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1,3-DISUBSTITUTED IMIDAZOLIDIN-2-ONE DERIVATIVES AS INHIBITORS OF CYP 17

1

20

i3
Ay

FIELD OF THE INVENTION
The present invention relates to cychic urea dertvatives and their use for the
treatment of various disease conditions mediated by the regulation of 1 7a-

hydroxylase/C s a-lvase,

BACKGROUND

The number of people diagnosed with cancer world wide has significantly
increased and continues to rise at an alarming rate. Cancer is characterized by an increase
in the mumber of abnormal cells derived from a given normal tissue, invasion of adjacent
tissues by these abnormal cells, or lyvmphatic or blood-borne spread of malignant cells 1o
regional fvmph nodes and to distant sites (1.0, metastasis).

Of special mterest are individuals diagnosed with androgen-dependent disorders,
sach as prostate cancer, and estrogen-dependent disorders, such as breast, uterine, and
QVArIAn Cancer.

Prostate cancer 1s currently the most common non-skin cancer and the second
leading cause of cancer-related death in men alter lung cancer. The primary course of
freatment for patients diagnosed with organ-confined prostate cancer i3 usaally
prostatectomy or radiotherapy. These treatinents for prostate and breast cancer ave highly
mvasive and characterized by undesirable and serious side wifects. Furthernore, a large
percent of individuals who receive localived treatments such as surgery or radiotherapy
may suffer from recuaring cancer and widespread metastases. As with surgery and
radiation therapies, there are several drawbacks to chemotherapy, inchuding the {act that
almost all chemotherapeutic agents are toxic, and chemotherapy causes significant, and
often dangerous, side effeets, such as severe nausea, bone marrow depression, and
fmunosuppression. Additionally, many tomor cells are resistant ov become resistant {o
chemotherapentic agents through multi-drog resistance,

Treatments such as hownone therapy are another option for individuals diagnosed
with hormone-dependent, hormone-responsive, or hotmone-sensitive cancers, such as

prostate or breast cancer, However, some individuals whe have been administered curront
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hormone therapy treatments may not show a significant response to such treatments and
somne may suffer from relapsing of cancer.

Currently chemo-refractory and hormone-relractory cancer patients are fefl with
very few treatment options and there remains an unmet need for more effective ways to
{reat cancer such as, but not Himited to, prostate cancer and breast cancer.

The demonstration by Huggins and Hodges OV, | { Cancer Res, 1941, 7,293}
anc Huggins ef of in Arch Surg 1941, 43, 209 lead 1o androgen ablation being
considered as a possible approach fo treatment. It has been demonstrated that testosterone
fevels are reduced by orchidectomy or by administration of GaRH analogs (gonadotropic
refeasing hormones). GnRH analogs can have side effects such as cardiovascular
degeneration and osteoporosis, which are the two most potentially sevious conditions
nduced by the continuous presence of GuRH - Moreover these treatment options only
eliminate testosterone production from the festes and not that produced by the adrenal.

In the adrenal glands, the biosynthetic cascads also {eads to the formation of
gluco- and mineraloorticoids.

Since androgen and estrogen are hormones having various physiological activities
such as differentiation and proliferation of cells and the like, #t was thought that potent
and specitic compounds that inhibit androgen synthesis in the testes, adrenals, and other
tissue may be more effective for the treatment of PCa (Njar, V. C, O Brodie, AL M. H,
“Inhibitors of [Tu-hydroxylase-Cyy sp-lyase (CYPI7): Potential agents for the tregtment
of prostate cancer”™, Current Fharm. Design, 1999, 3 163-180).

fn order to avoid unwanted side effects, androgen biosnthesis inhibitors have to he
speeific enough not to influence corticosterord biosynthesis. A promising novel strategy
for the treatment of prostrate cancer is the development of strong and selective inhibitors
of CYP 17 as this would result in complete and excusive elimination of androgen
biosynthesis as suggested in Carrent Medicinal Cheraistry, 2008,72, 162316248,

Steroid-type compounds and non-sterotd-type compounds are already known as
sterold Civap-lyase inhibitors. The sterotd-type compounds are disclosed in, for example,
WO 9271 5404, WO 9320097, EP-A 288053, EP-A 413270 and the like. As non-steroid-
type compounds, for example, in WOR2ZTIEN, WO 090 and WOO025T azole

derivatives are descrtbed iy WOOSHR1ST HHcbenvinudazole denvatives are deseribed in
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LS 3491161, dihvdronaphthalene denivatives are described in in WOBS/18073, and
naphthalene derivatives are shown in WO99/54309.

A variety of potent steroidal and non-steroidal inhibitors of CYP17 have been
reported and some bave been shown to be potent inhibitors of testosterone produciion in
rodent models (Njar and Brodie, above). Jarman and colleagues have described the
hormoral impact of their most potent CY P17 inhibitor, abiraterone in patients with
prostaie cancer {O'Donnel ot al., “Hormonal impact of the 17u-hydroxylase/AC 17,20~
Ivase inlnbitors abiraterone acetate ({CB7630) in patients with prostate cancer”™, Hr. ./
Cancer, 2004, 907 2317-2323). Abiraterone has been discossed in patents such as WO
200900132, WO 2008024485, WO 2006021776, WO DS0RT78, WO (9320007

Non~steroidal small molecule inhibitors have been deseribed for example in BARKC
2004, 12 (431 3 YMLES, 2-(TH-imudarol-4-yimethyl) ~OH-carbazole, and their effects in
decreasing adrenal androgen synthesis by inhibiting C17-20 lyase activity in NCIH293
human adrenocortical carcinoma celis has been described by Idevama Y, Kadoh M,
Tanimoto K, Susaki Y, Nanva T, Nakabara T, Ishikawa H, Fujikara T, Akaza H,
Shikama H in “pnJ Phermacel 199979 No. 2{213-20)".  Novel non-steroidal
inhibitar of cytochrome P43 (17 alpha-hydroxylase/C17-20 lvase). YMI116, and its role
in decreased prostatic weights by reducing the serum concentrations of {estosterons and
adrenal androgens in rais has been reported by Ideyama Y, Kudoh M, Tanimoto K,
Susaki Y, Nanya T, Nakahara T, Ishikawa H, Yoden T, Okada M, Fujikura T, Shikama H
Froc. Am dssoc Cancer Res. 19983989 Meot.(384)

Synthesis and biclogical evaluation of novel non-steroidal inhibitors of steroid
17,20 Ivase has been deseribed by -Yoden T, Okada M, Kawaminami E, Kinoyama {,
fdevama Y, Isomura Y in dbstr Pap dm Chem Soc 1997 213 Meet. P1 2(MEDIZ06)

Further illustrative of the hackground of the invention are patent applications such

as USZ0080280864A1 or WO2BIA3E2AT.

SUMMARY
The compounds described berein have been shown to he inhibitors of Ha-

hydroxylase/ U an-lvase,

(s
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One embodiment of the present invention provides compounds of Formula (1) or

()

whuerein

nisl, 2, or3;

R™ is

(1) phenyl optionally substituted with 1 1o 3 substituents selected from halo, -ON,
~OH, (C-Coalkyl, halo-substituted (C3-Cglalkyl, (Ci-Caatkony, -NH;, -NH{C,-Coalkyl,
SN -Coalky e, -NHO{OWC -Coalkyl, ~COOMNH,, -CLO-NHIC -Coatkyl, -CO)»
NEC-Cylatkyl)e, or & 5+ 1o 6-membered heterocyele,

{1} biphenyl optionally substituted with 1 1o 3 substituents selected from (Cs-
{Cyyalkyl or halo,

{1i1) phenyl fused to an additional phenyl, a 5- to 6-membered heteroaryl, a 3 to
Hrmembered partially or fully saturated cyveloalkyl. or a 3- to 6-membered partially or
fully saturated heterocvele, where said tused phenyl is optionally substitoted with 1 to 4
suhstituents each mdependently selected from halo, “-ON, (C~Cilalkyl, (C)-Cglalkoxy,
hydroxy-substituted (C-Caatkyl, halo-substituted (C-Caalkyl, cyclopropyl, oxo, -NHs,
SNHC-Caatkvd, NEC-Caalkyly, -NHC{OWC -Caalkyl, or =N-OH,

{1v} §- to b-membered heteroary} optionally substituted with 1o 3 substituents
selected fromt halo, -ON, ~OH, (U-Cylatkyl, halo-substitated (C-Coatkyl, (C-Coyatkoxy,
NH;, SNHC-Caoalkel, NG -Caatkyl )z, -NHOO-(C-Caalkovl, -CHONH;, -CHO)-
NHC-Caallod, ACONETCoalky D or 8 5+ 10 6-membered hoterocyele,

{v} 5- 1o G-membered bolercaryl fused Lo another 3- to 6-membered heteroaryl,
phenyl, 8- to 6-membered partially or folly sabwrated eycloalkyl, ov a §- to 6-memberad
partially or fully salwrated beteroeyele, where sard lused hetercaryl i optionally

substilated with 1o 4 substituents each independently selected from halo, -ONJ (G-
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Caalkyl, {C-Cyatkoxy, hydroxy-substituted (C-Cyatkyl, halo-substituted (O-Cyalkyl,
exclopropyl, oxo, ~-NH, -NH{C-Caatkyl, -NEC -Coatkyln, NHCOM O -Choatkyl, or
=N-0OH;
R™ s (Ch-Caoalkyd, halo-substituted (C-Coalkyl, or ~CH2OH, or two R™ taken
5 wgether with the carbon atom(s) to which they are attached form a 3« to 6emombered
fully or partially satarated carhoeyelic ring or two R attached to adjacent carbons taken
together with the carbons to which they are attached forny a fused phenyl;
pis Q. L2, 003;
gis0, tor2:
1) A 15 a 5- to H-membered heteroary] containing one or more nitrogen stom(s),
where said heteroaryl is optionally substituted with | to 3 substituents each independently
selected from halo, -OH, -ON, {C-Cylalkyl, halo-substitated(C-Cyatkyl, hydroxy-
subsiituted (C-Caalkyl, {CH)OC -Calkyl, (CH L CHIOMC-Coalkyy,, -NHC-
Cajalkyl, (CH W NHIC-Coatkyl, CCHON{C-Cadky Dz, (CHONH{C,-
Cereyeloalkyly, ~NHa, ~NHCOWC - yalkyl, <COONH,, -COWNHC,-Coalkyl, -C{Oy-
NEC-Caatkylh, or SCEOROC ~Coalkyl, where said (C)-Cyjalkyd, said ~(CH2 3 (C;-

N

Coalkyd, and said S CH )NHC 1-Calkyl are optionally substituted with a 4- to 6-
membered partially or fully saturated heteroeycle or heteroaryt containing 1o 3
heteroatoms cach independently selected from O, § or N, where said heterocyele and said
20 heteroaryl are optionally substituted with 1 to 3 (C~Coalkyl groups:
ris 0, 1 or2; and
s is 1 or 2; or a pharmaceutically acceptable sali thereof)
with the proviso that (i) when A is an unsubstitated pyriding and R is phonyl,
R™ is not unsubstituted or mono-substituted with halogen, CHs, NHa, -NHC(OYCH;, or
25 CFydit A and R are not both an ansubstituted pyvridin-2-vi; and {11} said compound is
not -(3 4-dichloro-phenyl3-3-{6-(2-piperidin- § ~vl-cthoxy }-pyridin-3-yl jimidazoliding-2-
one, (3. 5-dichloropyridin-2-vi}-3-phenvltetrahydropyrimidin-2(HHy-one, 1,3-bis{6-
chloropyridine2-vhtetrahydropyrinudin- 20 HH-ome, 1.3-bis(d-methylpyridin-2-
viimidazolidin-2-one, |-{5-chlore-H-benzofd]imidazol-2-y13-3-phenviimidazolidin-2-

30 one, or 2-{T-oxee-3ophenviimidazolidin- -yh- 1 H-benzofd limidazole-S-carbonitrile,
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In a particular embodiment, A is a S~-membered hetercaryl containing 1 to 2
mtrogen atomds), where said heteroaryl is optionally substituted with (C-Cyoalkyl or
halo-substituted{C~Cydalkyl or a pharmaceutically acceptable salt thereof,

In another particular embodiment, A s a 6-membered heteroaryl containing 1 to 2

5 nitrogen atom{s), where said heteroaryl is optionally substituted with {C-Cyjatkyt or
hatosubstitated(C~Cq yalkyl; or a pharmaceutically acceptable salt thereofl

In another particular embodiment, A s a pyridine, where said pyridine is
optionally substituted with 1 to 3 substituents each independently selected frovm halo,
SON (C-Cadadkyd, halo-sabstituted{C~Calkyl, hydroxy-substitated {(C;-Cyjalkvi,

1 (CHO{C-Catkyl (CHRL OO -Caoalkyl ), S(CHONHIC-Capalkyl,
S CHNEC-Caalkyl)y, ACHNHC-Coeveloalkyh, Nz -NHCE)-(C-Cialkyd,
~CLONH,, -COO-NHOC-Cojalkyl, ~CLOWN{C-Catky D, or -CEONO(C-Calkyl,
where said (C-Caalkyl, said <(CH L O(C-Coalkyl, and said {CHNH{IC -Caalkvl ave

optionally substituted with a 3+ fo 6~-membered partially or {ully saturated heterocyele or

(¥ 43

heterearyl containing 1 to 2 heteroatoms each independently selected from O, S or N,
where said heterpevele and saild heteroaryl are optionally substituted with 110 3 (Cy-

Cajalkyd groups: and ris 1 or 27 or a pharmaceutically acceptable salt thereof. Preferably,
A is an optionally substituted pyridin-3-vl. In particular, a pyridin-3-vi substituted with
trifluoromethyl or a (C-Usalkyvl substituted with a 3~ to 6~-membered partially or fully
20 saturated heteroeyele (preferably. the heterocyele is attached to the alkyl group via a
nitrogen ring atom, e.g. pyverolidin-1-vhmethyl),

iy yet another particular embodiment, the compound of Formula (I or (I is a

compound of Formula (la) or (ib)

51 Rf‘"
52
R"I /,

{1y

RE
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wherein n, R RY, R RS R™ and g are as defined above; or a pharmaceutically
acceptuhle salt thereof, In a particular embodiment of the compound of Fornula (1), R™
is CF5 or a {C;-Caalky! substituted with a 3- to 6-membered partially or fully saturated
hetereeycle (preferably, the heterocyele is attached to the alkyl proup via a nitrogen ring
5 atom, e.g. pyrrolidin-1-ylmethyl). In another particular embodiment of the compound of
Formula (Iby, nis L and pis 0.
Another embodiment of the present invention provides compounds of Formulda

{lay or {1b).

N N
\:,m/

(R,

{fa) {1t}

0 wherein:

nis i, 2, o8 3

R™ is

{13 phenyl optionally substituted with 1 to 3 substituents selected from halo, «CN,
-OH, {C)-Ceialkyl, halo-substituted {C-Calkyl, (C-Cilalkoxy, -NHy, -NH(C,-Coalkyl,
N{C-Cyalkylhn, -NHCOWC-Coalkyl, ~-C{OINH;, ~C{O)RNHIC-Cyialkyl,

L5y

~CENN{{C-Chjalkylh, or a 3- to -membered heterocycde,

{11} hiphenyl optionally substituted with 1 to 3 substituents selected from (Cy-
Cyjalkyl or halo,

{11} phenyl fused 1o an additional phenyl, a 3- 1o é-membered heteroaryl, a 3- to

20 G-membered pantially or fully saturated eycloalkyl, or a 5+ to 6-membered partially or

fully saturated heterpeyele, where said fused phenyl is optionally substituted with 1 to 4
substitoents cach mdependently selected from halo, -ON, {Ci-Coalky, (C-Cialkoxy,
hydroxy-substituted (C-Cyalkyl, halo-substituted (C;-Coalkyl, evclopropyl, oxo, ~NH;,

NHC-Cytatkyl, -NEC-Coatkylin, -NHCOMC,-Coalkyl, or =N-OH,
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{19} 5+ o Gomenibered heternaryt optionally substituted with 1 to 3 substituents
selected from halo, -CN, -OH, {C-Cylalkyl, halo-substitited (C-Calalkvl, (C-Coalkoxy,
NHy, SNHUC-Calkol, -NEC-Calloty,, -NHCOWC-Caalloel, ~COINH,, -C(O)-
NHOC-Caalkyl, ~CLONIC-Caally, or a 5+ to 6-membered heterecyele,

{v) 5~ to -membered heteroaryl fused to another 3~ to 6-membered heteroaryl,
phenyt, 3- to 6-membered partially or fully saturated cyeloalkyl, or a 5- 10 d-membered
partially or fully saturated heterocyele, where said fused heteroaryl is optionally
substituted with 1 to 4 substituents each independently selected from halo, ~ON, (G-
Caralkyl, (C-Caatkoxy, bydroxy-substituted (C;-Cylalkyl, halo-substituted (C-Coalkyl,
evelopropyl, oxo, -NH,, -NH{C-Cyjalkyl, -NEC~Cyalkyl);, -NHCNC-Cyalkyl, or
=NAOH;

R is (C-Uaatky! {eg, -CHY), halo-substitated {(O-Catkyl {eg., -CF), o

~CHLOH, o two RY taken together with the carbon atom{s) to which they are attached

form a 3~ to S-membered fully or partially saturated carbocyelic ring {e.g., fora
compound of Farmula (1a) when g is 2, the two R™ on adjacent carbons may form a fused
eycloatkenyl ring; and for compounds of Formula (1b), when pis 2 or 3, two R™ on
adjacent carbons may form a fused fully or partially saturated cyveloalkyl ving or two R
on the same carbon atom may form a spiral ring)

pist. 12, 013

gist, lord;

R™ R¥ and R™ are each independently H, halo, -OH, -ON, (€, walkyl, halo-
substituted({C~Cyjatkyl, hydroxy-substituted {C-Coalkyl, {(CHa ) ~-O(C-Coalkyl, -
{CHy), ~CHIOC-Cadalky g, -NHz, -NH(C-Coalkyl, -NEC-Caoalkyhy, -NHCIO-(Cy-
Cayalkyl, ~COONHy, -CLOPNH(C-Caoalkyl, CCHONIC-Caatkylh, or ~CIOROC -
Cypalovl:

ris{h lor?;

with the proviso that when R™, R™ and R™ are H and R is phenvl, R™ s not
unsubstituted or substitited with halogen or CF;. or a pharmacentically acceptable salt
thereof,

In one embodiment, a compound of Formula (1a) is provided having the

defintiions above.
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In another embodiment, a compound of Formula (M) is provided having th
definitions above.
In vet another ermbodiment, compoonds of Formuala (b} s provided where nix L
Preferably, R™ is H or methyl {more preferably, RY 18 Hy 1R is H, halo, methyl,
5 rifhuorowmethel mothosy, or <C{OYOCH: and R™ is halo. < N, methyl, ethyvl, methoxy.
hydroxymethyl, 1-bydroxyethed, 2-hydroxypropan-2-vl, difluoromethyl, trifluoromethyl,
dimethoxymethyl, -NHz, or -NHC{OYCH,,
Preferably {for compound of Formula (3, (1), (fay and {1b)), R s
{1 a phenyl optionally substitited with 1 ot 2 substituents cach independently
0 selected form fluore, chloro, eyano, methyi, difluoromethyvl, trifluoromettd, methoxy, or
~CENNHCH
{1 a biphenyvl optionalty sabstituted with Hooro;
{1y a fused phenyl selected from naphthalen-2-vi, naphthaten-1-y}, 1H-indol-
Sovl, tH-ndol-6-¥1, benzothiazol-3-y1, benzothiazel-6-¢1, 12,3 4-tetvahvdro-quinotin-6-
1S vl benzofbjthiophen-3-vi, quinolin-6-vi, quinolin-7-yl, indan-S-¢1, 1. 2-dihvdrogquinolin-
6-vi, THandazol-S-yl, TH-indazol-6-vi, benzofuran-S-yl, 2 3-dihydrobenzo| {4 |dioxin-6-
vi, 2 3~dihydro-benzofuran-5-vi, benzof 13 |dioxol-3-v1, .23 4-tetrahydro-ganolin-7-y1,
guinoxalin-6-yl, benzooxarol-3-y1, benzoldiisoxarol-3-yl, benzojdiisoxazol-6vl, 1H-
benzotnudazol-S-vi, 2 3-dihydro-TH-indazel-5-vL, 2, 3<dihvdro- HHindazol-6-¢1, indolin-
26 Sovl, o TH-benzotriazol- 5oyl where said fused phenyl is optionally substitated with | 1o
3 substituents each independently selected from fluore, chloro, methyl, ethyvi,
trifhuoromethyl, methoxy, oxo, -NH;, =N-OH or eyelopropyl:
{iv} a5~ o danembered heteroaryt selected from thiophen-2-vi, thiophen-3-vi,

pveidin-3~-yi, pyridin-d-vl, pyrinudin-S-vl, TH-pyrazol-4-vi, thiazel-2-¥1, or isothiazel-4-

Tk
Ay

s1, where said 5- to 6-mermbered beteroaryl s optionally substituted with | to 3
substituents each independently selected from fluere, chloro, methyvl ethyvl, isopropyl,
hydroxy, dilluoromethyd, titfluoromethyd, methoxy. N -NHCECH -CIONHCHa.
or pyrrolidine Loyl or

(v} a fused beteroaryl selected from benzo] bithinphe-2-v1, benzo{blthiophen-
30 3ovh quinelineZ-vl quinolin-3-vl, benzooxazol-2-v1, benzothiuzol-2-v1 45,67~

~

tetrrhydro-thienof2 3-clpynidin-2-vl, imidazol 1 2-ajpyridive 3-v1, inudazod L 2-alpyridin-

9
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6-vi, taidazol 1 2-alpyridin-7-y1, 3H-tmidazo{d, 5-blpyndin-6-yi, thicno]3.2-c{pyridin-2-
v, thieno]3.2-clpyridin-3-v], or THundol-3-vh where said fosed heteroaryl is optionally
substituted with 1 {o 4 substilvents each independoently selected from fluore, chloro,
cyvano, methyl, or methoxyt or a pharmaceutically acceplable salt thereof.

