3-fl uoro- 3' , 6" -

t et r aRGAEERIOr PYEr SIGARAND PVETNIGRH - 1- car boxyl i ¢ aC| d tert-butyl ester (1 200
g) was added and the reaction m xture was heated to 120C (oil bath
tenperature). After being stirred at 10 120C overnight the reaction

m&t uBxavmed@ncentrated in vacua The remaining dark brown oil was

di ssolved in ethyl acetate (150 mM) and the m xture was washed with 1 N
Na2CO3 (2 x 60 mLl). The c@ned aqzt%?lus | ayer re-extracted with Et OAc
(30 mM) and the conbined o a with brine (50 m), dried
(MS™), filtered and evapog%l@to yi e\l/\i ark brown oil. It was purified
by col umm chromat ography. 1

1 2;31,4;5 ,61- Hexahydro-12, 47b| - 34yl met hyl ) - propyl | - di net hyl am
ne: -
203- ((R) - 2- Di net hyl am no- but ox 4' 5 ghydro-2' H42, 413bi pyri di ny

| -t-carboxylic acid tert-butyl eNster (788 ng) was dissolved in a m xture of
di oxane (15 m) and net hanol (4 ml). 4 NHClI in dioxane (15 nl) was added
1 h. Evaporation of

o okl T 5, e TR A, St e
bei WO
b S U R

of° dr §t dFeAMy | eBPREHUrEThEOrs 0BY erfinvad-(@etimetiuirrangptanyl) ph cﬁihﬂ@amélmtﬁeed in
vacuan, fpehiBRSS S48 mid) WAl Sid&F and stirring was continued for another hour. An

additional amount of N-methyimorpholine (12 pl) was added and stirring was continued
overpight. The reaction mixdure was diluted with EtOAc (70 mi), washed with sat. NaxCQs
(3 x 25 mi), water and brine (each with 25 ml). The organic layer was dried (Na,S0,) and
20  the solvent removed in vacuo. Purification of the crude product by column chromatography
furnished the corresponding amine in form of a brownish resin. This was dissolved in
EtOAc (1 ml) and treated with hydrogen chioride solution, 1.0 M in diethyl ether (178 ul).
The resulting suspension was diluted with hexane (5 ml} in order to obtain a complete
precipitation of the corresponding dihydrochloride. The solid was filtered off, washed with



5 B-C Moiety 1: Internediate Al): O To a suspension of

D- 2, 4-di chl or ophenyl al ani ne (10.00 g) in nethanol (100 mM) was 10 dropw se
added t hworpbwiiboei de (9.39 m ). During the course of tPga/Erdcistoosm3a cl ear
solution was fornmed and the reaction started to reflux. The reaction

m xture was kept under reflux for 2 W86 After cooling to roomtenperature
the m xture was evaporated to dryness at 40C. The crude product was
triturated in d| et cP/ér@ether and the insol uble conmpound was filtered off,

washeBe¥inen AEtIAT & Herdesipraten PNPT ySierResd PY@"V@@uatoaP*’Q\@‘?ﬂn thenflestadur e
over t was obtained in formof colorless
needlgérgé?%ﬁﬁn@grpg{?tgnSOEWhgé S?ifbco 20 A 350 m three-necked, flat-bottoned
flask was equi pped with a nechanical stirrer and charged with DCM (80 m ),
sat urat ed aqueous sodi um bi carbonate solution (80 m), and internediate Al)
(% 69Sghthelie ob Exampie 14t Xt ure was cooled in an ice bath and stirred
mechani cal | {q?/m l.e,triphosgene (1.96 g) was added in a single portion. The
react(’gﬁ’m;é @s stirred in the ice bath for 45 nin and then pour ed
into a 250 m separatory 25funnel. {he organic | ayer was coll ected, and the
aqueous | ayer was extracted with thilee 20 ni portions of DCM The conbl ned
organic | ayer was washed with watef, dried over WO

2009/ 010299PCT/ EP2008/ 005913 71 Na29 trltered, and evaporated in vacua

to dryness to yield the crude produgg a sem solid. The residue was
purified by Kugel rohr distillation ( -240C, 0.04-0.08 nbar). The product
was obtained as clear colorless oil. 5 Internediate d): o OyN o To an ice

cold solution of internmediate 81) (4.99 g) in DCM (50 m) was added

PYT T Ol sHibor( b §@r6ﬂwb-éa~¢§r§cﬁﬁoi](9 oA 5’)#&16;3%%*}% {£60 PR} Br¥aky IV 'ﬁQ

stirri ng was conti nue he Teaction m Xture was evapor
vHE uacodipe te @%@daeem@nhs@dﬂgddlmi)l mafamb@ﬁ andl theh eeastigamnigturayeas :Wa@d

washe rjne | ous
I ayerg \;\%éérﬂ tjeext r ag{ é%"é%%ﬁgrgsgﬂi Vgl%ﬁggé%"e &:}?‘%&glégﬁl }Pég‘rrér&é@ﬁa?% over
Na2 SOduspeshdedajpomaited (B0 méc Udsitdrobdingnetised Jﬁ B}c@ I\/lmEneyaﬂJre ooy Nl Hi\Hibei Lv" .
suspension was diluted with 1 N NaHCO; (50 mi) and extracted with EtQAc (3 x 50 mb).
The combined organic layer was washed with 1 N NaHCO;, and brine (50 mi each), dried

15 (MgSO,), filtered and evaporated to afford the desired compound in form of an amber oil.

intermediate 14b):

20 A flame dried Schienk flask was charged with intermediate 14a) (2.00 g), [1,1-
bis{diphenylphosphino)ferroceneldichioropalladium(ll) complex  with  dichloromethane
(227 mg), copper(l) iodide (106 mg), and dry N,N-dimethylacetamide (10 mi). The resuiting
mixture was degassed with aiternating vacuum/argon purges. Then 1-ert-
butoxycarbonylpiperidin-4-yi){(iodo)zinc (13.0 mmol, prepared as described above) was

25 added. The mixture was degassed once again and then heated to 80°C overnight. The
main part of N,N-dimethylacetamide was then evaporated and the remainder was taken up
in a mixture of EtOAc and water (each with 200 mi). The mixture was then filtered through



I ntermediate ) (6.28 g) was dissolved in MeOH (100 m) and THF (30 ml) at
0C. A solution of lithium hydroxide nonohydrate (1.53 g) in water (30 nl)
was addedogoesninze 20 over the course of 5 min. The m PCIVEPZNRHoENBErred at
OC for 60 mn and then acidified by adding 0.5 MHCI. The reaction m xture
was extracted two times with Et 0Ac. T&& conbi ned organic |ayer was washed
two tinmes with water and with brine, dried over Na2SO4 and evaporated in
vacua._ The solid residue was triturated in Et20, then filtered off and

was he&elife: #ngiransienrd iptpcusrRaraRsy SHnel nke BRasesWwierecsSepgIratgd angighe water

e cOlE SR SR ERE (34 S BT Esbrtined LRERE 9t EuEplgncasiyly o0

was acddet and ofFinei(dH0 ohi Sadiyddosy 48e15@i)n Eitdredrarch condatdratd® @ wmgruanihe

triethyl amn 20 | ). 1 N anhydrous DVE (2.5 m ) un r.. The mixture was
et t GHBTRGuERE Briedof B9 sioplaiodranBy FblriiRl e Sesised Solipdbad by
vag uajorfhef & Bajwihich veiRl. di l uted with cold EtOAc (75 m ), the organic phase
was washed with 0.1 MHCI (2 x 25 m) and brine. The aqueous 10 phase was
re-extracted with Et0OAc and the organi c phase was dried over Na2SO4,
filtengdr-Aadiasaresated. A colorless oil was obtained which was dried under
hi gh vacuum B-C Miiety 2: OH oy N HOH 15 Internediate A2) (255 ng) was
di ssolved in MeOH (1.5 nm) and THF (4.0@1) t OC. A solution of lithium
hydr oxyde nonohydrate (62 ng) i Eq was added. The m xture was
stirred at OC for 4 h 30 mn. ion mxture was neutralized by
addition of 1 NHC and the s re evaporated in vacua The aqueous
phase was then 20 acidified wigh g N HCl (pH - 1-2). The aqueous phase was
extracted with EtOAc (-1 x 20 The organic | ayer was washed with water
and brine. The aqueous phases were re-extracted wth Et0Ac, the conbi ned

organic | ayer was dried over Na2SO4 and evaporated in vacua to yield a
cdD or esadutgml pUintern®dz00 9ADNLORIDBET FRZDD $0 08PWas T8cBdCoN e thy s@ution of

I nter i at . (R 3- Pyrrolidinol (1 a a,. 1 col d

sol ut {ﬂﬁﬁurﬁf ﬁgdﬁ%&?%épgtgﬁhﬁ %e_g%@d;frﬂfﬁvag aégeog)an%ﬁe x%%%ﬁlorg Mniftedr& S
stirred at 0°C for 10 min. The pH was adjusted to ~7 by dropwise addition of 0.5 M HC! at
0°C. Water (100 ml) was added and an extraction with EtOAc (3 x 100 ml) was carried out.
After washing with brine (150 mi}, drying (Na>S0y,), filtration and evaporation the desired

15 compound was obtained as brownish foam.

intermediate 14d):

20 A solution of intermediate 14¢) (207 mg), 1-(2-chioroethyljpyrrolidine hydrochioride
(190 mgq), and cesium carbonate (969 mgq) in DMF (10 ml) was stirred at room temperature
overnight, All volatiles were evaporated and the residue was partitioned between EtOAc
and sat. NaHCO; (50 ml each). The aqueous layer was extracted with EtOAc (2 x 25 mi).
The combined organic layer was washed with water and brine (25 ml each), dried

25 (Na:S0,) and evaporated to afford the desired compound as brownish resin.



CH2C 2 (25 ml). After 2 hours, the ice bath was renoved and stirring
continued for 2 hours. The reaction m xture was evaporated in vacua The
resi due Waa0¢%dizgol ved in Et OAc and the organic | ayer RUASEROESIOIM th 1 N
HCl, water, sat. NaHCO3, water and brine. Al the aqueous |ayers were
extracted with EtOAc. The combined or §8nic layer was dried over 10 MySO4,
filtered and evaporated in vacua to dryness. B-C Miiety 3: 15Internedi ate
A3) (1.78 .was_ dissolved in MeOH (35 m) and THF (9.5 m) at 0C. A

sol ut i]’%é’%‘%)df%% ﬁ%@hi um hydr oxi de nonohydrate (0.41 g) in H20 (9.5 m) was
added dropw se over the course 5 mnutes. The m xture was stirred at 0C
for 2 hours. The reaction m xtyrelwas a it_gcj;‘fied by adding 0.5 M HCl and was
then extracted twice with EtOAc. oréanlc | ayers were washed twice with
wat er and brine. The conbi ned organiic | ayer_was 20 dried over Na2SO4 and
evaporated in vacuo. The solid resid S tturated in Et20, then
filtered off and washed with Et20 tq colorless, crystalline solid.
WO 2009/ 010299PCT/ EP2008/ 005913 74 iety 4: Internediate A4):
5(S)-3-Pyrrolidinol (1.43 g) was ad No a ice cold solution of the

i socyanate (1.50 g) in CH2C12 (25 nml). After 20 mnutes the ice bath was
renoved and stirring continued for 4 hours. The reaction m xture was
evaporat ] a; 1y i lyied, . d t Ri C
ager eag oo RolbRAT IR GAR FB, 889 T e niBlire by RCHE Y, 1 REEAT.

| ayer (Wa9nh evaskadaed sidigigen dhiots, 4Thé cohbinnked-diogaei (€ Mmyyand wees sdiutien 10

over it r - Q ness. Th roduct . was
obt ai N3 SiprepiarBBR e HRERY Y53, Bypiiaohay EiBRIRs antfoteiitdion
15 Cwithltoluenepaiatore, Ahd ¢thePB @) cacly idd % albaask salidVdith(8as dtidd anthef il
(9.5 m%e at PC. A gol ut i fn of .gbpe | i t hi um hydr oxi de nonohydrate (0.45 g) in
H20 ( § B ULY L pHER el SYRIM98% over the course of 5 minutes. The mixture
was stirred at OC for 2 hours. The reaction m xture was acidified by adding
O.S M HCl and was then extracted twice with Et OAc. The 20 organic |ayers
wif e F@fRfeti% h water and brine. The combined organic |ayer was dried over
Na2SO4 and evaporated in vagua. The residue was_faken up in diethyl ether
and evaporated again. The @ai ni ngz gl or | gfs oayn was dried in vacuo. WO
2009/ 010299PCT/ EP2008/ 0059 Synt hesi © le 2: Internediate 2a):
S5A flame dried Schlenk flask wds charged lij t §gg3- br ono- 2-f | uor o- 6- pi col i ne
(434 nmg), [1,1 - bis(diphenyl phogphifho)ferriocene] di chl oropal | adi un{ 11)

conpl ex with dichl oronet hane (561 ppodi de (26 nmg), and dry

N, N- di met hyl acet am de (3 mil). esul ting re was degassed with

al ternating vacuum argon pur ges: Ci

1-tertbut oxycarbonyl pi peridin-4-yl)(iodo)zinc (3.19 mmol, prepared as
descri bed above) was 10 added. The m xture was degassed once again and then

oy aportphAeCLR) (180 may 3 BACWEBRNY 10208 Mgl IS D e ot o,
(50 n{m?_amg).ariﬂwé\f»rriemwr:r]erp_:@ﬁne H& a5 f1il) m@red:ii!o‘ﬁuhﬂ?[lg? OAlRE t(ﬁeraljdlflfﬂgﬁnm}%@“ retrad

. . e asSes [ S [at e an ,
W SITER R Tl i HBRRere N 80 N R Al r S e B hed
wi t h hpdroahieridand shr g wddQddedeand)stirdtig adad NodHedad fbi bhefred BAd. An

concentrated i n vacua, The crude product was purified by col um )
chr onBHEGHPAH RPN o ArBRYIROPERIING i t optah RAdedr BichsHTing was seniaued; | .
overnight. The reaction mixture was diluted with EtOAc (100 ml), washed with sat. Na,COs

(3 x 50 mi), water and brine (each with 50 ml). The organic layer was dried (Na;SQ4) and
20  the solvent removed in vacuo. Purification of the crude product by column chromatography
furnished the corresponding amine in form of a brownish resin. This was dissolved in
EtOAc (1 mi) and treated with hydrogen chioride solution, 1.0 M in diethyl ether (564 i),
The resulting suspension was diluted with hexane (5 mi) in order to obtain a complete
precipitation of the corresponding dihydrochloride. The solid was filtered off, washed with



I nternmedi ate 213): In a sealed tube were placed internediate 2a) (0.55
g), nmethyl-(2-pyrrolidin-1-yl-ethyl)- amne (2.10 g), and

N, N- di i Sopreggplievhyl am ne (286 pl). The reaction m xt uPETAREZ00BEEYEH t o 150C
for 4 d. The main part of the volati Ig was evaporated and the remai nder
taken 25 up in EtOAc (100 m ). The softuti on was washed with NaHCO3 (2 x 25
m) and the WD 2009/ 010299PCT/ EP2008/ 005913 76 conbi ned water | ayer was
re-extracted with EfQAc_(25.m ). The or.ganic |ayer re_mer and .washed
e beais (a8 e dofacieniaen Prer Sitanet ARG RS Hhe "By

pr odugbmwasnd i fokied do¥hieobsn chromat ography to isolate unreacted starting
material and a m xed fraction containing the desired product. The desired
conmpound was finally isolated 5by preparative HPLC under acidic conditions
in formof a brownish resin. Internediate 2c): a x 3 HC NH 10 To

BoZ - pSynéhasid of Bxempldi2ite 2b) (69 ng) in a mxture of DCM (1 m) and MeOH
(1 m) drogen chloride, 4.0 Msot. in 1,4-dioxane (2 m) and

t he sé’f’%?’?’gﬁ%}ggf ¥'i rred at roomtenperature for 1 h. Evaporation of all

vol ati |l es and co-evaporation V\p'th toluene (2 x 5 M), and acetone (5 m)
led to a beige solid, which dxi2d Q¥ t her in a desiccator over Sicapent
overni ght. 15 Exanple 2: Int@i ate 2c) {6 ) and B-C Mdiety 1 (60 ny),
1- hydr oxybenzotri azol e hydra (3

were dissolved in DVF (3 m). After
30 min N-(3-dinmethylam nopr opyl)r car bodi i m de hydrochl oride (48 ng)
was added and stirring was contilpugd for another hour. An additional anount
of N net hyl norpholine (12 pft was added and stirring was continued
overnight. The reaction mxture was diluted with Et0OAc (70 m ), washed with
sat. Na2CO3 WO 2009/ 010299PCT/ EP2008/ 005913 77 (3 x 25 ml), H20 and brine
( each AvaluicreoiniS)-1-misthybpipenidin-3-@) &28wag) iy PMI (2Nah 9@e adaey wntier S50oeat

r % [ AU ' e h r dyct... :

Y ot BlP L R Bensitt L FEBhR ByBliod, oy MeerRIcACHEnirbtal 84 YT ma) n DM,

resi n(1m). Fheaooting bathveds iramBv@dand thermixtaredstirrechaerbom tdmipgrdtuog éor 1 h.

chl ori,de sol uti.on, M.i.nh diethyl .etheg, 4.01)...5,.Th sul ti
suspendfBif ﬁﬁié‘hﬁri} qugsé@"?/ﬁcf%‘ghé%ﬁ tra(fg/d’;ﬁ-? *fﬂ?l%}tﬁ%\%‘??}"gb %{bﬁxé'cc%ﬁgltgﬁt'e
p][ feci mtsﬁtegwa_ (oﬁs thrhg) rODIIFS g@ (rgrm; néas_dadiuedf ancdling irdectiohh@isolei Wayaatdd teer ﬁd
0 , wasoe W t, xane, an rie In a geslccator ver | C en oernlgt
Lo pr a2Pde QUREGHS Ed Sa6pb AT W FPOadn G 20 En J8TS ot URE, Tithesi s
of 5 EXxaympce (#imi). t€TA R MR #a3 ‘added and the mixture was washed with NaHCO3 (2 x

25 ml). The combined agueocus layer was re-extracted with EtOAc (25ml) and the

met hyl nor phol i ne (58 pl)
stirred at roomtenperature for

combined organic layer then washed with brine (25 ml), dried (Na.SO,), filtered and
concentrated in vacuo. The crude product was purified by preparative HPLC to afiord the
corresponding diformate in form of a yellowish resin.

20
intermediate 21b):

|
N x 3 HCI
l =

=N

To Boc-protected intermediate 21a) (148 mg) in a mixture of DCM (1 mi} and MeOH (1 ml)
25 was added hydrogen chioride, 4.0 M sol. in 1,4-dioxane (2 ml) and the soluticn was stirred



15To a cool ed solution (0C) of 1-nethylpiperazine (257 pl) in dry THF (2
m) was added n- butyllithium 2.5 Min hexane (0.50 m) drofg)vm se via
syringe. WAPPEYOIF8P ng stirred at room tenperature for 1§Ci¥i}zﬁ’2 BHRES%esul ti ng
| ithiumam de was then added dropwi se.to a solution of 2a) (387 ng) in dry
THF (2 m) at OC. After 2.5 h the reattion mxture was hydrol yzed wth sat.
NHAG (2 nl) and diluted with EtOAc (70 ml). Extraction of the organic

| ayer 2 ( and r i ng _over

(1T br & B R AR P, oo it By BROTAPRGST, Y Yelfites gl ¢ eWedraliis Wb

DU“ f tsidedy (2 Ql 31m1), cindoaedtoge 4B i) tey &f bAiclgd Belidlemhics dvaPaRe ReHHER ih & m of
a yellow sh resin, 25 WD 2009/ 010299PCT/ EP2008/ 005913 78 Intermedi ate 46) :

To Bo&ePEERIGE PYRr FipRRAMEYPEIEN4a) (117 my) in a mixture of DOM (1 m) and

MeOH (1 m) 5 was added hydrogen chloride, 4.0 Msol. in 1,4-dioxane (2 m)

and the solution was stirred at roomtenperature for 1 h. Evaporation of

al$ véxamplegiand co-evaporation with toluene (2 x 5 ml), and acetone (5

m) led to a beige solid, which was dried further in a desiccator over

Si capent overnight. 10 Exarrpl e 4K2IH§|er msdl at ) (66 ng) and B-C Miiety 1

(70 ng), 1-hydroxybenzotri hydr ate and N- et hyl mor phol i ne (68
pl) were dissolved in DW After stlrred 15 at room
tenperature for 30 min N (3>di opyl) N- et hyl car bodi i m de

hydrochl ori de (56 ng) was added p@s continued for anot her
hour. An additional anount of y (14 pl) was added and
stirring was continued overni ~NThe rea@,' P xture was diluted with
Et0Ac (70 m ), washed with sat. Na2CO3 (3"x 25 m'), H20 and brine (each

with 25 ml). The organi c layer was dried (Na2804) and 20 the sol vent

P ati f th duct b
chr orBREAS F i Shae) s G Mehdl o ng-TYorpIaREPTaZglel histipten
sol i d(adlfigs ahawﬁteﬁﬁgﬂh\&ﬂwiiﬁe%%% \Qérém:)ssaoéd ‘irf er WL hmféy Sepgestirred

chl oride sol ution, Min diethyl ether gse resul ting
si@ peﬁél 6‘?9%steﬂm%'fétﬁ wifeh B@xdn& (& G@rqfﬂi%mm@om@y&ft\fsﬁthwgﬁr@@m&%

o 1 PSRRI, e b dokaFo18eL s ellsBaidocb ATt oAb ieh g A5 N,

desi cedditipnavamnodiicalpdnethyémaiphbting ¢17p|u6vwde ackieddwxi stirding omgo cootiiued or m

o1 o g Blhfar Prid redpugH gﬁiééf%fﬁ%d@'ﬁﬁﬁﬁ B %’?%P@'ﬁ'i‘lsﬁﬁ '%J%% 9),

[1, ﬁ {3 &ﬁzlaams(wtatfnmml t?igémwacnqurezﬁ mgﬁeiedm@ghmzeapai waslared 14,30 rirex
C or Qne an er | de
N3 R Cengreg e SRR I e AP AR dheditograghy

al t er nahisRed Wﬁ@lhéfﬂﬂe%bgﬁcﬂin@lﬁrﬁm inTReM of a yeliowish reszn Thes was dsssotved in
1- tertbutoxxcar onyl pi perrdin-4-y1)(iodo)zinc (7.3 gare

descr FHefCi(h ralh g0d)ramied aiBe/d crw ahlefide éomgndé@dﬂgé&lémﬁeet ga(%Bawa t hen
heat egnpq ggﬁﬁ%é"é‘%ﬁéﬁ?&n r\{@(}edﬂtﬁeaﬁh HéiéneOK]S Nﬂxrﬁj'o@érm{" t hen

evaporated and the renai was ta xt'ure of %‘Ac and wat er
( 100 meoammn of e Wﬂewm‘lmdmhéwchldnﬁer €te tshlid wgs iered effandshedmster r ed

i1 O o a par nd t he erla r was
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with mameoumm formmé a(viifite sdlideach) , dr| ed (Na2SO™4), filtered and
concentrated in vacua. The 20 crude product was purified by colum

chr omat ography to furnish the desired conpound in formof a white solid.