More preferably, R™ is

{1} a phenyl optionally substituted with 1 to 2 substituents cach independently
sefected from fluoro, chloro, methyl, methoxy, trittaoromethyl, dithuoromethyl, or cyano;

{ii} a hiphenyl;

{1t} a fused phenyi selected rom naphthalen-2-vi, quinolin-6-vi, 3. d-dibydro-2-
oxo-guinolin-6-yi, benzo{blthnophen-5-yvl, benvofdlisoxazol-3-¢1, {H-indarol-6-vi, 1H-
indazol-3-vi, benrothiazol-6-vi, 1,.2-dihydro-3-oxo-indazol-6-vl, mdan-3-v{, 1H-
benzotriazol-3-vl, benzofwan-5-vi, 2 3-dihvdro-benzoll 4 idioxin-6-yl, 2 3-dihydro-
benzofuran-3-yi, or benzol L3 ldioxoed-3-y1 where said fused phenyl is optionally
substituted with 1 to 2 substituents cach independently selected frony chiore, fluore,
methyl, ethyl, diftuoromethyvl, triflucremethyl, cyvclopropyl, eyvano, or amino;

{iv} a 3- to 6~-membered heteroaryl selected from is;;:t’hizu,tt1inf‘l-y'i,, thiophen-2-vl,
thiophen-3-yi, or pyridin-d-yi, where said isothiazol-4-y1, said thiophen-2-yl, said
thiophen-3-vl, and said pyridin-4-y! are optionally substituted with fluoro, chlore, methyl,
trifluoromethyl, difluoromethyl, or methoxy; or

{v) a fused heteroaryl selected from thieno[3,2-clpyridin-2-v1, thieno[3,2-

cipyridin-3-vi, thieno3 . 2-¢]pyridin-2-vl, imidazo| 1, 2-alpyridin-7-vl, or
benzofbfthiophen-2-¥l, where said Tused heteroaryl is optionally substituted with 1 to 2
substitoents cach independently selected from fluoro, chioro, methyl, difluoromethyl,
trifluoromethy], eyelopropyl, or amino; or a pharnaceutically acceptable salt thereof

In one preferred embodiment, R™ is phenyl, 4-chloro-3-fluoro-phenyl, m-tolvl, 3~
methoxy-phenyl, 3-chlore~4-uoro-phenyl, 4-fluoro-3-methyl-phenyl, 3-trifluoromethyl-
phenyl, 3-chioro-phenyl, 4-fluore-3-riflunromethyi-phenyl, 3-difluoromethyi-2-Haom-
phenyl, 3-cyvano-4-fhaorophenyl, 3-cyanophenyl, 3-chloro-4-cyanophenyl, 3.d-difluoro-
phenyl, d-triftuoromethyl-phenyl; or a pharmaceutically acceptable salt thereoll

In another preferred embodiment, R™ is naphthalen-2-vl, benzo{bithiophen-3-y1,

I-methyi-benzoldlisoxazol-3-v1, tH-indazob3-vl, T-methyl-TH-ndarol-3-vl, 3-amino-

)
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tH-indaznl-3-vi, PH-ndazol-6-vl, 3amino~-THendazob 631, 3-methyl-1H-indazol-6-vl,

3-triftuoromethyl-1H-andazol-6-vl, benzothiazol-6-vl, 1 2-dibvdro-3-oxo-indazol-b-vi,

mdan-5-y1, 1H-benzeotriazol-S-v1, 3-methyi-benzofiwan-3-vi, 2 3-dibydro-
benzof L jdioxin-0-vl, 2, 3-dihydro-benzofuran-5-yt, or 2 2-diffuoro- humxi dioxol-5-

3 vl ora pimm';mrcuticaii}-’ aceeptuble salt thereof. More preferably, R is benzothiazol-
a-yL 3-methyl-benzofuran-3-vi, T H-indazod-0-yL 3-methyl-tH-indacol-6-v1, or 3-
griffuorcinethyl- 1 H-indazol-6-¥10 or a pharmacentically acceplable salt thereof.

In yet another proferred embodiment, R™ is S-methyl-thiophen-2-v1, S-chloro-
thiophen-2-vl, S-trifluoromethyi-thiophen-2-yl, S-diffueromethyvl~thiophen-3-vi, 5~

1 methylthiophen-3-yl, 2-methyl-pyridin-4-vi, 2-trifluoromethyl-pyridin-d-yl, 2-chloro-

pyridin-4-vl, or 2-methoxy-pyridin-d-y or a pharmaceutically scceptable salt thercof.

{n yet another proferred embodiment, R is 4-chloro- thienef3. 2-cipyridin-2-vi, 4-

chloro~thieno]3.2-¢jpynidin-3-vi, thieno3.2-clpyridin-2-vl, 3-chioro-imidazofi 2-

ajpyrichn-7-vl, benzofblthiophen-2-v1, or 4-methyithieno| 3, 2-cpyridin-2-vl; ora

s
AN

pharmaceutically acceptable salt thereoll
i another embodiment of the compounds of Formuda (1), (1), {Ia) or {Ib), R™ s
~CHy or OFa
Particular compounds include: 1-Benzothiazol-6-vi-3-{4-methyl-pyridin-3-v|)-
imidarolidin-2-one; -2-Chloro-pyridin-d-yDH-3-(d-methyl-pyridin-3-yD-imidazolidin-2-
20 oner F-(3-Chloro-thienof 3, 2-clpyriding2-v1-3-(d-methyl-pyridin-3-yl }-imidazolidin-2 -
one ;-1 H-Indazol-6-vH-3-{4-methy b-pyridin-3-yhamidazobidin-2~one; 1-(G-
Diftuoromethyl-4-Buoro-pheny - 3-Gh-methyl-pyridin-3-v1)- 1 3-dihydro-inidazol-2-one;
F-(4-Methyvl-pyridin-3-y1-3-(S~-methyl-thiophen-3-¢1 - 1 3-dihvdro-imidazol-2-one; 1-03-
Methyl-1H-indazol-6-y13-3-(d-methyl-pyridin-3-ymidazohdin-2-one; {-Benzothiazol-
23 o-visbemethyb-3-{demethyvi-pyridin-3-y Rimidavolidin-2-onet 1-Benzofbjthiophen-3-yi-
I-{d-methyl-pyridin-3oy -1 3-dihydro-imdasol-2-one; and -Benzothiazol-t-vl-3-(4-
methy bpyridin:3-yi- 13- dihvdro-imidazol-2-one: or a pharmaceatically acceptable salt
thereof.
Other compounds inelude those described in the Example scction below, in
30 particular, those comounds baving an s lexs than T M {or 1000 oM), preforably, fess

than 300 oM, more preferably, tess than H nM.
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Ireanother aspect of the present invention a pharmaceutical composition is
provided shich comprises a compound of Formala (I, (5, (ayor (b ora
phavmaceutically acceptable sall thereof, and a pharmaceutically acceptable carrier or
excipient. The phannaceutical composition optionally comprises at least one additional
pharmaceotical agent {(suilable phavmaceutical agents are described herein below).

In yet avother aspect of the present invention, a method of treating a disease,
disorder, or syndvome mediated by Cypl7 ibubition is provided, where the method
comprises administering a compound according to Formula (1), (D, (ay or {11y, or a
pharmaceutical composition comprising the compound of Formula (D, (D, da) or (it
and pharmaceutically acceptable excipients, to a subject in need thereof.

Another aspect of the present wvention includes a compound according 1o
Formula (1), (1D, (Ia) or (Ib) for use in therapy {e.g., the use of 8 compoand of Formula
{la) or {tb} for the treatinent of & disease, disorder, or syudrome mediated by Cypl7
inhibition),

Yet another aspect of the present invention includes a method for treating a
disease, disorder or syndrome mediated by Cypt7 inhibition comprising the step of
administering

(1) a first compaosition comprising a compound of Claim 1 through 21, or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier or
excipient; and

{1 a second composition comprising at least one additional pharmaceutival agent
and a pharmaceutically acceptable carrier or excipient;

wherein said at least one additional pharmacentical agent is an anticancer agent,
chemotherapy agent, or antiproliferative compound. The first and second compositions
may be adnunistered either simultancously or sequentially in any order.

In oue particular embodirent for each of the methods and uses describod above,
the disease, disorder, or syndrome is selected from the group consisting of cancer {in

particular, prostate cancer) and inflammation,

Definitions
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Asused herein, the terms “alked” refers w0 a hydrocarbon radical of the generad
formds C Hape The alkane vadical way be straight or branched. For example, the torm
O -Calkyt" refers to a monovalont, straight, or branched aliphatic group containing 1
10 & carbon atoms {e.g., mothyl, ethyl, nepropyl, i-propyl. o-butsd] f-butyl, s-butyl, t-butyvi,
n-pentvl Lanethyibutvl, 2-methyibutyl, Jomethyibutyl, neopentyl, 3.3-dimethvipropyvi,
hexyl, 2-methyipentyl, and the ko), Sumdlardy, the alky] portion (e, sl motety)y of an
atkoxy. acvl {e.g., alkanoy) alkylaming, dialkylaming, and alkyhthio group have the
same definition as above,

“Halo-substitated alk vl refers 1o an alkyl group, as defined above, substitated
with at keast one halogen atom, For example, when the halogen atom is fluoro, common

hatoatkyl groups include luoromethyl, diffuoromethyl, trifluoremeihyl, 2,2.2-

trifluorocthivl, 2,221, Epentalluorocthyvl, and the ke, Mixed halogen substitation are
also included {e.g.. chlorofluoromethyl).

The term “alkenyl” refers to a monovalent group derived {rom a hydrocarbon
having at least one carbon-carbon double bond. The term "Co-Clralkenyt” refers to a
monovalent group derived from a hvdrocarbon having two to six carbon atoms and
comprising at least one carbon-carbon double bond.  Fhe alkeny! group can be
unbranched or branched. Representative examples of alkenyl mclude vinyl, T-propenyl
2epropenyl, Lamethyl-Lpropenyl T-methyl-2-propenyl, 2-methyl-T-propenyl, 2-methyl-
2-propenyl, I-buteayl, 2-butenyl, 3-butenyl, and so on.

The term “alkyned” refors to a monovalent group derived from a hydrocarbon
having at keast one carbon-carbon tiiple bond, The term "Co-Cp-alkynyvl” refers o a
monovalent groap derived fromw a hydrocarbon having two to six carbon atoms and
comprising at least one carbonecarbon teiple bond. The alkyayl group can be unbranched
or branched. Representative examples include ethynyl, propynyl, bitvo- Lovl butyn-2-vL
and 50 o

The term “hydroxy-substituted atkyl” refers o an alky] group, as defined above,
substitited with one or more hvdroxyl (-OH) groups (g -CHAOH, ~CHOH),,
SCHEOHFCH0H, -CH{OH)-CHH, and so on). Preferably, the alkyvl group ts substitated

with T o 2 hvdroxvl groups. more preferably one hyidroxyl proup.
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“Haltogen™ or "halo” way be fluore, chlorine, bromine v wodine {preferred
halogens as substitoents are Bnorine and chlovine).

The torm “oxo™ or {0 refers to a carbonyl group. For example, a ketone,
aldehyde, or part of an acid, estor, anude, lacione, or lactam proup,

The terms "partially or fully saturated carbooyvelic ring” (also referred 1o as
"partially or fully saturated eyeloatkevl™) refers © nonaromatic vings that are either
partially or fully hydrogenated and may exist as a single ring, bieyelic ring or a spiral
ring. Undess speeified otherwise, the carboeyelic ving is generally a 3- 1o 8~-membered
ring. For example, partially or fully saterated carbocyehic rings {or eyeloalkyly include
groups such as oyclopropyl, cvelopropenyl, cyclobutvd, evelobutenyl, cyclopentyl,

cvelpoitenyl, evelopentadionyl, cyclohesyvl, eyclohexenyll eyclohexadienyl, norboruyl

{bicvelo]2.2. 1 Theptyl), norbomenyl, bicyelof2.2 Zioctyll and the ke,

The term “partially satursted or fully satwvated beterocyehe ving” (also referred to
as "partially saturated or fully saturated heteroeyele™) refers 1o nonaromatic rings that are
erther partially or fully hydrogenated and may exist as a singhe ring, bicvelic ving or a
spival ring. Unless specified otherwise, the heterocyelic ring is generally a 3« to 6~
membered ring containing 1 to 3 heteroatoms {preferably 1 or 2 heteroatoms) cach
independently selected from sulfur, oxygen andéor nitrogen. Partially satueated or fully
sanwated beterocyelio rings inchude groupys such as epoxy., aziridiny, tegahydrofuranyd,
dihvdroturanyvl, dibiydropyridinyl. pyeeolichinyl, Nemethylpyrroliding ], imidarolidinyd,
imidazolinyd, piperidingd, piperazinyl, pyrazolidinvl, 2H-pyranvl., 4H-pyranyl, 2H-
chromenyl, oxazinyl, worpholine, thiomorpholine, tetrabydrothienyl, tetrabydrothienyi
1. L-oxide, and the like. Unless specified otherwise, the heterocyvelic ring may be
attached via any ving member.

The term “fused phenyl” refers to a phenyl group fused w another sing, such as

ancther phenyl Gue., naphthalene (e g naphthalen-2-v1 naphthaten- v, a partially or

&

fully saturated oveloalkyvl fe.g., indan-S-v1 2 3-dihydro-H-indenyl, or
tetrabydronaphthalenyl, etc), a heteroaryl {(e.g., TH-ndol-5-v1, THindoloavt,
bensothiarol-3-vl, benzothtavol-6-v1 henvolblthinphen-5-vl, quinolin-6-¥l, quinolin-7-yL

soguinelin-3-vi, isoguinolin-6-vl isoquinolin:-7-y1, soquinolin-8-vl, indaznl-d-vi,

ndavol-3-v1, indazol-6-¢1, indazol-7-vi, bonzoforan-d-vi, benzofurue-3-vi, benrofuran-6-
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vl berofurare7-vLherminddazol-d-v1, or guinoxalin-6-vl, benzooxarol-3-y1,
benzoldisoxavol-S-vl, benzoldjisoxazol-6-vl, [H-henvoimidazol-4-yi, 1H-
benzoimidazol-3-vi, 1H-benzoimidazol-6-vl, 1H-benzotnudazol-7-vi, 1H-benzotriarol-3-
yh, ete.) or a partially saturated or fully saturated heterooyele {e.g., indolin-4-v!, indolin-5-

D

vl indolin-6-y, indolin-7-vl, 1 2-dihydroguinolin-6-vl, 1,23 4-tetrahvdro-guinolin-6-vi,

L

a3

123 d-tetrabydro~gumolin-7-y1, 2, 3-dibvdro-1H-benzoldimidazolyl, 2, 3-dihydro-1H-
indavoivl, 2 3-dibvdrobenzofdloxazolvl, 2.3-dihydrobenzoi 4 [dioxin oy, 2 3-dihydro
benzofuran-3-vi, benzof L3 Jdioxol-5-vl, 2 3-dihvdro~- { Huindazol-S-v1, 2 3-dihydro~1H-
indarol-6-vl, ete.}, where the group is attached vig one of the pheny! carbon atoms.

10 Whoen substitaied, the fused phenyl can be substituted on any of the atoms within the

fuse

d system. For example, a benzofurany] group may be substitated on the phenyvl or
furany! portion of the benzoturanyl group.
The term “heteroaryl” or "heteroaromatic ning” refers to aromatic mwoieties
containing at least one hetoratom {e.g., oxygen, sulfur, nitrogen or combinations thereo!)
15 within a S~ to 6-membered aromatic ring system {e.g., pyrrolyl, pyridyl, pyrazolyl,
thienyl, furanyl, oxazolyl, imidazoly, tetrazolyl, triazinyl, pyrimidyl, pyrazinyl, thiazolyl,
isothiazolyl, ete.). A typical single heteroaryl ring is generally a 3+ (o 6-membered ring
containing one o three heternatoms each independently sclected from oxygen, sulfur and
nitrogen,
20 The torm “fused heteroaryl™ refors to a heteroaryl group fused to another ring,
such as another heteroaryl (e g, purinyl, thieno{3.2-clpyridingd (e g, thieno[3,2-clpyridin-
2-yl and thienof3,2-clpyridin-3-y1}, imidazo{1,2-ajpyridinyl (e.g., imidazof 1 Z-ajpyridin-
3-vl, imidaro] 1, 2-alpyridin-G-vl, imidazo{ 1, 2-ajpyridin-7-vl and 3H-imidaro}j4,3-

bipyridin-6-y1}, or benzo[bithiophenyl, etc.), phenyl {e.2., benrolblthiophen-2-vi,

£
Ay

berwro] blthiophen-3-vl, guinolin-2-v], guimolin-3-yi, benzooxaznl-2-vi, benzothiazob-2-vi,
HHindol-2-v], tH-indol-3-v1, isoquinolin- Tyl isoquinolin-3-vi, isoquinolin-d-yi,
herrofuran-2-vi, benzofuran-3-vl, indarol-3-vl, | benzimidazol-2-y1, ot} a partially or
fully saturated cycloalkyl (e.g., 4.5.0,7-tetrahvdrobenzo{dioxazolyl, 4,56, 7-tetrahydro-
TH-indolyl, 56,7 8-tetrahydroquinolingl, 5,6,7 8-tetrahydroisoquinolinyd, 4,5.6,7-

3 tetrabydrobenzofbithiophenyl, 4.5,6.74etrshydrobergoturanyl, 4,5,6. 7 tetrahvdro-1 H-

indazolyl, 4,56, 7 tetrabvdro-TH-heneold fimidazolyl, ov 4,5,6.7-
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tetrahydrobenzofdioxarolyl, ete.), or a partially saturated or fully saturated heterovvele

y, F-teteahydro~

{e.g., 8.9-dihydro-TH-puninyl, 2, 3-dibvdrothieno] 3 2-clpyridinyl, 4,3

thieno[ 2 3~clpyridin2-v1, 45,6, 7-tetrahydrothieno]3,2-¢]pyridinyl, or $,6,7,8-

tetrahydroimidaro] L 2-alpyridiny, ete.), where the heteroaryl group is attached vio one of

[

the beteroaryl ring atoms. When substitated, the fused heteroaryl can be substituted on
any of the atoms within the fused systern. For example, an imidazol 1 2-ajpyridinyl group
may be substituted on the imidarole or pyridine portion of the fused system.

The phrase “thevapestically effective amouant™ means an smowt of a compound of
the present invention that (3) treats or prevents the particolar discase, condition, or
1 disorder, (1) attenuates, ameliorates, or elininates one or more syraptoms of the
particufar disease, condition, or disorder, or {0} prevents or delays the onset of one or
piore svmploms of the particular disease, condition, or disorder described herein. The
term "animal” refers 1o hunans (male or female ) companion animals (e.g.. dogs, cats and

horses), zoo animals, marine animals, birds and other similar amimal species.

.
w4

The phrase "pharmaccutically acceptable” indicates that the sabstance or
composition must be compatible chemically andfor toxicologizally, with the other
ingredients comprising a formulation, and/or the mammal being treated therewith,

The terms "treating”, "treat”, or "treatment” embrace both prevemtative, Le.,
prophylactic, and palliative trestment.

20 The term "compounds of the present invention” (unless specifically identified
otherwise) refer to compounds of Formula (1), (D, (1a) and (Ib), prodrugs thereof,
pharmaceutically acceptable salts of the compounds, and/or prodrugs, and hydrates or
solvates of the compounds, salts, andfor prodrugs, as well as, all sterenisomers {including

diastercoisomers and enantiomers), tautomers and isotopically abeled compounds.

DETAILED DESCRIPTION
The present invention provides compounds and pharmaceutical formulations
thereot that are usefud in the treatment of diseases, conditions and/or disorders modulated

by the inhibition of 1Tu-hydroxylase/Cys ae-tvase.

30 {Compounds of the present invention may be synthesized by synthetic routes that

fnchude processes analogous o those well-knoswn in the chemical arts, particularly in
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fight of the description contatned bersan. The starting muderialds are generally avatluble
from conumercial sources such as Aldrich Chemieals (Mibwaukee, Wis) or are readily
prepared using methods well knowa te those skilled in the art {e.g., preparsd by methods
ceneraily deseribed in Louis Fo Fieser and Mary Fleser, Reagents for {rganic Synthesis,
vo =18, Wiley, New York (1967-1999 ed.), or Beilsteins Handbuch der ovganischen
Chamte, 4, Autl, ed. Springer-Verlag, Berlin, inchading supplements (adso available via
the Reilstein online database)).

For iflustrative purposes, the reaction schemes depictad below provide potential
routes for synthesizing the compounds of the present invention as well as key
mtermediates. For a more detailed description of the individoal reaction steps, see the
Fxamples section befow, These skilled ib the art will appreciate that other syathetic
roules may be wed to synthesize the nventive compounds, Although specific starting
materials and reagents are depicted in the schemes and discussed below, other starting
malerials and reagents cap be easily substitured to provide a variety of derivatives and/or
reaction conditions, In addition, many of the compounds prepared by the methods
deseribed below can be further modified in light of this disclosure asing conventional
chemistry well known to those skilled in the art.

The schemes detatled below show general schemes for synthesizing compounds of

the present fovention (e.g., vorapouands of Formula (1), (1, ({a) and (dbi),

GENERAL SCHEMES

Scheme 1




10

WO 2010/149755

&
i'\, ANQ.

8 Ci"
{R ,,N}? O
R {8M-1}

“ Rtep |}

Step-1 & 2:

PCT/EP2010/059029

O
o~ }f‘:ll g NabFOME/THF )\_\
N AR AT R Ny eemmemmanaanaaanans P ..«R
o ™ g
S Step 2 HN \N
R \_1_1 "
{ }p { ) {R{M);_‘
. H
i
RLX, catalyst,
Step 3 ! Ligand, Base,
Solvend, Hewt
0 O
. 53 )k
R R R Sy SR
N N7 + i
\7 » _/ [\_m%ﬁd)
.... o n ®
{{a-13 {Ib}

The imtermediate products of Steps | and 2 may be synthesized using methods

analogous to these described by Kak-Shan Shia, et al, in /. Med Chem., 2002, 45, 1644-

1633 using the desired starting materials which are avatlable conmmercially or synthesized

using known procedures described in the art. For example, a variety of 2-chioroalkyl

isncvanates can be prepared using the methods described by O K Johnson in J Org Chem

(1HR07), 32(5), 1508-1). The reaction times in certain cases were prolonged o inorease

the % vield as compared to reported vields in the above mentioned J Med Chem

reference.

Step-3:
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The products of Step -2 obtained as deseribed above may be converted into the
desired products by reacting with the appropriate alky! or arvl halides preferably chioro /
bromo alkyl or arvl derivatives using conditions well know to those of skill 1 the ast,
e.2., the Buchwald-Hartwig C-N coupling conditions or Natl/ DMF, and the like.
Preferred conditions are those known as the *Buachwald-Hartwig™ reaction, ¢.g., in the
presence of (a) a catalyst, such as copper todide, (b} a base, such as potassium phosphate
or cesium earbonate; and (¢) a Hgand, such as frans-1, 2-diamine cyclohexane, in the
presence of sutable solvents (e.g., 1, $-dioxane) at temperatures ranging from abowt
room temperature to the refluxing temperature of the sobvent. When pis zero, a

bl

compound of Formuda (1a-1) may also form, When a protection group s used, then the
protecting group is removed using the conditions appropriate for the particular protecting
group used o produce compounds of the present invention. For a more detailed
description, see Examples | and 14 in the Example section below.

Alternatively, the substituents R™ and R may be introduced in the reverse. For
example, instead of starting with R-NH;, RMONH: is used as the starting material, The R
group is then introduced in step 3 by using R-X instead of R™-X. See, e.g., Example 79
in the Example section below for a more detailed description.

Scheme 2 describes how one could make the starting material (SM-1) above

where R™ s other than hydrogen,

Scheme 2

: SOCH. DOM O Sedium azide 0 Tolusne
. Q < war . ,U 1. 4-gdioxane, H.0 ot ,ﬂ\ 8590 i NCD
{:§""}’V/L‘c;;H STt Cal S S o -0t
R, stept (R, Step 2 R steps R
{SM-1)

The desired chlore carboxyhe acid is first converted to its corresponding acid
chinride derivative using procedures well-known to those of skill in the art. For example,
the carboxylic acid dertvative may be treated with thionyl chiloride in the presence of
dimethylformamide (DME) and a solvent {e.g., dichloromethane (DCM)). Other

chiorinating agents may be used, ¢.g.. phosphorous trichloride or phosphorous

pentachloride. The axid chloride can than be converted to its correaponding azide by
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treatment with sodium azide. The azide is then converted to the desired isooyvanate {(SM-

13 by the Cartius rearrangement, e.g., heating the azide at elovated temperatures.

Schame 3 deseribes a synthesis for compounds of the present invention having an

i-imdarol-23 H-one core (compoands of Formuda {4y or (Ia).

A Scheme 3

NI {1) Triphosgene, TEA, THF
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In Scheme 3 above, Risrepresented by ~A or the following moiaty
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Step It

fn Step-1, certam aromatlic or heteroaromatic anunes {in particalar, 6-
benzothiazolyl amine, S-benzofbithiopheny! amine, 2-difluoromethvl-1-fluoro-phen-4-yi
amine, J-methyl-thiophene-4-vi aming, and the ke can undergo coupling with 2,.2-
dimethoxy-ethylamine via an isocyanate intermediate using reagents such as triphosgene,
tricthyvlamine (TEA} and suitable sobvents {e.g., THF) to provide the corresponding 1-

substituted 3-(2.2-dimethoxy-ethyD-wrea intermediate compouands.

Step 2:

24
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in Step 2, Lsubstituted- | H-idagnl-2(3/)-one intermodistes van be propaved by
methods analagous o those known in art, such as the procedures deseribed by T Hafuer,

ot al., in Svarhesis (2007 9, 1403-1411.

S Step 3
The preducts of Step 2 obtained as deseribed above may be converted into the
desived products by reacting with the desired aryl halides preferably jodo or bromo aryl
derivatives using conditions such as the Buchwald-Hartwig C-N coupling conditions as
described 1o Scheme | above., Alternatively, the product may be prepared via a copper-
10 catalyred N-arylation of the T-substituted- HH-imidazol-2(3 H)-one intermediate with
conventional heating (e.g., R53~X_,_ {CaOThi-UgHg, Cucligand:dibersyvlideneacetone{dba)
= 11501, in dioxane at about 150°C). See, Halner, et al., Sywrkesis (200739, 1403-1411.
For a more detatled descniption, see BExaraples 142 in the Example section below,
Scheme 4 provides an alicenative syothesis for preparing compounds of Formula
15 (I orddb).

Scheme 4

. Cul, KGOy DMF, DPPA, TEA, Q
RIA H,_.N"’\/v’{“OGEt H20 - RJ\N"'A}’;“ LO0OH Toluene N}ﬂ-i‘“‘{
) Ty i 3 Step’i H, de ----------------- »> R‘Ja \f’,\{
Realy (R™), Step 2 s
B
Cul, K5P0,, 1.4-Dioxans sﬁ? o
trans-1, 2-diamine | ix\ R
cyciohexane L SN
Step 3 N R
RST
RE L RY
Q '.,;/‘ %!
P e
Rt N
“ \\ .
R,
{tb}

The desired R™ group may be attached (o the desired amino carboxylate
20 compound vio Buchwald-Hartwig C-N coupling conditions or Nabd DMF, and the like,
The eyclic wrea 1s then tormed using methods analogous to those described by Kak-Shan

Staa, et al, Ul Med Chaem, 2002, 43, 1644-71655. The pyridine dertvative may then he
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coupled to the mdazoline ve a Buchwald-Hartwig C-N coupling reaction deseribed
previously.
Alternatively, the wnsynunetrical disubstituled- 1 -imidarolin-2(34-ones can be

prepared by other methods discussed by T, Hafner, et al., in Synthesis (2007) 9, 1403-

5 M {eg, Brazier, S.A, et al, J Chem Soc (1912), 101, 2352 and Schonherr, H L, et al,
Chem Ber (1970), 103, 1037,
Scheme 3 provides another alternative synthesis for preparing compounds of
Formula (11} or (Ib),
Scheme 8
Rf\.é
R \,f;*y\ow g R o. R
. ) N OH NN
RO-lHy i 88 T el ]/\“Fvl?""
StEp 1 R O Step 2 50
(I-5a) R
- bb}
CUf, KgPDq( E R
1,4-Dioxane |
Step3 |
!
\‘:‘f,.v;\j
' Myt
AN R
R:S»i
10 ah or {iB)
In Scheme 5 above. R is represented by —A or the following group
Rﬁi
RSE /‘J\\ ’*R‘iC
2o el
j ?
Ay N
Intermediate (1-5a) may be formed via g Michae! addition of the desired amine
(R™NH;) to the desired acrylic acid using procedures well-known w those of skill in the
15 art, For example, the amine and acrylic acid ina suitable solvent (e, tolaene) are

heated at an elevated temperature (e.g., about 70°C to about 1007 Oy ander an inert

atmosphere,  The amine acid intermediate (1-3a) may then be eyvelived to form the evelic

22
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ures intermediate (1-5b), For wxamply, the eyclic wea intermediate (1-38) may be tormed
by treating the amine acid intermediate (3-5a) with an activating agent (e.g.. diphenyl
phosphoryl annde (DPPAY in the presence of an amine {c.g.. tticthvlamine and
appropropriate solvent (e.g., wduene) at elevated temperatures. The desived A group may
be coupled o the eyelic urea intermediate {1-3b) using standard coupling conditions
described above to form the a compound of the Fermula {11 or {ib).

The Example section below provides a more detailed description of the syathetic
schemes as well as other alternative processes for making compounds of the present
invention which could be casily modified (e.2., substituting different starting materials)
by those of skill in the art

The compounds and intermediates described herein may be isolated and used as
the compound per se or its salt, Many of the compounds represented by Formla (33, {11,
{fa). and (1) are capable of forming acid addivon salts, particularty pharmaceuntically
aceeptable acid addition salts, Pharmaceutically acceptable acid addition salts of the
compound of Formula (B, (1D, (Ia) and (Ib) mclade those of inorganic acids, for example,
hydrohalic acids such as hydrochlovic actd, hydrobromic acid or hydrotodic acid, niric
acid, sulturic acid, phosphoric acid: and organic acids, for example aliphatic
monocarboxyhe acids such as formic acid, acetic acid, , propionic acid and butyric acid,
aliphatic hydroxy acids such as factic acid, i ackd, 1artaric acid or malic acid,
dicarboxylic acids such as maleie ackd or suceinic acid, aromatic carboxylic acids such as
benzoie acid, p-chlorobenzoic acid. diphenylacetic acid or triphenyvlacetic acid, aromatic
bydroxy acids such as o-hydroxvbenroiv acid, p-hydroxybenzoe acid, 1+
hydroxynaphthalene-2-carboxyhic aciid or 3-hydroxynaphthalene-2~carboxyhic acid, and
sulfonic atids such as methanesulfonic acid or benzenesutfonic actd, These salts may be
prepared from compounds of Formula (1), (1), (1a) or {(Ib) by known salt-forming
procedares.

Compounds of the present invention which contain acidic, e.g. carboxyll groups,
are alse capable of forming salts with bases. in particular phurmaceutically acceptable
bases such as those well known in the arty saitable such salts melode metal salis.
parbeulariy atkali metal or alkaline carth metat salis such as sodium, potassiony,

magnestum ot caloium salts, or salts with ammonia or pharmaceutically acceptable
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organic amines or beterocyclic bases such as ethanolamines, benzyvlamines o pyriding,
These salts may be prepared from compounds of Formuda (13, (1), (Fa) and (k) by known
salt-forming procedures.

In those compounds where there 15 an asymmetric carbon atom the compounds
exist in individual opiically active 1someric forms or ag mixtures thereof, e.p, as racemic
or diastereomeric mixtores, The present invention embraces both individual optically
active R and S isomers as well as mixtores, e.g. racemic or diastercomeric mixtures,
thereof.

The present wvention includes all pharmaceutically acceptable isotopically-
labeled compounds of the present invention wherein one or more atoms are veplaced by
atoms having the same atonne munber, butl an atomic mass or mass muwber different
from the atomic mass or mass pumber usually found in nature,

Examples ol sotopes suntable for inclusion in the compounds of the invention
comprises isotopes of hydrogen, such as *H and 'H, carbon, such as ¢, PC and 1,

&

chlorine, sach as “°Cl, fluarine, such as "°F, iodine, such as '~ and "5, nitrogen, such as

N
i3

N and PN, oxygen, such as 0, 70 and 0, phosphoras, such as *P, and sul phur, such

Substitution with heavier isotopes such as deuterium, 7.¢. “H, may afford certain
therapeutic advantages resulting from greater metabolic stability, for example, increased
in vivo half-life or reduced dosage requirements, and hence may be preferred in some
circumstances.

sotopically-labeled compouonds of the present invention can generally be
prepared by conventional technigues known to those skitled in the art or by processes
analogous to those described in the accompanying Examples and Preparations Sectious
asing an appropriate isotopically-labeled reagent in place of the non-labeled reagent
previousty employed.

The compounds of the present invention may exist in unsolvated as well as
spdvated forms with pharmaceatically acceptable solvents such as water, ethanol, and the
hke, and # is intended that the invention embrace both solvated and unsolvated forms.
For purposes of the present invention, solvates (including hvdratesy are considered

pharpaceutical compositions, e.g., a compound of Formuda (1), {11y, (&) or (Ihy {or
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pharmaceutically acceptable salt thereof} in combination with an excipient, wherein the
excipiont s a selvent.

Compounds of the present invention are useful for treating diseases, conditions
and disorders mediated by the regalation of TTu-hydroxylase/Cirpo-lvase (e.g., cancer {in
particalar, prostate cancer) or inflammation); consequently, the compounds of the present
wvention {including the compositions and processes used therein) may be used in the
mamufacture of a medicament for the therapeutic applications described herein, Henee,
another embodirent of the present invention s a pharmacestical composition comprising
a therapeutically effective amount of a compouand of the present invention and a
pharmaceutically acceplable excipient, diluent or carrier,

A typical formulation is prepared by mixing a compound of the present invention
ared & carvier, diluent or excipient. Suitable carriers, diluents and excipionts are well
known to those skilked m the ant and inchude matenals such as carbohvdrales, waxes,
water soluble andf/or swellable polymers, hvdrephilic or hvdrophobic materials, gelatin,
ails, solvents, water, and the like. The particular carrier, dituent or excipient used will
depend upon the means and purpose for which the compound of the present invention is
heing applicd. Solvents are generally selected bhased on solvents recognized by persons
skitled in the art as safe (GRAS) to be adminstered o a mammal. In general, safc
solvents are non-toxic aguecus solvents such as water and other non-toxic solvents that
are soluble or miscible in water. Suttable agueons solvents include water, ethanol,
propylene glyeol, polyethylene plyveols (e.g., PEGA00, PEG300), etc, and mixtures
thereof. The formulations may alse include one or more buffers, stabilizing agents,
surfactants, wetting apents, lubricating agents, emulsifiers, suspending agents,
preservatives, antioxidants, opaquing agents. glidants, processing aids, colorants,
sweeteners, perfuming agents, flavoring agents and other known additives 1o provide an
elegant presendation of the drug (i.e., a comnpound of the present invention or
pharmaceutical composition thereof) or aid in the manufacturing of the pharmacentical
product (i.e.. medicament),

The formulations may be prepared nsing conventional dissolution and mixing
procedures. For exampe, the bulk drug substance (f.e., compound of the present

invention or stabilized torm of the compound {e.g., complex with a eyvclodexirin
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derivative or other known complexation agent)) is dissolved in a suitable solvent in the
presence of one or more of the excipients. The compound of the presemt invention is
typically formulated into pharmaceatical dosage forms 1o provide an easily controllable
dosage of the drug and to give the patient an elegant and easily handieable product.

The pharmaceustical composition (or formalation) for application may be
packaged in a varety of ways depending upon the method used for admimstering the
drug. Generally, an article for distribution includes a contatner having deposited therein
the pharmaceutical formudation m an appropriate form. Suitable containers are well-
known 1o those skilled o the art and include materials such as bottles (plastic and glass),
sachets, ampoules, plastic bags, metal eyvlinders, and the ke, The container may also
include a tamper-prool asserablage to prevent indiscreet access to the contents of the
package. In addifion, the conlainer has deposited thereon a fabel that describes the
contents of the contaimer. The label may also melude appropriate wamings.

A Cypl17 inhibitor of the present invention may be usefully combined with at least
ene additional pharmacologicatly active eompound, particularly in the treatment of
cancer. For example, a compound of the present invention, as defined above, may be
administered simultancously, sequentially or separately in combination with one or more
agents sekected from chemotherapy agents, e.g. mitetic inhibitors such as a taxane {(o.2.,
paclitaxel or docetaxel), a vinea alkaloid (e.g., vineristine, vinblastine, vinoretbine or
vinflunine} or other anticancer agents, e.¢. cisplatin, S-fluorouraci! or 5-fluoro-2-
$(1H. 3 pyrinmidinedione (3FL, flutamide or gemcilabine. Soch combinations may
otter significant advantages, including svnergistic activity, in therapy.

A compound of the present invention may also be used in combination with other
antiproliferative compounds, Such antiproliferative compounds include, but are not
Himited o aromatase inhibitors; antiestrogens; topoisomerase | inhibitors; topoisomerase
H mhibitorsy microtubule active compounds; alkylating compounds; compounds which
mduce cell differentiation processes; evelooxygenase inhibitors; MMP inhibitors; mTOR
inhibitors; anbiseoplastic antimetabolites) plalin corapounds; compounds
fargeling/decreasing a protein or lipid kinase activity and further antt-angiogenic
compounds; compounds which targel, decrease or inhibit the activity of a protein or lipid

phosphatase; gonadorelin agonists; anti-androgens; methionine aminopeptidase

26
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inhibitors; bisphosphonates: biological response modifiers; antiproliferative antibodies;
heparanase inhihitors; inhibitors of Ras oncogenie isoforms; telomerase inhibitors;
proteasome tnthibitors; compounds osed in the treatment of hematologic malignancies;
compounds which target, decrease or inhibit the activity of FI-3; HspR0 inhibitors such
as 17-AAG (1 7-allylamino-~gelda-namycin, NSC330307), 17-DMAG (17~
dimethylaminoethylamino-17-demethoxy-geldana-mycin, NSCT07545), 1P1-304,
CNF1010, ON

{TEMODALY; kinesin spindle protein infubitors, such as SB715992 or SB743921 from

2024, CNFIHO from Conforma Therapeutios; (emozolomide
GlaxoSmithKhne, or pertamidine/chiorpromazine from CombinatoRx: PI3K inhihitors;
RAF inhibitors; EDG binders, anteukemia compounds, ribonucleotide reductase
inhibitors, S-adenogyimethionine decarboxylase inhibitors, antiproliferative ami-bodies
or uther chemotherapeutic compouonds. Further, alternatively or in addition they may he
used i combination with other tumor treatment approaches, including surgery, tonizing
radiation, photodynamic therapy, implants, e.g. with corticosteroids, hormones, or they
may be used as radiosensitizers. Also, in anti-inflammatory and/or antiproliferative
treatment, combination with anti-inflammatory drugs is included. Combination is also
possible with antihistamine drup substances, bronchodilatatory drugs, NSAID or
antagomsts of chemokine receptors,

‘The term “aromatase inhibitor™ as used herein relates to a compound which
inhibits the estrogen production, 1.¢. the conversion of the substrates androstenedione and
festosterone to estrone and estradiol, respectively, The term includes, but is not Hmited to
sterotds, especially atame-stane, exemestane and formestane and, in part-icular, non-
steroids, especiatly aminoghutethimide, roglethimide, pyridoglutethinnide, trilostane,
testolactone, ketokonazole, vorozole, fadrozole, anastrozole and letrozole, Exemestane
can be admiustered, e.g., o the form as s marketed, ¢.g. under the trademark
AROMASIN. Formestane can be administered, e.g., i the form as it is marketed, e,
ander the trademark LENTARON, Fadrozole can be administered, ¢.¢., in the form as it
s marketed, e.g. un~-der the trademark AFEMAL Anastrozole can be administerad, ..,
in the form as i is marketed, e.g. under the trademark ARIMIDEX, Letrorole can be
adurisierad, e.g.. in the formt as it s marketed, e.p. under the trademark FEMARA or

P

JAR. Amino glutethimide can be adninistered, e, n the form as it is marketed,

=
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e.g. under the tradersark, ORIMETEN. A combination of the mvention comprising a
chemo-therapeutic agent which is an sromatase inhibitor is particularly asefid for the
treatment of hormone receptor positive tumors, e.g., breast tumors,

The term “anti-estrogen”™ as used herein relates to a compound which antagonizes
the etfect of estrogens at the estrogen receptor fevel. The term includes, but 18 pot inuted
o tamoxifen, fubvestrant, raloxifens and raloxifene hydrochioride, Tamoxifen can be
administered, &.g., in the form as it is marketed, e.g. ander the trademark NOLVADEX.
Ralextfene hydrochloride can be administered, o.g.. in the form as #is marketed, e.p.
under the trademsark EVISTAL Fulvestrant can be formulated as disclosed in US
4,659,316 or it can be administered, e.g., in the form as it is marketed, ¢.p. under the
trademark FASLODEX. A combination of the invention comprising a chemotherapeutic
agent which is an anti-estrogen is particularly useful for the treatiment of estrogen
recepior positive tumors, e.2. breast tumors,

The term “anti-androgen™ as used hevein relates to any substance which is capable
of in-hibiting the biological effects of androgenic hormones and includes, but is not
Hmited to, bicalutamide {CASODEX), which can be formulated, e.g. as disclosed in US
4,636,503,

The term “gonadorelin agonist™ as used berein includes, but is not imited o
abarelix, goscrelin and goserelin acetate. Goserelin i3 disclosed in US 4,100,274 and can
be administered, e.g., in the form as it 15 marketed, e.g. under the trademark ZOLADEX.
Abarelix can be formulated, e.g. as disclosed in US §,843 901,

The term Mopoisomerase | inhibilor™ as used berein inchudes, but is pot Himuted o
fopotecan, gimatecan, irinotecan, camptothecin and its analogoes, 9-nitrocamptothecin
and the macromolecular camptothecin conjugate PNU-T66148 {compound A1 in WQ9%
17804). Irinotecan can be admunistered, ez 1 the form as it 13 marketed, e.g. under the
trademark CAMPTOSAR. Topotecan can be adnunistered, e.g., in the form as i is
marketed, e.g ander the trademark HYCAMTIN

The term “opoisomerase 1 inhibitor” as used herein inchudes, but is not Hmited to
the anthracyclines such as doxorabicin (neluding Biposomal formulation, e.g. CAELYX),
daynorubicin, epirubicin, idarabicin and nemorubicin, the anthragquinones mitoxanirone

and losoxantrone, and the podephitiotoxines etoposide and teniposide. Btoposide can be
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administered, e.g. i the fonm as iUis marketed, o.p. under the trademark ETOPOPHOS.
Teniposide can be administered, o.g. 1 the form as it §s marketed, e.g. under the
trademark VM 26-BRISTOL. Doxorobicin can be administered, ¢.g. i the form as i
marketed, ¢.g under the traderark ADRIBLASTIN or ADRIAMYCIN, Epirubicin can
be administered, e.g. in the form as it 1s marketed, e.g. under the trademark
FARMORUBICIN, {darubicin cap be administered, e.g. in the form as it is marketed,
e.g. under the trademark ZAVEDOS. Mitoxantrone can be administered, .. in the form
as it is marketed, e.g. under the trademark NOVANTRON.