I nter gedl at WD_2009/ 010299PCT/ EP2008/ 005913
ynt hes:s of xampie 28:

25 Intermediate 28a):




80 A solution of (S)-1-pyrralidin-1-yl-butan-2-ol (191 ng) in DW (1 m)
was added under argon at 0OC to a suspension of sodium hydri
di sper si'Of 2P1"%9%ral oil (36 my) in DVF (1 m). The cBéFWéﬂgﬁ’ﬁ?Wl@\as
removed and the m xture stirred at rc&mterrperature for 1 h. Then a
solution of internediate 9a) (158 ng)"in DMF (1 m) was added and the 5
reaction m xture was heated to 60C for 1 h. The reaction m xture was cool ed

dod B R ERARIORIEE (817 P8 Wit cilied 1 iRyl "2 Thambee

aqueopgsrrd:mc«arrbm@ia@dex(@ﬁadhgd antit higtfApipe2izind J560ditihel Rafidhioredtrangani ¢

I th d Na2SO4), fil
concelaDeARE5ng ste AL R famBerbie fohs: B mrtwa was IBRFCHAREPAS L
to af f1euinh Redemdsreaneitsag NaHCDBL €50 Mif, M0 Qhd BriMelbaM whn Solmi). Atter
Intermediate 9¢c): CN x 3 HO NH 15 To Boc-protected internediate 9b) (125

mP) | HvHoevarNaeSEh. fittietion and) evangralisnref(tbe solent Rely owaisBoihyas epeained.

chl or j - oh %‘%”' i.pred at
room ?gﬁﬁpgfgg l?y ecﬂf%rpafg@rahhﬁ'_ g?g%%fﬁqaeg ‘lg%ér?egf %&J\;@I 'Q? &I% bpgé{ i8h bl
co-evaporation with toluene, acetone, and diethyl ether (5 m each) led to
a whi | ich was dried further in a desiccator over Sicapent
overnf”gﬁf’ge@%‘%ég%le 90 ON x 2 HOOOH' .1."" NHN WO

2009/ 010299PCT1EP2008/ 005913 %nt ernmedi ate 9c) (55 ng) and B-C Moiety 1
(55 nmg), 1-hydroxybenzotri az% ydrate (2 %and N- et hyl nor phol i ne (54
pl) were dissolved in DMF (3 NAF t irred at roomtenperature
for 30 min, N (3-dinethylam nopropyl){iWédthyl carbodiimde hydrochl oride (44
ng) was added and stirring was cgn u for another hour. An 5 additional
anount of N nethyl norpholine (11N was added and stirring was conti nued
overnight. The reaction m xture was diluted with Et0OAc (70 m), washed with
sf . Na2C38 (3 x 25 m), water and brine (25 m each). The organic |ayer
was dried (Na2SO4) and the solvent renoved in vacuo. The crude pr oduct was

pur i fﬁeﬂaflﬂ? priepapeitipnle Hmkcwas sheted e dderesdialedi2g) di7R8r me (1A '-f or m
f t d 15 A
2 TS ing UGB IO Soh! S Bhohhanel
9). [ (B61IMng), mowpaf bhiedigiepl¥ds pigh.nand eiry d¢drindityidastapilel @dimin(The) resoliphex
th 0
NN d?*';é{?’ﬁyl APt o R vaBi el WikoaSoattlY W
as erhmbxy@rbwmpé@digdnylnwd@eanc TB8 hnbels tore@led as described above) was
aboverSuts e BuREre, e R A0SR s 60 dhee PRglech AR InvATias: dhet o
80C omeimparhbf Nbel-ﬁid‘I@thWQ@éfanﬂBe Md&tﬁemvﬁwdratwm e reRfinds WRVAReH @bed
and the renai nder. was Ac and water (each

th
100 nih)a wn@fwkmécm@ \ﬁ’ﬂ@ﬁ @acm Mfediq ﬁ\i oJ@ﬁs @éﬁ.th@n Sitered, Brfasy @@weu nto
a SeF)é‘r'i@Eaﬁﬁé’fef'r%H Neb-a %%;%r@ﬂﬁ? ?fm‘!@ r?hé?ﬁ%@:{ 7 r@QQpé@%ﬁ"%& thewated) §;{]er""as

extracted wth EtOAc The I ned organi c er was was
W h \om extragigd tvwihr@tqlbatﬁwx\ﬁiﬁtml 7Eh¢rt§)mbmede:ug@rma2w)waa‘ wasmCéwthrbdne
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by chromatography to furnish the desired compound in form of a brown oil.

intermediate 28c):

\N/\F x 3 HCI
K/N NH
%
I =N

25



WO 2009/ 010299PCT/ EP2008/ 005913 82 Internediate 11 b): A solution of
(S)-1-pyrrolidin-1-yl-butan-2-ol (156 ng) in DMF (2 m) was added under 5
argon atW@CMHW182%uspensi on of sodi um hydride, 60% di sFETSFGHSASHS ner al
oil (29 mg) in DV (1 nll). The cooli bath was renoved and the m xture
stirred for 1 h at room tenperature. en a solution of internediate 1lla)
(102 ng) in DVF (2 mM) was added and the reaction m xture was heated to

120C overni ght.. T, reacti o re was Ied

nyr ol 8 B birciel Mreraiats 2efh SediahB s E6aHE ol SoMufRl atfimeRE qym)

m Xt UyBs Wadetd Bl@@ewmforiﬁéfﬁ@hﬁ(%mna&-@@mnws neip ek @I@é’séﬁﬂ@@%s'ﬂiy’@ﬁ was
re-extracted vmth Et OAc (25 t he conbi ned organic | ayer then washed

with 8 998 temperajure dey & (EN@@Q@IP” <Pf| lt @'éﬁeérﬁi‘%ﬁréé@ﬁqr&i’@a With 1plens. The
crudey Vie QY f di ng
i or 23 SepEne BRI DBl BRETBH Bl sbid Pufichil Hita G EE o
%5 . ammatmo(mept)mvemx@m intermediate 11 b) (111 ng) in a mxture of DCM
(1 rﬂ) and MeOH (1 m) was added hydrogen chloride, 4.0 Msol. in
1, 4-dioxane (2 m) and the solution was stirred 20 at roomtenperature for
15 m Bxampte@agation of all volatiles and co-evaporation with toluene (2 x 5
m), and acetone (5 mM) led to a beige solid, which was dried further in a
desi ccator over Sicapent over ni ghtxHCO®@i2009/ 99PCT/ EP2008/ 005913 83
Exanmple 11: CNN. x 2 HC+\ NNH i IBt@ iAte 11c) (69 ng) and B-C
Moiety 1 (58 ng), 1- hydrox;f n %}vg 5 (31 ng) and
N- et hyl nor phol i ne (57 pl) (5 mM). After being
stirred at roomtenperature for
N- (3- di net hyl am nopropyl ) - N-et By gar bodi i mi drochloride (47 ng) was
An addi tional anount of
N- et hyl nor pholine (12 pl) was added and stirring was continued overni ght.
The reaction mxture was diluted with Et0Ac (70 m), washed with sat.
Na2CO3 10 (3 x 25 rri H20 and brine (each with 25 m). The organic |ayer
vids  dintermedigie $8¢) ( Mo &N dpe M0igt o (1dd mﬁ):vhéld@mxmeﬁ?@fé'é?@‘@mY@fat?he
crude VIS ,QGEP{ ne in
form f agygf‘? m"’%ﬁ* resP‘rﬁ'BﬁT I's ul?g%ystsj%ge'ev in Et Ogﬁ'{)" %%%?Bg’n %tn?rggt ed
wi th feydrdyemiahlair i rgemsotampeaiure. OVNBidimeihytamyinopopgh- /\e' By lgarpodirhide
resul a ( r ai,p a
ol Ry BGURRE TP b e RS i RS ot Bonk 3L A8, Ty
vvas fadid!mfml mmuntvcﬁsn@emiemyimrbmﬁumecsfapm vehg addaaah aaaddﬁsrmgaﬂa:sr cantigued

Sy 2081 pRAE NS Rshf5al MBS UAS LSRRI, Madr A o2 RELED

(3 x 25 ml), water and brine (each with 25 ml). The organic layer was dried (Na,S0,) and

otriazol ejhy

the solvent removed in vacuo. Purification of the crude product by preparative HPLC
furnished the corresponding diformate as slightly brownish resin.

20
Synthesis of Exampie 41:

Intermediate 41a):




I nternedi ate 12a): A flanme dried Schlenk flask was charged with
4-fluorq-3-iodo-pyridine (1.00 g), [1,1-

25bi s(di‘?ﬂﬂ@ﬂ%"’ﬁﬁﬁéphi no) f errocene] di chl or opal | adi un( 11)ij/EP2§gg/005913
conpl exw t hdi chl or onet hane (110 ny), §:§)pper (I') iodide (51 nmg), and dry
N, N-di met hyl acetam de (6 m ). The resufting WO

2009/ 010299PCT/ EP2008/ 005913 84 m xture was degassed with alternating
vacuu - -

(5. 28 SRR BCL 82 e e PELRIEZHar i DR BB Wik Btel ider 2hdan 2
degas8¥d tore susparisiorant sotism hgdtide 6048dishersmnningminerdheil (85 Mmglaint DMF

N GBS SRS DA P T e bR °
filteradnthsoutdn 6@|35-ﬂLQJr@J®!41;S‘QWﬁtﬁﬁyﬂdamia‘H{E,ﬁ]b‘iW@ErﬁﬂﬂT-Marfb!éﬂiéﬁﬂ acidhent-
phases were separated and the water |ayer was extracted with Et0Ac (3 x 30
n . byl ééfr%i(gé%l f%@)g@nPMFI é%éﬂl) WS ang\ithe, reastion miduns: vae heatachtani t h

75 m ' (NA2304 ) endidrt & Ny 8icedni :
o7 oA 2O E SRR Kool et RaBRRN OC AU aE R BVoRfin
conpoé&ad NmCL T arimBEsPAg (B9 anin el asidledaind) theande avas waghed wBANSHIGCDS ¢h of

(S)-1: rolidin-1-wl.-butan-2- ol 8 By r
ar gonxg%@ 6@Bt ghé;‘ C;Olﬁes(%%én)dsjiagﬁeéFgé%@u&ag&ér%%@%% 8 F%%%&@ﬁ%ﬁqﬂﬁdﬁnwngn%al

oi | (8&mbinedi orgakie (dyemilihen Tweasioed |withg wedeh ands brirgrg(each amith t3%e mij, xdinede
Sfirr f 1.,h at, rogmte rature. Then sol ution of internediate l2a)
(15" aestin pile®s s GhECEHRHY hf 1oRED, dxy e ibene WS puafed 95 boc
for lchromidtegraphg td 8o the Wetirv@proiek ad yblowich #6arand was then hyrol yzed
with sat. NHACI (1 nil). EtOAc (70 m) was added and the m xture was washed
with NaHCO3 (2 x 25 m). The conbi ned aqueous | ayer was re-extracted with
Et OAC:’{"%F'Rma@@q"?‘he conbi ned organic |ayer then washed with brine (25
m), dried (Na2SO4), filtered and concentrated in vacua The crude product
was purified by preparative HR\ES@to af f or d$t he s,corresponding diformate in
formof a yellow sh resin. 25 00 (3 / EP2008/ 005913 85
Internmediate 12c): To Boc- prot ectjed rmedi ate 12b) (151 ng) in a

m xture of DCM (1 m) and MeOH ( s added hydrogen chloride, 4.0 M
$ol. in 1,4-dioxane (2 m) and the _golution was stirred at roomtenperature
for 2 h. Evaporation of all volatrTes and co-evaporation with toluene (2 x
S¢dl), acetone, and ether (5 ml each) led to a beige solid, which was dried

further in a desiccator over Sicapent overnight. 10 Exanple 12:
| nt er indelinaediate2¢)a)( 6@2ny)g) avas Bydrddenated ovéBightyl, the- predencey loé madaditar ol e

hydr a 3 hyl gar i ne pl.) I i | ved i 3
mh) R ot EbeY AP RAE AanfstiratonueRhf SRt Aot @

Naél 3adh@? hybaoh dytageh) aVVreeﬁnytelﬁwéraﬁjré.HFdﬁ?]ﬂimﬂnmbbbaé @riﬁé@lﬂm} MRS f
added an tirring.was, continu or,. anot her hour. An additional anount o
N ot RPRSTS RASHGIgR ! e SRt sl SdnE AEoEes FPAGUIASS CORHERSER over ni ght
The reaction mxture was diluted with EtOAc (70 m), washed with sat.
Na2C33 (3 x 25 m), water and brine (each with 25 ml). The organic |ayer
was dfitesmesiiesdds) and 20 the sol vent rempved in vacuo. Purification of the
crude product by columm chrquat ogr aphy furai shed the corresponding amne in
formof a brownish resin. Thi s di SSO“%? WA EtOAc (1 m) and treated
wi t h hydrogen chloride solutior ™% 0 ™R @)Egyl ether (178 pl). The

resul ting suspension was diluted W hexane (5 m) in order to obtain a
conplete precipitation of the c pondi ng di hydrochl oride. The solid was
filtered off, washed with WD 2 ¥10299PCT/ EP2008/ 005913

Sodium triacetoxyborohydride (72 mg) was added to a solution of intermediate 41b)
25 {137 mg) and formaldehyde, 36.5% in water (18.5 pl} in 1,2-dichioroethane (2 ml). The
reaction mixture was stirred for 2 h at room temperature. Then the mixture was diluted with
EtOAc (50 ml) and washed with sat. NaHCO; (2 x 25 ml) and Hx0 (25 ml). The aqueous



86 hexane, and dried in a desiccator over Sicapent overnight to pr ovi de the
desired conpound in formof an off-white solid. 5 Synthesis of Exanple 14:

I nternedwggg""i%%” A sol ution of 2-bronp-3-pyridinol F@T@A’Z@’f/‘}ﬁ?lbyrl di ne
(2.00 mM) and dry DCM (20 m) was 10 oled to OC. Acetic anhydride (1.76
m) was added and the reaction mxtureg"was stirred at roomtenperature
overni ght. vol atil es were evaporated and the remai nder was suspended in

wat er [

suspelEtn e "ﬁé b0 a8 B RndoReRa T B dhfe alast wlrePEioese (s

?5(5)0 whshed Im&thgtﬁrmm @Sdnir gréed ((Ndzalﬁm am@ava;g@’hwdi Whelmr%dd\bﬂdd]yfamgs @gdﬁeb:ri ne
eac ri tered and evaporated to afford the

desi de C%Eﬁf%%‘l?ﬁﬁﬁ@ @Swgﬁéﬁud%@@rp"@ HCl 3SRQloNRSGi%k e 14b):  20A flane

dried Schlenk flask was charged with internediate 14a) (2.00 g), [1,1"-

bi s(di phenyl hos hi no) f errocenal i chl oropal | adi un{11) conplex with

di 2hl dnigmmeriéate 472)7 ny), copper (1) iodide (106 ng), and dry

N, N- di et hyl acet am de (10 nil). The resy fbng mxture was degassed with

al ternating vacuunf argon purges. r;@(\l

1-tert but oxycar bonyl pi peri di n- 4- Oodo

descri bed above) was 25 added. The mixtufe

heated to 80C overnight. The main p

evaporated and the renmai nder was takepyup in a mxture of Et0OAc and water

(each with 200 ml). The m xture was en filtered through WO

2009/ 010299PCT/ EP2008/ 005913 87 Celite and transferred into a separatory

funnel. The phases were separated and the water | ayer was extracted with
Et 0Ac ToBoc-gmtexdyd iMbasnediats 1) (Eﬂgmgn)i io d agiﬂnre@s[)@&'s(ﬂedml)mnmm}e(‘i aﬂ)d

brine (150 each ( 04 .ered d.concentr ted in vacu

The MR Oders e LBRESOL Iy dudrdShets BBy REF G bRt s S

degi r ad remvpemperdtoredfoprinh oEv@dm@ambs kil soldtitbs Amd Qbmdbﬁﬁaﬁowﬁ?tthd%ﬂ%déac 12A
was cooled to

solution of internedi ate 14b 97 n MeOH (

Sol ut POA 29N K dr ﬁ%ﬁ o'ﬁrfdze % t%%?“# n""’Wﬁf‘e‘f"a% 3’(5'991 fprthas in@dgesissriot he
react kGigapdatl By&mwRg. stirred at 0C for 10 mn. The pH was adjusted to -7 by
dropwi se addition™of 0.5 MHa at 0OC. Water (100 m ) was added and an
extraction with Et0OAc (3 x 100 m) was carried out. After washing with

bri neé%% glge. drying (Na2304), filtration and evaporation the desired 15
conpoun S obtai ned as brownish foam Internediate 14d): 20A solution of
i nternedi ate 14c) (207 nmg), 1-(2-chloroethyl) ol i di ne hydrochl oride (190
ng), and cesium carbonate (969 KgF49PHVE <§1on was stirred at room

i porated and the residue was

m each). The aqueous | ayer

(13.0 Mol , prepared as
s degassed once again and then
" N- di met hyl acet am de was t hen

tenperature overnight. All >y
partitioned between Et OAc an
was extracted with EtOAc (2 x 2 ). e Eonbi ned organic | ayer was washed
with water and brine (25 nml ea d 2 SO4) and evaporated to
afford the desired conpound askbrgwni sh resi

15 Cl G

intermediate 41d) (51 mg) and B-C moiety 1 (62 mg), 1-hydroxy-benzotriazole hydrate
(33 mg) and N-methylmorpholine (60 pl) were dissolved in DMF (2 ml). After being stirred
at room temperature for 30 min N-(3-dimethylaminopropyl)-N-ethylcarbodiimide
20 hydrochloride (50 mg) was added and stirring was continued for another hour. An
additional amount of N-methylmorpholine (13 ul) was added and stirring was continued
overnight. The reaction mixture was diluted with EtOAc (70 mi) and washed with sat.
Na,COs (3 x 25 ml), water and brine (each with 25 ml). The organic layer was dried
{NapS0Q,) and the solvent removed in vacuo. Purification of the crude product by
25 preparative HPLC furnished the corresponding diformate as coloriess, glassy solid.



WO 2009/ 010299PCUEP2008/ 005913 88 Internedi ate 14e). x 3 HCl ONH To
Boc-protected internediate 14d) (253 ng) in a mxture of DCM (2 m ) and
MeOH 5 (WOZ04#910388s added hydrogen chloride, 4.0 M sot PCIEPRIBOEF%BXane (2
m) and the solution was stirred at §§mterrperature for 15 mn.
Evaporation of all volatiles and co-evadporation wth toluene, acetone, and
et her (5 m each) led to a beige solid, which was dried further in a

desi c overeél ca !e% overnl ght. 10 Exanple 14: Internedi ate 14e) (180
ny) a ﬁ T 1- hydroxybenzotriazol e hydrate (107 ng) and
N- net hyfgmfemm@m)( 195 pI) were di ssolved in DVF (5 ml). After being 15
stirred at roomtenperature for 30 mn

N- ( 3-di net hyl am nopr opyl) - Ar- et hyl carbodi i m de hydrochl oride (161 ng) was
added and stirring was continued fo her hour. An additional anount of
N- net hyl nor pholine (41 pl) was adde stirring was continued overnight.
The reaction m xture was diluted wt Ac (100 m), washed with sat.
Na2003 (3 x 50 m), water and brine (each with 50 ml). The organic |ayer
was dried (Na2304) and 20 the solvent renoved in vacuo. Purification of the
cr bde Aprmtzmue oYy ain{UFRALEramapoyrepsnatalr hiydisstiorde (b3 egipoioahalgiehydae in

017 Syl 4 D e BB Aek I el S A dagpis”

r esul trefrhgx sveEpighsi Tre mtndn I ruixole \mashcmmeatrate(cﬁmndfa)cuorarm ﬂlerrehmimdiﬁrauas a

Fi 1 eraepr i (L 1 ey i 28 0o oTa60 BeremSoiba b U es! koS i hng

dri ed gafuratiste STIeS abi0éo @y Bhass meémra@v&f w[mhmcw f(mosma G’cﬂ) tah@ e donfined
conpound in formof a white solid. 5 - Internediate

214) : organipjayer yiasgyashep. withwaiayiang| t;sm (éaﬁb 3&®|3Q mﬂsthw)driasfﬂblaa ©2) #19 was
added ck'.aﬂ@&’ftfa"%é@%vééuo]i@ E?&”%Q a’dy%‘ﬂa of sodi um hydride, 60%

di spersion 1 n m neral (1 ml). The cooling bath was
removed and the mxture stlrred at roomtenperature for 1 h. Then a

sol uti : ]
3-fl ucgﬁ%rg{%dﬁa{effbg' -tetrahydro-2'H[2, 41bi pyridi nyl-t-carboxylic acid

tertbutyl ester (185 ng) in DMF (2 nl) yas added and the reaction mxture
was heated to 120C overnight. The reacinNgn m xture was cooled to 0C and
then hyrolyzed with sat. 15 NF-14C ml). EtOAc (50 m) was added and the
m xture was washed with NaHCO3 (2 x af) . The conbi ned aqueous | ayer was
re-extracted with Et0OAc (25 m) and the conbi ned organic | ayer then washed
witbh brine (25 nl), dried (Na2804) filtered and concentrated in vacuo. The

crude product tive HP o,affgrd the corr odlng
i 1 or deanERat Bzabt 27 Bf i BirSPRER " 865 Rl aiik SAdifm BofRES
2009/ Qiﬂzgﬁﬂﬁd &B26O 34 @ﬁﬁ@tlﬁorﬂ&mm E@thémmeatatwrﬂatdwei stiir8d oweanghtat i on
of all voI aé é d co- eva oration with tolrﬁlié (2 x5 % .and ace_é_;)ne (5
m) | &8Nl s‘ﬂ?%@ i BRA JBR MRID T H was semeyee davaruevEie
Si capessidqy /=R cﬂiﬂﬁed RitFtePPNeNBBH (50 mi) and solid NaCl was added until saturation.
20 The aqueous phase was extracted with DCM (3 x 25 mi) and the combined organic layer

was washed with water and brine (each with 25 mi), then dried (Na,S0,) and concentrated

in vacuo. The crude product was purified by chromatography to afford the desired product

in form of colorless crystals.

25



I ntermedi ate 21b) (93 ng) and B-C Miety 1 (83 ng), 1-hydroxybenzotriazole
hydrate (44 ) and N-net hyl norpholine (81 pl) were dissolved in DM (5
mi) . Af tP 208198 tirred 10 at room tenperature for 30PRIAF2068/005913
N- ( 3- di net hyl am nopr opyl) - N- et hyl car bg(gl i mde hydrochloride (67 ng) was
added and stirring was continued for ot her hour. An additional anmount of
N- et hyl nor pholine (17 pl) was added and stirring was continued overni ght.
The r &hgg%k%}e was diluted with EtOAc (70 m ), washed with sat.

wat er and brine (each with 25 ml). The organic |ayer
was dried (Na2SO4) and 15 the sol vent renoved in vacua Purification of the
crude product by colum chromato aphy furni shed the corresponding amne in
formof a yellow sh resin. vvas dlssoIQ/e n Et0Ac (1 ml) and treated
wi th hydrogen chl oride sol ut| 'I\Evudb ether (238 pl). The
resul ting suspension was dlluted t hexané (5 n1) in order to obtain a
conplete precipitation of the c i ng di hydrochl oride. The solid was
filtered off, washed with 20hexdneyn and dried in a desiccator over Sicapent
overnight to provide the desired orrpound in formof a white solid.
Synt hesis of Exanple 28: 25 Internedi ate 28a): WO
2009/ 010299PCT/ EP2008/ 005913 91 Sodiumtri acet oxyborohydride (1512 ng) was
added At splgticsiodfuntieomediate25 Hin)o[@83 3ag)in INNMF e oy ex aldded yddel 8rgBnray)0°and a

¥ r SR REsEE R ok BB SRl RR S ES el DS A Bk
(100 ﬁb&isr@ﬂaﬂm@@demt@d SR th@aﬂme(sﬂ!rve&fbrm h, atHRmandsranee (TR6H aM t h
50 m). After Sdé% i.on, and evaporatl on of the

sol verP!Ulon Bl A5 a%&r wsféa“-? Eéf‘ﬁt?'em - TopakRxyiratasdt alemybuty!
ff f d
S8by o (A ﬁ%“?ﬁ”ié‘“@@ﬁﬂﬂ?ﬁk@‘ﬁaﬂi i hd (UEInBINR s hERGRIATE

(729 RYgrnight. he resicier nﬁﬁ@r@wgﬁc;@pladrt@)ﬂr"@raf&wa%}rmwamcbg@w@cﬁaﬁnf(dmm:i

AL of halh FrORKHZ0mA o At 30 W mifiBRnRen MashBE IR oo £3P

al t er naei canvined agueoysiayar ges . refhanacied aith- EMRAC (30 mi) and the combined

but ox 0 d as Lbed
abovey Gt BlePlRR & pfh b5 By e @%e%mgyf%eg fhfnlaieh
80C owacw. Jihe.cridie pradiuct pastpusiticdpidctiroreatoytaretianifided tasdddied ;ﬁ@i@mra%t ed
and t e rerpgl nder was taken up in a mxture of EtOAc and water (each with
50 nl bas then filtered through Celite and transferred into a
separ at ory funnel. The phases were separated and the water |ayer 20 was
extracted with EtOAc (2 x 50 nil). The conbi ned organic | ayer was washed
wit h Brieraediate &vg): dried (Na2SO4), filtered and concentrated in vacua The
crude product was purified by chroma}t ography to furnish the desired
conmpound in formof a brown oil nteer medi lagie 28c): x 3 HA WO
2009/ 010299PCT/ EP2008/ 005913 92@&5&: protected internmediate 28b) (383 ny)
ina mxture of DCM (3 m ) and was added hydrogen chloride, 4.0
Mso!. in 1,4-dioxane (6 mM) and th was stirred at room
tenperature for 1 h. Evaporation o atiles and co-evaporation with
t ol uene and acetone (each with 20 n €d to a light brown solid, which was
dried further in a 5desiccator (Sicapent) overni ght. Exanple 28:
10l nternedi ate 28c) (165 ng) and B-C moiety 1 (152 ny),
1- hydr oxy- benzotri azol e hydrate

To Boc-protected intermediate 57¢) (270 mg) in a mixture of DCM (1 ml) and MeOH (1 ml)

20 was added hydrogen chloride, 4.0 M sol. in 1,4-dioxane (2 ml) and the solution was stirred

at room temperature for 10 min. Evaporation of ali volatiles and co-evaporation with
toluene and acetone (each with 5 mi) led to a beige solid, which was dried further in a
desiccator (Sicapent) overnight.