The term “microtubule active compound” relates to microtubule stabiliving,
microtubule destabilizing compounds and microtublin polymerization inhibitors
including, but not Himited to taxances, ¢.g. paclitaxel and docetaxel, vinea alkaloids, c.g.,
vinblastine, especially vinhlastine sulfate, vincristine especially vineristine sulfate, and
vinorelbine, discodermolides, cochicine and epothilones and derivatives thereof, cg.
epothilone B or D or derivatives thereof. Paclitaxel may be administered e.g. in the torm
as it is marketed, e.g. TAXOL. Docetaxel can be administered, e.g., in the form as it is
marketed. e g, under the trademark TAXOTERE. Vinblastine sulfate can be
administered, e.g.. in the form as it is marketed, e.g. under the trademark VINBLASTIN
R.P. Vinertstine sulfate can be administered, e g., i the form as it is marketed, e ander
the vademark FARMISTIN, Discodermolide can be obtained, ¢.g¢., as disclosed in US
5,011,099, Also ncluded are Epothilone derfvatives which are disclosed in W)
Q80121 LIS 6,194,181, WO 98/23929. WO 98/08849, WO 99/43653, WO 98/22461
and WO 00/31247. Especially preferred are Epothilone A and/or B,

The term “atkylating compouand™ as ased herein includes, but is not Himited o,
evelophosphamide. osfamude, melpbalan or mitrosourca (BONU or Gliadel),
Cvelophosphamide can be administered, e.g., i the form as it is marketed, e.g. under the
trademark CYCLOSTIN. Hosfamide can be administered, e.g., in the formas it is
marketed, eog., under the trademark HOLOXAN,

The term “antincoplastic antimetabolite™ inchudes, but is not himited to, 8-
Fluorowactl or 3-FUL capecitabine, gemeitabive, DNA demethviating compounds. such
as Seazacy-i-dive and decitabine, methotrexate and edatrexate, and folie avid antagonists

such as pemoetresed, Capecitabing can be adniiniste-red, oo in the form as it is
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marketed, e.g. ander the trademark XELODA. Gemvitahine can be administered. e.g., in
the form as iU is markeled, e.g. ander the trademark GEMZAR, The term “platin
compound” as used heretn includes, but is not Bimited to, carboplatin, cis-platin,
cisplatinum and oxaliplatin. Carboplatin can be administered, e.g., inthe formas it is
marketed, e.g. under the trademark CARBOPLAT. Oxaliplatin can be administered, e.g.,
in the form as it 1s marketed, e.g. under the trademark ELOXATIN,

The term “compounds targeting/decreasing a protein or lipid kinase activity™ or a
“protern or lipid phosphatase activily™; or “Tarther anti-angiogerde compounds™ as used
herein inclades, but 1s not fimited 1o, protein tyrosine kinase andfor serine and/or
threonine kinase inhibitors or lipid kinase inhibitors; e.g., a) compounds targeting,
decreasing or inhibiting the activity of the platelet-derived growth factor-receptors
(PDGER), such as compounds whieh target, decrease or inhibit the activity of PDGEFR,
especially compounds which mhibit the PDGEF receptor, e.g. a N-phenyl-2-pyrimidine-
amine derivative, e.g. imatinib, SUTOT, SU6668 and GFB-T1E; b) compounds targeting,
decreasing or inhibiting the activity of the fibroblast growth factoraeceptors (FGFR); ©)
compounds targeting, decreasing or inhibiting the activity of the insulin-like growth
factor receptor | {HGEF-IR), such as compounds which target, decrease or inhibit the
activity of fGF-IR, especially compounids which inhibit the kinase activity of 1GF-|
receptor, such as those compounds disclosed in WO 02/092599, or antibodies that target
the extraceular domain of HGE-1 receptor or its growth factors; d) compounds targeting,
decreasing or inhibiting the activity of the Trk receptor tyrosing kinase family, or ephrin
B4 inhibitors; ©) compounds targeting, decreasing or mhibiting the activity of the Axd
receptor tyrosine kinase family; f) compounds targeting, decreasing or inhibiting the
activity of the Ret receptor tyrosine kinase; g) compounds targeting, decreasing or
imhibiting the activity of the Kit'SCEFR receptor tyrosine Kinase, Lo C-Rit receptor tyrosing
kinases - {part of the PDGER {armly}), such as compounds which target, decrease or
inhibit the activity of the ¢-Kit receptor tyrosine Kinase family, especially compounds
which inhubit the oKt receplor, e.g. imatinib; h) compounds targeting, decreasing ov
imhibiting the activity of members of the o-Abl family, their pene-fusion products (.o
BCR-Ab kinase) and mutants, such as com-pounds which target deerease or inhihit the

activity of c-Abl tanuly members and their gene fusion produets, ez a Nephenyl-2-
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pyrimudipe-amine derivative, ¢.g. imativagb or milotinth (AMNIOT), PDIROOTO; AGYST;
NSC 6804 10; PD1I73955 from ParkeDavis; or dasatinib (BMS-354823); 1) compounids
tarpeting, decreasing ov inhibiting the activity of mentbers of the protein kinase € (FKC)
and Raf family of serine/threonine Kinases, members of the MEK, SRC,JAN, FAK,
PDK L PKB/AAKL and Ras/MAPK family members, and/or members of the cyclin-
dependent kinase family (CDK ) and are espectally those staurosporine derivatives
disclosed in US 5,093 330, e.g. midostauring examples of further compounds include e.g
U0, safingol, BAY 43-90006, Bryostatin 1, Pertfosine; Hmofosing; RO 318220 and
RO 320432; GO 6976: Tais 3521 LY 3335311 Y 379196, isochinoline compounds such as
those disclosed in WO (709495 FTTs; BEZ23S (a P13K inhibilor) or AT7319 (CDK
inhibitory; i} compounds targeting, decreasing or inhibiting the activity of protein-
iymsim Kinase mhibitors, such as {fcrmpaunds which target, decrease or inhibit the
i‘yrphostin. A i’yrphostin ts preferably a low molecular weight {mwﬁi 1500} con‘lp{xund, or
a pharmaceutically acceptable salt thereof, especially a compound selected from the
benzyhdenemalonitrile class or the S-arvibenzenemalonirile or bisubstrate quinoline class
of compounds, more especially any compound selected from the proup consisting of
Tyrphostin A23/RG-308 10, AG 99; Tyrphostin AG 213; Tvrphostin AG 1748;
Tyrphostin AG 490; Tyephostin B44: Tyrphostin B44 () enantiomer; Tyrphostin AG
355, AG 494; Tyrphostin AG 536, AGOS7 and sdaphostin (4-{](2.5-
dihydroxyphenyhmethylamino j-benzoic acid adamanty! ester; N8C 680410,
adaphostiny; K} compounds targeting, decreasing or inhibiting the activity of the
eptdermal growth factor fanuly of receptor tvrosine kinases {(EGFR, ErbB2, ErbB3,
ErbB4 as howo- or beterodimers) and their mutants, such as compounds which target,
decrease or idubit the activily of the epidermal growth factor recepior family are
especially compounds, proteins or antibodies which inlubit members of the EGF receptor
tyrosine kinase fumly, e.g. EGF receptor, ErbB2, BrbB3 and FrbB4 or bind 1o EGF or
EGF related Hgands, and are in particular those compounds, proteins or monocional
antibodies genericai!y and spcciﬁca}! v disclosed in WQ 9702266, ¢.p. the compound of
220, BP O VRT 722, EP

{837 063, US 5,747 498, WO U8/H76T, WO 97/30034, WO 9740688, WO 97/38983
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and, espectaily, WO 96/30347 (g, compound known as CF 338774), WO 9633980 (e,
compound Z12 1839) and WO 9503283 (e g compound ZMINSTR0); e g. trastuzumab
{Hercepting, cotuximab (Lrbiiug), Iressa, Tavceva, OS{-774, CH1033, BEB-369, GW-
2006, BV E24 B2.5, 6.2, B64, E2.LEH BE6.3 or BE7.6.3, and T-pyvivelo-{2,3-
djpyrimidine derivatives which are disclosed in WO 03/013541; and ) compounds
targeting, decreasing or inhibiting the activity of the o-Met receptor. such as compounds
which target. deercase or mmhibit the activity of e-Met, especially compounds which
nhibit the Kinase activity of ¢-Met receptor, or antibodies that target the exteacellular
domain of ¢-Met or bind o HGF.

Forther anti-angiogenic compounds inelude compounds having another
mechanism for thelr activity, e.u. unrelated to protetn or lipid kinase inhibition e.g,
thahidomide (FHALOMID) and TNP-470

Compounds which target, decvease or inhibit the activity of a protein or Hipid
phosphatase are e.g.. inhibitors of phosphatase {, phosphatase 2A. ov CDC2S, e.g.
okadaic acid or a denvative thereof.

Compounds which induce cell differentiation processes are ¢.g. retinoic acid, or
tocopherol or locotrienol.

The term cyclooxy genase inhibitor as used herein includes, bat is not lmited to,
c.g Lox-2 inhubitors, S-alkyl substituted 2-arviaminophenylucetic acid and derivatives,
such as celecoxtb (CELEBREX], rofecoxtb {VIOXX), ctoricoxib, valdecoxib ora 5-
alkyl-2-arylaminophenylacetic acid, e.g. S-mathyl-2-(2 -chloro-6"-Nuoroanilino)phenyl
goetie acid, tumiracoxib.

The term “hisphosphonates™ as wsed herein mcludes, but is not Himited to,
ciridonie, clodronie, tudronic, pamidronic. alendromc, thandronic, risedronic and
ofedropte aaid. “Biskdorie acid” can be administered, e.g.. in the form as it is marketed,
g2 under the trademark DIDRONEL. “Clodronie acid™ can be administered, e.g., in the
form as it is marketed, e.g. under the trademark BONEFOS, “Tiludromc acid™ can be
administered, o.g.. in the forn as i is marketed, e.g. onder the trademark SKELID.
“Pamidronic acid” can be administered, e.go in the form as o is marketed, ¢.g. under the
grademark AREDIA. “Alewbronic acid” can be administered, e, inthe formas it is

marketed, e g, under the trademark FOSAMAXL “thandronic aehl” can be adninistered,

e
2
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e.g., it the form as it is marketed, e.g. under the rademark BONDRANAT, “Risedronic
acid” can be adnunistered, e.g., in the form as it is marketed, e.g. under the trademark
ACTONEL. “Zoledronic acid™ can be administered, e.g. in the form as 1t is marketed,

e.g. under the trademark ZOMETAL

L

The term “mTOR inhibitors” relates o compounds which inhibit the mammalian
target of vapamycin (i TOR) and which possess antiproliferative activity such as
sivolinus (Rapamune), everolinus (CerticanO), CCI-779 and ABTSTS.

The term “heparanase inhubilor™ as used herein refers to compounds which target,
decrease or inhibit heparin sulfate degradation. The term includes, but is pot limited to,
i P88,

The term “biological response modifier” as used herein retirs (o a lymphokine or
interferons, e.p. interferon.

The term “inhibitor of Ras oncogenic isoforms™, e.g. H-Ras, K-Ras, or N-Ras, as
used herein refers to compounds which target, decrease or inhibit the oncogenic activity

15 of Ras e a “larnesy] trapsforase inhibitor” e.g. L-744832, DK8GSST or RUISTTT
{Zarmnestral,

The term “telomerase inhibitor™ as used herein refers to compounds which target,
decrease or inhibit the activity of telomerase, Compounds which target, decrease or
inhibit the activity of telomerase are especially compounds which inhibit the telomerase

20 receptor, o.g. telomestatin,

The term “methionine anunopeptidase inhibitor™ as used herein refers o
conpoands which target, decrease or inhibit the activity of methionine aminopeptidase.
Conpounds which target, decrease or inhibit the activity of methionine aminopeptidase

are &.¢. bengamide or a derivative thereof.

d
LAy

The term “proteasome inhibitor™ as used herein refers © compounds which target,
decrease or inhibit the activity of the proteasorse. Compounds which target, decrease or
inthibit the activily of the proteasome include e.g. Bortezomid { Velcade) and MEN 341
The terrn “mateix metalloproteinase inhibitor™ or "MMP” inhibitory as used herein
includes, but s not limited to, collagen peptidomimenic and nonpeptidomimetic

3 inhibiors, tetracyeline derivatives, e.g. hydroxamate peptidomimetic inhibitor batimastat
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and its orally biocavailable anslopue megimastat (BB-2316), prinomastal {AG3340),
raclastat (INSC 683551) BMS-279251, BAY 12-9566, TAA2H, MMIZTOHE or AAJI96,
The term “compounds used in the treatiment of hematologic malignancies™ as used horein
mncludes, but 1z not limited o, FMS-like tyrosine kinase inhibitors ¢.g. compounds
targeting, decreasing or inhibiting the activity of FMS-like tyrosine kinase receptors (Fit-
3R} mterferon, ~b-D-arabinofuransyleyviosine {ara-¢) and bisulfan: and ALK inhibitors
e.g. compounds which target, decrease or inhibit anaplastic bymphoma kinase.
Compounds which target, decrease or inhibit the activity of FMS-hike tyrosine kinase
receptors (FI-3R) are especially compounds, proteins or antibodies which inhibit
members of the FI-IR veceptor kinase family. e.g. PRC412, TKI2SE, midostagrin, a
staurosporine derivative, SUITIR48 and MUINS LS.

The term “HSPY) inhibitors”™ as used heretn includes, bat is not Himited 1o,
compounds targeting, decreasing or inhibiting the intrinsic ATPase activity of HSPU{);
degrading, targeting, decreasing or inhibiting the HSP90 client proteins via the ubiguitin
proteosome pathway., Compounds targeting, decreasing or inhibiting the intrinsic
ATPase activity of HSPO0 are especially compounds, proteins or antibodies which inhibit
the ATPase activity of HSPOO e g, 17-allviamine, | 7-demethoxygeldanamyein (17AAG),
a geldanamycin derivative; other geldanamycin related compounds; radicicol and HDAC
inhibitors, An example HSPOU inhibitor is AUY 922,

The term “antiprofiferative antibodies™ as used herein includes, but is not Hmited
1o, trastuzantab (Hercepting, Trastuzumab-DMI erbitux, bevacizumab { Avastin),
rituximab (Rituxan), PROGASSS {anti-CD4A0) and 2C4 Antibody. By antibodies is meant
e.g. intact monoclonal antibodies, pelyclonal antibodies, multispe-cific antibodies formed
from at feast 2 intact antibodies, and anttbodies fragments so long as they exhibit the
desired biological activity.

For the trestment of acute myeloid leukemia (AML), compounds of fornwla (1)
can be used in combination with standard leukemia therapies, especially in combination
with themapies used for the treatiment of AML. {n particular, compounds of formula (O
can be administered in combination with, e.g., farmesy! transferase inhibitors andf/or other
drugs useful for the treatment of AML. such as Daunorubicin, Adriamycin, Ara-C, VP

16, Teniposide, Mitoxanirone, {darubicin, Carboplatinum and PRC4 12,
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The teom “antileukemic compounds” ocludes, for example, Ava-C, a pyrimidine
analog, which is the 2-alpha-hydroxy ribose {arabinoside) dertvative of deoxyevtidine.
Also included s the purine analog of hypoxanthine, 6-mercaptopurine {6-MP) and
fludarabine phosphate,

Somatostatin receptor antagonists as used herein refers (o compounds which
target, treat or inhibit the somatostatin receptor such as oetreotide, and SOM234)
{pasirectide).

Tumor cell damaging approaches refer to approaches such as fonizing radistion,
The term “onizing radiation” referred to above and hereinafter means ionizing radiation
that occurs as cither electromagnetic rays (such as Xerays and gamma ravs) or particles
{such as alpha and beta particles). fomzing radiation is provided in, but not hmied to,
raciation therapy and is known in the art. See Hellman, Principles of Radiation Therapy.
Cancer, in Frinciples and Practice of Oncology, Devita et al., Eds., 4% Bdition, Vol, 1.
pp. 248-275 (1993}

The term “EDG binders™ as ased herein refers a class of immunosuppressants that
moduolates lymphoceyte recireulation, sach as FTY720.

The term “ribonucleotide reductase inhibitors™ refers o pyrimidine or purine
nuecleoside analogs mctuading, but not limited {o, fludarabine and/or eytosine avabinoside
{ara~(}, 6-thioguamne, S-Nuorouraci, cladribine, 6-mercaptopurine {especially
combination with ara-C against ALL) asd/or pentostatin. Ribonucleotide reductase
sthibitors are especially bvdroxyvures or 2-hydroxy-1 H-isoindole~1 3-dione denvatives,
such as PL-1, PL-2, PL-3, PL-E, PLAS, PL-6, PL-7 or PL-8 mentioned m Nandy et al,,
At Qneclogica, Vol 33, No. 8B, pp. 953-961 (1994,

The term “S-adenosylmethiomne decarboxylase inhibitors™ as used berein
mwtudes, but is pot Himited 1o the compounds disclosed m US 3,461,076

Also included are in particular those compounds, proteins or monocional
anttbodies of VEGE disclosed in WO 98/35938, e.p. H{d-chloroanilino)-4-{4-

-

pyridvimethyliphthalazine or a pharmacestically acceptable salt thereof, e.g. the

succinate, or in WO 00/009493, WO 0027820, WO 00759309, WO 981223, WO

27819 and EP 0 769 947 those as deseribed by Prewett et al, Caseer Res, Vol 59, pp.

SR (1999, Yaoan ot al., Proc Nel dead Sei US4, Vol 23, pp. 1476514770

a2
o
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(1996, Lhu et al., Cancer Rey, Vol. 38, pp. 3200-3214 (1998); and Mordenti et al.,
Toxicol Pathel, Vol. 27, No. 1, pp. 14-21 (1999); in WO 00/37302 and WO 94/10202;
ANGHOSTATIN, described by O'Retlly et al,, Cell, Vol. 79, pp. 315-328 {1994},
ENDOSTATIN, described by O'Reilly et all, Cell, Vol. 88, pp. 277-285 (19971
anthramilic actd amides; Z1D4190; 2D6474; SUIS4146; SUGAGE; bevacizumab; or anti-
VEGEF antibodies or anti-VEGF receptor antibodies, e.g. rhaMAD and RHUFab, VEGF
aplamer e.g. Macugon; FLT-4 inhibitors, FLT-3 inhibitors, VEGER-2 1gG1 antibody,
Angtozyme {RP4610) and Bevactnumab (Avastin.

Photodynamic therapy as used herein refers to therapy which uses certain
chemicals known as photosenaitizing corapounds to treat or prevent cancers. Examples
ot photodynamic therapy includes treatment with compounds, such as e.g. VISLIDYNE
and porfimer sodium.

Angiostatic steroids as used herein refers lo compouonds which block or inhibit
angiogenesis, such as, e.o., anecortave, triameinelone, hvdrocortisone, 11--
epthydrocotisol, cortexolone, 17-hydroxyprogesterone, corticosterone,
desoxyeorticosterone, testostorone, estrone angd dexamethasone.

Implants containing corticostereids refers to compounds, such as e.g. {fluocinolone,
dexamwethasone.

“QOther chemotherapeutic compounds™ include, but are not {imited to, plant
alkaloids, hormonal compounds and antagonists; biclogical response modifiers,
prefevably hyinphokines or interferons; antisense oligonucieotides or eligonucleotide
derivatives; shRNA or siRNA; or miscellancous compounds or compounds with other or
unknown mechanism of action.

The structure of the active compounds identified by code nos., generic or trade
nares may be taken from the actual edition of the standard compendium “The Merck
Index” or from databases, e g Patents International (e IMS World Pablications).

EXAMPLES
The ollowing abbreviations used in the examples below have the corresponding

meanings:

DiPAL Diisopropylamine
PP A Diphenvipbosphoryt Azide
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DOM:
DPCE:
DIME:
DIMSQ:
TEA:
THE:
NaBH{QA):
PTSA:
TES:
LiHMDS:
TEA:
Pda(dba)a
TLC:
NMR:
LOMS:
HPLC:

PCT/EP2010/059029

Dichloromethane

Dichioroethans

NN-Dhmethylformamide
Dimethyisulfoxide

Tricthylanune

Tetrahydroforan

Sodiam triacetoxy horohydride

Para toluene sulphonic acid

Triethy! stlane

Lithium istirimethylsilyDamade

Tricthy] amine
Tris¢dibenzyiidencacetone dipalladion)
Thin Layer Chromatography

Nuclear Magnetic Resonance

Liguid chromatography Mass spectrometry

High Performance Liquid Chromatography

Example 1

Preparation of 1-Naplitbalen-2-vi-3-pvridin-3~yl-imidazolidin-2-one £14}:

(LA}

Step L Preparadion of Imtermediate 1-03-Chloro~ethvli-3opyridine-3-vi-wrea (-fai:

N N
SO ~ T
20
N

l -

{I-1a)

1-Chloro-2-isocyanato-ethane (360 mg, 5.31 mmol) was added dropwise to a

stipred sohution of pyridin-3-viamine (800 mg, 531 mmol) inwhuene (10 mb) over a

period of 30 odmutes at 07C. The reaction temperature was maintained at roon

s
it}
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N

femperature or 5 hours. The reaction was monitored by TLC (HEEG ethyl acetate), The
reaction myixture was filiered, washed with toluene and dried under reduced pressure to
atford 1.0g (98% vield) of 1-(2-Chloro-ethyl-3-pyridin-3-yl-urea.

“H NMR {DMSO-Iy, 300MHz): 8 8.9 (brs, 1H), 855 (brs, D, 8.1 {d, 1HL 79
(o, TH), 7.3 {ny, THL 6.5 (G TH), 3.63 (1, 2H), 345 (g, 2H)

LOMS purnity: 99.75%, miz= 200.2(M+ D

O

A
N NH
O

{-1b)

1-{2-Chlore-ethyli-3-pyridin-3-vi-urea {(I-1a: 1000 my. 5.0 mmel) in dry DMF
{10 mL) was added to a stirred solution of sodium hydride (216mg, 9.0mmol) in THF
(13 ml) a1 0°C The reaction temperature was maintained at room temperature for 30
nunutes, The reaction was monitored by TLC (100% ethyl acetate). The reaction mixture
was guenched with MeQH (3 mLy at 0°C. The reaction mixture was concentrated under
reduced pressure and partitioned between ive water and chloroform. The organic layer
was dried over Na;SOy, and concentrated under reduced pressure to afford 800myg (97%
yield) of F-pyndin-3-yimidgzolidin-Z-one.

‘H NMR (CDCE, 300MHx): & 875 d, 1H), 8.2 {(dd, TH), 8.0 (m, 1H), 7.35 {m,
FHY, 745 (hrs, THY 3.9 (m, 2HD), 345 (m, 2H)

LOMS purity: miz= 164.2(MH1)

Final Step: Preparadion of {-Naphthalan-2-vi-3pyridin- b imidazolidin:2-one (143

Copper wodide {10.0 mg, 0.113 myvol), rranzs-1 2-diamino eyclohexane {(10.0 mg,
{1091 mmol) and potassiunt carbonate (169 myg, 1.22 numody were added 0 a solution of
b, d-dioxans (5 ml) previously purged with argon (10 simstes). The reaction mixtore

was purged with argon for 10 minutes, followed by the addition of {-pyridin-3-vi-
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was wonttored by TLO (0% MeOH m chloroform). The reaction mixture was filtered
through a celite bed and the bed was washed with chloroform. The organic laver wag
concentrated and punification by column chromatography {using silica gel of mesh size of

00-12(, 20% ethyl acetate in hexane as cluent) atforded 48 myg (28%% vield) of 1-

LA

naphthalen-2-vi-3-pyridin-3-yimidazolidin-2-one.

T NMR (DMSO-D, 300 MHz: 5 8.9 (4, 1D, £.3 d, 1H), 8.15-8.05 (m, TH),
TO.7.85 (m, 4H), 7.55-74 {m, 3H), 4.2-4.0 (m, 4H)

LOMS purity: 98.87%; miz= 290.0(M+1)

HPLC: 96.05%

Exarmple 2

FPreparation of 1 -01-Ethvl-I H-indol-3-v1}-3-pyvridin-3-vil-imidazolidin-2-one (243

\C H‘)C H‘g

Sty
{(2A)
13 Using the same reaction conditions as in Example 1, -pyridin-3-ylamidazolidin-

2~one (1-1b: 200 mg. 1.226 mmol) was reacted with 5-bromo-1-cthyi-1 H-indole (274 mg,
1.226 mamot), 1, 4-dioxane (10 mb), copper todide (23.3 mg, 0.1226 mmol), srans~1.2-
diamino cyclohexane (20.99mg, 1L83%mmol} and potassium carbonate (338mg, 2452
mmal) to attord the crude product, Purification by column chromatography on silica gel
20 (30% ethylacetate in hexane), afforded 185 mg of the product (49.33% yield).
THNMR (DMSO-D:, 300 MHz): 8 8.85-8.8 (brs, 1H) 8.2 (& 1H), 8.1-8.05 {m,
THY, 765 {s, 1H), 7.5 (5, 28D, 742755 (m, 2H), 6.4 (d, THYL, 4.5 (q. 2HD, 4.1-4.0 (m, 48D,
L4 {1 3H)
LOUMS punity: 96.97%, wiz = 3070 (M+ D)
HPLC: 98.74%

j 297
o

Example 3

Preparation of I-to-Methoxv-naphthalen-2-vl-3-pmyridin- 3 -vi-imidazolicin-2-oie i34
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{34)

Uising the same reaction conditions as in Example 1, Lpyoidin-3-ylimidazolidin

2-one (I-1h: 68.7 mg, 0.4217 mmol) was reacted with 2-bromo-6-ethoxy-naphthalene
S {100 mg, (4217 mmel), 1, 4-dioxane (5 ml), copper iodide (8.0 mg, 0.04217 mmol),

trons-1,2-diamino oyclohexane {7 mg, 0.0632 mmel) and potassium carbonate (116 myg,
0.8432 mmol) o afford the crude prodact. Parification by columm chiromatography on
sifica gel (50%: cthylacetate in hexane), aftorded 72 mg of the product {5522% yield).

YHNMR (DMSO-Dy, 300 MHz): 8 8.9 ¢, 1H), £.3 (dd, 1H), £.0-8.1 (m. 2H), 7.8

W (m, 3HDY 74 (my BHD, 73 4, THY 7150, THD, 4.2-4.0 {m, 4H), 3.85 (3, 31D
LOMS purity: 96.72%, vz = 32000 (M1}

HPLC: 97.84%

Example 4

y
- i & _
@"ifwﬂ
S

CRY

Ulsing the same reaction conditions as in Example 1, Tpyridin-3-vhinidazohidin-

280 mmmaol), 1, d-dioxane (10 wb), copper todide (7 myg, 00383 Tnanol), frane-1 2-dlamine
evclohexane (6 my, 03747 mmol) and potassiuns carbonate (103 myg, $.7662 ot} to
afford the crade product. Purification by column chromatography on sitica gel (1%
MeOH in chioroform), afforded 32 mg of the product (46.0%% vield).

THONMR (DMSO-Dg, 300 MHx: 8 9.3 (s, 1), 8.9 ¢d, 1H), R.35-8.25 (m, M),
B R0 (m, 2D, 7.95 (dd, TH), 74574 {m, TH), 4.2-4.0 (m, 4HD)

LOMS purtty: 93.453%, nve = 297 3 (M D)

HPLO 95.65%

2]
(¥4

4
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Example §

Freparation of I-Ethvi-6-{ 2~ox0-3-pyridin-3-vi-imidazolidin- 1 -vl}-3 4-ifodeo- { He

guiaolin-d-one (34}

0
N n 9 AL
: N
. ‘\NJLN a f CHCH,
g L/

{SA)

Lising the same reaction conditions as in Example 1, -pyridin-3-yl-imidazolidin-
2-ome (I-1b: 95 mp, .5882 mamod) was reacted with 6-bromo-1-ethyl-3.4-dihydro-1H-
quinolin-2-one (150 mg, 0.5882 mumol}, 1, 4-dioxane (5 mL}, copper jodide (11 me,

0 Q05882 mumol), rrams-1.2-diamino cyclohexane (10 mg, 0.08823 mmol) and potassium
carbonate (162 mg, 1.1764 mmeod) o afford the crude product, Purification by columm
chromatography on silica gel (1% MeQH in chloroform), afforded 94 mg of the product
(47719 vield).

THNMR (DMSO-Dy, 300 MHzy: 8 8.85 (d, TH), 8.3 (dd. 11, 8.1-8.0 (m, 11,

S5-T4S (o, 2HD, TA5T 35 (o, TH), 715 {d, TH). 4.0 (s, M), 3.9 (g, 2H3, 2.85 (1, 21D,

25525 (m 2H), LHL 3HY

(¥ <]
-3

LOMS purity: 99.16%, wvfe == 337.3 (M+1)
HPLC: 93.77%

24 FExample &

Preparation of 1-(3-Fluore-3-methvi-benzolhidvophen-2-vli-3-pvridin-3-34-

imidazolidin-2~one (641

N"‘-
a
ey
{6A)
23 Uising the same reaction conditions as in Example 1, T-pyridin-3-yl-imidazolidin-

2-ome {[-1b: 73 ma. 45 mmol) was reacted with 2-bromo-3-fluore-3-methyi-

benzoiblthiophene {116 my, 0.45 mmol), |, d-dioxane (8 mL, copper fodide (8 myg,

41
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L

0.845 mmol), rans-1.2-diaming eyclohexane (7 myg, 0.00735 mmeol) and potassiwm
carbonate (124 mg, (.9 mmel) o afford the crude product. Purification by column
chromatography on silica gel {1% MeOH in chloreform), afforded 90 myg of the product
{61.64% yield).
3 "HONMR (DMSO-D;, 300 MEz): 8 8.9 (d, 11D, 8.3 (dd, 1H), 8.15-8.05 {m, 1),

79577 (m, TH, 7.0 (dd, 1H), 74574 (m, THD), 73-7.2 (m, THD, 41540 (m, 410, 2.3
(s, 3H)

LOCMS purity: 98.04%, iz = 327.9 (M+1)

HPLC: 95.05%

Example 7

Preparation of I-Benzofhlthionhen-3-vi-3-nvridin-3-vi-imidazolidin-2-one {7 4):

N,

-

| < i
udﬁ@

(7A)

15 Using the same reaction conditions as in Example 1, T-pyridin-3-vl-imidarolidin-
Z-one (f-1h: 83.6 myp, 0.5747 mmol) way reacted with 3-iodo-benzolblthiophene (150
mg, 0.3747 nunol). 1, d4-dioxane (§ mL). copper indide (10 mg, 0.053747 mmol), trans-

I, 2-diamino cyvelohexane (% mg, 0.0862 mmol} and potassium carbonate {158.9 mg,
1149 mumob) to alford the erude product. Purification by column chromatography on
20 silica gel (1% MeOH m chioroform), afforded 70 my of the product (41.42% yield).
THNMR (DMSO-Dy, 300 MHz): & 8.9 (d, TH), 8.3 (dd, 13D, 8.1-8.0 (m. 3H), 7.8
775 (m, 2H), T.45-7.4 {m, 2H), 4.1-4.0 {m, 4H)
LOMS purity: 97 11%, miz = 2963 (M 1)
HPLC: 97.46%

Example 8

Preparation of 1-Pyeidin-d-vi-3-quiaolin-t-d-imidacolidin-2-one £84):
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<} \B\L:ﬂ;j

(8A)
Using the same reacton conditions as in Example { pyridin-3-yl-imidacolidin-
Zeome (Joth: P17 mog 07215 romol) was reacted with o-bromo-quinolinge {150 mg, 0.7215
5 mmaed), |, d-dioxane {5 ml), copper iodide (13 mg, 0.07215 amaol), rrans-1.2-diamino
cyclohenane {24.78 mg. (.21645 mmol) and potassium carbonate (199,49 mg, 1.1443
mmaot) to afford the erade product. Purtfication by colamn chromatography on silica gol
{1%% MeOH in chioroform), afforded 1235 wg of the product (60.09% yield).
THONMR (DMSO-Dg, 300 MHz): 6 8.9 (d, 1H), 8.8 (dd. 1H), 8.4-8.25 (m, 3H),
HY B8PS0 (m 2HD), 7.9 ¢, THY, 7.55-74 {my, 2HD, 4.2-4.0 {1y, M)
LOMS purity: 98.99% mvz = 2911 (M= 1)
HPLC: 98.55%

Example 9
1S Preparation of 1-Benzothiazol-3-v-3-pridin- 3-vi-imidazolidin-2-oxe {943
N

S
@“ﬁf s
=

(94)

Using the same reaction conditions as in Example 1 -pysidin-3-yl-imidarolidin
2eone (I71b 93.67 myg, 0.53747 omeol)y was reacted with S-odo-benzohiazole (1 50mg,

20 05747 mmoly, 1 d-dioxane (5 mibL), copper iodide (10,9 myp. 0.05747 mmol), frarn-1.2-
diaminoe cyclohexane (19,65 mg, 0.1724 mmoly and potassium carbonate (139mg.
1. 149dmmo!) 1o afford the erade product, Purification hy column chromatography on
sibica gel (1% MeOH in chlovoforn afforded 103 mg of the product {61.76% vield).

TENMR (DMSO-1, 300 Mitz): 6 9.4 s, THY, 8.9 (d, 1113, 8.35-8.23 (m, 2H),
8.2-8.05 {m, 2H), 8.0-7.9 (dd, THD, 74574 G, TH), 4240 (m, 4D

LAOMS purity: 98.0%, ndz = 2969 (ML

o]
LA

*
s
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HPLC 88.27%

Example 10

Preparation of §-Naphthalen-2-v1-3-mridin-3-vl-tetrabivdro-myrimidin-2-one {104);

D

{10A)

Sep I Preparatinn of Intermediate {-03-Chloro-propyl)-3-pyridin-3-vi-yrea (- 10a)
a
={ "
HN
o

{{-10a)

10 1~Chloro-3-isocyanato-propane {1.897 g, 15.873 mymeol) was added dropwise o a

stirved solution of pyndin-3-ylamine (1 g, 10.582 nimeol) in totuene (15 mi) over a perind
of 30 minutes &t 0°C. The reaction temperature was maintained at room temperature for 6
hours. The reaction was monitored by TLC (100% ethyl acetate). The reaction mixturs
was filtered, washed with toluene and dried under reduced pressure to afford 2.1 2
15 (95.45% vield) of 1-(3-chloro~-propyly-3-pyridin-3-yl-urea.
THNMR (DMSO-D, 300 MHz): 8 8.65(brS, TH), 8.5(d, 1H), 8.15 (dd, 1H), 7.9
{m, TH), 7.35Gu, TH), 6.4 ¢ THD), 3650, 2H), 3.2 (g, 2H), 1.9(m2H)

Step 20 IWPyridin-3-vl-eoabvdro-pyrimidin.2-one {1-10b):

Ne= &LMNH

(- 10b)

{-(3-Chloro-propyl}-3-pyridin-3-vi-urea (-1 0a: 2.1 ¢, 9859 mmeol) in dry DMEF

{1 mb)y was added 1o a solution of sedium hydride (487 my, U134 numel) in THE 2

mi) at 1°C The reaction temperature was maintained at room temperature for 3¢

[
Ly

minutes. The reaction was monitored by TLOC (1009 ethyt acetate). The reacion mixture
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was quenched with Meti (8 mbL) at 0°C, concentrated under reduced pressure and
partitioned between ice cold water and chlovoforn. The organic laver was dried over
Na:z50y, and concentrated under redoced pressure to afford 1.7 g (97 14% vield) of |-
pyndin-3-vi-etahydro-pyrindin-2-one.

5 THNMR (DMSO-D, 300 Miz): 5 8.59¢d, 18, 8.3¢dd, TH), 7.7 {my, HH. 7.35(m,
TH), 6.73(brS, THY, 3.7 (0L 2H), 3.350m, 2H), 1.9 {m, 2H)

Final Step; Preparation of I-Nophtheden-2-vi-3-pyridin. 3-vi-tetrahyvdeo-pyrimidin:2-one

1o Using the same reaction conditions as in Example 1, L-pyridin-3-yl-tetrabydro-
pyrimidin-2-one {({-10b: 118 mg, (.724 mmol) was reacted with 2-bromo-naphthalene
{150 myg, 0.724 mmel), |, 4-droxane (5 mi.), copper fodide (13.79 mg. 0.0724 mmwol),
trans-1.2-diamino cyclohexane (24.865 mg, §.2172 munol} and potassium carbonate (200
mg. 1448 mmol) to atford the crude prodoct. Porification by column chromatography on
15 silica gel (1% MeOH in chlorotorm) atforded 75 mp of the product (33.71% yield).
"H NMR (DMSO-Dg, 300 MHz): 8 8.65 (d, 1H), 8.35-8.3 (m, 1H), 7.95-7.73 (m,
SHy, 7.6-7.4 (m., 4H), 3.95-3.8 (m, 4H), 2.3-2.2 (i, 2Hh
LOMS purity: 98.98%, mviz = 304.0 (M+ 1}
HPLC: 99.14%,

20
Example 11
Preparation of 1-(3-Chioro-d-methl-guinedin-G-v0-3-pyetdin-3-vl-ipdduzelidin 2-one
HiC
p .
N, O ! ¢l
S N N
L.
25 {11A)

Lising the same reaction conditions as in Example 1, T-pyridin-3-yl-imidazolidin-
Zeorwe (1-1h: 95.8 mg, 0.5882 mmol) was reacted with 6-lvomo-2-chlvro-4-muethyl-
quinoline (150 mg, 0.3882 mmnl}, 1, 4-dioxane {5 ml), copper fodide (11.2 mp, 0.05882

mumoll, frans-1,2 -digminoe ovelohexane {20.20 mg, 0.1764 mmnl) and potassium
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carbonate (1626 mg, 1.1764 mmol) o afford the crude product. Parification by columi
chromatography on silica gel (196 MeOH in chloroform) afforded 70 mg of the product
{(35.17%% yield).

'HNMR {I}MS{I}—D( 300 MH2z): 8 885 (d. TH), 8.4-83 {m, 2H}, B.15-7.93 (m,
3HY, 7574 (my, 2H), 4.3-4.0 {m, 4 D), 2.6 (5. 3HD)

LOMS purity: 89.47%, maz = 339.0 (M+ 1)

HPLC: 97.08%

Example 12

Preparation of I-(-Hvdroxyimino-indan-3-30-3-pyridin-3-vl-imidazolidin-2-one (1240

LOSR7 mmed), 1, 4-dioxane (10 mbj, copper jodide (31,59 mg, 0.1653879 n'n'noi), Iegirs-
1.2-diamino oyclohexang (56.976 mg, 0.4976 mumol) and potassium carbonate (458,63
mg, 3.3174 mmeol} to afford the orude prodoct. Purification by cohumn chromalography
on siliea gel (1% MeOH in ehloroform) atforded 300 myg of -(1-oxo-ndan-5-y )3~
pyridin-3-vi-imidazelidin-2-one (61.72% viekd).

Hydroxylamine hydrochlonide (141 mg, 2.044 novol) and sodium acetate (167.6
myg, 2.044 mumoll in 5 mb of water were added {0 a sohition of 1< 3-oxo-indan-3-y} }3-
pyridin-3-yi-imidazolidin-2-one (200 mg, 0.68 14 mmol) in ethavo! (7 mbl). The reaction
mixture was heated to 90°C and maintained for 6 hours, The reaction mixture was then
cooled o room temperature and the salvent was distilled from the reaction mixture, The
precipitate formad was collected, washed with chlorotorm and dried under reduced
pressure 10 afford 200 mg of the product {90% yields.

HONMR {DMSO-Dy, 300 MHz) & 10.5 (s, TH), 8.9 (s, 1), £.35-8.25 (br s, 1H),

Ped, 1H), 7.7-7.4 (my, M), 4.0 {s, 1D, 30530 (m, 2HD, 2.85-2.7 (m, 2HD
LOMS purity: 98, 13%, mfz = 3092 {M+ 1)
HPLL 83.30%
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Example 13

Proparation of I-Bevgolblibiophen- 3 3pyridin-d-vi-tetradndeo-pyrimidin- 2-ong

(13A)

Lising the same reaction conditions as in Example 1, T-pyridin-3-yi-tetrahvdro-

1340

ATNIERS

%

benzo{bjthiophene (100 mg, 0.3831 mmoel), 1, d-dioxane (S mL}, copper fodide {7.29 mg,
10 003831 mmol), feans-1.2-diamino eyelohesane (1315 me. (01149 mumoly and potassium
carbonate (106.1 mg, 0.7662 mmol) to afford 15 mg of the product {17.5% vield).
TENMR (DMSO-D.. 300 MHz): 8 8.7-8.3 (brs, 1H), 8.4-8.3 (brs, 1H), 7.95 «d.
PRD, T.85-7.78 (m, 3H), 745-7 35 (m, 3H), 3.9 (g, 4HD), 2.35-2.25 (m, 2HD
LOMS parity: 99.84% m/y = 309.9 (M+1)
i3 HPLC: 94.28%

Example 14

Preparation of 1-t4-Methyd-pyridin-3-vii-3-saphibaien-2-yi-imidazolidin-2-one (134):

20 {144}

Step L Preparation of fnterinediate 1~02-Chlora-eibpli-3-id-methyl-pvridin-3-vl-urec

IR N
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{I-1da)

{-Chiore-2-1socyanato-ethane (3.91 mi, 6935 mmol) was added dropwise to a
stirred solation of 4-methyl-pyridin-3-vlamine (5 2, 46,23 mmeoel) in toluene (180 mb) at
(°C. The reaction temperature was maintained at room temperature for § hours. The

S reaction was monitored by TLO (3% MeOH in chloroform). The reaction mixture was
filtered, washed with toluene and dried under reduced pressure to afford 8.3 ¢ (86%:
vield} of 1-(2-chloro-cthy]}-3-(4-methybpyridin-3-vl-urca.

HNMR (DMSO-De, 300MHz): 8 895 (s, TH), 8.1 (o, 2H), 723 (d, TH), 6.95 (1,
VHY, 3.7 €6 2H), 345 (g, 2H), 2.2 (s, 3H)

10 LOMS: miy= 2141 (M+1)

Sen 2o Preparation of fatermediate 1-(4-Metirvl-npyridin-3-vi-imidazolidin-2-one {1~

{4b)

O
CHy )L
N N NH
| L/
o
N

"
(¥4}

{1-14by

dry DMF (150 ml) was added to a stirred mixture of sodiom hydride (2.87 g, 39,94
mmol ) in THE (150 ml) at 0°C. The reaction temperature was maintained at room
temperature for 30 nuoutes. The reaction was monitored by TLC. The reaction mixture
200 was quenched with MeQH at 0°C, concentrated under reduced pressure and pantitioned

between jee water asd chlovoform. The organic fayer was driad over NiagSOy, and

concenfrated under reduced pressare o allord 6.3 g (9% vield) of T-(d-moethyl-pyridin-

Iovh-bdazolidin-2-one.

T NMR (DMSO-D, 300MHM2): & 8.4 (s, 1H), 83 {m, 1H), 7.3 (d, 1), 6.85 {br s,

23 FHL S 2D 345 (L 2ED, 225 (5, 3D

LOMS purity: 100%, mie= 1783 (M+1)

Fined Steo: Prepavadion of {-td-Methvi-pveidin:3-vli-3-napfthalen-2-vl<imidazefidin-2-
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Copper todide (21,5 mg, 013 mosed), frams-1,2-drasune evelohexane (0041 mi.,
£.339 yomaoldy and potassium carbonate (313 mg, 2.26 munod) wore added to 1, 4-Dioxane
{153 mL) previously sparged with argon (10 mimates). The reaction wmixiure was sparged
with argon for a further 10 minutes, followed by the addition of |-(4-methyl-pyridin-3-
L3 mmoly. The resalting mixwre was heated o reflux at 110°C for 15 hours, The
reaction was mendtored by THO (10%% MeOH in chloroform). The reaction mixture was
filtered through a celite and the hed was washed with chloroform. The organic laver was
dried over Naz$0y and concentrated. Purification by column chromatography (using
sifica gel of mesh size of 60-120. 1% MeOH in chloroform as eluent)y aftorded 250 my
{73% yvieldy of 1-(d-methyl-pyridin-3-yvh-3-naphthalen-2-yl-imidazolidin-2-one,

TONMR (DMSO-D,, 300 MHz): 3 8.62 (s, 1H), 848-8.42 (m, TH), 8.2 (dd. 1H),
LOMS purity: 98.31%, nvizs 3041 (M+ 1)

HPLC: 97.558%

Example 15

Preparation of $-(4-8ethel-pyeidin:-3-vli-3-¢ S-metind-thiophe n-2-vlimidazolidin-2-one

N
Dl EA
A M DCH:-,
1‘14 N7 T8
CH-"_; “““’J
{13A)
Copper iodide (16 mg. 0.084 mmol), fragny- 1, 2-diamine cyelohesans (28.8 me,

(.25 mmoly and potassium phosphate (445 myg, 2.1 munol) were adided w1, 4-Dioxane
{10 mL) previeosly degassed with argon (10 minutes), The reaction mixture was purged
with argon for a further 10 minutes, followed by the addition of -(d-methyvl-pyridin-3-
me. 084 mmol) The resulting mixture was beated 1o reflux at HO°C for 4 hours. The
reaction was mottored by TLO (10% MeOH tn chlovoform), The reaction muxture was

filtered through celite and the celitebed was washed with chlovoform The organic layer

G




)
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N
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wits dried over NapSQy and concentrated. The concentrate svas quenched with ice, the
precipitate formed was collected and dried to afford 178 me (749 vield) of -{d-methyl-
pyridin-3-y1 1-3-{S-methylthiophen-2-yH-imidazolidin-2-one.

HENMR (DMSO-Dg. 300 MHz: 8 8.5 (s, HDL 8.4 (4. LD, 7.35(d, 1My, 6.55 (4,
U625 (d, TH), 4.0 (s, 48, 235 (0 3H, 225 (s, 3

LOMS purity: OR.84%, m/z= 274.0 (M1

HE L 97 43%

Example 16

Preparaddion of 1-Bencothiazol-6-vE-3-(-methvl-pyridin-3-vl-ipgdazolidin-2-one (1643

5L

N
/N L

,,..A

{164)

Lising the same reaction conditions as in !%'.ix.ample 14, 1~(-4~meihyi«pyridinﬁ-}=‘1}*
(200.93 mg, 0.847 mmol). 1. 4-dioxane (20 ml} copper indide (16,135 my, 0.0847
mmol) trans-1.2-diamine ovclohexane (0.03 mi, 0.254 mmol) and potassium varbonate
{233.97 my. 1.694 mmol} to afford the erade product. Purilication by column
chromatography on silica gel (1% MeCOHH 19 chioroform) attorded 130 mg of the product
{49.6% vield).