25



(80 nmg) and N:-nethyl norpholine (147 pl) were dissolved in DMF (2 nl). After
being stirred for 30 mn at roomtenperature

N- ( 3- di MEPHYIOAHSpr opyl ) - N- et hyl car bodi i mi de hydr ochl 8FFEE0859%)) was
added and stirring was continued for @POt her hour. An additional anount of
N- net hyl nor pholine (31 pl) was added &nd stirring was continued 15
overnight. The reaction m xture was diluted with Et0OAc (70 m), washed with
sat. %ﬁ (sé,x 25 m), water and brine (each with 25 nl). The organic

| ayer Fréy (Na2S™4) and the solvent renoved in vacua. Purification of
t he crude product by preparative HPUECOORNI shed, t he corresponding diformate
as slightly brownish resin. 20 Bynthesis @f anple 41: Internedi ate 41a):
WO 2009/ 010299PCT/ EP2008/ 005948793 A solqut’i 1- benzhydryl azet an- 3- ol
(674 ng) in DMF (2 m) wased under drgofyat OC to a suspension of

sodi um hydri de, 60% di spersion" al -0|I (75 ng) in DVF (2 nml). The

cooling bath was renpved and t } e d for 1 h at room
tenperature Then a sol ution off
3-fluoro-3',4',5,6' -tetrahydres H[2, 4 tnyl1- 1- car boxylic acid

tert- 5 butyI ester (263 ng) in DM (2 m) was added and the reaction
m xture was heated to 120C overnight. The reaction m'xture was cooled to OC

d I i : m )., Et QA agdded and
fhe miePERES IR A I N ERomORs T i i) R SuielatRnitaty or
wes ) r gﬁaemtg% aot S’d—nﬁth%n?;ﬁlﬂtné&g':’hrﬂi)) wamldéieélﬂv@@ méi:)wag (ziﬁg)amﬁer be}r@][ stﬁw g
washed, wi wat er a rine (eac rie i.ltere
and c@hcéﬂ?mattgﬁ‘qeﬁa Beuder T%@ Wde}\)gﬁdgﬁﬁgm INGRFIAY) Be’ﬁ %984%{@%'1‘5& aphy
to af hoa@chidadd ﬁﬁzbgpwegua@def arRl bewhghwheapdnirtiear pRdhabBed HUr. AP
I nt er nedi at e 41:880 was hydrogenated overnight in the presence of
pal | aéﬁﬁlﬁ?lﬁ@*oﬁrﬁavmﬁeof Q’cm Ba&*%??f?( BD wag added aAdkstirriag orasveominuedni )
a0 Bl 2THE ) MR rhaBE vols BNHERYR FORBOFL! GIPEAF Widhod Pl 2! OF

throughas ringe r an ete evaporatio vent ‘0 the
de@ir é@z@@ﬁﬁam@%ml)@cﬂr&jﬁt and mme (@h wﬁhra’&dmiat Ehe edanic Saglruwas dried

triac r pd d t Oma..50l.uti inter i a 41Db)
25 (LIRS A b Sod, HEolB o etle o icuBl B G ChE" B! By
1, 2- dprapacativet HRIOE f(:Dishked.thd kerrespurdirndiformiate asweprigbs rgiasbyfglid2 h at room
tenperature. Then the m xture was diluted with Et0OAc (50 nl) and washed
wth sat. NaHCG3 (2 x 25 m) and H20 (25 m ). The aqueous WD
2%)%9/ 10 99PCT/ PZ'Q’WS g 5913 94 | ayers were nerged and reextracted with
EtDAc SYoEsgi§ of Gari c | ayers were nerged, washed with brine (25 m),
dri ed/tpsheble 804).evaporated. The crude product was purified by
chromat ography to provide the desired product as colorless oil. 5
Internmediate 41d): To Boc-protected int rrsggate 41c) (50 ng) in a mxture
of DCM (1 m) and MeOH (1 m) Had en chloride, 4.0 Msol. in
1, 4-dioxane (2 m) and the solutfonjwasjstrrred

R
! =N

F_‘

A flame dried Schlenk flask was charged with 2-chioro-5-fluoro-3-formylpyridine
.20 (1586 mg), [1,1-bis(diphenylphosphino)ierrocene]dichioropaliadium(ll) compiex  with
dichloromethane (245 mg), copper(l) iodide {114 mg), and dry N N-dimethylacetamide
(14 mi). The resuiting mixture was degassed with alternating vacuum/argon purges. Then
1-tert-butoxycarbonylpiperidin-4-yl)(iodo)zinc (14.0 mmol, prepared as described above)
was added. The mixture was degassed once again and then heated to 80°C overnight.
25 The main part of N ,N-dimethylacetamide was then evaporated and the remainder was
taken up in a mixture of EtOAc and water (each with 75 mi). This was then filtered through



10 at roomtenperature for 1 h. Evaporation of all volatiles and
co-evaporation with toluene and acetone (5 m each) led to a white solid,
whi ch wa¥O0dPe%do3rt her in a desiccator (Sicapent) ovem&TFH203BMIP| e 41:
ovy".-) N I nternediate 41d) (51 and B-C noiety 1 (62 ny),

1- hydr oxy- benzotri azol e hydrate (33 and N-net hyl nor pholine (60 pl) were
dissolved in DVF (2 mM). After being stirred at roomterrperature for 30 n1n

N-( 3- t th rbodid, m 20 d hI d 0
NaviodCal 4 PRAIERRAIMA L Sordibny Bt dr s VR SeH Gl Re ik o7
N- et yderwap ketraoed (Wit EiOAcWEEx addedt).and cdrmbihbd Gry@sic kBB Wadeshapeawitrg ht
The reaction mxture was diluted with EtOAc (70 m ) and washed with sat.

Na2CCB"ie (0GB jied M@éoanﬂit%ﬁﬁ @@d(@aeﬁnwﬁﬁ ipsyagyg. TheerusiequAMYC! waker
was d t ik i e
R e e R A T e S DR S R e
asd coresit.ess, glassy solid. WD 2009/ 010299PCT/ EP2008/ 005913 95 Synt hesi s
of Exanple 57: Internmediate 57a): CCNe? 5A m xture of

ci s- (1S, 2R) - 2- ami nocycl opent anol hydrochl oride (6.55 g), fornal dehyde

sol ut irerdedi#ie i58byater (12.2 m) and formc acid (7.18 m) in water (30
m) was heated to ref |lux overnight. The reaction m xture was concentrated
in vacuo and the renmi nder de al kalige (pH 14) by addition of 1 N
NaOH. Furthernore, solid NaCliwag_added unﬂLI S{{turatlon The aqueous phase
was extracted with DCM (3 x 507m )} and the cBnbined 10 organic |ayer was
washed with water and brine (each-w m), then dried (Na2SO4) and
concentrated in vacua to provideja yell owi sh™ i quid. Intermediate 57b):
ccN' OH 15 Internedi ate 57a) (% ) was dissolved in abs. EtOH (50 m).
sodi um borohydride (1.13 g) was added in small portions at room
tenperature. After being stirred overnight, sat. NH4Cl (10 m) was added,

o1 SoaP Bl g o5 e 6 48 R o MBS0 8 e

thueo(&)?pingga andvgsmemmraﬂnw (gmg PONh (1$~§|cﬁﬁ>rmtﬁagad1 ] hﬁ .oﬂtﬁdalbél&&@ stirgani
aver she er an | ne. (eacn w t hen

NS satibom Emasatine for ShS ot sedlim Frbomminb By St (C4Le e fksaddednd

chr orramgga@ay doptiahié P IohvEns !ﬁiesﬂﬁeeﬁwtﬁﬁ@b}&-‘és dnutkar Witef ERROI G migraket al s.

25 WO 2009/ 010299PCT/ EP20087 0059
washed with sat. NaHCO; (2 x 50 mi) HQO (50 mi) and brine (75 ml). After drying over

15 Nag80,, filiration and evaporation of the scivent a brownish resin was oblained.

Purification by chromatography afforded the desired compound in form of a brownish oil.

Intermediate 59c):

\N/\1 x 3 HCI
k’N NH

A

20
To Boc-protected intermediate 53b) (504 mg) in a mixture of DCM (1.5 mi) and MeOH
(3.5 ml) was added hydrogen chioride, 4.0 M sol. in 1,4-dioxane (3 mi) and the solution
was stirred at room temperature for 1.5 h. Evaporation of ail volatiles and co-evaporation
with toluene (2 x 10 ml) and acetone (15 mi} ied to a brown solid, which was dried further
25  in a desiccator (Sicapent) overnight.



96 internediate 57c): A solution of internmediate 57b) (333 ng) in DMF (1 _
m ) was added under argon at OC to a 5 suspension of sodi um hydride, 60%
di sper sivVoA 200/049288ral oil (69 ng) in DMF (3 m). The cBgﬂEﬁé‘)"é@?ﬁﬁ/\as
removed and the m xture stirred for lgsp at roomtenperature. Then a

sol ution of

3-fluoro-3',41,5" ,61-tetrahydro-211-112, 41bi pyri di nyl-1'-carboxylic acid
tert- % é’ ,$§ er (241 ng) in DV (1 m) was added and the reaction m xture
was heatd# 120C overnight. The reaction mxture was cooled to 0C and was
t hen quenched with sat. NH4Cl1 10 (I_JC@%,)I Et OAc 0 m) was added and the

m xture was washed wi th NaHCO3 ( nmbi ned aqueous | ayer was
re-extracted with Et OAc (?@J and the €o nﬁ[’ne organi c | ayer then washed
with brine (50 m), dried (l@/Z A), ednand concentrated in vacua. The
crude product was purified by chfo aphy to afford the desired product

as brownish oil. 15 Internedi at .~ To™Bpcxprotected internedi ate 57¢)
(270 ng) in a mxture of DCM ( and I\/E) 20 was added hydrogen
chloride, 4.0 Msal. in 1,4-d¢0 (2 m)crant™t hiei sol ution was stirred at
roomtenperature for 10 mn. Evaporation of all volatiles and

co-evaporation with toluene and acetone (each with 5 mM) led to a beige
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(each wth organi c layer was dried and t he sol vent
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[1,1r-Dbis hosphi,n rroce hi . 1) conplex with
il BIFBREE NG Lo e P RRY 56 GRLP Ty stio e S et ey
N, N- di met hyl acetam de (14 ml). The resulting m xture was degassed with
ajg ernating vacuum argon purges. Then
11ert$gmg@g{§@f ExBEPEOIMdEH- Y1) (i odo)zinc (14.0 mmol, pr epar ed as
descri bed above) was added. The m xture was degassed once again and then
heat eﬂ"f?fméd@f%ﬁgrﬁﬂ%ﬂa) 25 The main part of N, N-di nethyl acetani de was then
evaporated and the remai nder was taken up in a mxture of EtOAc and water
(each with 75 nil). This was then filitered through WO
2009/ 010299PCT/ EP2008/ 005913 0
| RS
pzN

Cl

20 A solution of 2-chloro-5-fluoropyridin-3-o! (2.50 g) and pyridine (5.61 ml) in DCM (60 ml)
was cooled to 0°C. To this acetic anhydride (4.96 ml) was added dropwise and the
reaction mixture was stirred at room temperature overnight. All volatiles were avaporated
and the residue was diluted with water (30 mi) and stirred for 1 h to hydrolyze unreacted
acetic anhydride. This mixture was diiuted with EtOAc (100 ml) and 0.5 M NaHCG;

25 (150 ml). After phase separation, the aqgueous layer was extracted with EtOAc (2 x
100 mi}. The combined organic layer was re-extracted with 0.5 M NaHCO; and brine (100



98 Celite and transferred into a separatory funnel. The_phases were
separated and the water |ayer was extracted with Et0Ac éz X 100 ml). The
conbi neVORYRMIEZIP ayer was washed with brine (100 m), PHI{EER0OBIET
filtered and concentrated in vacua. T%@ crude product was purified by

col um chr omat ography to furnish the sired conpound in formof a yellow
S5resin. Internediate 59b): 10Sodiumtri acet oxyborohydri de (585 ny) was

added to_a diate I e
(210 pigany Bridh 3 R B R porids: Pudreafof BY fRindroBlaphy A gfed e
t enpegasirdecdmpodndiin fomm of aadidtiBskigaiget oxybor ohydride (209 ng) was added
and stirring was continued onverni ght. The m xture was diluted with EtOAc
(100 rﬂ) and washed with sat. NaHCO3 (2 x 50 ml), H20 (50 nml) and brine (75
Na2SO4, filtration and evaporation of the sol vent
a br owni gﬁeﬂiﬂfﬁw\/\ﬂg&%%’gl ned. Purification by chr omat ogr aphy afforded the
desired conmpound in formof a owni sh oi ternmediate 59c): 20 To
Boc-protected internedi ate 59 &504 m xture of DCM (1.5 nl) and
MeOH (3.5 m) was added hydrogenjchl 4.0 Mso!. in 1,4-dioxane (3 m)
and the solution was stirred at rrperature for 1.5 h. Evaporation of
all volatiles and co-evaporati th toluene (2 x 10 m) and acetone (15
Mg led to a brown solid, whifch s dried further 25in a desiccator
(SI capent) overnight. W) 2009/ 010299PCT/ EP2008/ 005913 99 Exanpl e 59: ot ox
HCOOH Ni LAH I ntermedi ate 59c¢) (150 ng) and B-C noiety 1 (129 ng),
1- hy diOoHymBedraRf Bbﬁléﬁk@la@b(fwe?é Bhargel Wit Intafledin BB HNADE PAYOID 58 of 1451'Di )

were dissolved in DMF (5 nll). After being stirred at room tenpera ure for

30 mi h!s&ﬁipBewimm&mmﬁaﬁr@peW@iqm@@ML&ﬁﬂb@émniﬁMe wiidr oclighderiomethiares ny)
i : d . t
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PLC. M pana N NaHa sl e Reryel Rk ierasintier Yok St e,

of ExgmRlB&kuf8 ARk and Watdre@hak %@Dmmﬁh 63 ‘was m%ﬂﬁnn@eé@mraagwfcme

2-chl or o- 5- quoror&Cl din-3-ol (2. SOE%Q and pyridine (5

DCM (60
m§ wasddemstairadinira separaiey faleee!i NPRGEE deeTe £698raiey amﬁ&w&éa** @Y8hwi se
and t Qe r SRS RN XIOAE &2‘@ gsr‘hﬁ.r TRg cagu Fg%ﬁﬁ%?é & ﬂ:&@ﬁ&ﬁ Ak o)
an t e WwWas w t

vol atiles were evaporate e resi ute er (30 m)
and sendrksihef 615 mfreacdj ) hgriRco Va5 Qs tidered carat eoneerimtgdi ih dgcudhtise mrudeur e

Vas diplégu%g Mstéhrﬁteg% é&&%n@ﬁr@%ﬁ%ggagnﬂow the desired compound in form

of a brownish oil.

20
Intermediate 60 and 61c}:

A solution of intermediate 60 and 61h) (1.82 g) in MeOH (50 ml} was cooled to 0°C. A
25  solution of lithium hydroxide (0.32 g) in water (25 mi) was added at once and stirring was
continued at 0°C. After 15 min the pH was adjusted io ~7 by dropwise addition of 0.5 M



25(150 nl). After phase separation, the aqueous | ayer was extracted with
Et 0OAc (2 x 100 nml). The conbined organic |l ayer was re-extracted with 0.5 M
NaHCO3 WWPM@% 100 WD 2009/ 010299PCT/ EP2008/ 005913}’%81’?{508’8@&?% dri ed
over Na2SO4 and evaporated. Purificathpon by chromatography afforded the
desired conpound in formof a colorleSs liquid. Internediate 60 and 616): 5
A flanme dried Schlenk flask was charged with internediate 60 and 6l1a) (2.38

Conpl BT Theh 3hF SPRARY WRE 56 YT WRBETRI T B PER e B D 200 8,

N- di mpodnyr I Teleasdrdisingéd Drgahic ldlbe waeswddhedowilld brina ( BEmMia siridd gdas2d.)vandh

al ternating vacuyuni argon pur ?s. Then
1-ter?ﬁ%ﬁ%gWéP%mﬁbggQ"f'ﬁﬁﬁ-%ﬂrl)(i odo)zinc (17.6 mml, prepared as
descri bed above) was added. The m xture was degassed once again and then
heated to 80C overnight. The main part of N, N-di nethyl acetam de was then
evapofntesanediaie Baneftihder was taken up in a mixture of Et0Ac and water
(each with 75 nl). This was then filtered,through Celite 15 and transferred
into a separatory funpel. The phases wereiseparat ed and the water |ayer was
extracted with E (2 x 50 )., The c imed organiﬁl yer was washed

i %% and

by

with water and brind_(75 edfh) M dried (NA2SO4) AL
concentrated in vacuaOThe criyde Qor oduct was ri fii e col um

chromat ography to fu S desire corrpo rmof a brownish oil.
A

20 Internmediate 60 ghd ®6lc): A sol ution ntermedi ate 60 and 61b)
(1.82 g) in MeOH ( 5' vvasp.gool ed to OCFr S0l %éieon of lithium
hydroxide (0.32 g) in water (25 m) was added at o and stirring was
continued at 0C. After 15 min the pH was adjusted to -7 by dropw se
addition of 0.5 M WO 2009/ 010299PCT/ EP2008/ 005913 101 HCl. Then the

m xt ulndeagrglin asetition f iMareediateo®0 ang 63aN(Fa Mabt(Ed-AimetiBlanmnoButanN-100

(Na2302 ETAM ot LERRn PP ind el BRI Qs dhh Wil or il -
6YY: Hidthyl Undeicassagiate, 409 ut taoend (1.6 enlredisatdgecrapdisel The(@pingrgath

(R) - 2 e AP é%?r‘f‘.%& "Was continued for 3 h at room temperature. Evaporation of all

volatiles furnished a brown oil, which was first purified by chromatography (removal of
PhsPQ)} and then by preparative HPLC to separate the isomers. Both isomers were
obtained as brownish resins.

15
Intermediate 60e}:

l 3 x HC
/N\L-“J
o NH
i e
_N

To Boc-protected intermediate 60 and 61d) P1 (82 mg) in a mixture of DCM (1 ml) and
20 MeOH (1 ml) was added hydrogen chioride, 4.0 M sol. in 1,4-dioxane (2 ml) and the
solution was stirred at room temperature for 10 min. Evaporation of all voiatiles and co-
evaporation with toluene and acetone (each with 5 mi) led to the desired product as white

solid.



1-ol (297 ng), and triphenyl phosphine (664 ng) in THE (15 m) was cooled to
OC. To this 10 diethyl azodi carboxylate, 40%in tol uene %1. 16 M) was added
dr opwi se¥YORAE/MHEPi ng bath was renpved and stirring waSCEFREFEERY I or 3 h
at room tenperature. Evaporation of a{rd vol atiles furnished a brown oil,

whi ch was first purified by chromatog 691‘phy (renmoval of Ph3P0) and then by
preparative HPLC to separate the isoners. Both isoners were obtained as
bro"‘“iéﬁrﬁﬁ@iﬁ’f' 15 Internmediate 60e): 1i3 x HO N ...6"...01INH O F To
Boc-protected internmediate 60 and 61d) P1(82 ng) in a mxture of DCM (1 m)
and 20 MeOH (1 m) was added, hydr ogepnehl ori d 4.0 Msot. in 1,4-dioxane
(2 mM) and the solution was tijired at rocant@rature for 10 mn.
Evaporation of all volatileS jfid co-evapprafion’with tol uene and acetone
(each with 5 M) led to the desired oduct Nes wWhite solid. WO

- 2009/ 010299PCT/ EP2008/ 005913 10% Ex nplle @0: Internedi ate 60e) (95 ng) and

B-C nmoiety 1 (89 ng), 1-hydro i aZ drate 5 (47 ng) and
N- net hyl nor phol i ne (86 pl) werje dfssol ved i (3 nl). After being
stirred for 30 mn at roomt ature Ci Cl

N- ( 3- di net hyl am nopr opyl) - N- et hyl car bodi i m de hydrochloride (71 ng) was
added and stirring was continued for another hour. An additional anmount of
N- net | } ) ) ! tLrki ontinued, overnj ght.
The T oa e oG ) et B G e LR ek PR b0l Bl 10
Nad CCt4{ Bk apg Mimethyichorpha@ine((86 LiLvereAllissalged duSNRYE IH). Weiee barigsihrand
re-ex cked .t h, Et ( .. Then, t.he c i ned organjc | ayer was washed
Wit h tﬁ‘?'?nzﬁé@(iﬁhm "j",E g"?’?’éﬁ%ﬂ?ﬁé&e a a‘t"‘é‘gfé‘ﬁg’w @@OPFPFg’gﬁaeﬁl"w‘ﬁ@fWﬂmme was
pur i f ihgdrooizlopide paaii gle waBL Gitie pmav isteinghvagOEsRERRAIHIaAGHBE Mfur. An

yel | ow Jil resin. Thlfso}[!vas d*ssokved |£q E{OAC (1L M) and treated with _
hydro&gﬁ' AR AU (EPEHYIMORNRATE (1 #DnyRs @Odes qrEb#tingng  was eoptiugd i ng
15 suspemsjrenThaSediticH aflxiord RvReymned (vﬁtHT‘E)t?iqe_ @gdmhaﬁd Q:ﬁs%‘eﬁ %stﬁi‘%ﬁl' ete

ion of the correspondi ng di hydrochl ori e sol1dwas ered

16" Rlaefib (hire 25 Mean wessi 0 MBJAN AOLSrIGS [yt Werd S Arapbany roustrmabis & o
Bre) - e oS e RS aid s Balle BN w30 witf BB ES I Pl o

r oom {RFaSEtatanceevanoragdninm vagia foTeatésitiieofwaal bgn’rfﬁicﬁhm g&a?az?ﬁve HiLCdto e
r oquBrTe {rRedteshon8indCifi B JSRHANS L8 Puliviat, SisBeen 28 Bibcaiame C
e Btk Uik ot ol a1 by ot i G50 g e s
's\l[‘c’lmrsr g#%sﬁgrw%%ﬂ\gﬁ%d@ﬁ 88@?%%@?’5%9@3" to obtaig a co :

plete precipitation of

N- ( 3- tienedrradpantimgpdinpyrbchiovdet i ey asid mt&%dhafﬂr\%é}'xé(}i WHR AdanZOhnyas
added andaB'}Stlﬁgl ng was, continued for another hour. An additional anount of
N- et ASEHY Brisisisratyr dssmpe%@s%aﬂ@rsat ¥haroyide endesteas eompowndin évrer of ght .
The rgpgs semy. M xture was diluted with EtOAc (50 ml) and washed wth sat.

Na2C3 (3 x 25 m) and water (25 m). Al aqueous |ayers were nerged and
re-extracted

20  Intermediate 61e):

l 3 x HCl
SN
0 NH
| D
=N

To Boc-protected intermediate 60 and 61 d) P2 (40 mg) in a mixiure of DCM {1 ml) and
MeOH (1 mil) was added hydrogen chioride, 4.0 M sol. in 1,4-dioxane (2 ml) and the



=15 with EtOAc (25 m). Then the conbined organic |ayer was washed with
brine (25 mg, dried (Na2SO4) and evaporated in vacua. The crude product
was puri VP35 eparati ve HPLC to provide the corresgéAdimgsGitat e as
colorless resin. 20 Synthesis of Exanpl.e 63: Internediate 63a): A solution
of n-butyllithium 2.5 Min hexane (8. m ) was added to cool ed (-500),
stirred, 25 dry THF (200 nl) under an atnosphere of argon. Then

2,2,6,6:tetr i ) ded. The ture. was war nmed
Co- ocPUBhaRT oL P HR Bfipfartih Br 10 A S el o gl VO Aot Rost ur
a sol wivaporatibn Withaohgyearidgcdidnd fedth With EHE%(!é@t@ii’)e d¥ed product as white
2009/01?299PCTTEP2008/ 005913 104 was added tirring was continued at this
t emper Q%re for 5 nminutes. Then a sol ution of iodine (10.4 g) in THF (50
M) was introduced and stirring was continued for 1 h at -78C. Hydrolysis
was then carried out at -78C using a solution of 35% aqueous hydrochloric
achbd E@mple 67t OH (20 ml) and THF (50 m ). The solution was warmed to room
5 tenperature, made slightly basic C;lFP) with_sat. NaHCO3. The sol ution
was decol orized with sodi um i hi osulx ate and dvaporated to renove the

organi ¢ sol vents. The resi was d| | ut eg " F~whter (150 nml) and extracted
with DCM (3 x 200 ml). The organic extrat dried (Na2804) and
evaporated. The crude produ y col umm chromat ography to

furni sh the desired conpound as 'sh als (np. 41-44C). 10
I nter nedi ate 636): A flane [ chl en&\k was charged with
internedi ate 63a) (1.00 g),

bi s(di phenyl phosphi no) f errocene] di chl oropall | adi un( 11) conplex with
di chl oronet hane (109 ny), copper(1l) iodide (51 ng), and dry

BSR4 S e
1 e 2yigy o Raisthpiehelin: (241 GEATak8bREA (R CMIE T30k MG

descri bed above) was® added. The m Xture was gassed once again ﬁéﬁﬁ%
hé@t edft 0380MBvedhi KM TROPROHEE nﬁée&dfmetwiammqmw) afcethamad@dmde hen

(100 RyREnRiter ¥ WM IAC°Rated Sl R Wb BRI DU BT ca

i nt o addiipaplagmoynt ohiémetiiimopttadios (@epk maﬂdedobrwthumnhg was eontinysd  was
t t A . mL). .l nb h d
oSN, o B2 T BT BRI ol LS
concemar;g@f)@cialmw aduand h'?t?tﬁ(éﬁ?d mdje Aﬂlaa@}d!aet.zs \l@,f;ar@wefrélrﬁ@rgfbﬁ aﬁ? wffébctraﬁted .
ona ni s e desired conpound in form.of a brownish oi
vxb‘g zo&@‘ﬁ%@’%@éﬁ%ﬁﬁ'& PARSNEEREING 8T Pt as &ashest . with bring @5mpcisigd o f |
A sol mamgfanﬁ%mbo%téﬁ Gh ivitbDe 1T cRideaftodud! wé@ blrifidd bygar%aﬁw?e pp)_cwas

added under argon at 0C to a suspension of sodi um hydri 60% di sper si on
in m ﬁfépg}vt%themg’eﬁgqnd!ﬂg fegmate agicplorigperesdl i ng bath was renpved and t he
m xture stirred for 1 h at roomtenperature. Then a sol ution of
internediate 63b) (138 ng) in DMF (2 m) was added and the reaction m xture
h h. The reaction m xture was cooled to 0OC and was
en B ﬁ?’%ﬁz’%ﬁ%ﬁﬁ@ B e (1 m). EtOAc (70 ml) was added and the
m xt uifet®ediate Gdshed W|th NaHCO3 (2 x 25 ml). The conbi ned aqueous | ayer
was re-extracted with Et0Ac (25 ml) apd t he conbi ned organic |ayer then
washed with brine (25 m), dried (Na2sO4), filtered and concentrated in
vacua The crude product was purifiegd reparative HPLC to afford the
corresponding formate in formof a @f\owi sh resin.

A solution of n-butyllithium, 2.5 M in hexane (8.97 ml) was added to cooled (-56°C), stirred,
25 dry THF (200 ml) under an atmosphere of argon. Then 2,2,6,6-tetramethyipiperidine
{(4.13 ml) was added. The mixture was warmed to 0°C for 20 minutes. The mixture was
then carried to -78°C. To this mixture a solution of flucropyrazine (2.00 @) in THF (50 mi)



15 Intermediate 63d): To Boc-protected internmediate 63c) (181 ng) in a

m xture of DCM (1 ml) and MeOH (1 m ) was added hydrogen chloride, 4.0 M
sal . in WORHYRMe (2 m) and the solution was stirredCIERI00SHOITS
tenperature for 2 h. Evaporation of al]l volatiles and co-evaporation with
toluene (2 x 5 m), acetone (5 m), atd et her (5mM) led to a beige solid,
which was dried further in a desiccator over Sicapent overnight. WO

2009/ 010 [ EP2008/ 005913 1 | nt di ate_63d 67 d
B3P IR WS OB b GHS JPFPRIAILES IRy BBUISS( Toing) Saion bt
N rret fbdam@(mwlga e THEG(5D! h ) Wi sLinto8 88/ 8R4 istrriAFwas chhdnueti for% P8I Rgec,

stirred for 30 mn at roomtenperature

N ( 3- HIYREQIYS/$ svasniBePoRrtigd NUétaﬁyi?ﬁ%G IS U] ma@@tmdmfoamoaqmueawm@mm

dded dit t of
N ot Ao (20 il Moresa€ B aHe THe SN LT TR REuAl ES T of SR ne
Thee r taroperaturei made sligbily Uamut(a%g 1\t§i) whth&d)ANaHm)JﬂWe swsmdnm tibc@@ﬁzedl
Na2CO3 3 X .25 wat er an rine (eac e organi c | ayer
e Cawith ot efds Thae R aPOGES I TRsh BV The YraBnG sobEnts. Wa PeRcBase.

cr ude dputedwath Witet ¢1 S0TMIC RO BRirQCHEE Mt Eb@l\N@R@QbOtrhic‘Fﬁé bﬁé}ﬁd;ﬁ%@%ﬁtggg in

formofgg 2& %h resin. This was dissolved in EtO
wi th AJEY odbRePoratie SARARISH, The Mrude dimseduat é’(&‘ﬁerwf]flﬁsf pby . can
r esul bhidhRUGROAS kPTUMBR 1Rk LSk Mhrh hﬁ%&é‘ tain a
conplete 15 %rgc?pl tation of the cor?%%pond Cﬁ%ydrysﬁ%ig 'ﬂgeﬁ %he Solid was
f1%tered off, washed with hexane, and dried in a desiccator over Sicapent
over nj e the desired conpound in formof an off-white solid. 20
Synt he’g?gm%?’agégﬁrr% e 64: Internediate 64a): WO
2009/ 010299PCT/ EP2008/ 005913 107 stirrer abé,\M solution of titanium

|

tetrachloride (40 mM) was added drop n 30 mn to naintain the

t enperature between -10C and -5G A tef stPrri ng an additional 30 mn at
-5C, dinmethyl nalonate (2.286 Boc- pi peridin-4-one (4.384 g) were
added at -15C to -10C The reagt\;T m xture turned into a brown suspension.
A solution of 5 anhydrous pyri e (6.632 M) in THF (14 mM) was added
within 30 min while keeping the tenperature below -10C. The reaction becane
a clear brown solution. The cooling bath was renoved and stirring was

cont i Audidmat driedmSthispRr dask ewhorchtighd Whee m‘rm/mm@veagr aue gyyd [t he

ded t at t1t | t
o N e R T I o A t'rgt%eicimégivé%"ﬁiﬁ )
Wi th a:@gangﬁ@@fygemn@al@@ CUREP Wwwéurﬁéthﬂﬁceﬂéhﬁd&g@msjoh%eréé%ﬁl g“ ed

over tered and evagorated to yield an orange It was purified
by si PEWegelvaso| dPRRSSRE oWt gr%‘ﬁﬂwaﬁﬂmt é'ﬁﬁ%ﬁuméaraommurges 15Tben | friemt-

i xt SOt RS A (PRI B2 Y. sdellad REsEiRL 208t By ana
f | ushedried theamgdure wos REghaskdionos agetri aad dber heataghto 640D olvgbmgvas Thdded
R RS AYE MREGMEATNAEEmA Was then evaporated and the remainder was taken up

in a mixture of EtOAc and water (100 ml| each). The mixture was then filtered through

Celite and transferred into a separatory funnel. The phases were separated and the water

layer was extracted with EtOAc (3 x 30 mi). The combined organic layer was washed with

water and brine (75 ml each), dried (Na,SQ,), filtered and concentrated in vacuo. The
25  crude product was purified by column chromatography to furnish the desired compound in

form of a brownish oil.

30



20 flushed with hydrogen. The reaction m xture was vigorously stirred over
ni ght at room tenperature under hydrogen atnosphere (1 atn). The catal yst
was filtBiOeWoyt08itgh Celite and the filter was washed vitdHEPosaamds ( 150
m). The filtrate was evaporated in vacua The crude product was taken up
DCM (15 m ), filtered through a 0.45 syringe filter and evaporated in
vacua. A clear, colorless oil was obtained that was dried under high vacuum
25over, ni ght .. 009/ 010299PCT/ EP2008/ 005913 108 I ntermedi ate 64c):
Sodiuﬁ?ﬁ%ﬁﬂ%ﬁ??ﬁga 's prepared by dissolving sodium (306 ng) in cool ed

met hanol 5 (6.0 nml). Acetam gine hydrochloride (415 ng) was added to this

m xture and the precipitatiﬁ§:§pdkdhﬂﬁh96ride was renoved by filtration
through a 25 mm syringe filter. ~Nnternedi atte §4b) (1.40 g) was added to the
briskly stirred solution. A sLLéLQIy cl uqﬂLso ution forned that was kept
at roomteneprature for 2 days.” T t sOwere evaporated in vacua. The
resi due was dissolved in water ( t he aqueous phase 10 was
extracted with toluene (6 ml). gani ¢ phase was di scarded. The aqueous
| ayer was cooled to OC and 6 N HChWas added dropwi se until pH 4 was
reached. A colorless solid precipitated that was collected by suction
filtration and washed with cold water (4 ml). The product was dried in

vacuum sdibtibmicer L i vl p t j i S
et e e Rt 3’;2%’?335%°E§:a@>ﬁ§t%§‘ﬁo@ TR agaf ot

di DxaAEEaPYC (ha sugpersioneé spait hysridea£08: Hispetsien in minaraDoit (38pmghirur e
for 1 I a0 a v til 4N I -evaporation wth toluene
(2 x Bt AR ireh EainaCloatr Ve achek e e R BRI 53§ off oo

over ntgghperatire. Thenle sohudidocf imesmediataBBiv)ed 3girtd) idryMEi @ty lwaat dwied(dhdr ) -

The sglv . . h du s dried in vacua. WO
20007 O 35T THREEE e e 1 8oft 4 Fini iR ol milsas comesrto Gy
(546 amy was B Hyidlyzdd withsat. MeGId1 whit FEIDAEIAY B aL ad@ePand e mikiBre
suspensi on %f '”{;ﬁﬁ@ | t% Géfg) in DVF (3 nl) was added and the reaction
WP <P e WO HAREIBar 25 bk Jhercoriianed havheus yoeas werersaciaareted | n
vacuum@Aad (b | : i i thd a 4 1.0 AH yk . et her
(20 e o e oftinetf ol ke Javer Mhdn MasecThR i P
| nt er Ef‘é%nsé?g diitered angde cRBeRRitateG 48 WagHo.s Topentste iprodiest vast pitited bHynl )
and t » o -Spl Ut .Qn POC13. (0.54 m) in
et o Er e YL OO RS ] et Rty Bt o Y vlop R0t s
stirred at reflux tenperature for 8 h. The sol vent and excess reagents were
r % LSh tion in vacuum The remaining brown solid was dissol ved
iﬁ?cgqgwﬁg}ea?%?%bgcet ate and extracted with water, 1 N NaHCO3 and bri ne.
The organi c phase was dried ove@lpsm, filtered and evaporated in vacuum
N

20 Internedi ate 64Q): x 3 HCI

DN
L

Lon

To Boc-protected intermediate 63¢) (181 mg) in a mixture of DCM (1 ml) and MeOH (1 mi)
was added hydrogen chloride, 4.0 M sol. in 1,4-dioxane (2 ml) and the solution was stirred

20  at room temperature for 2 h. Evaporation of all volatiles and co-evaporation with toluene (2
x 5 mil), acetone (5 mi), and ether (5 ml) led to a beige solid, which was dried further in a
desiccator over Sicapent overnight.



WO 2009/ 010299PCT/ EP2008/ 005913 110 In a f¥lanme dried flask, sodi um hydride
(60%in mneral oil, 18.9 ng) was suspended in THF (5 m ) under an argon

at nospheVe 2182990 net hyl am no- but an-1-ol (110 ng) waFdEFILSPPFIN se and
the m xture was stirred at roomterrpgrgture for 1 hto formthe

correspondi ng sodi um al coxi de. Di chl 0 pyrimdine internedi ate 64f) was
dissolved in THF 5 (3 m) under argon atnosphere. The sol ution was cool ed
to chﬁggﬁlg?sabove prepared sodi um al cohol ate was added dropwi se within 30
m n. Ure was allowed to warmup to roomtenperature and was stirred

at roomtenperature for 5 Addi tional 0.15 ege val ents of the al coxide
descri bed above were added af, 0C amdyqti rrbng@ continued at room
c

tenperature for 3 h. The r { ON nixtur@wa\F’e aporated in vacuo to yield
an 10 anber, viscous oil th{[DA@S di ssol Med wpn et hyl acetate. The sol ution
was washed with 1 N NaHCO3 and by i dyied over MyS4, filtered and
evapor ated. The crude product I ed™~oy~elr omat ogr aphy. Internedi ate
64h): 15 I ntermedi ate 64g) (%15 ) was di §solived in nethanol (5 m).

Cal ci um oxi de (84 ng) was added~fol | owed vy +6% pal | adi um on carbon (100

ng). The m xture was repeatedly degassed in vacuum and flushed with argon
and finally with hydrogen. The reaction was 20 stirred under a hydrogen

bal | 1B Sy tg i t Lte it
vas valRal, ST (67 Vo) RGBT Mgy, 1L IR Bl RS benrofa e Iifae S
whi t e{36 mgbaad féegiatdmagholing (6@ gvwete dssnivechreDbire(damd). &fter heingdstivieth 1 N
Na2 brj.ne...T ' i sS4, filt . and
N2 nsh Deife T\l S beBIGRC S-S Bppl Ty kit
2009/ Bﬂd]ﬁ@igﬁ’ﬁ%“é EB200RY) Of)églllzﬂjdéeﬁl aEﬁaBmiriFg?v;Jgsxcdﬂm@eldd le_cﬁ ?lﬁlbtréﬁr@ﬁr?ﬂﬁ

noi et . ) , ) n , nmor i ne

(56, abfional sinSblon ety aiphiing 4 b s PBbed CORbaMEra e Bhmghechour
| nt er sesthdhe Teachén midiile wWas dakleriwite ErbAcyh 3hl, wadHWvBIRkLELE N cand

stirring was, continued over night. The DMF was evaporated in vacuum and the

h
réhai W hgoyBli walepiand\psigedeasa WikRs mik (g orgaricdavervidpdried (NSO egani
o OS50 !
sol ut jarsoisht Phbasd ROvM ! pan%egltsﬁ&ﬁlihé 3rdéie§?o%éet t@gh%%hgﬂi i ggra%weous

phase was reextracted once Wl_tl’ll _ acet at I ne nirc’l ayer
was dirighedvisosprresponding @naing isviepor eft adbrownishctesin. Thés prasd dissolvas in

puri fé{%ﬁ'i (gﬁa H{}ggﬁé %éia\’e‘?j bRk Sydrogen cni¥fid €880 1 BT el et (178 un.

i nter mede\
The resulting suspension was diluted with hexane (5 mi) in order to obtain a complete

15  precipitation of the corresponding hydrochloride. The solid was filtered off, washed with
hexane, and dried in a desiccator over Sicapent overnight to provide the desired
compound in form of an off-white solid.

20  Synthesis of Example 64:
Intermediate 64a):

A three-necked flask equipped with an internal thermometer was charged with dry THF
25 (80 ml) and cooled to -10°C under an argon atmosphere. While stirring with a magnetic



5-Chl oro-3-fluoro-pyridin-2-ol (1.04 g) was dissolved in pyridine (13 m)
and cool ed to OC under argon. Then trifluoronethanesul fonic anhydride (1.36
m) was WEFEP/HUEWIW se via a 20 syringe. After being s®PCIEIGORI00FEdmM
tenperature overni ght the reaction mxture was concentrated in vacuo. The
remai nder was partitioned between wat and di ethyl ether (100 m each).
The water |ayer was extracted with diethyl ether (2 x 50 mM) and the

nbi ned_et hed. wi.t.h d i 50 ni. . i
cvor Risets EhSAbIATb BRI R EROLEE AT w A Rudte Bioste Wi S0 hin B Y1 19
Puri flni@ma@mﬁéyte@mermr@@@hﬁ@mtmmw 53] Afeert diRrigle Shr K4biGEHAP Fon&id At form
of a yellowish liq WO 2009/ 010299PCT/ EP2008/ 005913 112 I ntermedi at e

73b) : &G, d'wemyérmafeﬁaf@d@ﬁ&ﬁ Bk ang dBogepipenddin-deenan4-884 ) et pregaddas aBa)
956 o S |

Conpl o0 £ AP ERT Sromeriat AR OGS HEREL ST She) A

NI ?I— dnan’eymua@watmedé q32 mi)in TH%(?r:bmh)llwamgddedwum Fasnidegbisskeping the

al ter a es..: n . .

v ar t SPREHB 212, B ARyl E&Babe 7 slear prawn saltion, Tog gealng, batn

descr waadrembmnee)) ané Stiathde dias Tdwntinusd ut eopas te‘iﬁmaaﬂd fonag BgThe AHE Wwaen

v apoPHRER Atk SR CTECTRIABNG AoV RURPEEth i TnNNFFISOr - ERO oS RU L or

(each tigdriiim Galtslere Tib@dvEibahd %sﬁédi wWathadhyibceuan. fied h&r%t@%stvfa%@éﬁ &hifred

into a separatory funnel. The phases were separated and the water |ayer was

eX@ r adtsegons partnoc! NANsHGE, #nsi brirpeTie Atg- rRé'@Sé wagriiried enesMeRes itstrst

W th 1dH | )y

concenrHavaBBRe i\ el Rt rat o W urflh 89 SibE R unin SArBERR@ahy.

chromat ography to furnish the desi red corrpound |n formof a brownish solid.

I nter 20 A solution of (R)-2-dinethylam no-butan-1-ol (252
in %@%?#%%4%/% added under argon at OC to a suspension of sodium

hydrlde 60 % di spersion in mneral oiI (64 mg) in DVF (2 m). The cooling

bath was renoved and the m xture sti for 1 h at roomtenperature. Then
a solution of internediate 73b) in DVF (2 mMl) was added and 25 the
reaction m xture was heated to 120 rni ght. The reaction m xture was
cooled to WD 2009/ 010299PCT/ EP2008/ 05 13 113 0C and was then hydrol yzed
with sat. NH4Cl (1 ml). EtOAc (50 m s added and the m xture was washed

with NaNCO8 (2 x 25 ml). The conbi&ed aqueous | ayer was re-extracted with
Et 0Ac (25 m) and the conbi ned orgam er then washed with brine (25
% , dried (Na2SO4), filtered and cqpncentrated in vacua. The crude product

purified 5by chromatography to afford the desired product as yell ow sh
oil.

in a two-necked 250 ml flask, intermediate 64a) (3.16 g) was dissolved in a mixture of
methanol (70 mi) and water (0.5 ml). The flask was evacuated and flushed with argon. 5% .
Palladium on activated charcoal {400 mg) was added and the flask was evacuated and
20 flushed with hydrogen. The reaction mixture was vigorously stirred over night at room
temperature under hydrogen atmosphere (1 atm). The catalyst was filtered through Celite
and the filter was washed with methano! (150 ml). The filtrate was evaporated in vacuo.
The crude product was taken up DCM (15 ml), filtered through a 0.45 um syringe filter and
evaporated /n vacuo. A clear, colorless oil was obtained that was dried under high vacuum
25  over night.



Internediate 73d): [j3 x HC N CONH N 10 To Boc-protected internediate 73c)
(380 ng) in a mxture of DCM (1 m) and MeOH (1 m) was added hydrogen

chl ori deWOLIG/NPZESEI . in 1, 4-dioxane (2 m) and the sol RGTEP2RBHN0S§EErred at
roomtenperature for 1 h. Evaporation of all volatiles and co-evaporation

wi th toluene and acetone (each with 51%) led to a white solid, which was

dried further in a desiccator (Sicapent) overnight. 15 Exanple 73:

I nter iate.7 166 ng) and

(R -3[}%%’219&’%%%@: pheny1) - 2-[ (pyrrol i di ne- 1- car bonyff- 20

am no] -propionic acid (130 ng), 1-hydroxy-benzotriazole hydrate (79 ng) and
Nmet hyl nor phol i ne (143 pl) were di ssgl ved i (5 mL). After being
stirred at roomtenperature for n

N- ( 3- di net hyl am nopr opyf f- N et car
added and stirring was continued er ‘ARour. An additional anount of
N- et hyl nor phol i ne (30 pl) was added~and stirring was continued overni ght.
The reaction WO 2009/ 010299PCT/ EP2008/ 005913 114 mi xture was diluted with
Et OAc (50 m) and washed with sat. Na2CO3 (3 x 25 m) and water (25 m).

All | d and re-extracted with EtOAc (2 x 25 mi).
Then' OIS AOENBR Tas Bepdiad BRaeSSaENEUSSINR LI0G & g8 oplesameshro

(Na2S@.p and Aeepniiaiee yidfo r g rehf eparatd ve
HPLC S% &?’gvj de the 5cory?esdggﬁé!‘? n-gg‘bf%rﬂrrg% gwgi‘mgée?ﬁv%nbsHﬁge@{xﬁg@s%?fltahté@%s of

ExanplPEG@yiating : adiwni elerids wps igayedHpynbiratippaherugha ag2% esinnsyr@e filler. Wang
i : / . t dwth
o ut 1armedaredR  ERAOT RS, abied o Wil brisky, SR SOURS o ARG ey o

(255 RPtipn foreedr debnuas depDNAPOEE rigineipratDid 05 2riipys. THae nbalvente wWake

t i : t by filtratjon. Th
(oot nonabta bl THR EE00S b s RRRER Sl G HR 4o rbeeiereyE
atet i easryrctedew(iR 66uBhg (6 TR Thexbryamiorpisagenet efisdabded The BYGESSE @Alet he
reagent The resi n-bound i nternedi ate was

S, I eno by filtration. y )
succeg’gi":’\\lf\égjlo{fa s%ggaﬂgtﬁh&l yas gddedhdjopwiapntiapll 44was yeached. ¢gcelodess ) |
DCM ( Solid gregtipitasiithei #abYbiledibe by c3ctorfHiltFhli ' '
reducgg Zg{ repssure., I nt er medi at ey85(t;): i 2[%7 %Pgﬁﬁ}egtvhé@g%c% %%%@%9 was
t r eat S8 RPFHCH WESIAtEHIR VBEUWDS pi peri dine in DCM (4 ml). The mixture was
reacted for 30 mn. Excess of the reagents was renoved by filtration. The

O
hydrochl ori de (118 ng) was

15 Intermediate 64d):

y 0 x HCH
N
—4 NH
C
0

The Boc-protected intermediate 64c) was suspended in a mixture of dioxane (6 mh and
methanol (1 mi). 4 N HC! in dioxane (6 ml} was added. The reaction was stirred at room

20 temperature for 1 h. Evaporation of all volatiles including co-evaporation with toluene (2 x
20 ml) fumnished a white solid, which was dried in high vacuum overnight. The crude
product was triturated with dry diethyl ether (6 ml). The soivent was decanted and the
product was dried in vacuo.

25



resin-bound internedi ate was successively washed with DMV (3 x 2 m), MOH
(3 x 2nm), W 2009/010299PCT/ EP2008/ 005913 115 THF (3 x 2 m), DCM (3 x 2
m ) and WPSHNI0BPher (3 x 2 ml). The resin was dried EFRA&GT2HEHATEY
pressure. Internediate 85c): 5 Wang I nt er redi at e 85b) (200 ng) was
treated with a cold solution of 4-ni t{%henyl chl orof ormate (222 ng) and
triethylam ne (216 RI) in DCM (2.5 m). The m xture was reacted at room

t enper %?ureaj I%?h.. Excess of the reagents was renoved by filtration. The
resi nBEEREHRE 6% nedi ate was successi vely washed with DOM (3 x 2 ),
THF (3 x 2 m), DCM (3 x 2 m ) anrg diethyl ether (3 x 2 ml). The resin was

dried under reduced pressure. H at e 85 G d 15 Internedi ate
85c) (200 ny) was treated w i of 2- met hoxyet hyl ) - am ne (322
te roomtenperature for 2 h.