MR {(DMSO-13;, 300 MH2): § 9.26 (5, TH), 8.36 (s, 11D, 8.4 (d, 1H), 8.3 4d,
PHD), 81-8.06 Gm, TH), 7.90 (ddl TH), 7.38 (. HH), 4.2-40 Gm, 2H), 4.0-3.92 (i, 2HD, 2.3
{5. 3H)

LOMS purity: 97.79%, mdz = 3109 (M )

HPLC: 96.04%

Example 17

Prepariton of I-Fibl-0-§ 3-(d-metfl-pyvricdin-3~-vli-2-oxo-intidecolidin- § v -3 4-dibvdro-

Hl-qanotin:2-ome (17,
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{174}
Using the same reaction conditions as in Example 14, I-(d-methyl-pyridin-3-vi)-
S wwdazohdin-2~one (I-14b: 150 mg. 0.847 mmoly was reacted with d-bromo-1-ethyl-3.4-
dihydro-1H-quinolin-2-one (215,15 mg, 0.847 mmol), 1, dedioxane (0.03 mi., §.254
mmaol), copper todide (16,13 myg, 0.0847 mmol), frans-1 2~diamine cyclohexane {0.03
mb, {1254 mmol) and potasshuan carbonaie {233.97 mg, 1.6%4 mmol) to afford the crude
product. Purification by column chromatography on silica gel (1% MeOH in chioroform)
10 afforded 93 my of the product (31.99%) vield.

THONMR {(DMSO-D,, 300 MH2): § 8.56-8.5 (brs, TH), 8.42-8.38 {br s, 1H), 7.52-

746 {m, 2H), 735 ¢d, 1H), 713 (d, 1H), 4.1-3.85 (m, 61, 3.35-3.23 (w, 2H}, 2.85 (4,

IHG 22545, 3D, LA 3ED
LOMS purity: 96.43%, mvz = 35310 (M+D)
i5 HPLC: 96.26%
Example 18
Preparation of 1-(4-Flyoro-phenvl)-3-(d-methvl-pyridin-3-vli-imidaz ofidin-2-one {1843
F’
20 {1&A)

Using the same reaction conditions as in Example 14, t-(d-methyl-pyridin-3-yi)-
imidazolidin-2-one {{~}4h 15 mg, 0.84635 meuol) was reacted with 1-hromo-d-fluoro-
benrene (1481 mg, 0.8465 mmol), 1 d-dioxane (25 mL), copper todide (16 wmg, 0.08463

mmol}, frany-1,2-diamivoe cyclohexane (29 mg, 0.2539 mmoh and potassium carbonate

LA

{468 mg, 3.3860 mmol) to alford the crude product. Purification by column
chromatography on siliva gel 2% MeQOH in ehloroformy afforded 100 mg of the prodact
{439 vield).

HUNMR (DMSO-, 300 MMz) 8 8.7-8.3 (my, 2H), 7.7-7.6 {u, 2H), 7.4-7.3 (hr s,
PHY, 7200 2H), 4039 0m, dH), 23 (5, 3H)

51
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LOMS purity: 99.85%, wvy ~ 2720 M+ 1)

HPLC: 96.40%,

Example 19

~

S Preporation of 3-Biphenl-di-3-Hmethwl-pyridin: 3-vli-mddazolidin- 2oone {1941

Ny . o r "//\;
Q///l ‘iim ”gj/,\/J
CHy  bond

{19A)

Lising the same reaction conditions as in Example 14, 1-{d-methvl-pyridin-3-vi)-
mnidazolidin-2-one (I-1dh: 150 mg, L8465 mmel) was reacted with 4-bromo-bipheny}
1 {1973 mg. 0.8468 pynoly, 1, d-dioxane (25 mbL), copper wdide (16 mg, 1.08465 mmol},
irans-1.2-diaming cyvelobexane (29mg, 0.2339 mmol) and potassiom carbonate {468mg,
33860 mmol) to afford the crude product, Purification by column chromatography on
sitica gel (2% MeOH in chloroforn) afforded 147 mg of the product {52% yield),
HNMR (DMSO-1),. 300 Mz 8 8.6 (s, TH). 8.4 (d, 1HD), 7.8-7.6 {m, 613, 7.45
15 2L T35 2HD), 4.1 (0 2R 4.0 (0 2HD, 2.3 {503 H)
LOMS purity: 83 37%, mz = 33001 (M)
HPLC: 96.0%

Example 20

20 Prepararion of [-EtbvE-dmethvl-6-f 3t d-mednd-puriding 3yl 2 -oxo-imidazofidin: -

{H-quirolin: 2-one (2040

Uising the same reaction conditions as mw Example 14, I(donethylpyridin-3-yi)-

25 imydazelidin-2eone {J-




1

b
LA
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(10.66 my, QO5597 mmol), frans-1,2-diamine cyclohexans (19.22 me, 0.1679 mmol) and
potassium carbonate (77,37 mg, 11194 mmed) to afford the crade product, Purificaion
by column chromatography on silica gel (1% MeOH in chloroform) afforded 56 mg of
the product {28.1% yield),

THNMR (DMSO-Dy, 300 MHz): 8 8.33 (s, 1H), 84 (d, 1H), 8.0-7.85 (m, 2H), 7
(e, THYL, 735 (d, TH), 0,55 (s, THL 425 (q 2H), 4340 (m, 21D, 4.0-3.9 {m, 28D, 2.4 (s,
3HY, 2.3 (5, 3HD), LIS (1, 3D

LOMS purity: 99.36%, woiz = 362.9 (M+1)

HPLC: 97.77%

Example 21

Freparation of 1-02-ClHora-4-methyi-guinofin-6-vi-3-td-metind-peridin- 3-vij-

imidazolidin-2-one (21d43:

2"‘*—

g

(21A)

Using the same reaction conditions as in Example 14, 1-{4-methyl-pyridin-3-y})-
snidarolidin-2-one (14 2754 mg 1.5564 mmol) was reacted with 6-bromo-2-chinrm-
$-methyl-quinoline (400 mg. 1.5564 mmol), 1, d-dioxane {10 mb.), copper todide {29.649
g, 3.1 3564 munol), frans-1,2-diammioo ovelohexane (53,448 myg, 0.4668 mmol) and
potassium carbonate (430 mg. 3. 112 mmol) 1o afford the crade produet. Purification by
column chromatograpby on silica gel (1% MeOH in chloroform) afforded 236 mg of the
product (46.534% yield).

THNMR (DMSO-Dy, 300 MH2): 8 £.55 (s, TH), 8.45-8.3 (m, 2H), 8.0-7.9 {m,
2H)Y, 75743 (brs, TH), 735 (d, TH), 425440015 Gm, 2H), 4.05-3.93 (m, 2, 265 (s, 3D
2.3 48, 3H)

LOMS purity: 96.22%, mfe = 3529 (M)

HPLC: 98.78%

Example 22

L
iz
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Ereparation of 4 Ueﬂn} G-f 3 rdeothvi-pyvridin- 3yl i-2-oxo-igidazelidin: I -vli- 11~

guinelin-2-ppe (234):

H';C Y{ZJ H:’C\'y,/«w\FD
N i N

W ) N ~ O e N
L M — L L L[]
RN N tfi”\b*’!
L, L] L L
{21A) (22A)
3 IN HCH SmL) was added o 1-{2-chloro-d-methyi- qmnoim G-y {33 4-methyi-

stivved at 1207C overmight. The reaction mass was cooled to (°C, agueous NaHCO; was
added (il a pH of abowt § was attained. The reaction mixture was extracted with
chloroform. The organic Javer was dried over Ng: 8Os and concentrated to aftord 38 mg
10 of the product (80.85% vield).

THNMR (DMSO-De, 300 MU2: 8 115 (s, FHY, 8,55 (s, 1H), 8.4 (d, 1H), 7.85-
7.8 {m, 2H), 74-7.3 (m, 2H), 6.5-0.4 (brs, TH), 4.15-4.05 (m. 2H), 4.0-3.9 (m, 2H), 2.4
{s. 3H) 2.3 (5, 3H)

LOMS purity: 98.45%., miz = 3349 (M+ 1)

[ HPLC: 93.73%
Example 23
Prepararion of §-(4-Methvl-pyridin- 3 -vli-3-qranolin-2-vi-imidazolidin: 2-one 2344
N
{('N’\ O NN ,fj
\/l KA
NN
CHy S
20 {23A)

Using the same reaction conditions as in bxample H, (d-methybpyridin-3-v1 -
imdarohdin-2~one (I-14h: 150 myg, 084630 muvoly was reacted with 2-chloro-guinoling

{1384 mg, 0846530 muned), 1L A-dioxane (30 mb), copper lodide {16 my, 0.084635 mmol),

frapin-1 2-diamino eyvelohexane (29 mg, 0.2533% nunol} and potassium carbonate (468mg,

o
dn
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3.3860nmmel) to afford the orade product. Parification by colunn chromatography on
siftca gel (2% MeOH in DOM) afforded 105 mg of the product (40.8% vield).

HNMR (DMSO-D, 300 MHz): 8 8.6 (s, TH), 8.5 (d, U, 8.4 ¢d, 1H), 8.3 (d,
HH), 7.9-7.8 {m, 2HD), 7.75-7.65 (m, TH), 7.5-745 {my, TH), 7.4 (d, TH), 4.3 44 2H)L 4.0 ¢,
2HY, 2.3 (5, 3D

LUMS purity: 97.22%, mfz = 305.1 {M+1)

HPLC: 96.07%

Py

Example 24

VW Preparation of 1-(4-Metlpd-pyridin: 3-vi-3-quinolin-3-vl-amidazolidin-2-one {2441

AN A
L% A

N ,,L»\\V#N
(24A)

Using the same reaction conditions as in Example 14, 1-(d-methyl-pyridin-3-yi)-
imidarolidin-2-one (I-14b: 150 mg, 0.847 nunol) was reacted with 3-bromo-guinoline

5 (17613 mg, 0.847 mmeol), 1, 4-dioxane (15 mi), copper todide (16,13 mg, 0.0847
mmol), traps-1,2-diamino evclohexane (.03 ml., 0.254 mmol) and potassium carbonate
{233.97 mg, 1694 mmel) to afford the erade product. Purification by column
chromatography on siliea gel (1% MeOH in chloroformy afforded 190 mg of the prodact
{73.76% vield).

20 THONMR (DMSO-1,, 300 MHzy 8 9.5 (d, TH), .6 (s, TH), 8.42 (d, 1H), 835 (d.
HH), 8.02-7.92 (my, 2H), 7.7-7.58 (O, 2H), 7.4 (d, 1H), 425415 (ra, 2H), 4.05-3.9 {in,
2HY 235 {3, 3H)

LOMS purity: 98.34%, wmiz = 3052 {M+1)
HPLL: 95.64%,

o]
(¥ e

Example 25
Preparatiinn of 1-6-Methwo-aapfuhalen-2-vi-3 -0 d-methl-pyridive-3-vi-imidacofidin- 2-

one {2340

33
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\}?ﬂ,*
i
A

Uising the same reaction conditions as v Example 14, -(-methyl-pyridin-3-vh-

unjduzolidin-2-one {§-14b: 150 mg, $.847 mmaol) was reacted with 2-bromo-6-methoxy-

5 naphthalene (200.74 myg, 0.847 mmol), |, 4-dioxane (15 mLY copper todide (16,13 my,

0.0847 mumol), trans-1 2~diamino evelohexape (0L03 mi, 0.254 mmol) and potassium

carbonate (233.97 mg, 1.694 mmaoed) o afford the erude product. Puritication by column

chromatowraphy on silica gel (1% MeOMH 1y chlorotorm) afforded 85 mg of the product

{30.08% vicld).

1 HONMR (DMSO-D., 300 MHz): § 8.62-8.58 (br s, 1H), 8.44-8.4 (br s, 1H), §.28
(dd. 1H), 7.86-7.76 (m. 3H), 7.4 (d, 1), 7.28 (d. TH), 7.16 (dd. 111 4.18-4.1 (m. 2H),
4.07-3.96 {m, TH), 3.86 (s, 311, 233 (s, 3H)

LOUMS purity: 95.49%, miz - 3341 (M+1)
HPLC: 93.56%

Example 26

Preparation of F-Benzofbithiophen-2-y-3-(4-methvi-pyridin-3-vlh-imidazolidin-2-one

20

berrofblthiophene (130 ma, G.6171 mmnd), 1, d-dioxance (Smb). vcopper odide (117
¥ . £ . ! By

(264)

BTl

Smag,

{LOO0171 yomol}, frans- 1 2-diamino cyclohexane (21,19 mp, Q1851 sumel) and potassium

.
LAy

carhonaie (170,02 mg, 12342 punoh) 1o afford the erude product, Purificatinn by column
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chromatography otsiliea gel (1% MeOH in ehlorofosm alforded 73 myg of the prodact
{62.5% yield).
THNMR (DMSBO-D,, 300 MHzy: & 8.5 (s, 1H), 8.4, TH), 7.8 4d, 1HL 775 (d,
T, 740d, T, 735725 G HH), 7.2 (0 THD, 673 0s, THD)L 4.25-401 (m, 2H), 4140
5 m, 2HDY, 2.3 (s, 3D
LOMS parity: 97.09%., w7 = 3101 (M1
HPLC: 92.27%,

Example 27

{0 Preparation of 1-Bernsolb litiophen-3-v1-3-{d-meibyvl-peridin: 3 -vii-teidazolidin- 2 -ane

{ising the same reaction conditions as in Example 14, 1-(@-methykpyridin- 3.yt~
15 imidavolidin-2-one (I-14b; 150 mg, 1.847 mmol) was reacted with S-bromo-
benzo{hjthiophene (180.5 mg, 0.847 mmob), 1 d-dioxane {15 mi.). copper jodide (16.13
mg, 0.0847 mmol}, frans-1 2-diamine evclobexane (0.03 ml, 0.254 nunmoly and
potassium carbonate (233.97 mg, 1.694 mmol} to afford the crude product. Purification
hy colunmn chromatography on sihea gel (1% MeOH in chlorofornn) afforded 28 mg of
20 the product in (10.64% yield),
THONMR {DMSO-D, 300 MBZ): 8 8.75 (s, 1H), 8.35 (d, 1H), 8.04-7.98 (m. 2H),
F8E-T70 (m, 2H), 763 {d, TR 7453 (d, 1HL 42401 (o, 21D, 4.05-3.95 (m, 2HD), 2.4 (s,
3HD
LOMS purity: 9LERYG, 'y = 3099 (M1 ])

aS HPLC: 97.97%

Example 28

Preparation of L-(1 - Indazol-3-00-3 - -methydpvridine 30 O-imidazolidin-2-one {2841

192

~i
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trimpethylsilanyl-ethoxymethyl)- Hi-indarole (0.170 g, 0.00058 mmol}, 1, 4-dioxanc (10
mb.). copper iodide (LG g, 0.000031 mol), prans-1 2-diaming cyclohexane (0.0 8y,
L0006 moly and potassium carbonate (3,134 g, 0.00106 mmol) to afford the crude
prodduct. Purification by column chrematography on silica gel (1% MeOH in cidoroform)
afforded 0.24 g of T-(4-Methyl-pyridin-3-vR3-{ 1-Cetrimethvisilanvl-ethoxymethy - HH-
indazol-S-vl-imidazolidin-2-one {97.8% vield).

TEA (0.096 ¢, 0.00084 mol) was added to solation of 1-{4-methyi-pyridin-3-vi)-
3+ 1-(2-trimethyisitanyl-ethoxymethy - H-indazol-S-yi-inudazolidin-2-one (0.24 g,
(1000536 mol) in DOM {10 ml) at 0°C. The reaction mixture was stivred at room
temperature overnight. The reaction was monitared by TLC ¢10% MeOH in CHCUlL )y The
reaction mixture was concenfrated and the concentrate was purified by preparative HPLU
w afford 42 my of the produact (19.47% vield).

HENMR (CDROD, 300 MHzy: & 832 (s, 1H), 835 (4. 1D, 8.06-8.0 (br a, 1}H),
7.86-7.70 {m, ZHYL 7675 (my HH), TAST A G, THD, 4.2-400 (i, 28D, 4.08-3,95 {m, 2HD.
24 (s, 3

LOMS purity: my'e = 2941 (M)

HIM L 98 .89%;

Example 29

Preparation of 1-(3-Methyl-benzofuran3-vli-3-¢d-methyl-puoridioe 3-vi-imidazolfidin. -
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X’ZII‘.LW\
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© % - ~
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CHy Lo
(29A)

Using the same reaction conditions as in Example 14, 1-(d-methyl-pyridin-3-yl)-
truidazohdin-2-one (I-14h: 105 my, 0.8465 mol) was reacted with S-bromo-3-methyl-

S benzoluran (197 mg, 0.93 1 mmol), 1, d-dioxane (10 mL), copper wdide (20 mg), rraas-
1. 2-diamino cyclobexane (40 mg) and potassium carbonate (359 mg, 16930 mmol} o
afford the erude product. Porification by colummn chromatography on silica gel (2%
MetOH 1o chlorotorm) atforded 80 mg of the product (30.76% vield).

HNMR (CDCH, 300 MHz): 6 8.54 (s, iH}, 84 ¢d, 1), 7.76-7.7 {H), 7.46-

10 39 (my, 3, 722 (d, 1D, 4194401 (m, 2ED, 4.0-3.9 (m, 21D, 238 (s, 31D, 2.24 (5, 31D

LOMS purity: 96.84%. wmiy = 307.9 (M+1)
HPLC: 96.37%

Example 30

13 Preparation of I-(6-Fluoro-pyridin-3-vi-3-(4-methvl-pyridin-3-vli-imickeolidin-2-one

S Vel
o NJ\

{30A)
Lising the same reaction conditions as o Example 14, I-(4-methvl-pyridin-3-y1)-
20 inudarolidin-2-one {J-14h: 150 mg, 0.8474 mmol) was reacted with S-bromo-2-tluoro-
pyriding (87.7 mbL, 0.8474 mmol), 1, 4-dioxane (10 ml.), copper jodide (16,13 rog, 0.084
mmol), frans-1,2-diaming eyclobexane (30.5mi., 0.25dmmeol) and potassium carbonate
(234 mg, 1.695 mmol} to afford the crude product. Parification by cohann

chromatography on silica gel (3% MeOH in chloroform), followed by preparative HPLU

2
L

afforded 165 myg of the prodoct (7139 vield)
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THONMR (CDCI, 300 MHz): 8 8.6-8.4 (m, 3HL 82 (s, 1H), 7.3-7.2 {m, 1H), 7.0-
6.9 {m, 1), 4.2-4.0 (m, 443, 2.4 {5, 3H)
LOMS purity: 97.96%, mfz = 2731 (M)

HPLLL 95.26%

5
Example 31
Preparation of {-td-Methvl-pyridin-3-vli-3-thiophen-3-vi-isddazolidin-2ane (314}
L \N/[LN’XL‘\‘\/S
CHy b
31A)
1o Using the same reaction conditions as in Example 14, 1-(4-methyl-pyridin-3-yD)-
imidarolidin-2-one (1-14b: 150 myg, 0.8474 mmeol} was reacted with 3-bromo-thiophene
(79.4 mL, 0.8474 mmol), 1, 4-dioxane {10 ml.), copper todide {16.13mg, 0.084mmol),
frans-1 2-diamino cyclohexane (30.5 mi., 0.254 mmol) and potassium carbonate (234
mg. 1.695 mmol) to afford the crude prodoct. Purification by column chvomatography on
15 silica gel (2% MeOH in chloroform), followed by preparative HPLC afforded 22 myg of

the product (10% vield).
HNMR (DMSO-Dy, 300 MHzp: 8 8.5 (5, TH), 8.4 (d, 1H), 7.6 (. 2H), 7.4 {d.
THY 7.0 40 TH), 401-3.9 (m, 48D, 2.3 (5, 3HD
LOMS purity: 97.96%, miz = 260.0 (M+1)
20 HPLC: 97 4%

Example 32

Preparation of §-(3-Methogy-pyetdin-3-vli-3~-id-methyd-pyridin-3-vii-imidazolidin-2-one

(3244

[

2
O
T
o3

i

{

o
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pyridine {13924 mg, 0.847 mmni) f-dioxane {15 mb}, copper fodide {1613 mg,

LA

00847 numoly, rrams-1,2-dianuno cyciahexane {0.03 mi., 0.254 mmol) and polassium
carbonate (233.97 mwg, 1694 mamol) to afford the erude product. Parification by column
chromatography on silica gel (1% MeOH in chloroform), followed by preparative HPLC
afforded 23 mg of the prodact {9.55% vield).

HONMR (DMSO-Dg, 300 MHz): 8 8.8 (s, TH), .55 (d, 21, 8.2 (s, 1H), 7.8 ¢ {s,
W MY 7.7 {d, THL 42239 (m, 4HD), 3.9 (s, 3H), 2.4 (s, 31D
LOMS purity: 96.22%, w2z = 2850 (M+1)
HPLO: 9927%

Example 33

1S Preparaiion of I-(3-Fluoro-3-methvl-benzolblthiophen- 2= 3-04-methol-pyridin- 3yl

imidazolidin:2-one ¢(334):

£33A)

Lising the same reaction conditions as in Example 14, 1-{(&-methyvl-pyridin-3-yI}-
20 imidasolidin-Z-one (I-14b: 79,79 mg, 0.4508 mmol) was reacted with 2-bromo-5-{luoro-
3-methyvl-benzofbjthiophene (110 my, 04508 mmoly, 1, 4-dioxane (S ml), copper todide
{R.58 myg, 0.04508 nymol), frams-1 2-diznino cyclohexane {1548 mg, 8.1352 mmol) and
potassium carbonate {124.0 mg, (.90186 mmol} to afford the crude product. Purification
by columm chromatography on silica gel {1% MeOH in chloroform) atforded 84 mg of
2% the produet {60.43% vield).
HONMR (DMSO-D,, 300 MBz): 8 8.55 (5, 1HL 8.4 (d, TH), 7.95-7.85 (m, 1H)
FH2-7.55 (dd, TH), 735 b, THD, 73272 (my THD, 4.15-23.95 (my, M), 2,25 ¢d, 6H)
LOMS purity: 97 84%, m/z = 342.0 (M1}
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HPLC, 97 83%

Excample 34

Prepogation of 1-423-Chloro-pyrisudin-d-vl-3-id-anetind-pyridive 3-yli-imidazolidin-2-one

(34A)

pyrimidine (163.7 mg, 0.8465 mm@if_u i, 4-dioxane (‘3{} ml}, copper fodide (16 mg,
0.08465 mmaol), trans-1,2-dianuno evelohexane (29 mg, 0.2539 mmaol) and potassium
carbonate (468 mg, 3.3860 mmol) 1o aftord the crude preduct. Purification by colunn
chyomatography on stlica gel (2% MeQH in chloroform), followed by preparative HPLC
afforded 65 mg of the product {26.5% yield).