RI) in DCM (2 nl). The m xturey
Excess of the reagent was renove® by filtration. The resin-bound

i nternedi ate was successively washed with DM (3 x 3 mM), MOH, (3 x 3 m),
THF (3 x 3 m), DCI\/I(S x 3 m) and diethyl 20 ether (3 x 3 ml). The resin

Fosi n uSclutIEE! ZiGELT8se A e (B R ooy Bisknf Bl e et or
and t Isesparisiamof mmrmaeiuhte BA0) mommammpwamaaa&&&ts&%%@m%@@émaé@aBS

To i n}&%ﬂggﬂnﬂgﬁt%‘rﬁéi(ﬁg ."?,legg 'llhe s%%:eng was gvaporateg(?r? (\jfaclzt?z}rg rarr%dtke remaining

3-((R
yl - bubﬁxwlfeléo!ia wad iriturdied Fithhasmly giher [2 x@@??g@bﬂ?&bs tigdidned nRCitridie

(91 Im)r holine (109 p.1), and t ng) and the m xture was
sti r;%%idfjﬁgg rJ[‘)EDCI (46 nmg) was added and stirring was conti nued
overni ght. The reactlon m xture was poured into brine (20 m), diluted with
ethyl acetate and the organic phase was separated. The aqueous phase was
ex@r adnieamediateibdds with ethyl acetate. The conbined organic 10 phases
were washed twi ce with saturatedgodi um bi carbonate solution, twice with
wat er and brine, dried over cogsentzated. The crude product was
purified with preparative I yophi l i zed from 80% t BuOH
in water to yield a pale yell

Intermediate 64e) was suspended in acetonitrile (4 ml) and treated with sym-coliidine
(0.231 ml). A solution of POCI; (0.54 ml) in acetonitrile (2 ml) was added dropwise at 0°C

15 and the reaction was stirred at reflux temperature for 8 h. The soivent and excess reagents
were removed by distillation in vacuum. The remaining brown solid was dissolved in ice
cold ethyl acetate and extracted with water, T N NaHCO; and brine. The organic phase
was dried over MgSQ,, filtered and evaporated in vacuum.

20  Intermediate 64g):



15 Synthesis of Exanple 88: Internediate 88a): r o OyN HOAYNH .

20l nternedi ate 85c) (200 ng) was treated with a solution of thiazolidine
(172 pl WPRMBEWNZP2 nl). The mixture was reacted at rooRfTEFREEAIWEE for 3
h. DBU (164 pl) was added and the m xture was reacted at room tenperature
for 1 h. Excess of the reagents was réﬁoved by filtration. The resin-bound
i nternedi ate was successively washed with DMF (3 x 3 m) WO

R S T ENERA RS AR, - CR

pressys enl) gRderTdrhaidgbrDiihdsphighe. (FB-BRSEAYRMIAEBULRST Bl et M wisadde Wa85

react ed for 30 mn. The product was filtered off and the sol vent renoved
npPecmdse anl jthe efbedieatwas gdireds @t ngpem niepmeratirgd for whshatiddgrm . the

s (oo A B¥propimidine infprosciale paf wes dlegaivegn THF

N-&ret k3 mfpupdarl argen (a’imosme;b) Thamdldﬂmtwe(geocm!ggi tardCt dred thexahzme masﬁd rred

The 1 8B AlRRRE Ralabcb i Ba0ER. Bl Rhbmimohe FhaiR oS aiamed Sl

acet aup tangori eenpganiie @M&@%ﬁrrwmrrabmteﬁb@aﬁﬁ@a@u$ Rhageinemal 0.15
extracted two tji s W Hﬁﬁg@ﬁhyl gcet ate. The conbi ned orgt;anl c phases were
was heGaVRIEEtS, Bt the ElgaR @boKe arn BHAEE 24 0T @G SIriNg Wes GRS or

and bt Agom AbmperMRr foNa? ROFnd SRBekidiP RERDE
purified v'\Pt h grgpar ative LG M gnél Subsgqelrjgﬁ%deva&?atéﬂUﬁ?g{%&?%%%@%ﬁ BuCOH

i 10 wagBYber.ovigqaats ilathahwas disgdlved in ethyiSigetaies | becsp &wan@a%washecz@nth 1N

I nter t

aci d [BHCRGRNH thine. BRp syefosiol Hhere S bRIARS, g tyuds BRI A",
t he spldfiedby sereraiograghyo 0C. 25 Met hyl magnesi um bromi de (3 M solution in
diethylether, 1.95 m) was added dropwi se and the m | ky suspensi on was
stirred for 3 h. The reaction was carefully hydrolyzed with saturated
aqueowsieMrégiatasdhgxtracted with EtOAc (80 ml). The organic phase was WO
2009/ 010299PCT/ EP2008/ 005913 118 washed with brine, dried over Na2304,
filtered and evaporated to yield lt he product as a col orless solid.

~ \L-‘
N/

by

NH

15

Intermediate 64g) (115 mg) was dissoived in methanol (5 ml). Caicium oxide (84 mg) was
added, followed by 10% paliadium on carbon (100 mg). The mixiure was repeatedly
degassed in vacuum and fiushed with argon and finally with hydrogen. The reaction was

20  stirred under a hydrogen balloon over night. The reaction was filtered through Celite and
the filter was washed with 80 mi of methanol. The solvents were evaporated and the white,
turbid residue was diluted with ethyl acetate and extracted with 1 N Na,CO; and brine. The
organic phase was dried over MgSQ,, filtered and evaporated to vield the desired product
as a colorless oil.

25



I nternedi ate 99b): 5HJOH x CF3COOH Trifluoroacetic acid (4 nm) was added
dropwi se to a solution of the intermediate 99a) in DCM (40 m ) at room

t enper atWPSIHEMi xture was stirred for 90 min. Hal f SFT{EREEEIPEht was
evapor ated, then toluene was added aqq evaporation was continued. This co-
10evapor ati on procedure was repeated 't 'ce before evaporating all the

sol vent. The remai ni ng product was dried under high vacuum overni ght.
Interﬁgiyﬁsﬁé%g)c): oot OH 15 To an ice cold solution of internediate 99b)
(4.45 é triethylamne (2.34 m) in DVF (30 mM) was added a sol ution
of (R)-3-(2, 4-dichloro- phenyl) dzﬂ 519(% ato-p ionic acid nethyl ester
(3.048 g) in anhydrous DIVF @n‘ixture was left stirring
at 0OC for 4 h. The reactlon’ )Zture vvas Cev ed in vacua. The residue
was diluted in 20 Et OAc (300 opganie phase was washed with 0.1 N
HCl (2 x 90 m), 0.1 N NaHCG3 a e aqueous phase was re-extracted
wi th Et0Ac, the conbined orgaw ) ed under Na2SO4, filtered
and evaporated. The crude co punfl was puri f wi t h col um chromat ography
to obtain a colorless, stabl gam WO 2069Mg10299PCT/ EP2008/ 005913 119
Internediate 99d): oy OH HO Internediate 99c) was dissolved in a mxture
of MeOH (2 m) and THF (6 m) at OC. A5 solution of lithium hydroxide

h 7 t 0C
ToroREc e @8 oid), Hel @2 ol ¥EE(Rng B0 RyfiatimbBiotha SR, g
t_r&hN&Oﬁmd((ﬂﬂﬁnmewe;ee\samdaaedocbm ensperatlne faqmmogha&ﬂ%mg@é%@l ?{i,“{g’ f}ﬁ)
W t - - . ague ase was extracte W t 1 C
The o%@%ﬂi”ég} @%ﬁdéai f%%%@a a; F%E@'ﬁ%&nsﬁtﬁ@ng% eRjtieyad QYRRSEtyer &
re- extrhaqhige wid Bvigdtaed hheacwnpaﬁ@ltﬁteebrﬁwmy Fellody §f w&%smgédi\%ds W@thyl

Na2SO4, filtered and evaporated. The crude product was dried under hig

vacuuacetats { Hmd). ine; ergppisnsolstierpias @gractqcsvwlthtbﬁrmz@{)e (8960 (ml) Eam! 9),

HOBt 1 Cﬁ@g ( 4 ALy ( 0 1

sti rrgﬁ %or%ag%le oubs %ha?%?orvr‘l%zse erﬂagwgeénég(m éy%ﬂ’yr r&g til;‘édl-ﬂ;lﬂe)l y bﬁ’ut oxy) -
110 2' oanic |&y/er elash axiahyiMasSD2), 4iltbrqn§/ahdimgaporatedymr wadioorThee p(luBbvag) and
a sec , i . NWM,(d.33 nml) were added and stirring was conti nued
over ﬁpg'h‘?[)‘%%’ge%ﬁ%i“’%ﬁﬁz‘é evaporated in vacua and the remaini ng orange oil
was dissolved in ethyl acetate (300 nml). The organic solution was washed
with 1 N Na2C33 (2 x 150 ml) and brine. Each agueous phase was re-extracted

once wyhthﬁigbk ExaAipAéF3: The organic layer was dried (Na2SO4), filtered and
evaporated in vacuo. The crude product was purified by preparative HPLC

W 2069*#0'1'6?@@@6??@2008/ 005913

F FF
'|\ O:.S.\)(F
N OO

o

5-Chioro-3-fluoro-pyridin-2-of (1.04 g) was dissolved in pyridine (13 ml) and cooled to 0°C

under argon. Then trifluoromethanesulfonic anhydride (1.36 ml) was added dropwise via a
20 syringe. After being stirred at room temperature overnight the reaction mixiure was

concentrated /n vacuo. The remainder was partitioned between water and diethyl ether

(100 ml each). The water layer was extracted with diethyl ether (2 x 50 ml) and the

combined ether exiract was washed with water and brine (50 mi each). Drying over

Na,SO, and evaporation of the solvent afforded a brown oil. Purification by column
25  chromatography led to the desired compound in form of a yellowish liquid.



120 Synthesis of Exanple 125: internediate 125a): 5Mercury acetate (1.625
g) was dissolved in water (6 nl). A solution of 3-nethyl ene-N Boc-

pi peri diWe 20@/488%g) in THF (6 m) was added dropwi se ECTHESHBOETHBEr at ure.
After 20 min the nercury acetate had ggfsolved and the initially yell ow
solution got clear and col orl ess. é xture was stirred another 40 mn at
roomtenperature. The reaction was cooled inice water and 3 N sodi um
hydr oxj i (5 mM) was added. A brown col or appeared. A 10 sol ution
of so H%ﬁ?%@%@%?gﬁ%de (0.19 g) in 3 NNaOH (5 m) was then added and the

m xture was stirred for 15 mn. Acidic aabd s added until pH 6 was
reached and hydrogen evol ution had ce m xture was decanted from
the precipitated nercury and evafor edN TRe residue was partitioned

bet ween water and et hyl acetat e~ ani ¢ phase was washed w th water
and brine, dried over M\gS™, filltefed and 15 evaporated. A pale yellow oil
remai ned that was purified by chromat ography. The product was
obtained in formof a clear, colorless, viscous oil that was dried in high
vacuum | nternedi ate 1256): 20Ei Nd-OH x HC! Internediate 125a) (846 ngy) was

Feact o fEmel b BETeny *iaSk) el Soige, Jift, THEREe, Zobi a0 E Vier o
e\;mpobiatdishenyibhidsphino¥edueeneidichlorepaiipdiuai( Bcaapexal vtntmESthrohorhetﬁaa@e
o AT oRopoHs G s 1 ObGaN kol a0 TeSRp Ui o
i ce chldugol Wa!sond 8hadseH- 3nitR, 4altjérﬁﬁﬂtr¥ OVBBQU J’érg@n' S;Slﬁéjéé‘at Phérh OP{ -QaH.C

acid nethyl 5 ester éZ?l in was ad sol uti on of

i nter h@t@maéquperq od- Yiﬁ)od&mngt(sr&(g( mmoip DI?DaFﬁd m: qegcrrmd aippee)mwRsur e
was lE&fﬁ] SUHd ut%t wa§ CﬁeI%L tsge Wntgﬁeaggagﬁgﬁég g@eﬂl’géﬁl'ércﬁtov‘@é C?‘é@@%@%te%bn

vacua e resi ue was € organi ¢ phase
vids heohaid part Of AV, Mdinaathyzcetepdeiwasdhen braperatehanditpegeowinple e swaken up

Nazsoli & prreey oh ExehS #eh e R WRh SR PR 03885 8RRl fle i ot o

125c) afidl @ansfg)redeastoctd sspdlm&ﬂ'yimnMO“Fhé bhased Weandeddribiddbatt tHe) water QyerA

| ut Lith d H20
S ddecmas earastet RO % B T R Bb ol SToAms oS BRB NS eR I e Bias
neut r ghd Back Paachdditt 5O mpfdribciNNdQ‘éO@MnéH@@ Mzﬁr@@ﬁtrﬂé& M%@u@vﬂr@élﬁﬁéd in

vacuo. The aqueou hase was acidified with 1 é?fé’ . The aqueous
pRas epmgcteW@% &@fﬂ%dp Ry oplusen phropaiegtaphy do (fgm{%myhe e@r%‘ﬂﬁ’@ﬂda*?efﬂfm/as
washegr 3hidvie §siigdnd brine. The aqueous phases were re-extracted with

Et OAc, the conbined organic |ayer was dried over Na2SO4 and evaporated in
vacuo to yield a colorless foam WO 2009/ 010299PCT/ EP2008/ 005913 122

Exanp} Refddiate 73¢):

N o
L ~AX

20
A solution of (R}-2-dimethylamino-butan-1-of (252 mg) in DMF (1 mil) was added under
argon at 0°C to a suspension of sodium hydride, 60 % dispersion in mineral oil (64 mg) in
DMF (2 ml). The cooling bath was removed and the mixture stirred for 1 h at room
temperature. Then a solution of intermediate 73b) (338 mg) in DMF (2 ml) was added and
25  the reaction mixture was heated to 120°C overnight. The reaction mixture was cooled to



| nt er medi ate 125d) (190 ng), HOBt (64.7 ng), EDO (138 ng) and NWM (102 gl)

in DM 5 (3 nml) were stirred at roomtenperature for one hour.

[ (R) - 1- (0200591029  5' | 6' - Hexahydr o[ 2, 41bi pyri di ny1- 3- yPEHEREHIIPr opyl i - d
i methyl -am ne tri hydrochl oride (163 gqg and a second portion of NWM (93 M)
were added and stirring was continued 'Bver night. The DMF was evaporated in
vacuum and the remaining yellow oil was dissolved in ethyl acetate (100

10 Eafii 2Qaenne st biRRel T 8RRt o oo WEARCIRY i e el AR B L

| ayer maredWaedwéMG)ﬁh Néﬂcmr (@Ixaa:wl nly. apies a:*ombméu waoBeus Therness dee was
purified bgq)prepar ative H PLC Synt hesj s of Exa |l e 127: Interned|ate
127a) extractad, Wit H@pc 12éz@{)|%ﬁthﬂze yPmRRad Amang ! iy tepR iagrgs with gorine

657 FAR), Ged fiaS0.p, RSN Ed SndiriratEp Aol ThEcKR ioléwCpafhd he
sol utlon was stirred at said enperature for 1. . Evaporatio

vd at by ebroa:mog@@wm@aﬁmdothe\neehe@@mm:éag2e&omehmfl) Ied to the desired
conpound as cloudy yellow oil. WD 2009/ 010299PCT/ EP2008/ 005913 123
Internediate 127b): To an ice cold solution of

(R) - 3idtérmediate|78dp- phenyl ) - 2-i socyanat o- propi onic acid methyl 5 ester
(synthesis described above) (587 ng) in abs. DCM (6 m) was added a
solution of internediate 127a) (1. 51] g) sawdctriethylamne (0.90 m) in abs.
DVF (4 m) under argon. The m x¢reWas | eft stirring at OC for 5 h, before
all volatiles were evaporated. Theiremainder was diluted wth Et0OAc (100

m ) and the organi c phase was washedyw t H MHCI (2 x 50 ml) and water
(50 m). Al aqueous phases were ne re-extracted with 10 Et0Ac (2 X
50 ml). The conbined organic |ayer wasl washed with brine (50 m), dried
(Na2SO4), filtered and concentr vacua The crude product was purified
by chromat ography to afford the desired ester as white solid. Internediate
127c): 15 HO A sol ution of lithium hydroxide (36 ng) in water (0.9 rﬂ)

M 16 Hpotanel Mipntasiale 759 CtamBb it okt of OB (B B (T 6 o, "
2 h. Jhe aama y@rd_@‘h dwtdeaw @ RAsdlyinafddidid:@meqb i) Mnblthd saitioR Wdshairigd n

part of MeOH and were renmoved in vacuo. Then the remai nder was

aci di & ©PMitemperawader d h-gryaposatigniot alb valaliiesrand ae-exaperaden wvith talveneoAc
( 2 X 815?01 @céton@%a@ﬁ ARl S rd IR 1oV hB Ha8d, Which wed @Fle@ﬂ%ﬁe}'u@% &é‘s?&éht&‘ th

he aqueous phases were re-extracted with Et0OAc ,
corrbl h%qamrghﬂvemgayer was dried (Na2SO4) and evapor at ed to afford the
cpstrespondl ng acid as colorless foam WO 2009/ 010299PCT/ EP2008/ 005913

X HCOOH O
NH
O )k/

Example 73:

intermediate 73d) (166 mg) and (R)-3-(2,4-dimethyl-phenyl)-2-[{pyrrolidine-1-carbonyl)-
20 amino}-propionic acid (130 mg), 1-hydroxy-benzotriazole hydrate (78 mg) and N-
methylmorpholine (143 pi) were dissolved in DMF (5 mi). After being stirred at room
temperature for 30 min N-{3-dimethylaminopropyl}-N-ethylcarbodiimide hydrochloride
(118 mg) was added and stirring was continued for another hour. An additional amount of
N-methyimorpholine (30 pl) was added and stirring was continued overnight. The reaction



124 Exanple 127: [(R-1

-(1',2',3 ,41,5", 6' - Hexahydro-[ 2, 41bi pyri di nyl- 3-yl oxynet hyl ) - propyg-di net h
yl - am ne¥eZpedsIgRsRydr ochl oride (125 ng) and internedi aPETEPZP00323 ny) ,

1- hydr oxy- benzotri azol e hydrate (62 rr,lg) and N-net hyl nor phol i ne (114 pl)
were dissolved in DVF (5 ml). After |ng stirred at roomtenperature for
30 mn N (3-dinet hyI am nopropyl) - N-et hyl carbodi i m de hydrochl oride (94 ng)

of N RUET A e B EORS (56 I andiva i i, 41 NaaGOo DA K o) 4

over niwghér. (2hair aacatqu@aumavew wenasn@lﬂgbutaed M. éhra@éfb“w;tﬁ@ond (aaﬁ@svmahed

with sat. NaHCO3 (3 x 25 aqueous | ayers were nerged

r e- extiNgBtiBE Garebines (9&63"0'25]3)’1%’) Wa$h‘é%3ﬁ%‘”¢15n@ 'ﬂ%&?%m@f%\nﬁﬁeq é@‘ézs%samhs hed
W th ri %ﬁi Y h was
puri f lé@%ﬁtgra(eﬁféréﬂa\)ragtu ?vgﬁ %PI(_ tooghaac?\all:IES g”ﬁé/ SI re am@ﬁ:&el’gsgygmlvow S

r esi nconss@yndingekirmaty acyeligwish 1. [ nter rredl ate 129a): 20
Trifluoronmethyltrimethylsilane (0.93 m) and cesiumfluoride (0.96 g) were
added to a sol ution of benzhydryl -azetidine-3-one (1.00 g) in THF (12.5
g hei g% stlrr roomtenperature for 1 h, sat. NRACL (12.5 m)
and t ?ﬁ‘?l uor| de (498 ny) were added and stirring was
conti Wafgmp}er 6 h. The m xture was extracted wi th 25di et hyl ether
(3 x 50 mM) and the organic |layer was dried over MgSO4. Concentration in
WO 2009/ 010299PCT/ EP2008/ 005913 125 wacua provided an orange oil, which was

purified by chronmatography to ¥@hes N'd ?¢ ed al cohol in formof a
yellow oil. Internediate 1296): 5 HCl  Pal | adi um hydroxi de, 20 wt % on
carbon (202 ng) and 1 M HC1 (1.52 nl) reydded to a sol ution of

internediate 129 a) (466 ng) in MeOH The& reaction m xture was hydrogenat ed
umdler 1 bar of hydrogen at roomterrperco\ture f8¥ 3 h. The catal yst was
filtered through 10 Celite and washed with nethanol. The filtrate was
concentrated and dried under vacuum The residue was then washed with
hexand¥angltesir(aamg, V\@mrreaiamodd@&rﬁ(ﬁdnaaﬂ (Hoteei Web460R ), iat mobblA)) vk

I nter Wég{e%t stﬂ‘%ggglut:d:n of 11-'%00 D-2,4-dichlorophenylalanine (753 mg) activated with DIC
(255 ub) in the presence of DMAP (5 mg) in DMF (5 ml). The mixture was reacted
15 overnight. Excess of the reagents was remaved by filtration. The resin was washed with
DMF (3 x 4 ml). DMF (3 ml) was added followed by acetic anhydride (260 ul). The mixture
was reacted for 1 h. Excess of the reagent was removed by filiration. The resin-bound
intermediate was successively washed with DMF (3 x 4 ml}, MeOH (3 x 4 ml), THF (3 x
4 ml), DCM (3 x 4 mi} and diethyl ether (3 x 4 mi). The resin was dried under reduced
20  pressure.

Intermediate 85b):

o
Wang. OJ-’\,NH2

Cii : o

25  intermediate 85a) (200 mg) was treated with a solution of 20% piperidine in DCM (4 ml).
The mixture was reacted for 30 min. Excess of the reagents was removed by filtration. The
resin-bound intermediate was successively washed with DMF (3 x 2 ml), MeOH (3 x 2 mi),



To an ice cold solution of -
(R)-3-(2, 4-di chl oro-phenyl)-2-i socyanat o- propi onic acid nethyl ester

(synt hed¥Q 2004d¢3Bed above) (178 ng) in abs. DCM (3 mfcmzé@@éﬁ’l%l
solution of internediate 129b) (230 and triethylamne (0.27 m) in abs.
DMF (2 m) under argon. 20 The m xtur was | eft stirring at 0OC for 3 h.
Then the m xture was diluted with EtOAc (50 ml) and the organi c phase was

washe i 1 .M 2 25 m) and water, . (2 ) ... Al l aqueous phases
wor o TEFGE b SEM (32 B i ooAETer 3163 ) ThéesPbies dindRRET

or ganké‘dug@ngﬁ—emewashed with brine (50 m), dried (Na2SO4), filtered and
concentrated in vacuo. The crude product was purified by chronmatography to
afford the 25desired ester as colorless foam WO

2009/ Q,.}@ﬁ,%%@g% 08/ 005913 126 Internediate 129d): F F A sol ution of

l'i thi um hy romﬁ%'ﬂ nmg) in water (0.5 m) was added under argon at 0OC to
5 a solution of internediate 129c) (1510 VSN OH (0.9 M) and TI-IF (2.0
m). The reaction m xture was stirredjat i h. The m xture was
neutral i zed by addition of 1 M Y@ matve pact, of MeOH and THE were

removed in vacuo. Then the renminder wag agjdified with 1 MHO to pH 3-4
and the m xture was extracted with Etom% mL). The organic | ayer was

washed with water and brine (each with ried (Na2S®™) and
10®vaporated to afford the correspondi g acid %s colorless resin. Exanple
129: '
15[ (R)-1-(1',2',3 ,4'", 5 ,6"'-Hexahydro-[ 2, 41bi pyridi nyl-3-yloxynmethyl)-pro
T G Interaydiatn 85k (€90 mams st vith ¢ soitl SRIYUaM o 4 AtiePhEY aNorO IR 195

, - 1,870 hydr 5 L ne 00
or) wir B BT A e W R TR, e MR by
for 3®empzrgm\tal'e303i2nm Bydemsi mfoﬂheapp@@mﬂsl-\eaéflyémavémﬁyifnirr]atﬁarhyl'dfeo:éaﬂimbb@&i (82I

was a and stirring,was conti r_anog ur itjona
D8 uniiem e ig? SUF RSN ENERas T bt BEY BhsBihngrer &t Rl S Ghied
over NingNand ai&g}%@mi(ga Dot ThE r¥éeis wiis! dHeRiduntdr RediicddBoreS$Lrel ) and washed
with sat. NaH (3 x 25 mM). Al aqueous |ayers were nerged and

re-extracted with Et0OAc (25 nil). WD 20091010299PCT/ EP2008/ 005913 127 Then
the comipedifbdseCc | ayer was washed with brine (25 m), dried (Na2SO4)
and evaporated in vacua The residue was purified by preparative HPLC to
provide the desired am ne as yellow sh resfn. 5 Synthesis of Exanple 130:

I nternmedi ate 130a): 0yO

15
intermediate 85c¢) (200 mg) was treated with a solution of bis(2-methoxyethyl)-amine
(322 ul) in DCM (2 mi). The mixture was reacted at room temperature for 2 h. Excess of
the reagent was removed by filtration. The resin-bound intermediate was successively
washed with DMF (3 x 3 ml), MeOH, (3 x 3 mi}, THF (3 x 3 ml), DCM (3 x 3 mi) and diethy!

20  ether (3 x 3 mi}). The resin was dried under reduced pressure. 20% TFA in DCM (3 ml) was
added to the resin and the mixture was reacted for 30 min. The product was fittered off and
the solvent removed.



10ln a flame dried flask trimethyl sul foxoniumiodide (2.57 g) and sodi um
hydride (60%in mneral oil, 476 ng) were suspended in DMSO (8.8 nl) at
10C. TheVRiZqxM&2%as stirred at roomtenperature for 1PSTAFAI$/00R1Z0| ution
of tert-butyl-3-oxopyrrolidine-1- carboealaate (2.00 g) in DVMSO (2.2 m) was
added dropwi se within 15 m n. Stirrin s continued for 1 hour. The
reaction was hydrolyzed by addition of ice water (50 m) and brine (50 nil).
The 1%9@9@3%?% suspensi on was extracted with diethyl ether (2x 50 m). The
conbi al solution was washed with brine, dried over MgpS™ and
filtered. The filtrate was evaporated in vacuo o yield a viscous brown oil
that was purified by Kugel rohr disti I I ati on. THe product was obtained as
colorless oil. 20 intermediate 1306 0 2009/ 010299PCT/ EP2008/ 005913
128 9.34 m) was added. @m tuf B irded for 1 hour, followed by

sl ow addi tion of a sol utien

m). The reaction was slowy r med
night. The m xture was partiti
di ethyl ether. The ether phas

mterrredoa 304155 ng) in dry TI-1F (1
0 g enperature and stirred over

'N/vee, sat urat ed agueous NH4Cl and
aqueous phase was re-extracte

hed~wi wat er and brine. Each
omce with di | ether. The conbi ned
organi ¢ phase was dried over B, filter ntcievapor at ed. The crude

product was purified by colum chromat ography. Internediate 130c): x HCl 10
I nternedi ate 130b) (116 ngy) was di ssol ved in dioxane (6 m). 4 NHCL in

for 112 Rifetial Bsar fecndlh BV (RN aldn Thefh el o @A LIRS ©

e S0 ora eresid
coBvayobafoay)-te,ar 4|5 6 hmhydtm[z,ﬁ‘lhweimﬂhetm@mmmtd@ péie red)sol Nd was

dri ed I nt i 130d):; , 20T, ol uti f
(R <3 i mar e e ooy RO8 HEBH F7m a1t FR R B MASai A [Soel e 26
ng) i il 46%?}1%3‘35’%%%6% ﬁ:rﬁﬁ’é stoébr@fhuéﬁto@éf'fﬁ@f'\tatfﬁe k886on( ke wand

triethylam ne il i n anhydrous DMF (2 ‘) under argon. The m xture

was | @purest inta Prige (20 m@ iyted Wit et ykaeetale anstihe raanic PhASE MasseRasaies.

t enper C r V, r a

ai 101 aeug e oLER B e Fabiel ool T e oo latl SPHE colfind e
(20 rﬂp)wases Nelhalﬂme(jzericm witar&mmatemesocﬁamhbuaqﬂu@oam sbiaten, viasca edtbxwatact ed
Wi th bt%nhee,nd&e oV a2§6 A gbﬁc@n@%%gd.m?ﬁe dcrrbgg p%guctl\\nla}ag Opunfred with

preparative LC-MS and subsequently lyophilized from 80% tBuOH in water to yield a pale

yellow solid.

15
Synthesis of Example 88:

Intermediate 88a):

20 Intermediate 85c) (200 mg) was treated with a solution of thiazolidine {172 pi) in DCM
{2 mi). The mixture was reacted at room temperature for 3 h. DBU (164 ul) was added and
the mixture was reacted at room temperature for 1 h. Excess of the reagents was removed
by filtration. The resin-bound intermediate was successively washed with DMF (3 x 3 ml),



WO 2009/ 010299PCT/ EP2008/ 005913 129 filtered and evaporated. A pale brown
oil was obtained and dried under high vacuum The crude groduct was

purifi edVByoPOEREN chr omat ography. | nternedi ate 130e) : PFIBBHGIRS S
Internediate 130d) (171 ng) was di ssaa%ed in MOH (1 mM) and THF (5 m) at
0C. A solution of Iithium hydroxide ohydrate (34.6 ng) in HO (1 M) was
added. The m xture was stlrred at 0C for h. The reaction m'xture was

v abla e Xttt e lade il i@ﬁ?ﬁaiﬁw ARV B0 e A TRE BRI o
extr a%@dﬂriétittihdar Qégudelt predBural PO TEACGHINOM (3 ﬁme%;amdwabeﬂe Vedif anat er

and brine, The aqueous phases were re-extracted wth Et0Ac, the conbi ned
or ganthe majde %reame@d%@@ MiRgBRsRroshat was fterad alf and heslvans rgmaved.a

white foam The crude product was purified by colum chromat ography. 15
Exanpl e 130: ‘

[ (R - Exgmple 8831, 41, 5' , 6- Hexahydro-[ 2, 41bi pyri di nyl- 3-yl oxymet hyl ) - propyl | -
di rethyl -am ne tri- 20 hydrochloride (123 ng), the internediate 130e) (165
mg) and HOBt (73 mg) were/fiXed jn DOM (6 m).[ERC1 (73 ngy) and NWM (132
ul) were added. The reactiasaN P tenperature for one hour.
A second portion of NWM (28 pi stirring was continued over
night. The m xture was dil uted m) and washed with 1 N
Na2CO3 (3x 25 ml) and brine. Ev
WO 2009/ 010299PCT/ EP2008/ 005918 130 . |conmbi ned organi c | ayer was
dried (Na2304), filtered and e | Iy al-'{]e crude product was
purified by preparative HPLC. 5 Synthesis of Exarrp e 133: Internediate
133a) to Sodiumtriacetoxyborohydride (5.88 g) was added to a sol ution

o BT o ekt BBE5 AP 1Y) PR (2 o Pe ety A & pyroin Sukelidai o
(1.6 Aig3 AMa @ﬂh@%ﬁi@rd{g@‘qiﬁyﬁrﬁd{nﬁtti:ﬂisfcﬁél:rfl@frdel KoREhlieTmeRding @9 t he

P
resul ti ng fine suspensi on was cool ed down to 0@ the reaction was

qlnc Hbdang HBR8 makand ithe mixtupd @/agi stigRdviar @0. Min &Rylssnmanwas eidded
St ahd ol 1w§ss E{}n{rﬁﬁe‘a overfily PPP"ﬁ% de%éﬁ’t?rﬁW?ﬂu?e Qast %ré&ﬂﬂ&%pkﬁ%gé@{he

organi c pha hen col ed an e aqueous ase was
ext r adilwdd mtthketb)ﬂ\éc(e?am & k) orgdhie pmsgerchsosegmnatadpﬁraeaqmsus peassvasised

over RReE o TieS, fum Gl bae GRS i et ineR Ok SuhdSs Wete washEl tifickun®

obt ai aétH saturatedsedicur hRgBosate UpiutiBay Wit adith amatby asd banat dripdbehy Nd Bw,ded

the desired conpound_in form of el low sh _oil. 20
15 and concenn:}%ted The crude proguf\{t was purified with preparative LC-MS and

g stirred
was adde
bt h

subsequently lyophifized from 80% tBuOH in water to yield a white solid.

Synthesis of Exampie 99;
20  Intermediate 99a):

-
5)-“@(0;«;

in a flame dried flask 3-oxo-azetidine-1-carboxylic acid tert-butyl ester (500 mg) was
dissolved in THF (6 mi) under argon and the solution was cooled to 0°C.
25 Methylmagnesium bromide (3 M solution in diethylether, 1.95 ml) was added dropwise and
the milky suspension was stirred for 3 h. The reaction was carefully hydrolyzed with
saturated aqueous NHsCl and extracted with EtOAc (80 ml). The organic phase was



I nt er medi at e 133b): Internediate 133a) (1.94 g) in solution in EtOAc (25
m ) was hydrogenated overnight in the 25 presence of pall adi um hydroxi de,
20 M%O‘NO@Q‘?%BP@MQS mg) under 1 bar of hydrogen at r S&HEIGHHSEPHLSr €.
Filtration through a syringe filter 31‘1 t he supernatant and further washing
of the catalyst with Et0OAc (5 m) vyi Bed a neat solution of the desired
compound in 30 mM of EtOAc. WD 2009/ 010299PCT/ EP2008/ 005913 131

Internediate.133¢c): o tN Tq,andce,col.d splution o .

(R - sWeshdd Sibiiile, Brbioref AR JuRBaif sibeRPIsia velrking progug s 2
(synt bgistiesasoidescri bed above) (450 ng) in abs. DCM (10 m ) was added a
solution of internediate 133b) in EtOAc (6 m; 2.62 mmol). The m xture was
| eft stirring at OC for 1 h, then left returning to roomtenperature for 17
h. At tlselidi® 9gb). vol atiles were evaporated and the resulting colorless
wax was extensively dried in vacua to renove the excess of internediate
133b} and yield the desired estgrsin a pure form 10 Internediate 133d): O
Nl 0y HCei CNH 01CI A solutig | it hi &freCORtt oxi de (80 ng) in water (1.5
mg was added under argon at 0OC 095 a solution of internediate 133c) (698
mg) in MeOH (9.0 M) and THF (1.5 m ). The reaction m xture was stirred at
OC for 2 h. The m xture was neutralized by addition of trifluoroacetic acid
(380 ijflu@eacejic) acidd4tmb was adged drofwike 061 aasdiulipiF alghe inlenpedidtd A%gatua.

(3 SEMGTRERCTatERribors P, the PdhClionSinBhlofRR0 98" A oo siflent O
(Na2S@é)s evapoeategortagredoluenal was dadderi 20dcevamsptordiwags aontnasd.cThier tess
985, vl JesoRbot Sode) kel St SO g ot e sovent. T

remaining product was dried under high vacuum overnight.

Intermediate 9Sc):

15
To an ice cold solution of intermediate 99b) (4.451 @) and triethylamine (2.34 ml} in DMF
(30 mi) was added a solution of (R)-3~(2,4-dichioro-phenyl)-2-isocyanato-propionic acid
methyl ester {3.048 g} in anhydrous DMF (50 ml} under Ar. The mixture was left stirring at
0°C for 4 h. The reaction mixture was evaporated in vacuo. The residue was diluted in

20  EtOAc (300 mi), the organic phase was washed with 0.1 N HCI (2 x 90 mi}, 0.1 N NaHCO;
and brine. The agueous phase was re-extracted with EtOAc, the combined organic phases
were dried under Na,S0,, filtered and evaporated. The crude compound was purified with
column chromatography to obtain a colorless, stable foam.

25



N) c, , NH

[(R)-1- 5", 6' - Hexahydro-[ 2, 41] bi pyri di ny1- 3-yl oxymet hyl ) - propyl i

- di met h O&H‘Pﬁ’éﬂ%99| 5 hydrochl oride (120 ng) and int eFREHFA0998H) (153

ng), 1-hydroxy-benzotriazole hydrate1(1 1 ng) and N-nethyl nor pholine (119

pl) were dissolved in DCM (15 nil). Aft'ér being stirred at roomtenperature

for 30 mn N-(3-dinethylam nopropyl) - Af-ethyl carbodii m de hydrochl ori de (88
tirring was conti nued for another hour. An additional

amu\é\?ﬁtg?ﬂ%-%?%gpﬁor pholine (26 pl) was added and stirring was continued

10 overni ght. The vol atil es were evaporated and the residue was partitioned

between Et 0Ac (50 m) and sat. NaHCO3 ( ). The organi c phase was

coll ected and further washed with i (2 x 25 ml). The aqueous

| ayers were nerged and extracted 1%% th DCM (10 ml). Then the conbi ned

organi c | ayer was washed with b dried (Na2SO4) and evapor at ed

in vacuo. The residue was purified B eparati ve HPLC to 15provide the

bis-formate salt of the desired dee as yell owi sh resin.

Synt hesis of Exanple 134: 20 Inter é 4a): N-benzyl - net hyl am ne

(1.05 g, 1.12 M) was added to a soO ut| on 3- hydr oxynet hy1- 3-

met hyl oxetane p-tosylate (2.23 g) in acetonitrile (35 m), in presence of

solid anhydrous 25 Na2CO3 (2.00 g). The suspension was then vigorously

sti rr dfeERediaignddca s disepl¥ed dn 86"1#&3*@ ofaMeit ¢4 i) pednbHihdPenpras g 65§ in
t t

55 SO PR RASSEN ondblud [ ) . Y S i
2009/ OBGZSEPAE EFQ@@:&’B 6059&:Bea;ﬁ@n(r‘ﬁmm)ﬂasmmxtmizga@ by golditoe ofdsN ¢tlll et ed

and furt h ith ter brin 25 m_eac The ner u S
o hase 1 RO BRA TR bk SRt B V5608 i ale i s i TR e B0 £
t hent GJ{(:lrte(ﬂHoverz}J\laB@@éueémd pﬁamm@?cbmgmrmm&mtmcxselm! a;‘r]gwmtgaaldt Eﬁyer
crysta | Ze Ccr e Syru ri call on chr omat ogr a a orae e
Cour s BasuBsa It WalE G Gsthe, ThEAAYRPYR PBRPSS TR IR ARt vahOAC the

104 nt ebfmpHeat @rgﬂa%a)a;le?ma@uaném o%@+ tmazs o, itk antil8vatorateas thedeagrnat ed
overnight in the presence of palladiumh al’OXI de, 20 wt % on carbon (60 nm)
under Plodyist was drgd upgenhigh Vﬁéb‘ﬁﬁ"‘t*@ﬂiﬁé‘ﬁéﬂhl@ form-tration through a syringe
filter and further washing of the catalyst with EtOAc (5 m) yielded a neat
solution of the desired conmpound in 15 m of EtOAc. 15 Internedi ate 134c):
To anBxeenmel98: sol ution of

(R -3-(2, 4-di chl oro-phenyl)-2-i socyanat o- propi onji ¢ acid nmethyl ester
(synthesis as descri bed apove) LBOO ng) in ab DCM (9 M) was added a
solution of 20 internedi ate N134 in EtOAg:) ( OH1. 75 mmol ). The m xture
was left stirring at 0OC for h, “then | eturning to room tenperature
for 17 h. At this tinme all voI Melporated to yield a pale yell ow
syrup/ wax. The crude product was purifyedzby chromatography to afford the

desired ester as a clear syru

i zi on storage at room
tenperature. WO 2009/ 010299P 2008/ 0059 3?;
!

15
Intermediate 99d) (2.523 g), HOBt (1.113 g), EDCI (1.974 g) and NMM (1.47 mi) in DMF
(50 ml) were stirred for one hour at room temperature. 3-((R)-2-Pyrrolidin-1-yi-butoxy)-
1.,2',3',4',5',6'-hexahydro-{2,4 Tbipyridinyl trihydrochloride (2.050 g) and a second portion of
NMM (1.33 ml} were added and stirring was continued over night. The DMF was

20  evaporated in vacuo and the remaining orange oil was dissolved in ethyi acetate {300 ml).
The organic solution was washed with 1 N Na,CO; (2 x 150 ml) and brine. Each aqueous
phase was re-extracted once with ethyl acetate. The organic layer was dried (Na.SO,),
filtered and evaporated in vacuo. The crude product was purified by preparative HPLC.



Internediate 1344): o yN*O il"NH HO - A solution of |ithium hydroxide (42
nmg) in water (0.8 nm) was added under argon at OCto 5 a solution of

i nt er medWvet200918429 (305 ng) in MeOH (5.0 m) and THF ( C3/EA2H08/0TFp@3r eact i on
m xture was stirred at OC for 2 h. The m xture was neutralized by addition
of trifluoroacetic acid (200 ng; 135 1P and the main part of MeOH and THF
wer e rem)ved in vacua. Then the remainder was diluted with water (10 m)
and e cted vvlth Et 0Ac (3 x 25 m). The organic |ayer was washed with

bri ne pinggis of m?ﬂg 504) and evaporated to afford the 10 corresponding
acid p,ﬁeﬁmgg}-é;élgggg) .vi scous syrup form ng an unstable foam under high
vacua. Exanple 134:" H COO H 15

[(R)-1-(1",21, 31, 41, 51, 6i - Hexahydr|o- [ 2, 41) bi pyri di ny1 3-yl oxynet hyl ) - pr opyl
| - di met hyl -am ne trihydrochl ori 600 ng) and internediate 134d) (115 ng),
1- hydr oxy- benzotriazol e hydrate (‘527ng) and N net hyl nor pholine (100 pl)
were dissolved in DCM (15 ml). Af el O%tlrred at roomtenperature for
30 min N (3-dinethylam nopropyft-Methyl garbodii m de 20 hydrochl oride (75
ng) was added and stirring was continued for another hour. An additional
anount of N nethyl norpholine (22 pl) was added and stirring was conti nued
overnight. The vol atiles were evaporated and the residue was partitioned
beit weblergirg Acelade (hBE5 g tvasalissalleddCORwERS (Grin)i). ATeautisrgahangthgieneWaBoc-

[ ayer RRPRR0rE O8I S Al PRV G Sobel B beiter AR 5B s 013

135 DIt fhkecury hcefBe hati tssotveli areditrer igRiaiie yeiwe tsommn?ﬁ BRGr Whiilcoirieas. (25
ue

ied (Na2SO4). and evaporated in vacua. The r was purified by
bt bpal B FRBRES S BRAIBE, 3 T AtTaPm BTpaEe-oia fRecHas WARERRR 1ol i ve

Zfeyggggw%tlépﬁggsugsgwm Rﬁ%k@é%ﬂﬁ%ﬁ /55%%%/%%1& ﬂréﬁm%brérmgfpesm es

10 solution of sodium baorohydride (0.1 g in 3 N NaCH (5 ml) was then added and the
mbdure was stirred for 15 min. Acidic acid was added untii pH 6 was reached and
hydrogen evolution had ceased. The mixture was decanted from the precipitated mercury
and evaporated. The residue was pariitioned between water and ethyl acetate. The
organic phase was washed with water and brine, dried over MgSQ,, filtered and

15 evaporated. A pale yellow oil remained that was purified by column chromatography. The
product was obtained in form of a clear, colorless, viscous il that was dried in high

vacuum.

Intermediate 125b):

HU‘OH
x HCI

Intermediate 125a) (846 mg) was dissolved in dioxane (30 mi). 4 N HCl in dioxane (30 ml)

20

was added and the reaction was stirred at room temperature for 3.5 hours. The solvents
were evaporated and the residue was co-evaporated several times with toluene. The
25  remaining pale yellow solid was washed and dried under high vacuum overnight.
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intermediate 125¢c):

CCI

To an ice cold solution of (R)-3-(2,4-dichloro-phenyl)-2-isocyanato-propionic acid methyl
ester (271 mg) in DMF (2.5 ml) was added a solution of intermediate 125b) (300 mg) and
EtsN (279 ub) in DMF (3 mi). The mixture was left stirring at 0°C for 4 h. The reaction
mixture was evaporated in vacuo. The residue was diluted with EtOAc (50 ml), the organic
phase was washed with 0.1 N HCI (2 x 20 mi) and brine. The aqueous phase was re-
extracted with EtOAc and the combined organic phase was dried over Na,SQ,, filtered and
evaporated.

Intermediate 125d):
OH

o} OYb

oA N

Cl: : Cl

The intermediate 125¢) (404 mg) was dissolved in MeOH (1.5 ml) and THF (5.0 mi) at 0°C.
A solution of lithium hydroxide monohydrate (83 mg) in HxC (1.5 ml) was added. The
mixture was stirred at 0°C for 1.5 h. The reaction mixture was neutrafized by addition of
1N HCI and the MeOH and THF were evaporated in vacuo. The aqueous phase was
acidified with 1 N HCI (pH ~ 1-2). The aqueous phase was exiracted with ethyl acetate
(50 ml). The organic layer was washed with water and brine. The agueous phases were
re-extracted with EtOAc, the combined organic layer was dried over Na,30Q, and
evaporated in vacuo o yield a colorless foam.

*

c
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intermediate 125d} (180 mg), HOBt (84.7 mg), EDCI (138 mg) and NMM (102 pl} in DMF
5 (3mi) were stirred at room temperature for one hour. [(R)-1-(1',2',3,4',5',6'-Hexahydro-

Example 125:

[2,4'Tbipyridinyl-3-yloxymethyl}-propyl}-dimethyl-amine trihydrochloride (163 mg) and a
second portion of NMM (93 ul) were added and stirring was continued over night. The
DMF was evaporated in vacuum and the remaining yellow oil was dissolved in ethyl
acetate (100 ml). The organic solution was washed with 1 N Na,CO; (2 x 30 mi) and brine.

10 Each aqueous phase was re-extracted once with ethyl acetate. The organic layer was
dried (Na,50,), filtered and evaporated in vacuo. The residue was purified by preparative
HPLC.

15  Synthesis of Example 127:
intermediate 127a):

Q“'\ x CF,COOH

B OH

To Boc-(S)-1-azetidin-2-yi-methanol (J. Med.Chem. 2008, 48, 7637-7647) (1.47 g) in DCM

20 (20 ml) was added TFA (10 ml) at 0°C and the solution was stirred at said temperature for
1.5 h. Evaporation of all volatiles and coevaporation with toluene (2 x 20 mi) led to the
desired compound as cloudy yellow oil.

25
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intermediate 127b):

OO N

Y
\.OJK,NH HO

-

C}: : Cl

To an ice coid salution of {R)-3-(2,4-dichloro-phenyl)-2-isocyanato-propionic acid methyl
ester {synthesis described above) (587 mg) in abs. DCM (6 ml) was added a solution of
intermediate 127a) (1.51 g) and triethylamine (0.90 ml) in abs. DMF (4 ml) under argon.
The mixture was left stirring at 0°C for 5 h, before all volatiles were evaporated. The
remainder was diluted with EtOQAc (100 ml) and the organic phase was washed with 0.1 M
HC! (2 x 50 ml) and water (50 mi). All aqueous phases were merged and re-extracted with
EtOAc (2 x 50 mi). The combined organic layer was washed with brine (50 ml), dried
(Na,S0,), filtered and concentrated in vacuo. The crude product was purified by
chromatography to afford the desired ester as white solid.

intermediate 127c):

A solution of lithium hydroxide (36 mg) in water (0.8 ml) was added under argon at 0°C to
a solution of intermediate 127b) (274 mg) in MeOH (2.0 ml) and THF (4.3 mi). The reaction
mixture was stirred at 0°C for 2 h. The mixture was neutralized by addition of 1 M HCl and
the main part of MeOH and THF were removed in vacuo. Then the remainder was
acidified with 1 M HCI to pH 3-4 and the mixture was extracted with EtOAc (2 x 25 ml). The
organic layer was washed with water and brine (each with 25 ml). The aqueous phases
were re-extracted with EtOAc (25 mi), the combined organic layer was dried (Na,SQ,) and
evaporated to afford the corresponding acid as colorless foam.