THNMR (DMSO-Dy, 300 MHz): 8 9.0 (5, 2H), 8.6 (s, TH), 8.5 (s, 1H) 7.4 (s,
HH), 415395 (m, 4H), 2.35 (8, 3H)

LUMS purity: 97.13%, iz = 294.0 (M)

HPLC: 96.83%

Example 35

Preparation of L-(4-Methvli-pyerdin-3-vli-3-( | H-pyrazol-4-yli-isddazolidin-2-one {354):

N
[ = =N
“ NH
]VL\N N7 v
OHy L“_M
{3545
&,,ising the same reaction conditions as i Example 14, 1--{4«1’1’;@&1}?’3«{s}-‘z"idina3~_}f}}

pyrazole (3693 my, 1.8463 mma}'},‘ 1, d-dioxane {30 ml)y, copper iodide (10 mg, (L.08463

62
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el ), rass-1,2-diamine oyelohexane (29 mg, 0.2539 mmal) and potassium carbonate
{468 mg, 33860 mmol) o aftord the crude product. Purification by column
chromatography on silica gel (2% MeOH in chlorotorm} atforded 350 mg of 1-(4-

Methyb-pyridin-3-y13-3-(V-trity - T H-pyrazol-doy-inndazolidin-2-one (60% vield).

L

Dioxane h}*dmchh}ri{kt (10 mb) was added to a stirred solution of 1-{(4-methyl-
pyridin-3-yij-3-( 1 -trityl- | H-pyrazob-4-v-imidazolidin-2-one (250 mg, 0.51484 mmol) in
dioxane onder nitrogen atmosphere at 0°C. The reaction mixture was stivred at room
temperatore for 2 hours with TLO momtoring (10% MeQOH in DOM)Y. The solvent was
distilled from the reaction mixture and washed with ether. The precipitate was collected
10 and dried ander reduced pressure o allord 80 mg of the p:'()dtwt {55% yiald).

THORMR (DMSO-D,, 300 ME2): 8 8.95 (s, THY. 8.7 (d, 1H), 8.0 ¢d, 11D, 7.8 (s,
2D, 45400 {m, 2H), 4.0-3.95 {m, 2H), 2.5 (5, 3}{)

HPLC: 94.48%

N
Example 30
Preparation of {-{4-Methvl-pyridin-3-v{-3-thigzol- 2-vi-imidazolidin-2-one (36.4):
l b
SRS
CHa L
{(36A)

20 Using the same reaction conditions as in Example 14, 1-(d-methylpyridin-3-vh-
inidazolidin-2-one (1-14h: 130 mg, 0.8463 mmol) was reacted with 2-bromo-thiazole
{138.8 mg, 0.846 mmol), 1, ddioxane (530 mb), copper iodide {16 myg, 0.08465 mmol),
rans-1,2-Hamino eyclobexane (29 mg, 82539 mmol) and potassium carbonate (468 mg,
3.3860 mumol)y to alford the crude produoct. Purification by column chromatography on

25 sibiea gel (2% MeOH in chloroform) afforded 125 wyg of the product (36 .8%% vield),

THONMR (DMSO-13, 300 M 5 8.6 (s, TH), 8.4 (s, D, 745735 {m, 2HL 7
G PR 4 (0 2D 4.2 (1, 3HD, 2.3 5, 3H)

LOMS parity: 96.14%,, miz = 2610 (M1

HPLC: 87.87%
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2

Example 37

5

Using the same reaction conditions as in Example 14, (d-methyl-pyridin-3-vi)-

tmdazohidin-2-one ({-14h: 150 wg. 08474 mmod)} was reacted with I-bromo-d-methoxy-

benzene (138 my, 0.8474 mmod), 1, 4-dioxane (3 mbj, copper jodide (16,142 mg,

e 0.08474 mmoly, srans-1 2-diamine cvelohexane (29 108 mg, 0.2542 ponn!) and
potassiurg carbouate (2343 myp, 10948 mmol) (o atford the crude product. Purification
by column chrematography on sihica ged (1% MeOH in chlorotorm) afforded 172 mg of
the produoct (72.26% yield).

THNMR (DMSO-De, 300 MEz): 3 8.5 (s, 1), 3.4 (d, TH), 7.55-7.45 (m, 2H),

150 73973 ¢ U0, 7.0-6.9 {m, 2HL 4.1-4.0 {m, 2H), 3.95-3.85 {(m, 2HL 375 (5, 31D, 2.25
{5. 3HD

LUMS purity: 95 531%, nvz = 284 (M)

HPLC 9679

20 Example 38

Proparcdion of T-(4-Cbloro-phemyli-3-dd-metbvl-peridin-3-vii-imidarolidine-2-ope 13843;

( Q} (*:1) ,;:;ﬁ'\\f/CI
H f§ i ;‘
LN N - \% ,,‘:‘j

{38A}
Using the same reaction conditions as in Example B, I-(d-methyl-pyndin-3-y1)-
25 mdazohdin-2-one {1db 150 me, 0.8474 maol) was veacted with T-bromo-4-chloro-

herwrone (162 my, 0.8474 mumol), 1, 4-dioxane (& ml.). copper wodide (16,142 my,

64
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L.08474 ramoly, frans-1,2-diamino eyclohexane (29108 mye, 0.2342 nunod) and
potassium carbonate (234.3 mp. L6948 mmuod} to afford the erade produet, Purification
by column chromatography on stfica gel (1% MeOM 1o ehloroform) afforded 155 mg of
the prodact {(63.78% yvield).

5 HHENMR (DMSO-D,. 300 MHzy 8 8.55 (s 1HY, 84 (d, 1), 7.7-7.6 (. 2H). 7.5+

3

A, 3, 05839 (ny 2D, 3.9-3.8 (my, 2HY 225 (s, 3H)
LOMS purity: 98.81%, mdy = 2870 (M+ D)

HPLC: 90.55%

10 Example 39

Preparation of -1 3-t4-Aethvi-poridin-3-vi-2-oxo-imidazolidin- 1-vi}-benzonitrile (394):

(39A)
Using the same reaction conditions as in Example 14, -{(d-methyi-pyridin-3-vh-

15 imidarolidin-2-one (J-14b: 150 myg, (.8465 mmol) was reacied with 4-bromo-benzonitrile
{154 yag, 0.84650 mmol). 1, 4-dioxanc (30 ml.) coppor iodide ([6mg, 0.084630mmol),
rrans~-§. 2~dlaming eyclohexane (29my, 0.2339mmol) and potassium carbonate (468 me
33860 mmaoly to atford the erude product, Purification by celumn chromatograpby on
sihea gel (3% MeQH in DUM) afforded 151 myg of the product (64,29 yield).

HENMR (DMSO-D, 300 MHzy: 8 8,55 (s, 1H), 8.4 ¢d, 11, 7.8 {5, 41, 7.3 (d,
EHDL 4.2-40 18 (o, 2HD, 4.0-3.95 (my, 2H)L 2.3 (5, 3H)

LOMS purity: 1O0.00%,, mdz = 2789 (M

HPLC: 98.45%

]
feor]

rd
N

Example 40

Proparation of -Benzooxazal-2-vi- 30 d-metfod-pyridin- I-vli-innduzolidin Jone (4044

03
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{440
Using the same regction conditions as in Example (4, -(d-methyb-pyridin-3-vi)-
widazohidin-2-one (I-14h: 150 myg, 0.84630 mmoly was reacted with 2-chloro-

S benzooxazole (96 mi, 0.84630 mmal), L, d-dioxane (30 mi), copper odide (16 mg,
(3.084030 mmol), rrans-1 2-diamino evelohexane (29 me, 0.2539 mmol} and potassium
carbonate {468 g, 13860 mmol) to attord the erude product. Purification by eolumn
chromatography on silica gel (2% MeOH w DUM) afforded 40 mg of the product {(16%%
yield}.

1 FUNMR {DMSO-De, 300 MH2): 8 8.7-8.6 (brs. UH), 8.58.43 {brs, UL 7.75-
T (m 2HD)L 7.8 (AL THD, 742725 (g 2H), 435425 (my 2H), 4154405 {m, 21, 2.3 (5,
3hH

LOMS purily: 96.536%. mfz - 2951 (M+1])
HPLC 95.79%

i3
Example 41
Preparation of 1-(3-Chloro-thinphes-2-vip-3-(4-methvi-pyridin 3-vll-imidazolidia- 2-one
(vaj:iv‘é.
N
Tl MmN
\\ij; \ J\ f /‘WV C;
CHa e
20 (41A)

{ixing the same reaction conditions as i Example 14, 1-{d-methyl-pyridin-3-vl3-
inidarolidin-Z-ong (114 300 my, 1.6940 mmol) was reacted with 2-bromo-3-chloro-
thiophene (0185 mib., 1,689 mmohy 1 dedioxane (1 mb), copper wdide (32 mg, 0169
mmol b araas- 1 2-diamino eyvelobexane {38 mg, (1.3084 mmol) and potassiuwm carbonate

25 (467 mg, 33898 muned) to afford the orade product. Parification by cohaan

&6
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chromatography on silica gel (1% MeOH in DOM) afforded 240 myg of the product
{48 4% yiekl),

THNMR (DMEO-Dy, 300 MHz): & §.39 {5, 1H), £.45 (d, TH), 7.4 (d, 1, 6.97 (d,
TH), 6.38 {d, TH), 4.08 (s, 4H), 2.3 (5, 31

LOMS purity: 93.37%, mdz = 293 8 {(M+1)

HPLC: 99.32%

Example 42

{(42A)

Lising the same reaction conditions as in Example 14, 1-{4-methyl-pyridin-3-y1)-
imidarolidin-2-one (1-14b: 150 mg, 0.847 munol} was rcacted with 2-bromo-thiophene
{0.08md., 0.847 mmol), 1, 4-dioxane (10 mLj, copper iodide (16,13 mg, 0.0847 mmol},
frans-1,2-diamino cyclohexane (0.03 ml) and potassium carbonate {233 mg, 1.694
mmol} to aftord the crude product. Purification by column chromatography on silica pel
{1%% MeOH i DOM) atforded 240 mg of the product (48.4% vield).

"H NMR (DMSO-De, 300 MHz)Y: 8 8.5 (s, TH)Y, 8.4 (d, 1HD, 7.36 (d, 1H), 6.98 (dd,
THY, 6.92-6.86 (m, 1H), 6.3 (dd, 1H), 4.1-3.96 {m, 4HD), 2.26 (s, 31D

LOMS purity: 96.18%, mie = 2600 (M+1}

HPLC: 98.33%

Example 43

Prepoaration of 1-06-Hydroxv-ovridin-3-vli-3-¢d-metfvl-pyridin-3-vij-inidasolidin-2-ane

i _:E . g r‘.:‘.:::l"\
SESNN L -OH

i‘ ‘N ““—.'"\\",\ ] 7

i
(;Hj 4 e

(434}
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(6-Tuoro-pyridin-3-vH-3<Cbmethvl-pyridin-3-yh-imidarolidin-2-one (30A: 0.1
g, Q00036 mmoty in 3% HOT (10 mb) was added mito the reaction flask and the flask was
heated o veflux at 100°C overnight. The reaction was monttored by TLC {109 MeOH in
chioroform. The reaction mixture was basified with NaBCOs solution and extracted with
chivroform. The organic layer was washed with water, brine solution, dried and
concentrated to afford 72 myg of the product (98.96%; vield).

TENMR (DMSO-Dy, 300 MHz) 8 8.5 (s, THDL B35 (d, DL 775 (dd, TR, 7.6
7.5 (m, HD, 7350, HHL 6.3 (d, PH), 385 (5, 4D, 225 {5, 3D

LOMS parity: 90.74%, vz - 2709 (M1

HPLO: 98.42%

Example 44

Preparation of N-Methd-d-f 3-id-methyl-poridin:3-vil-2soxe-imidazodidine | -vij-

benzapide (4443

Q
=~ )

.
N ‘r,a'
HaC—N \.m__/ ” B

{ddA)

Using the same reaction conditions as in Exa.mplf 40 - (d-muethyl-pyridin-3-vi)-
imidacolidi-2-one (I-14b: 150 mg, (L84650 mmol) was reacted with d-bromo-benzoic
actd methy! ester (182 mg, 0.84630 mamol), 1, d-dioxane (30 mb), vopper iodide {16omg,
0084650 navol), frars-1 2-dimine cyelohexane (29 my, 0.2339 mmol) and potassium
carhonate (468 myg, 1.3860mmol} to alford the crude product. Purification by columm
chromatography on silica gel (5% MeOH 1w DOM) afforded 230 mg of 4-3-(4-Mothyi-
pyridin-3-vir2-oxo-imidazolidin- I v-benzow acid methyl exter (91.6% vield).

LA (d0.4mg, 3.782mmoly was added 1o a stivved solution of 4-[3-(d-methyl-
pyridin-3-¢D-Zeoso-imidazolidin- 1 -vi}-benzoie acid methyl ester 230 mg, 0.7387 momoly
n (320 THIE {18 ml., water {6 mb ) and MeOH {3 mi.). The reaction mixture was
stirred at room temperature for 4 hoars, The reaction was monttored by TLC (10%
MeOH in DOMY. The reaction mixture was concentrated under reduced pressure,

followed by the addition of fee water and neutralized with N HOHE a pH of about 2
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was attaimed. The precipitate was collected and dried under redaced prossure to afford
210 myg of 4-[3-Ch-Methybpyridin 3¢ D-2-oxo-tmidarolidin- |-yl }-benzeoic acid (95%
vield).

EDCT (1764 mg 09203 mmol), HOBE {58 my, 02325 mmel), DIPEA (0.3ml.,

5 2.30006mumol) and methvlamine hydrochloride (82mg, 0.9205mmel) were adiied to a
stirred solution of 4-{3-(4-methyl-pyridin-3-y1-2-oxo-imidazolidin- -y -benzoic scid
{228 myg, 0.7668 mimed) o dry DME (10mi.) at 0°C under nitrogen atmosphere. The
reaction nrxture was stured at room temperature for 12 hours, The reaction mixiure was
partitioned botween water and ethylacetate. The organic laver was washed with water,
1 brine solution, dried over Nan SOy and concentrated under reduced pressure. Puritication

by column clromatography on silica ged (3% MeOH o DOM) afforded 135 mg of the
product (63.4% vield).

YHONMR (DMSO-Dy, 300 MHz): 8 8.65-8,55 (br s, 1H), 8.45-8.4 (brs. [H), 8.35
(d, TH), 7.9 (d, 2H), 7.7 (d, 2H), 7.4, 13D, 415-4005 {m, 2HD), 4.0-3.85 {m, 2H), 2.8 (d.

3HD, 2.3 (s, 3HY

s
e

LOMS purtty: 87.61%, miz = 3111 0OM D)

HPLO 98.28%

Example 43
20 Preparation of -3 &:Difluero-phernyli-3-(d-methvl-pyridin. 3 wli-imidazoliding 2-one

{4341

25 mnidazolidin-2-one (I-14b: 150 myp, 08474 mmod) was reactod with 4-bromo-1,2-

difluoro-benzene (1635 mg, 0.8474 mmol), 1. d-dioxane (& mb ), coppor indide (16,14

mg, (LO8474 swomaoly, srans-1 2-diamine eyclohexane (2910 myg, 8233942 nunel) and

potassium carbonate (234.3 mg, 16948 mmaod) e aftord the erade product. Parification
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by column chromatography on silica gel (1% MeOH in CHC) afforded 203 my of the
product {84.01%% vield).

THONMR (DMSO-D, 300 MHz): 8 8.55 (s, HHL 8.39 {d, 1H), 7.85-7.75 {m, 1H),
F5T38 (my, 3HDL A-3.8 0y, HHDL 226 (s, 3HD

LOMS purity: 98 17%, miz = 290.0 (M+1}

HPLU: 98,834

Exgmple 46
FPreparation of 1-03-Chlovo-d-flupro-pheavly-2-td-methn-pyridin- 3-vil-imidazolidin- 2-
pae (4645
N,
TS O N F
AA LT
TN N*"k\&,,

{46A}

Using the same reactton coniditions as in Example 14, -(d-methyl-pyridin-3-vl)-
mmidazolidin-2-one ({14 150 mg, 0.8465 mmol) was reacted with 4-bromoe-2-chloro-1-
fluore-benzene (102 ml, 0.8465 mmod), 1, 4-dioxane {20mL}, copper jodide (16 mg,
0.08465 mmol), rons-1,2-diamino eyelohexane (29 mg, $4.2539 mmol) and potassium

"

carbonaie (468 mg, 3.3860 mmol) to afford the crude product. Purification by column
chromatography on silica gel (5% MeOH in DOM) alforded 220 mg of the product (84,
2% vield).

THNMR (DMSO-D;, 300 MHzk: 8 8.38 (s, TH), 8.4 (d, 1H), 7.9 {dd, 1H), 7.6~
TS (m, TH), 745735 (my, 2H), 41540 (mn, 2H), 402309 (o, 2HD) 2.3 (s, 3H)

LOMS purity: 96.91%, mfe = 306.0 (M+1)

HPLO: 98.62%

Example 47
Preparation of {-Bensothiazol-2-v-3-(d-methvi-mridin:3-vi-imidazolidian- 2-one (4741

/ "\

QL85
P ,J\_,i -

T

r\S
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{47A)

Using the same reaction conditions as in Example 14, -(dumethyl-pyvridin 3.yl
imidazolidin-2-one (1-14b: 150 myg, 0.84 mumol) was reacted with 2-bromo-benzothiazole
{179 myg, 0.847 mmel), 1, 4-dioxane (10 mL.}, copper todide (16 myg, (.084 mmol), frans-

5 1 2-diamine cyclohexane (28.8 mg, (125 mmel) and potassium carbonate {231 mg, 1.68
mmel) to attord the crude product. Parification by column chromatography on silica gel
{1.3% MeOH 1w CHCL ) afforded 95mg of the product (36.5% yiekd).

THONMR {DMSO-D:, 300 MHEz): 8 8.6 (s, 1H), 8.45 (d, 1H), 83 {5, 11, 7.95 ¢,

THY, 775 (d, TH), 745735 (e, THD, 7.3-7.25 (m, THD, 435 (1, 2H), 4.05 (4, ZHL 2348,
1y 3H)
LOMS purtty: 98.81%, w2z = 310.9 (M+ D)

HPLC 97.25%

Example 48

15 Preparationof {01 H-Indol-3-v-3-(d-metbnl-pyridin-3-~vli~-imidizolidin-2-one i4584):

N peoeoes
.f"i\" '“J:\ X !
zj\! ~

N
CHy b

S e,

{48A}
Lising the same reaction conditions as in Example 14, 1-{d-methyl-pyridin-3-y i)~

e

mmidazolidineZ-one {J-14h: 230 mg, 1412 mmol) was reacted with 5-bromo-indole-1-

20 carboxyvlic acid tert-butyl ester (0.499 g, 1691 mmol), 1, 4-dioxane {15 mL), copper
iodide (0.0080 gj, frans~1.2-diamino cyclohexane (0.0241 g, 0.2110 mmol) and
potassium carbonate (0.389 g, 2.818 nunol} to afford the crade product. Purification by
column chromatography on silica gel (10% MeOH in CHCL) afforded 135 myg of 3+[3-
{4-Methyl-pyridin-3-vD-2-oxo-imidazolidin- [-vi}-indole- f-carboxyhic acid 1ert-butyl

A8 ester (24% vield).

AN HCT6 by was added to a solution of 5-{3~(d-methyl-pyridin-3-yij-2-ox0-

noidazolidin- -yl andole-rearboxylie acid teri-butvt ester (120 mg, 0.0306 nunol} in
MeOH (3wl at 0°C, The reaction ouxture was stirred at room temperatore for 19 hours.

The reaction was monitored by TLO (10% MeOH in CHCL). The resuliing muxture was

.
[y
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newtralized with NaHCO,, filtered and dried to afford the crude product, Purification by
prepm‘ai'iw HPLL afforded 17 mg of the product (19.1% yicld)
THONMR (DMSO-Dy, 300 MHz):: 8 10, h{s D, 8.6 {s, THY 855 {5, 1H) 8.45-84
{m, TH), 7.6 {s, 1H}, 7.55-7.45 (m, 2H), 7.35-7.25 {m, 2H), 3.6-3.5 {m, 41}, 235 (5, 3H
S LOMS purity: 98.00%, miz = 2930 (M+ 1)
HPLC: 92.87%%

Example 49

Freparaiion of 1-02 3-Difvvdro-benzof 1 4idioxin-6-vl-3-td-metind-pyridin-3-vl -

19O nidacolidin-2-one (494):

SEN
B [’\f
\I/ \N - N
CH; LNJ
{49A)
{ ising the same reaction conditions as in Example 14, I-(d-methyl-pyndin-3-v1)-
imidazolidin-2-one (1-{4b: 150 myg, 0.84 mmol) was reacted with 6-broma-2_3-dihydro-
15 benzofld4]dioxine (180 myg, (.84 mymol), 1, 4-dioxane (10 mL), copper indide (16 mg,
0.084 mmol), rrans-1,2-dianuno cyelohexane (28.8 mg, .25 mmol) and potassium
carbonate (231 mg. 1.68 mmol} to afford the crude product, Purification by column
chromatography on silica gel (196 MeOH in CHCL) afforded 110 mg of the product
{42.1% yield).
20 THONMR (DMSO-Dg, 300 MEEz): 3 8.35 s, 1H), 8.4(d, 1D, 7.4 (d, 113, 7.2 (¢,
THY 7.0 (dd, TH), 683 {d, 1D, 4.3-4.2 (m, 4H), 4.0-3.9 (m, 4H), 2.3 (5, 31D
LOMS purity: 99.67%, miz = 318 (M+D)
HPLC: 98.00%

LR

Example 30

Propoavation of I-(bMabvlpveidin- 3ol d-dwiflugromeibiyb-phenyi-inidazolidin 2-

ane (3043
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,N P CFg
3 % f"\f
S

Sy
CHy g
(50A)

Using the same reaction conditions as in Example {4, [-{(4d-methyl-pyridin-3-

yi)-

o

imidazolidin-2-one {I-14b: 158 mg, 0.8474 mmol) was reacted with T-bromoe-~4-

S wifluoromethyl-benzene (92 mil., 1.0168 mmol), 1, d-dioxane (20 mb.), copper jodide (16
mg. G.08484 mmol), frepw-1 2-damino cyclohexane (20 mi., 0.254 mmol) and potassium
phosphate (358 mg, 212.27 mmol} to afford the crude product. Puriication by columnp

chromatography on stlica gel (2% MeOH in CHCL ) afforded 180 my of the product

(6654 vield).
10 THNMR (DMSO-Dy, 300 MHz): 8 8.6 (5, 1H), 8.4 (d, 1H), 7.9-7.5 (m, 4H), 7.4

(e, TH), 415405 (m, 2H)Y, 4.0-3.9 {m, 2H), 2.3 (5. 3H)
LOMS purity: 99.63%, mdz = 321.8 (M1}
HPLC: 99.1%

IS Example 51
Preparation of 1-(2 3-Dilvdro-benzofuran-3-v0-3-(d-methvi-pyridin-3-vii-imidazolidin.
Smone (3141
f”j ) AP
F N N A\%f’j}
CHy b
{51A)
20 i.ﬁsing the same reaction conditions as in Example 14, 1-(d-methyl-pyridin-3-yi-

herrofuran {167 mp, 0.84 'mnmi), I, d-dioxane {3 0 mi.), copper indide (16 mg, 0.084
mmnl), frans-1, 2-diamine cyclohexane (28.8 my, 825 mmel) and potassium phosphate
{445 mg. 2.1 mmnd) o afford the crude preduct, Purification by column chromatography

25 onsibica gel {1% MeOH in CHCL) afforded 200 mg of the product {(80.9% vield.
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HENMR (DMSO-Dg, 300 MHzy 8 8.3 (s, 1H), £.35¢d, 1HY 7.5¢s, 1H) 2.3 (d,
HH, 72400 B a8 (d, THYL 4.5 (0 2H), 4.0-3.85 (m, 4HD), 32 (0 2R 2.3 {5, 31D

LOMS purity: 90.40%, iz = 2961 (M 1)

HPLO: 98.45%,

<
Example 32
FPreparation of 1-(G-Methvl-pyeidin-3-vii-3-quinolin-6-vi-imiduzofidin:-2-onc (324}
N
SONTe
P “N N P
L
H,C
{(S34)

10 Using the same reaction conditions as in Bxample 14, T-($methyvi-pyridin-3.vi)-
mmidazolidin-2-one (I-14b: 200 mg. 1.13 mmol) was reacted with 6-bromo-quinoline
(2339 mg. 113 mmol), 1, $-dioxane (153 mb), copper lodide (16.53 mg, 0.113 mmol),
frans-1 2-diamine cyclohexane (0.04 mi., 0.339 mmol) and potassium carbonate (312
mg, 2.26 aunol) 1o afford the crude product. Purification by columm chromatopraphy on

15 sibiea ged {0.5% MceOH in CHCH g afforded 150 myg of the product (43.668% vield).