WD 2009/ 010299PCT/ EP2008/ 005913 137 Bi ol ogi cal Assays A. Binding Assay 5A
menbrane binding assay is used to identify conpetitive inhibitors of

f 1 uor esCEREEINIAPEY ed NDP- al pha- MBH bi ndi ng t o HEK293 c&CI/ERHBI08TIe3
preparati ons expressi ng human nelano% rtin receptors. The test conpound or
unl abel ed NDP-al pha-MSH i s di spensed varying concentrations 10 to a 384
well mcrotiter plate. Fluorescence | abel ed NDP-al pha-MSH is di spensed at a
si ngl e..con ation, followed by addition of nenbrane preparations. The
plate%?@mW%ﬁﬁgg?ed for 5 h at roomtenperature. The degree of
fluorescence polarization is; determned with | uor escence pol ari zati on
15m cropl ate reader. B. Fungyiqwal Assay Agani stic activity of human

mel anocortin receptors is det &r ni ned in Zﬁﬁﬁog eous nenbrane based assay.
Conpetition between unl abel ed VP N j uantity of fluorescence

| abel ed cAMP for a |imted nunbgr of bifndiing sites on a cAWP specific

anti body is reveal ed by fl uor ol ari n. 25 The test conpound or
enged at var concentrations to a 384

unl abel ed NDP-al pha- MSH i s di
well microtiter plate. Menbrane“preparati®ns Trof/HEK293 cel |'s expressing
t he human nel anocortin receptors are added. After a short preincubation

period, an appropriate anmount of ATP, GIP and the cAMP anti body is added
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ECS0/ We%tﬁgtéo\ﬁwti}wgg Jragr%gzllg{/]s?rl wggsxggshed with brine (25 ml), dried (Na.S0,) and
evaporated in vacuo. The residue was purified by preparative HPLC to provide the desired
amine as vellowish resin.

15

Synthesis of Example 129:
intermediate 129a):

20
Trifluoromethyltrimethylsilane (0.93 mi) and cesium fluoride (0.96 g) were added to a
solution of benzhydryl-azetidine-3-one (1.00 g} in THF {(12.5 ml). After being stirred at
room temperature for 1 h, sat. NH,Cl (12.5 ml) and tetrabutylammonium fluoride (498 mg)
were added and stirring was continued for another 6 h. The mixture was extracted with
25 diethyt ether (3 x 50 ml) and the organic layer was dried over MgSQO,. Concentration in
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vacuo provided an orange oil, which was purified by chromatography to afford the desired
alcohol in form of a yeliow oil.

intermediate 129b).

F
" :>24
OH x HCI

Palladium hydroxide, 20 wt% on carbon (202 mg) and 1 M HCI (1.52 ml) were added to a
solution of intermediate 129 a} (466 mg) in MeOH. The reaction mixture was hydrogenated
under 1 bar of hydrogen at room temperature for 3 h. The cétaiyst was filtered through
Celite and washed with methanol. The filtrate was concentrated and dried under vacuum.
The residue was then washed with hexanes. The organic layer was decanted and a beige

solid was obtained.

Intermediate 129¢c):

To an ice cold solution of {R)-3-(2,4-dichloro-phenyl)-2-isocyanato-propionic acid methyl
ester (synthesis described above) (178 mg) in abs. DCM (3 ml) was added a solution of
intermediate 129b) (230 mg) and triethylamine (0.27 ml) in abs. DMF (2 ml) under argon.
The mixture was left stirring at 0°C for 3 h. Then the mixture was diluted with FtOAc
{50 ml) and the organic phase was washed with 0.1 M HCI (2 x 25 ml) and water (25 ml}.
All agueous phases were merged and re-extracted with EtOAc (2 x 50 mi). Then the
combined organic layer was washed with brine (50 mi), dried (Na,SO,), filtered and
concentrated in vacuo. The crude product was purified by chromatography to afford the
desired ester as colorless foam.
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Intermediate 129d):

A solution of lithium hydroxide (17 mg) in water (0.5 mt} was added under argon at 0°C to
a solution of intermediate 129¢) (151 mg) in MeOH (0.8 mi) and THF (2.0 ml). The reaction
mixture was stirred at 0°C for 3 h. The mixture was neutralized by addition of 1 M HCI and
the main part of MeOH and THF were removed in vacuo. Then the remainder was
acidified with 1 M HCI to pH 3-4 and the mixture was extracted with EtOAC (2 x 25 mi). The
organic layer was washed with water and brine (each with 25 ml), dried (Na,S0,) and
evaporated to afford the corresponding acid as colorless resin.

Example 128:

[(R)-1-(1",2,3",4',5',6'-Hexahydro-[ 2,4 Ibipyridinyl-3-yloxymethyl)-propyi]-dimethyi-amine tri-
hydrochloride (111 mg) and intermediate 129d) (125 mg), 1-hydroxy-benzotriazole hydrate
(55 mg) and N-methylmorpholine (100 ut) were dissoived in DMF (5 ml}. After being stirred
at room temperature for 30 min N-(3-dimethylaminopropyl)-N-ethyicarbodiimide
hydrochioride (82 mg) was added and stirring was centinued for another hour. An
additional amount of N-methyimorpholine (100 ul) was added and stirring was continued
overnight. The reaction mixture was diluted with EtOAc (50 mil} and washed with sat.
NaHCO; (3 x 25 ml). All aqueous layers were merged and re-extracted with EtOAc (25 mi).
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Then the combined organic layer was washed with brine (25 ml), dried (Na,SO4) and
evaporated in vacuo. The residue was purified by preparative HPLC to provide the desired
amine as yellowish resin. '

Synthesis of Example 130:
intermediate 130a):

T

N

5

In a flame dried flask trimethylsulfoxonium iodide (2.57 g} and sodium hydride (60% in
mineral oil, 476 mg) were suspended in DMS0 (8.8 ml) at 10°C. The mixture was stirred at
room temperature for 1.5 hours. A solution of tert-butyl-3-oxopyrrolidine-1-carboxylate
(2.00 g) in DMSO (2.2 ml) was added dropwise within 15 min. Stirring was continued for
1 hour. The reaction was hydrolyzed by addition of ice water (50 ml) and brine (50 ml}). The
aqueous suspension was extracted with diethy! ether (2x 50 ml). The combined etheral
solution was washed with brine, dried over MgSQ, and filiered. The filtrate was evaporated
in vacuo to yield a viscous brown oil that was purified by Kugelrohr distillation. The product
was obtained as coloriess oil.

Intermediate 130b}):

0.0
\f
N

HO

in a flame dried flask, copper(l)cyanide (105 mg) was suspended in anhydrous THF (2 mb).
The suspensicn was cooled to -76°C and cyclopropyimagnesium bromide (0.5 M in THF,
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9.34 ml) was added. The mixture was stirred for 1 hour, followed by siow addition of a
solution of intermediate 130a) (155 mg) in dry THF (1 mi). The reaction was slowly
warmed to room temperature and stirred over night. The mixture was partitioned between
saturated aqueous NH,Cl and diethyl ether. The ether phase was washed with water and
brine. Each aquecus phase was re-extracted once with diethyl ether. The combined
organic phase was dried over MgSO,, filtered and evaporated. The crude product was
purified by column chromatography.

intermediate 130c):
x HCI

Oy

OH

intermediate 130b) (116 mqg) was dissolved in dioxane (6 ml). 4 N HCI in dioxane (6 ml)
was added and the reaction was stirred at room temperature for 1.5 hours. The solvents
were evaporated and the residue was coevaporated several times with toluene. The
remaining pale red solid was dried under high vacuum.

intermediate 130d}:

d

To an ice cold solution of {(R)-3-(2,4-dichloro-phenyl)-2-isocyanato-propionic acid methyl
ester (125 mg) in DMF (4 ml) was added a solution of intermediate 130c) (82 mg) and
triethylamine (134 i) in anhydrous DMF (2 ml) under argon. The mixture was left stirring
at 0°C for 2 hours and an additional 2 hours at room temperature. The reaction mixiure
was evaporated in vacuo. The residue was diiuted with DCM (80 mi), the organic phase
was washed with 0.1 N HCI (20 ml), 1 N NaHCO; (20 mi) and brine. Each agueous phase
was re-extracted with DCM, then the combined organic phase was dried over Na>SQ,,
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fitered and evaporated. A pale brown oil was obtained and dried under high vacuum. The
crude product was purified by column chromatography.

Intermediate 130e):

Intermediate 130d) (171 mg) was dissolved in MeOH (1 ml) and THF (5 mi) at 0°C. A
solution of lithium hydroxide monohydrate (34.6 mg) in H.O (1 ml) was added. The mixture
was stirred at 0°C for 4 h. The reaction mixture was neutralized by addition of 1 N HCl and
the MeOH and THF were evaporated in vacuo. The aqueous phase was acidified with 1 N
HCI (pH ~ 1-2) and was extracted with EtOAc (1 x 20 ml). The organic layer was washed
with water and brine. The agueous phases were re-exiracted with EtOAc, the combined
organic layer was dried over Na,S0, and evaporated in vacuo to yield a white foam. The

crude product was purified by column chromatography.

Example 130:
x HCOOH

i O(\q
O J\(NH

[(R)-1-(1',2',3" 4',5',6'-Hexahydro-| 2,4"bipyridinyl-3-yloxymethyl}-propyil-dimethyl-amine iri-

hydrochioride (123 mg), the intermediate 130e) (165 mg) and HOBt (73 mg) were mixed in

DCM (6 mi). EDCI (73 mg) and NMM (132 ul) were added. The reaction was stirred at
room temperature for one hour. A second portion of NMM (28 ul) was added and stirring
was continued over night. The mixture was diluted with EtOAc (50 ml) and washed with
1 N Na,C0O; (3x 25 ml) and brine. Every agueous phase was re-extracted once with
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EtOAc. The combined organic layer was dried (Na,SQ), filtered and evaporated in vacuo.
The crude product was purified by preparative HPLC.

Synthesis of Example 133:
intermediate 133a):

Q1

Sodium triacetoxyborohydride (5.88 g) was added to a solution of 3-oxetanone (1.00 @)

o

and N-benzyl-methylamine (2.52 g, 2.7 ml) in 1,2-dichioroethane (300 m}), shortly followed
by addition of acetic acid (1.6 ml). After being vigorously stirred for 18 h at room
temperature, the resulting fine suspension was cooled down to 0°C and the reaction was
quenched by careful addition of 200 ml of water. The system was left stirring for 1 h to
reach a compiete hydrolysis of the reagent left. The organic phase was then collected and
the aqueous phase was further exiracted with DCM (2 x 50 ml). The merged organic
phase was then washed with sat. NaHCO; (2 x 50 ml), H20 (50 ml) and brine (75 mi). After
drying over Naz80,, filtration and evaparation of the solvent, the compound was obtained
as a crude orange syrup. Purification by chromatography afforded the desired compound
in form of a yeliowish oil.

intermediate 133b):

l
HN

\C\ in EtOAC solution
0

Intermediate 133a) (1.94 g) in solution in EtOAc (25 ml) was hydrogenated overnight in the
presence of palladium hydroxide, 20 wt% on carbon {195 mg) under 1 bar of hydrogen at
room temperature. Filtration through a syringe filter of the supernatant and further washing
of the catalyst with EtOAc (5 mli) vielded a neat solution of the desired compound in 30 mi
of EtOAc.
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Intermediate 133¢c):

|

To an ice cold solution of (R)-3-(2,4-dichioro-phenyl)-2-isocyanato-propionic acid methyl

5  ester (synthesis as described above) (450 mg) in abs. DCM (10 ml} was added a solution
of intermediate 133b) in EtOAc (6 ml; 2.62 mmol). The mixture was left stirring at 0°C for
1 h, then left returning to room temperature for 17 h. At this time all volatiles were
evaporated and the resulting coloriess wax was extensively dried in vacuo to remove the
excess of intermediate 133b) and yield the desired ester in a pure form.

10

Intermediate 133d):

|

A solution of lithium hydroxide (80 mg) in water (1.5 ml) was added under argon at 0°C to
15 a solution of intermediate 133c) (698 mg) in MeCOH (9.0 mi) and THF (1.5 mi). The reaction

mixture was stirred at 0°C for 2 h. The mixture was neutralized by addition of trifluoroacetic

acid (380 mg; 260 pl) and the main part of MeOH and THF were removed in vacuo. Then

the remainder was diluted with water (10 mi) and extracted with EtOAc (3 x 25 ml). The

organic layer was washed with brine (25 mi), dried (Na,SO,) and evaporated to afford the
20  corresponding acid as coloriess foam after an exiensive drying under high vacuo.
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Example 133:
x 2 HCOOH

,U\/NH \C\O

[(R¥1-(1,2,3",4',5',6'-Hexahydro-[2,4 Ibipyridinyl-3-yloxymethyl)-propyil-dimethyl-amine tri-
hydrochloride (120 mg) and intermediate 133d) (153 mg), 1-hydroxy-benzotriazole hydrate
(61 mg) and N-methylimorpholine (119 pl) were dissolved in DCM (15 mi). After being
stirred at room temperature for 30 min N-(3-dimethylaminopropyl)-N-ethylcarbodiimide
hydrochioride (88 mg) was added and stirring was continued for another hour. An
additionai amount of A-methyimorpholine (26 pi) was added and stirring was continued
overnight. The volatiles were evaporated and the residue was partifioned between EtOAc
(50 mi) and sat. NaHCO; (25 ml). The organic phase was collected and further washed
with sat. NaHCOs (2 x 26 ml). The aqueous layers were merged and extracted back with
DCM (10 mi}). Then the combined organic layer was washed with brine (25 ml), dried
(NaxSQ4) and evaporated in vacuo. The residue was purified by preparative HPLC to
provide the bis-formiate salt of the desired derivative as yellowish resin.

Synthesis of Example 134:

Intermediate 134a):
@ '& \/@O

N-benzyl-methylamine (1.05 g, 1.12 ml) was added to a solution of 3-hydroxymethyi-3-
methyioxetane p-tosylate (2.23 g} in acetonitrile (35 ml), in presence of solid anhydrous
NapCO; (2.00 g). The suspension was then vigorously stirred at room temperature for
6 days, at which time no more progress in the conversion was noticeable. All the volatiles
were evaporated and the residue was partitioned between EtOAc (50 ml) and water
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(50 ml). The organic phase was collected and further washed with water and brine (25 ml

each). The merged aqueous phase was extracted back with DCM (25 ml). The merged

organic phase was then dried over Na,SO,, fitered and evaporated to yield a partially

crystallized crude syrup. Purification by chromatography afforded the desired compound in
5  form of a vellowish oil. |

intermediate 134b):

Hlii\’,]co in EtOAc solution

10 Intermediate 134a) (360 mg) in solution in EtOAc (10 ml) was hydrogenated overnight in
the presence of palladium hydroxide, 20 wt% on carbon (60 mg) under 1 bar of hydrogen
at room temperature. Filtration through a syringe filter and further washing of the catalyst
with EtOAc (5 ml) yielded a neat solution of the desired compound in 15 mi of EtQAcC.

15 Intermediate 134c):

To an ice cold solution of (R})-3-(2,4-dichloro-phenyl)-2-isccyanato-propionic acid methyl
ester (synthesis as described above} (300 mg) in abs. DCM (9 mi) was added a solution of

20 intermediate 134b) in EtOAc (15 mi; 1.75 mmol). The mixture was left stirring at 0°C for
1 h, then left returning to room temperature for 17 h. At this time aill volatiles were
evaporated to yield a pale yellow syrup/wax. The crude product was purified by
chromatography to afford the desired ester as a clear syrup crystallizing upon storage at
room temperature.

25
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intermediate 134d}):

A solution of lithium hydroxide (42 mg) in water (0.8 ml) was added under argon at 0°C to
a solution of intermediate 134¢) (305 mg) in MeOH (5.0 ml) and THF (0.8 ml). The reaction
mixture was stirred at 0°C for 2 h. The mixture was neutralized by addition of triflucroacetic
acid (200 mg; 135 wl) and the main part of MeOH and THF were removed in vacuo. Then
the remainder was diluted with water (10 ml) and extracted with EtQAc (3 x 25 ml). The
organic layer was washed with brine (25 ml), dried (Na»,SQ,) and evaporated to afford the
corresponding acid as a colorless viscous syrup forming an unstable foam under high

vacuo.

Example 134:
HCOOH

O

.--2‘
‘ 9

Ci
HCOOH

[{R)-1-(1',2',3',4',5',6"-Hexahydro-{2,4 Thipyridinyl-3-yloxymethyl)-propyll-dimethyl-amine tri-
hydrochloride (100 mg) and intermediate 134d) (115 mg), 1-hydroxy-benzotriazole hydrate
(52 mg) and N-methyimorpholine (100 pl) were dissolved in DCM (15 mi). After being
stirred at room temperature for 30 min N-(3-dimethylaminopropyl)-N-ethylcarbodiimide
hydrochloride (75 mg) was added and stirring was continued for another hour. An
additional amount of N-methyimorpholine (22 ul) was added and stirring was continued
overnight. The volatiles were evaporated and the residue was partitioned between EtOAc
(50 ml) and sat. NaHCOs (25 mi). The organic phase was collected and further washed
with sat. NaHCO; (2 x 25 ml). The agueous layers were merged and extracted back with
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DCM (10 mi). Then the combined organic layer was washed with brine (25 mi), dried
(NapS04) and evaporated in vacuo. The residue was purified by preparative HPLC to
provide the bis-formiate salt of the desired derivative as yellowish resin.
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Biological Assays

A, Binding Assay

A membrane binding assay is used to identify competitive inhibitors of fiuorescence
labeled NDP-aipha-MSH binding to HEK293 cell membrane preparations expressing
human melanocortin receptors.

The test compound or unlabeled NDP-alpha-MSH is dispensed at varying concentrations
to a 384 well microtiter plate. Fiuorescence labeled NDP-alpha-MSH is dispensed at a
single concentration, followed by addition of membrane preparations. The plate is
incubated for 5 h at room temperature.

The degree of fluorescence polarization is determined with a fluorescence polarization
microplate reader.

B. _Functional Assay

Agonistic activity of human melanocortin receptors is determined in a homogeneous
membrane based assay. Competition between unlabeled cAMP and a fixed quantity of
fluorescence labeled cAMP for a limited number of binding sites on a cAMP specific
antibody is revealed by fluorescence polarization.

The test compound or unlabeled NDP-alpha-MSH is dispensed at varying concentrations
to a 384 well microtiter plate. Membrane preparations from HEK293 cells expressing the
human melanocortin  receptors are added. After a short preincubation period, an
appropriate amount of ATP, GTP and the cAMP antibody is added and the plate is further
incubated before the fluorescence labeled cAMP conjugate is dispensed. The plate is
incubated for 2 h at 4°C before it is read on a fluorescence polarization microplate reader.
The amount of cAMP produced as a response to a test compound is compared to the
production of CAMP resulting from stimulation with NDP-alpha-MSH.
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Representative compounds of the present invention were tested and found to bind to the
melanocortin-4 receptor. These compounds were generally found to have ICs, values less
than 2 uM.

Tabie 16: Biological data for selected examples of the invention

In the table are listed the IC5, values of the hMC-4R binding assay and the ECx, values of
the functional assay. The ICs and ECs, values were grouped Iin 3 classes:
as0ipuM;b>01uMand<1.0puM: c > 1.0 uM

Example hMC-4R hMC-4R % activation

binding functional functional assay
assay assay ECso/uM
ICs/UM
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17 a 0
18 a 0
19 a 0
20 a 0
21 a 0
22 a ¢
23 b 0
24 a 0
25 a G
26 b 0
27 a 0
28 b 0
29 b 0
30 a -8
31 a -3
32 a 36
33 b

34 c

35 b

36 a 8
37 b -2
38 b -5
39 a -13
40 a -11
41 b -1
42 b -1
43 b 0
44 b -4
45 a 27
46 c -13
47 a -36
48 a 0

0
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49 b -3
50 a G
51 b

52 b

53 c 1
54 b 10
55 b 2
56 a -5
57 a

58 b

59 a -1
60 a -12
61 a 1
62 a -10
63 a 0
64 a 13
65 a 0
66 b 0
67 c 33
68 a -5
69 a -7
70 a -2
71 a -4
72 a 0
73 a -15
74 a -5
75 a -1
76 a 0
77 a 0
78 a 0
79 a 0
80 a 0

-3 115 a -
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113 a - -14
114 a - -3
115 a - -8
116 a - -1
117 a - 0
118 a - 11
119 a - 11
120 a - 5
121 a - -6
122 a -

123 a -

124 a - -2
125 a - -8
126 a - -8
127 a - -3
128 a . -8
129 a - -5
130 a - -2
131 a - -2
132 a - -4
133 a - -8
134 a - -2
138 a - 3
136 a - 10
137 a -

138 a -

139 a - -10
140 a - 6
141 a - -3
142 a a -32
143 a - -1
144 a - 2
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. In Vivo Food Intake Models

1. Spontaneous Feeding Paradigm
Food intake in rats is measured after i.p., s.c. or p.o. administration of the test compound
5 (seee.g. A.S. Chen et al. Transgenic Res 2000 Apr ;2(2):145-154).

2. Model of LPS-Induced Anorexia and Tumor-induced Cachexia

Prevention or amelioration of anorexia induced by either lipopolysaccharide (LPS)

administration or cachexia induced by tumor growth is determined upon ip. or p.o.
10 administration of test compounds to rats (see e.g. D.L. Marks, N. Ling, and R.D. Cone,

Cancer Res 2001 Feb 15;61(4):1432-1438).

D. Rat Ex Copula Assay

15
Sexually mature male Caesarian Derived Sprague Dawley (CD) rats (over 80 days old) are
used with the suspensory ligament surgically removed to prevent retraction of the penis
back into the penile sheath during the ex copula evaluations. Animals receive food and
water ad lib and are kept on a normal fight/dark cycle. Studies are conducted during the
20 light cycle.

1. Conditioning to Supine Restraint for Ex Copula Reflex Tests
This conditioning takes about 4 days. Day 1, the animals are placed in a darkened
restrainer and left for 15 - 30 minutes. Day 2, the animals are restrained in a supine
25  position in the restrainer for 15 - 30 minutes. Day 3, the animals are restrained in the
supine position with the penile sheath retracted for 15 - 30 minutes. Day 4, the animals are
restrained in the supine position with the penile sheath retracted until penile responses are
observed. Some animals require additional days of conditioning before they are completely
acclimated to the procedures; non-responders are removed from further evaluation. After
30 any handiing or evaluation, animals are given a treat to ensure positive reinforcement.



9 139 a - -10 140 a - 6 141 a - -3 142 a a -32 143 a - -1 144 a - 2 W
2009/ 010299PCT/ EP2008/ 005913 143 C. In Vivo Food I ntake Mdels 1.
Spont anedG0®adHiong Par adi gm _ PCT/EP2008/005913

10

15

20

25

30

144

2. Ex Copula Reflex Tests

Rats are gently restrained in a supine position with their anterior torso placed inside a
cylinder of adequate size to allow for normal head and paw grooming. For a 400 - 500
gram rat, the diameter of the cylinder is approximately 8 cm. The lower torso and hind
limbs are restrained with a nonadhesive material {vetrap). An additional piece of vetrap
with a hole in it, through which the glans penis will be passed, is fastened over the animal
te maintain the preputial sheath in a retracted position. Penile responses will be observed,
typically termed ex copula genital reflex tests. Typically, a series of penile erections will
occur spontaneously within a few minutes after sheath retraction. The types of normal
reflexogenic erectile responses include elongation, engorgement, cup and flip. An
elongation is classified as an extension of the peniie body. Engorgement is a dilation of the
glans penis. A cup is defined as an intense erection where the distal margin of the glans
penis momentarily flares open to form a cup. A flip is a dorsifiexion of the penile body.

Baseline and or vehicle evaluations are conducted to determine how, and if, an animal will
respond. Some animals have a long duration untif the first response while others are
non-responders altogether. During this baseline evaiuation latency to first response,
number and type of responses are recorded. The testing time frame is 15 minutes after the

first response.

After a minimum of 1 day between evaluations, these same animals are administered the
test compound at 20 mg/kg and evaluated for penile reflexes. All evaluations are
videotaped and scored later. Data are collected and analyzed using paired 2 tailed t-tests
to compared baseline and/or vehicle evaluations to drug treated evaluations for individual

animals. Groups of a minimum of 4 animals are utilized o reduce variability.

Positive reference controls are included in each study to assure the validity of the study.
Animals can be dosed by a number of routes of administration depending on the nature of
the study to be performed. The routes of administration includes intravenous (1V),
intraperitoneal (iP), subcutaneous (SC) and intracerebral ventricular (ICV).
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Marks,. N (. Res 2001 Feb 15;61(4):1432-1438). D
%:-Co P a—Fo—-Sara-atare nal e Caesarian Derived Sprague

Dawl ey (CD) rats (over 60 days old) are used with the suspensory |iganment
surgically renoved to prevent retraction of the Penrs back into the penile
sheat ffodani agsayse relgvariplgl fereqlal sexuad mecemvitirmingludec ey behavarahmaodelt e ad

the oBToars A8 BirsBfcfRIERs ot BRLIER) SR, Toelt IERED LHBHEQBRE FoNGLT | 03

Test smibldes irc andsthetiwachgpinake $raabea:md 4atmf,cs mBaguring blhgasamiinrédoth mzﬁe Eraced

in a dar ened strai er and | f.or 0, m,nutes. Da e.ani nal s
e BERAETRE, TRSE 2bd Sind"Suaishet M el mofglsrdeaR sp Avsfincigipart

m nut gescriBaY & K.He MaKemis ear 8i, VESMo@en%rl mhéheuﬁjypbﬂes@@@r tFHetiBht ih t he
penil e sheath retracted for the animal s are

r est r ANREWSHZEG héalg u’brr%eF%eliet B@Fﬁ wr‘\tﬂh 4 hé’hﬁ%‘ﬁi |<§*8§H@é@fﬁ IdegrabivedQme |
peni | eLuESPENS RS 2768128 Y6 K §O F@?\'ngeét%l rmsa'ur ﬁo@é?'ﬁér%ﬂ@!ai §toﬂ

condi t1oning before they are ‘conpl e acclimate roce

nth- r ek pbe darashalder orebexuad Reflexes mﬁarreaiee%nslj&’hacm Binth.eBelB0amp: h&hdlﬁﬁ,ng or

eval u | t r

20001 20508 Ep BB Et P, Dy P Py AP Tl DIebBhalbR A Bl
rest r Segetition d SugnseeupoBebavor Fbrrtalieaﬂoi@en Eianmtensor&'ainpﬂamedsgnwﬂe a
cyli ng adequate size to allow for normal head and paw groom ng. For a
400 %0 gram rat, the dianmeter of the cylinder is approximately 8 cm

The | ower torso and hr nd linbs are restrained with a nonadhesi ve materi al
(vetrap). An additional piece of vetrap with a hole in it, through which

the gERBMPIES bF a\WHdrmRDBE8FYonipbdidsh ened over the animal to maintain the
prepufTal shea Th aretracted positron. Penile responses will be
observed, typically terned ex copula genital reflex tests. Typically, a

seri es,40f o {é‘fﬁdegm ?iﬁ%én%iaw drkl &&n@gﬁ&ﬁgn ohd ﬁ;}ﬁgma'ar 9 LR r}s%WtrH?r nutes

after shea 1 0N nor na xogeni C "erecti
res poﬁ@eeg|thElnadml@IﬁoinQiatmolatecewgbragﬁm firmlypdmdﬁdr lacipseAn wbodgat icdal i s

chi SSLfl Engorgenent is a dilation of
t% gfﬁ:‘ran ?Hbgsﬁg%ﬁo%gouﬁa t&'é%ﬁ%e@h%g& & ﬁ?gﬁiﬁg erection where the distal
margi n of the glans penis m)rrentarrly flares open to forma cup. Aflipis
a dor |er on of .the ile b . 15 Baseli.ne and or ve eval uatrons
A e BRI 3Pl STRPRETIT. Uh aral COrRROSiT Y AEPmPPUAhohate Sisee

ani malrveh@Me 28 n@gtpgar@rrﬁpz@nwné 'fbmﬁtﬁléteﬁ' whbh SRRReRSEnaidifded h@étés@rte

non- responders altogether. During this baseline evaluation latency to first

respoﬁ@é"derﬂr?ﬁi@‘ra'&@w“@é@c@ 59@%?%@!;3&28 G bargraniafin @psuleesting tinme frame
igc 15 minutes after the 20first response. After a mininmumof 1 day between
eval uations, these sane aninmals are adm ni stered the test conpound at 20

g/ kgVéhilg beahvention fizg bpenidescripgéd axdsilusttdied alrefarérmestcacertain deetesedd and

scored | re,coll n yzed LN ired 2 tail -tests

5t o oA oAb Biethe vidke SRIEERC M 2BLIGE: wReCRs 3heig Vefialed arafots

eval uatodificatidres anddubstduddns can be made therein without departing from the spirit and
scope of the invention. For example, effective dosages, other than the preferred doses as

30 set forth above, may be applicable as a consequence of the specific pharmacological
responses observed and may vary depending upon the particular active compound
selected, as well as from the type of formulation and mode of administration employed,
and such expected variations or differences in the results are contemplated in accordance
with the objects and practices of the present invention. It is intended, therefore, that the



animals. Goups of a mninmumof 4 animals are utilized to reduce
variability. Positive reference controls are included in each study to
assure tWWe 20MIGIR%%y of the study. Aninmals can be dosedPBy/EXZHERBELS of
routes of adm nistration depending on the nature of 30the study to be
performed. The routes of adninistratil8® includes intravenous (N),
|ntraper|toneal (I'P), subcutaneous (SC) and |ntracerebral ventri cul ar
(1cv), WD 2009/ 010299PCT/ EP2008/ 005913 145 E, Mddel s of Feral e Sexua

Dysf uRventisn e Hewed pnda by the seopeof the claims whichdeldpwranckihet suek Ciaips b8e t he
behay; gdirect observations of copulatory

acti v'h%ae}%ggb{cg a\l} 2% m&?@ ogenl tal reflex 5 nodel in anesthetized
spinally transected rats for measuring orgasmin both nale and fenale rats.
These and ot her established ani mal nodels of femal e sexual dysfunction are
dgscribed in K E. McKenna et al, A Mdel For The Study of Sexual Function
In Anesthetized Male And Fenale Rats, Am J. Physic!. (Regulatory

I ntegrative Conp. Physiol 30): R1276-R1285, 1991; K E. MKenna et al,

Modul ati on By Peripheral Serotonin 10 of The Threshold For Sexual Reflexes
In Femal e Rats, Pharm Bioch. Behav., 40:151-156, 1991; and L.K. Takahash
et al, Dual Estradiol Action In The Di encephal on And The Regul ati on of

Soci osexual Behavior In Femal e Gol den Hamsters, Brain Res., 359: 194- 207,
1985. 15 Exanpl es of a Pharnmaceutical Conposition As a specific

enbodi ment of an oral conposition of a conpound of the present invention,
23 nmg of Exanple 6 is fornulated with sufficient finely divided |actose to
provi de a total 20anmount of 580 to 590 ng to fill a size O hard gelatin
capsul e. As another specific enbodi nent of an oral conposition of a
conpound of the present invention, 28 ng of Exanple 14 is fornulated with
sufficient finely divided | actose to provide a total anmount of 580 to 590
ng to fill a size 0 hard gelatin capsule. 25 While the invention has been
described and illustrated in reference to certain preferred enbodi nents
thereof, those skilled in the art will appreciate that various changes,
nodi fi cations and substitutions can be nade therein w thout departing from
the spirit and scope of the invention. For exanple, effective dosages,
other than the preferred doses as 30 set forth above, may be applicable as
a consequence of the specific pharnmacol ogi cal responses observed and may
vary dependi ng upon the particular active conpound sel ected, as well as
fromthe type of fornulation and node of admi nistration enployed, and such
expected variations or differences in the results are contenplated in
accordance wth the objects and practices of the present invention. It is
i ntended, therefore, that the WD 2009/ 010299PCT/ EP2008/ 005913 146
invention be limted only by the scope of the clainms which foll ow and t hat
such clainms be interpreted as broadly as is reasonable. - 147 - Cains: 1.
A conpound according to formula (1) 5 10



(I') and the enantioners, diastereoners, tautonmers, solvates and
phar maceutical ly acceptable salts thereof, wherein 15Rl is
-N(RI0)-(C(R6)2),-T or R6 is independently selected fromH, 20F, OH OCH3,
Cl_6-al kyl, optionally substituted vvl%1 1 to 3 substituents selected from
hal ogen, ON, OH and OOH3, and 25Cm (':97 oal kyl, optionally substituted with
1 to 3 substituents selected from hal ogen, CN, OH and OCH3; T i sNR7R8, -
148 - . R7 and R8 are independently fromeach other selected fromH,
01 _6- 4JMS52 6-al kenyl, C2 6-alkinyl, and C2_6-al kyl ene-O- O _6-al kyl ,
wherein each al kyl, al kenyl and al kinyl is optionally substituted by one or
nore hal ogen atons, ON or OH

1. A compound according to formula (1)

O RS
5 0
NH 0
R’ N

B X

I

D. G

~F 3 4
10 ET R R

and the enantiomers, diastereomers, fautomers, solvates and pharmaceutically
acceptable salts thereof,

wherein

15 R'is  -NR')-(CR)n-T
-(C(R%2)-T, or
~O-(C(R®)2)n-T:

R® is independently selected from
H,
20 F,
OH,
OCH,,
C+s-alkyl, optionally substituted with 1 to 3 substituents selected from halogen,
CN, OH and OCH;, and
25 Cs.g-cycloalkyl, optionally substituted with 1 {0 3 substituents selected from
halogen, CN, OH and OCHj;

Tis NR'R®,

. (R% .
~\N,/~\77 p \N/ﬁ
kMN k/o
~ 1 s



10R9 is independently selected from hal ogen, ON, OH, Cl_6-al kyl, optionally
substituted with 1 to 3 substituents selected from hal ogen, 150N and OH,
and 0-Cl.6-al kyl, optionally substituted with 1 to 3 substituents sel ected
from hal ogen, ON and OH, Cl1_6-al kyl enﬁéO Cl _6-al kyl, optionally substituted
with 1 to 3 substituents selected fFd# hal ogen, ON and OH, or 20NR12R13; -
149 - R1I0 is H, or Cl_6-alkyl; Rll is independently sel ected from hal ogen,
5CN, OH, 01 6-alkyl, ogpti onally substituted with 1 to 3 substituents

sel ected from halpg\?ﬁ JCN and OH, C2_6-al kenykg, 1002_6-al ki nyl ,

0-Cl_6-al kyl, ojtionfally substituted withITSko 3 substituents selected from
hal ogen, CN and |OH, _6-al kyl ene- O C1. 6hal kyl , optionally substituted with
1 to 3 substituents-Selgoted from hal ogen\_@/zoand OH, -

1500_6- al kyl - 03_6-c¥ycl oal kyl, -00(0)0-1_6-al kyl, -N H2, -NH(01_6-alkyl),
and -N(Cl1_6-al kyl)2; 20R12 and R13 are independently from each ot her

sel ected from 01. 6- al l@@)ﬁ optionally substituted with OH, 02 _6-al kenyl,
C2_6-al ki nyl , Y RN

Y, /

. R,
~~M?» y N

(R™,
(\45—@ or

R” and R® are independently from each other selected from
H,
Cqe-alkyl,
5 Cos-alkenyi,
Cos-alkinyl, and
Cag-alkylene-O-Cqs-alkyl,
wherein each alkyl, alkenyl and alkinyl is optionally substituted by one or more

halogen atoms, CN or OH;

10 R? is independently selected from
halogen,
CN,
OH,
Cig-alkyl, optibnaily substituted with 1 to 3 substituents selected from halogen,
15 ) CN and OH, and
O-Ci¢-alkyl, optionally substituted with 1 to 3 substituents selected from
halogen, CN and OH,
Cﬁ_G-aikyi‘ene-()wC@‘6~alky1, optionally substituted with 1 to 3 substituents
selected from halogen, CN and OH, or
20 NR™*R"™;



C2. 6-al kyl ene- O Cl1. 6-al kyl , and 25C2. 6- al kyl ene-N- (Cl1_6-al kyl)2; Wis CH, O
or XisCHor N, YisCHor N, ZisCHor N 30A isa 3-7-nmenbered saturated,
unsaturated or aromatic ring containing 0-2 nitrogen atonms; - 150 - B
ISCR2 or NNh GisCRR or NN Ds CR2 or N, EisCR2 or NN 5 with the proviso
that one or two of the variables B,'@QD and E nust be N, R2 is

I ndependently selected from10 H, F, d, CH3, OCH3, and CF3; 15 R3 is H,

a. F k1 is H, or

Crg-alkyl;

R is independently selected from
halogen,
5 CN,

OH,
Ci-s-alkyl, optionally substituted with 1 to 3 substituents selected from halogen,
CN and OH,
C,s-alkenyl,

10 Cog-alkinyl,
0O-C4¢-alkyl, optionally substituted with 1 to 3 substituents selected from
halogen, CN and OH,
Ci.s-alkylene-O-C s-alkyl, optionally substituted with 1 to 3 substituents
selected from halogen, CN and OH,

15 Co.s-alkyl-Cj.5-cycloalkyl,
-0OC(0)Cy.s-alkyl,
-NHz,
-NH(C,¢-alkyl), and
-N(C1.g-alkyl)z;

20 R'? and R" are independently from each other selected from
Cg-alkyl, optionally substituted with OH,
Cas-alkenyl,
Co.s-alkinyl,
Coealkylene-O-C4 g-alkyl, and

25 Co.s-alkylene-N-(Cq g-alkyl)s;

Wis CH, O or NR'":

Xis CHorN;
Yis CHorN;
Zis CHorN;
30 Ails  a 3-7-membered saturated, unsaturated or aromatic ring containing 0-2

nitrogen atoms;



CH3; R4 is d, F or CH3; 20 R5 is nor phol i ne, optionally substituted
by 1 to 3 sane or different substituents R14, 4 to 7 nenbered, saturated or
partially unsaturated heterocycle containing in the ring one nitrogen atom
and optionally a further heteroatom selected fromO, 25N and S, wherein
heterocycle is optionally substituted®8y 1 to 4 same or different
substituents R11, or NR12R13; R14 is Cl_5-al kyl, C1l..6-alkyl ene-CH,
Cl_6-al kyl ene-NH2, 501, 6-al kyl ene-NH-01, 6-al kyl, or

G .. 6-al Ryt en&N(@N6-al kyl )2; R16 is Hor | is0O, 1, 2, 3, or 4; 10mi sO,
1, 2, 3, _or 4

Gis CR?orN;
Dis CR%orN;
Eis CR*orN;
5 with the proviso that one or two of the variables B, G, D and E must be N;

R? is independently selected from
H,
F,
Cl,
10 CHas,
OCHs;, and
CFs;
Ris H,
Cl,
15 F, or
CH;

R*is CI,
For
CH3,

(R'), R 0
W R, ILH/EJ
( A ’ t 15

3 ]

20 R%is

morpholine, optionally substituted by 1 to 3 same or different substituents R,

4 to 7 membered, saturated or partially unsaturated heterocycle containing in

the ring one nitrogen atom and optionally a further heteroatom selected from O,
25 N and 8, wherein heterocycle is optionally substituted by 1 to 4 same or

different substituents R, or

NR12R13;



oisO, 1, or 2; pisO, 1, 2, 3, or 4; r is0O, 1, 2, 3, or 4; s isl, or 2 and
15t isO or 1. 2 A conpound according to claim1, wherein 20Rl
is-N(R16)-(C(R6)2),,,,-T or R6 is independently selected fromH, 25F, OCH,
00 H3, Cl1..6-alkyl, optionally substituted with 1 to 3 substituents

sel ected from hal ogen, ON, OH and Octf!-and 30C3_6-cycl oal kyl, optionally
substituted with 1 to 3 substituents selected from hal ogen, CN, OH and
OCH3; -_452 - T isSNR7R8, norphohne, (R9)pX (A or 0 -z R7 and
R8 are iRddpefde® Yy from each other selected from5H, C2_6-al kenyl

C2.. 6-al ki nyl ¢, angkylhebereipaigpch al kyl, al kenyl and al kinyl is optionally
substituted by one or nore halogen atons, CN or OH;
Cig-alkylene-OH,
Cis-alkylene-NH,,
5 Cis-alkylene-NH-Cq g-alkyl, or

Cis-alkylene-N(C,.¢-alkyl)s;
R'is Hor
Cqs-atkyl;
lis 0,1,2, 3, 0r4,
10 mis 0,1,2 3, 0r4,
ois 0,1,0r2;
pis 0,12 3, or4
ris 0,1,2,3,0r4,;
s is 1, or 2 and

15 tis Oor1.

2. A compound according to claim 1,

wherein

20 R'is  -NR"-(CR®)u-T
~(C(R%)-T, or
~O-(C(R®) o) T;

R? is independently selected from
H,
25 F,
OH,
OCHs,
Cie-alkyl, optionally substituted with 1 to 3 substituents selected from halogen,
CN, OH and OCHs;, and
30 Cse-cycloalkyl, optionally substituted with 1 to 3 substituents selected from
halogen, CN, OH and OCHa;



RO is independently selected from hal ogen, ON, 150H, Cl_6-al kyl optionally
substituted with 1 to 3 substituents selected from hal ogen, CN and OH, and
0-01 6-al kyl optionally substituted with 1 to 3 substituents selected from
hal ogen, ON and OH, - 153 - Cl_6-al ky]l ene-O Cl1_6-al kyl optionally
substituted with 1 to 3 substituents 3€rlected from hal ogen, CN and OH, R10
is H or 01-06-al kyl; 5Ri ndependently sel ected from hal ogen, CN, OH,

Cl. 6-al kyl optjonally substituted with 1 to 3 substituents selected from
hal ogen, ' foON g'CH, 0-Cl_6-al kyl optionally substituted with 1 to 3
substituents selggdipd, from hal ogen, ON and OH, 01_6-al kyl ene- G- C1_6-al kyl
optionally substituted with 1 to 3 substituents selected from hal ogen, ON

and OH, 15-NH2, NH(C1_ egl kyl), and N(01_6-al k){?@ ; XisCHor N, Y isCH or
N, 20Z i sCH or N;-. A *7- menber ed sat ur-at e;er,\/g.m aturated or aromatic
n

ring containing O-Qrogen atons; isCR2 N, isCR2 or N,
N

¥ ¥

~ 0

R10

(R
R?O—N/\/ P N Y
V] /
)o , —7 or

Sy, R

\“N 5 11

R’ and R® are independently from each other selected from
5 H,
Ci.s-alkyl,
Cog-alkenyl,
Cos-aikinyl, and
C.g-alkylene-O-C_g-alkyl,
10 wherein each alkyl, alkeny! and alkinyl is optionally substituted by one or more

halogen atoms, CN or OH,;

R? is independently selected from
halogen,
CN,
15 OH,
Cig-alkyl optionally substituted with 1 to 3 substituents selected from halogen,
CN and OH, and
0O-C4e-alkyi optionally substituted with 1 to 3 substituents selected from
halogen, CN and OH,



25D isCR2 or N, isCR2 or N, with the proviso that one or two of the
variables B, G D and E nust be N, R2 is independently selected from F,
Cl, CH3, OCH3, and 5CF3; R3 isH d, F, or CH3; 10R4 is C or F;, R5is
nmor phol i ne, optionally substituted b % to 3, sane or different
substituents R14, or 15NR12R13; RlZ'i "R13 are independently from each
ot her sel ected from 01 _5-al kyl, 02 _6-al kenyl C2_6-al ki nyl

202 o 0 e G B G2 LB (oGl R

C1_6-al kyl enefdhihalogen, CN and OH;

R'%jis H,or
C;-Cs-alkyl;

5 R" is independently selected from
halogen,
CN,
OH,
C1.¢-alkyl optionally substituted with 1 to 3 substituents selected from halogen,
10 CN and OH,
O-C,s-alkyl optionally substituted with 1 to 3 substituents selected from
halogen, CN and OH,
Cq.s-alkylene-O-C¢-alkyl optionally substituted with 1 to 3 substituents selected
from halogen, CN and OH,
15 NH,,
-NH(C,g-alkyl), and
-N(C+.s-alkyl)z;

Xis CHorN;
Y is CHor N;
20 Zis CHorN;

Alis  a 3-7-membered saturated, unsaturated or aromatic ring containing 0-2

nitrogen atoms;

Bis CR?orN;
Gis CR%orN;
25 Dis CR%orN;
Eis CR%orN;

with the proviso that one or two of the variables B, G, D and E must be N;

R? is independently selected from
H

1



Cl_6-al kyl ene-NH C1_6-al kyl, or 01, 6-al kyl ene- N(C16-al kyl)2; - 155 -

isO, 1, 2, 3, or 4, misO, 1, 2, 3, or 4, ois0O, 1, or 2; pisO, 1, 2, 3,
or 4, 59 is0O, 1, 2, or 3 r is0O, 1, 2, 3, or 4 and s isl, or 2. 3. The
conmpound of claim1l or 2 according tgagornula (1) 0 OR5 wherein B, G
Db E, Rl, R3, R4 and R5 are as defin inclaiml or 2. 204. The conpound
of any of clains 1 to 3, wherein at |east one of R7 and R8 is selected from
C2_6-al kenyl, _.C2_5-al kinyl, and 25 5. The conpound of any of clainms 1 to 4,
wherein R2 is ' selected fromH, F, O and CH3. 6. The conpound of any
of claims 1 tg|5 wherein 30l is2 or 3, or mis2 or 3. -156- 7. The
conpound of any of clains 1 to 6 as nedicanent. 8. The conpound of any of
claims 1 to 6 r the treatnent or prophylaxis of cancer cachexia, muscle
wasting, anorexiia, aagyotrophic lateral sclerosis (ALS), anxiety and/or

R¥is H,
Cl,
F,or
CHg;
10 R*is ClorF;
R® is

morpholine, optionally substituted by 1 to 3, same or different substituents R,
or
15 NR'R'?;
R’ and R™ are independentiy from each other selected from
Cye-alkyl,
Cs.e-alkenyl,
Cs.g-alkinyl,
20 Cr.e-alkylene-0O-C. s-alkyl, and
Cas-alkylene-N-(Cg-alkyl)z;

R'is Cyealkyl,
Cis-alkylene-O-C4g-aikyl,
Cs-alkylene-OH,

25 C:s-alkylene-NHz,
Cie-alkylene-NH-Cq g-alkyl, or
Cig-alkylene-N{Cg-alkyl);



5depression. 9. The conmpound according to claim1 to 6 for the treatnment or
prophyl axi s of obesity, diabetes nellitus, nale or femal e sexual
dysfunction and/or erectile dysfunction. 1010. Use of the conpound any of
claims 1 to 6 for the preparation of a nmedicanent for the treatnent or
prophyl axi s of cancer cachexia, muscll@wasting, anorexia, amyotrophic

| ateral sclerosis (ALS), anxiety and/or depression. 11. Use of the
conpounq.of aﬁy gé clains 1 to 6 for the preparation of a medicanment for
15t he tr'dat meft 1ot Hbfhyl axis of obesity, diabetes mellitus, male or
femal e sexual dysfunction and/or erectile dysfunction. 12. A pharnaceuti cal
conposi tTdh c@n%r@éiﬁ@4a conpound of any of claims 1 to 6 and a

pharmaceutically acceptable carrier.
ois 0,1, or 2;

Dis 0, 1,2, 3,0r4;
5 gis 0,1,2 0r3;
ris 0,1,2, 3, or4and

s is 1, or 2.

3. The compound of claim 1 or 2 according to formula (1)

10
0 RS
o é*r/
1 )K/NH
B Xy
s P
\E¢ R3 R4

wherein B, G, D, E, R", R®. R* and R® are as defined in claim 1 or 2.

20 4. The compound of any of claims 1 to 3, wherein at least one of R” and R® is selected
from
Cog-alkenyl,
C.s-alkinyl, and
Cos-alkylene-0-C, s-alkyl.
25
5. The compound of any of claims 1 to 4, wherein
R? is selected from H, F, Cl and CH.

6. The compound of any of claims 1 to 5 wherein
30 lis 20r3 or
mis 2or3.



5

10

15
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7. The compound of any of claims 1 to 6 as medicament.

8. The compound of any of claims 1 to 6 for the treatment or prophylaxis of cancer
cachexia, muscle wasting, anorexia, amyotrophic lateral sclerosis (ALS), anxiety and/or

depression.

9. The compound according to claim 1 to 6 for the {reatment or prophylaxis of obesity,

diabetes mellitus, male or female sexual dysfunction and/or erectile dysfunction.

10. Use of the compound any of claims 1 fo 6 for the preparation of a medicament for the
freatment or prophylaxis of cancer cachexia, muscle wasting, anorexia, amyotrophic

lateral sclerosis (ALS), anxiety and/or depression.

11. Use of the compound of any of claims 1 to 6 for the preparation of a medicament for
the treatment or prophylaxis of obesity, diabetes mellitus, male or female sexual

dysfunction and/or erectile dysfunction.

12. A pharmaceutical composition comprising a compound of any of claims 1 to 6 and a

pharmaceutically acceptable carrier.