THNMR (DMSO-D, 300 MiTey: 8 8.8 (dd, 1H). 8.38 {s, 1H), 8.45-8.35 (m, 2H),
8.34d, TH), B0 (L THD), 786 (d, 1H), 2.52-7.48 {m, 1H), 7.37 (d, 1H), 4.24-4.16 (m, 2H),
4.02-3.98 {m, 233, 2.31 (5, 31D

LOMS pm‘ity: 90 858%. w2 = 3052 (M1}

20 HPLLC: 9583

Example 33

Prepuration of 1-(3-Fluoro-d-methoxy-pheavti-3-cd-methvi-pyridin-3-di-imidazolidin.2-
ane (3340

N N

L0 o
~ \{,f ~. '?3,- NM%{‘,--*"J'\;
35 CHy  ted
{330
7
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{.Esing the same reaction conditions as in Example 14, i-‘{finmeih‘vi~;‘}\.~'3‘idiﬂ~3~ﬂ)-
methoxy-berzene (191 mg, 0.932 mmoly, 1, d-dioxane (20 mL), copper lodide (16my,

(08474 mmol), oams-1.2-diaminoe oyelohexane (29,4 my, 0.2542 mmob) and potassium

5 phosphate (449 myg, 2.11 mmol) to afford 220 my of the product (86% vield).
HENMR (DMSO-13, 300 MHZ): 8 8.5 (s, THD, 8.4(d, U, 7.7-7.6 (dd, 13, 7.35
Gl FHY, 7.3-700 (m, 2HDL 4.0-3.8 {my, THD, 2.3 (5, 3HD
LOMS purity: 9939, miz = 3019 (M+ 1)
HPLL: 98.6%
10
Example 3
Preparation of {-(4-Chloro-3-fhuora-phenli-3-td-swethyi-pyeridin-3-vii-imidazolidin:2-
ung {344)
Cl
su ey
CHy b
13 {34A)

Lising the same reaction conditions as in Example 14, I~('4~meth}=l~pyridi'fa-;'%ny}}«
fluoro-benzene {3 3mg, LOT68 mn'n.ﬂ), 1, 4-dioxane {20 mL.), copper lodide {16 myg,
(.08474 mmol), trans- 1. 2-diamine oyclohexane (29.4 myg, 0.2542 nmumol) and potassium

20 phosphate (449.7mg, 2.1183mmol) to afford 190 myg of the preduct (73% yield).

HONMR (CDCH, 300 MH2): 8 8.5 (s, TH), 8.4 (d, TH), 7.6 (&, 18, 7.447.3 {m,
AHY, 725-7.2 {my THL 4.0-3.9 (e, 4H), 235 (5, 3HD)

LOMS purity: 96.94%, vz = 306.1 (M1

HPLC: 96.4%

TR

oo

Exampte 3%

Preparation of §-td-Metbvl-pyeidin-3-vii-3-m-tolyi-imidazolidin-2one {3341,

-3

LA
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"
-

i

H

H

H

H

i

E

Nx
L j E’i -
Loy Lon,

e,

(35A)
Using the same reaction conditions as in Example 14, -{d-methyl-pyridin-3-s1)-
imidazolidin-2-one (34 1530 mg, 0.847 mmol) was reacted with T-bronu-3-methyl-

5 benvene (1728 mg, LT mmoh), 1 4-dioxane (20 wal.). copper iodide (16,13 my, 0.0847
mmoh), rans- 1 2-diansine oyelohexanes (0.03 mi., 0.254 mmoly and potassium phosphate
{539.3 mg, 2.541 mamel) to afford the orude product. Porification by eolumn
chromatography on stliea gel (1.2% MeOR in CHUL) afforded 153 myg of the product
{67.69% yield),

1 TUNMR (DMSO-D;. 300 MMz 3 8.54 (s, PHDL, 838 (d, M, 74827 38 {m, 2H),

3{d, 1D, 723 (1 TH), 6.86 (d. THD), 4.08-3.98 {m, 2H), 3.96-3.88 (m, 2H) 2.28 (5,
3y, 232 (5,3
LOMS purity: 93.74%, m/z = 2681 (M1}
HP LA 96.86%

i
Examyple 56
Preparaiion of {-03-Methoxy-pheanvli=3-id-methel-nyvricin- 3-vi-imidazolidin-2 -one
o4k
N
§ f f;
e » ;
o \,N \N,r \.‘f‘k '\}_“;
s ; » ~o-CHa
CHy o]
20 {53640

Eising the same reaction conditions as in Example HL Lddmethyl-pyridin 3.yl
fmidazobidin-Z-one (J-14hy 150 mp, 084650 mmol) was reacted with f-bromo-3-
methoxy-benzene (107 mg, 0.84650 punod), 1, 4-dioxane (30 mb, coppor iodide (16 me.
0.08463mmod), rrans-1,2-diamiso ovelohexane (0.03 mi., 0.2339 mmol) and potassiung

25 phosphate (338 myg, 2539 nameol) to attord the erude product. Puritication by columm
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chromatography on stliea pel (2% Mot in CHOL) aftorded 180 mp of the product
(75% 3,-‘3@%{1}‘
NMR (DMSO-0, 300 M2y 8 8.55 (s, TH), 5.4 G, THY, 7.4 (d, TH, 7.35-
fm, 2H3, 7.2 (d, TH), 6.65 {dd, Ty, 4.15-4.0 (m, 28D, 40-3.95 (m, 2HD), 3.75 (5. 31D,
5 23{s.3Hh
LM purity: 93 82%, iz = 2839 (M 1)
HPLL 97.25%

Example 87

W Preporation of 1-t4-Methylpwridin.3-ali-3-04.3.0, Pteirgdwdro-thienef 2. 3-cInvridin 2-

vli-imidazolidive2~one, fydrochloride (3741

PN
CHy S ;
(37A)
Using the same reaction conditions as in Example 14, 1-{dumethyl-pyridin-3-y1)-

..,..
fofu

imidazohdin-2-one (I-1db: S0 mg, .28216 mumol) was reacted with 2-bromo-4,7-

S

dibydra-SH-thieno2. 3-cpyridine-6-carboxylic acid tert-butyl ester (90 myg, 028216
mnwl ), 1 d-dioxane GO mib), copper todide (5.3 me, 0.0282 munol) irw-1 2-diamino
evelohexane (9.69 myg, 0.08464 mmeol) and potassium phosphate (1796 my, (.84030
mpwnl} o afford the crude product. Purification by colomu chromatography on silica gel
20 (2% MeOH 1 DUM} afforded 70 g of 2-3-(d-Methyl-pyeidin-3-vD-2-oxo-
imidazolidin- 1-y1}-4, 7-dihyvdro-3H-thieno{2 3-cpyridine~-6~carboxylic acid tert-butyl
ester {60% vield).
GN HCHS miy was added dropwise o stisred solution of 2-[3-(d-methyvl-pyridin-
3-ylp-2-oxo-tmidazobidin-1-yvi]-4. 7 dihvdvo-SHthieno] 2 3¢ jpyridine-b-carboxylic acid
23 tert-butyl ester (70 mg, 16887 nunol) iy methaso! (2 mll) at 0°C. The reaction mixtuse
was stirred at room temperature for 12 hours. The reaction was montlored by TLC (3%
MeOH in DOM). The solvent was distilied from the reaction mixtare under reduced
pressure. followed by the addition of diethylether. The precipitate was washed with ether

and dried under redaced pressure to afford 36 myg of the prodact (G1%, vieldy,
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THNMR (DMSO-D,, 300 MHz): 8 9.55 (5, 2H), 8.8 (s, 1H), 8.7-8.5 (m, 2H), 7.8
{cd, THEL 635 (5, 1M, 4.2 (5. 2HD 4.0 G 4HD, 3.4 (0 2H), 2.8 (L 2HY, 2.4 (5, 3HD

LOMS purity: 90.09%, mfz = 3151 (M)

HPLC: 84.27%

Example 58

Preparation of 1-02-Chloro-pyridin-d-yii-3-td-methvi-nyeidia-3-vli-inddazolidin-2-one

{5384}

pyridine (974 wmg. 4.067 mmoly, 1, d-dioxane (60 mbL), copper jodide (65 mg, 0.3398
mmol}, frans-1 2~diamino eyclohexane (0,12 ml, L0169 mumiol) and potassiam
phosphate (215 g, 13,1694 mmaol) to afford 810 my of the product (83% vield).
THEONMR (CDCH, 300 MHz): 8 8.5-8.4 (., 2H), 8.3 ¢d, 1H), 7.6-7.5 (m, 2H), 7.2
{s, 1H), 4.1-3.9 {m, 44}, 235 (5, 3H)
LOMS paurity: 90.8%, m/z = 2891 (M1}
HPL: 97 14%,

Exomple 39

Preparation of I-(4-Luore-3-methyvl-phenvli-3-(4-methylpyridin: -yl -imidazofidin: 2

ane (394}
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Using the same reaction conditions as in Example 14, 1»(}»‘Lmeﬂ'xyi»g?syridin»?z»}fi}a
methyl-benzene (0135 mb, 0.7142 nameol), 1, 4-dioxane (13 mL), copper ndide (0.005 g,
(1.0263 mnu:ﬂ}, rrasy-1 A-dianino oyelobexane (L0135 g, 01315 mmol) and potassium

S phosphate (0.575 g, 2.7094 mmol) {o afford the crude product, Purification by column
chromatography on siliea gel (1% MeOH in chloroform) atforded 26 myp of the product
(30% vield).

THNMR (CDUI3, 300 MHz): 8 8.6-8.4 (m, 2H), 7.5-7.4 (m, 1H), 7.35-7.25 (m,

2HY, 7001 TH), 4.1-3.9 {my, 45, 2.4 {5, 3H), 2.3 (s, 3H)
10 LOMS purity: 95.40%, miz = 286.0 (M1
HPLC: 94.03%

Example 68

Preparation | -(3-Chloro-2-fluoro-phenvl)-3-id-methyvi-pyridie-3-vi-imidazolidin-2-one

14
it 7\1
L

(B0AY

IS (6

®

W\a, ,

CHy

Uising the same reaction conditions as in Example 14, 1-{(d-methvi-pyridin-3-y])-
imidazolidin-2-one (I-14h: 150 mg, 0.84630 mmol} was reacted with 2-hrowo-4-chloro-
20 luoro-benzene (177 myg, 0.84650 mmol), 1, 4-dioxane (10 mL), copper fodide (16my,
0.084650mmol), frans-1.2-diamine cyclobexane (29 mg, 0.2339 mmol) and potassium
phosphate (538 my, 2.539 mmo]) to afford the crade product. Purification by column
chromatography oo sthca gel (2% MeOH in DOM} afforded 180 mp of the product
{69.7% viekd).
HNMR (DMSO-Dg, 300 MHx): 8 £.6-8.3 (br s, UD, 8.4 (d, 1H), 7.7 (d. 1H),
TA-73 (o, 3HD, 41385 (myy 4HD, 2,15 (&, 3HDY
LOMS purity: 98.67%, w/z = 3038 (M 1)
HPLC: 92.0%

§.3
Lh
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Exampfe 6l

Preparation of 1-02.4-Diffuora-phenvi-3 -0 -metbvi-pvricdin- 3 vl-imidazolidin-2-one
&y j\ N \
CH3 ‘“‘“’“J
{G1AY

Lising the same reaction conditions as in Example 14, 1-{(d-methyl-pyridin-3-y1)-
imidarolidin-2-one (I-14h: 130 mg, 0.8474 mmol) was reacted with 1-bromoe-2,4-
difluoro-benwene (0.1 14 mi., 1L.O16% mumol), 1, 4-dioxane (20 mL), copper wdide (16 mg,
0.08474 mmol), wrans-1,2-diamino cyclohexane (29.4 mg, (.254 mmol) and potassium
phosphate (449.7 mg, 2118 rumol) to atford the erude product. Purification by column
chromatograply on silica gel (3% MeOH m CHCL) afforded 1530 mg of the product
(61% vyield).

HNMR (DMSO-Dg, 300 MH2): 8 8.52 (s, TH), 8.39 (d, 1H), 7.65-7.55 (m, 1H),
FAS-T30 (o, 2H), 72-7. 0 (m, THD, 3.9 (8, 41D, 2.3 (3, 3HD

LOMS purity: 99.49%, miz = 2902 (M+ 1)

HPLO: 93.04%

Example 62

Freparation of 1-Benzothiczol-3-vi-3-td-methvl-peridin-3-vi-imidazolidin-2-one (624}

{62A)

Using the same reaction conditions as in Example 14, 1-{d-methyvl-pyridin-3-y]3-
imidarzolidine2-one {(I-14b: 130 mwyg, 0.84650 mmeol) was reacted with S<iado-
benrothiarole (221 mg, 084630 mmed), 1, d-dioxane 23 ml.), copper todide (16 mg,
0.084650 mmol), rony-1,2-diamine eyvelohexans (239 mg, 0.2539 nuuol) and polassiam

phosphate (338 mg, 2.539 mmad) 1o afford the crude product. Purification by column

e
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r
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chromatography on sifica gel (2% MeOH 13 DOM) afforded 185 mg of the product
{70.6% yield).

THONMR (DMSOD,, 300 MH2): 8 9.4 (s, 1H), 8.59 (5, TH3, 8.4 {d, 1H), 3.24-
8.22 {my, THL 81580y, THY, 8079 (mm, THY, 739 (d, TH), 4.3-401 (m, 2H), 4039
{m, 2H), 2.3 (s, 3H)

LOMS purity: 93.36%, 'z~ 311 (M+1}

HPLA B5.21%

Example 63

Preparation of 6-f3-¢d-Methad-pyridin-3-vli-2-oxo-imidazolidin: 1 -vl-3 4 -diludro- L H-

gaisodin-2-one (0341

Y ©
o A NH

g

{634A)

N

E’z

.\“/g" N.:-
!

i

A

A
CH;

Using the same reaction conditions as in Example 14, L-(d-methylpynidin-3-¢1)-
dihydro-2H-guinoline-T-carboxylic acid tert-butyl ester (276 mg, 0.8474 mmol). 1, 4-
dioxane {5 mbLy, copper jodide (16,14 mg, (L08474 mmaly, frans-1 2-diamine
cyclohexane (29.1 myg, (.2542 mmol) and potassium carbonate (2343 mg, 1.6948 mamol}
1o afford the crude product. Purification by preparative HPLO afforded 86 mg of the
product (31.3% yield).

THONMR (DMSO-Dy, 300 MMHey: 8 10.0 (s, D), 8.5 (s, 1D, 84 (d, 1HD, 7.5-73
{m, 3H), 6.9-6.75 (<, TH), 40385 (m, 4H), 28541 21D, 24524 {m, 2H), 2.3 (3, 3HD)

LOMS purity: 96.55%, myr = 3229 (M+1)

HPLC 97.13%

Example 64

Preparaticn of [-02. 3-Difluoro-benzof§ dioyel-3ii-3-fd-methyl-pyeidin -y}

imtckelidia-2-nne (6444

s
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{_L?sing the same reaction condiions as in Example 14, 1 n(a‘i“rm:ih_5-‘}.“p§=ridir.\~3~yi}-

5 diftaore-benzo| 3] dioxole (2!‘{}{}.5 my, 1.84650 mmol}, 1, d-dioxane (30 mi.}, copper

todide (16 mg, 0.084650 mmol), rraas-1,2-diaming eyclobexane (29 myg, 0.233% mmel}

and potassivm phosphate {338 my, 2,539 mmeol) to afford the crude product, Purification

by cotumn chromatography on silica get (2% MeOH in DUM) afforded 260 my of the

prodact (92% viekd).
10 FHNMR (DMSO-4, 300 Mz 8 8.6-8.4 {m, 2H),
{ry, TH), 7.06-6.9 {my, 2H), 4. 139 (my, 480, 2.35 {5, 3H)
LOMS purity: 95.12%, miz = 333.6 (M+1)
HPLC: 82.82%

7.7-7.69 (m, iH), 7.25-7.2

i5 Example 65
Preparation of 7-I3-{d-Methvi-pmyridin-3-vli-2-pxo-inddazolidin- ] -vi -3 4-dibvdro-1 H-
guinolin-2-one (6343
./Ni\ O X -
i) il |
K\\‘/}")\«N” "N \;',’5:’ \N/ &
U H
CHy
(63A)
20 {,i‘sing the same reaction conditions as in Example 14, {d-methybpyridin-3-¢1)-

T-hromo-2-0x0-3,4-

dihyd1‘0—2.?}—1}13511{@iim’.«E«carbox;\,flic acid wnwimt}-'i gster {.276 ¢, 0.00084 mol), 1 4-

evclohexane (.28 g, .00025 mol) and potassiom pho».p‘imie{{i 356 g, 0.00168 mol) to

25 affowrd the ont

82

ude product. Purification by column chromatography on sitica gel (8%
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MeOH in CHCL Y afforded (1145 g of 7-{3-(4-Methyl-pyridin-3~y13-2-oxo-mmidazolidin-
Foyif-2-oxen3 4-dihydro-2H-quinoline- L-earboxylbic acid tert-butyl ester (67 48% vield}

S NMR (DMSO-Dy, 300 MHzy: 8 £.1-8.02 {br s, 1H), 7.15-7.0 {m, 2H), 6.99-
.92 (ny, THD, 295 (G 2H), 2,63 (4, 2HD), 208-2.0 (m, 2H), 1&1.7 (m, 1H), 145140 {m,
SHD, 125 (s, 1IHD)

Dioxang hydrochloride (3 mL) was added to 7-[3-{4-methyvi-pyridin-3-y1)-2-0x0-
inudazohidin- -y-2-oxo0-3 4-dihydro-2H-quinoline- L -carboxyiie acid tert-butyl ester
{0845 g, 0.00034 mol) al 0°C. The resulting reaction nuxture was stirred at room
temperature for 2 hours. The reaction was monitored by TLC {40% cthylacetate in
hexane). Puritication by preparative HPLC, followed by column chromatography on

silica ged (5% MeOH 1 CHCL) afforded 48 my of the product (35,479 yield).

HONMR (DMSO-D3, 300 MHz): 8 10.09 (s, 1H), 8.52 (s, 1H), 8.35 {d, 1H), 7.35
(d, THY, 7.3-7.22 (m, THDL 7.19-7.0 (m, 2H), 4.0-3.84 (my, 4H), 2.82 (1, 2H), 2.45-2.40 {m,
2HY 227 (3, 3D

LOMS puarity: 99.47%, mfz = 322.8 (M+1)

Example 66

Preparation of No{3-f3-(4-Medhwl-pyridin. 3-vi}-2-oxo-imidazolidin- L -vlj-pheavl}-

@ e

eetimide ind )y

'”J\\‘;« /L\
CHy LY
0" “CH;
(66A)

Using the same reaction conditions as in Example 14, 1-{(4-mothyl-pyridin-3-yi)-
imidazohdin-2-one (1-14h 150 mg, 0.8474 mmol) was reacted with N-{3-bromo-phenyi}-
acetamide (217.6 myg, LO16Y nuvol). |, d-dioxane (20 mb}, copper todide (16 myg,
008474 mmoly, frans-1.2-dlamino cyelohexane (4497 my, 0.2542 nunol) and potassiom
phosphate (29.4 mg, 2. 1185 mmol) to afford the crade product. Purification by column
chromatography on silica gel (5% MeOH in CHCly), followed hy preparative HPLC

afforded 60 mg of the product (23% vicld)

83
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THONMR (OMSO-D, 300 M7y 8 9,95 (s, T 852 (s, THL 837 (d, 1H), 7.83
g5, T, 749722 (i, M), 4.02-3.82 {my, 4HY, 228 (s, 3001, 2.02 {8, 31
LOMS purity: 99.02% miz = 3109 (M+ 1)

HPLC: 99.6%;

Example 67

{(BH7A)

Uising the same reaction conditions as in Example {4, 1-(d-methyl-pyridin-3-vh-
imidazolidine2-one (=14 130 mg, 0.84 mamol) was reacted with 2-bromo-3-methyi-
thiophene {150 mg, (.84 mmol), 1, d-dioxane (10 mL.), copper wadide (16 mg, 0.084
mmol), froms-1 2-diamine cyclohexane (28.8 mg. 0.25 mmol) and potassium phosphate
(445 mg, 2.1 manof) to afford the crude product. Purification by eolumn clvomatography
on silica gel (2% MeOH in DOM) afforded 130 my of the product {36.7% yield).

THNMR (DMSO-D,, 300 MHz): 8 8.52 (s, TH), 839 ¢d, 1, 7.39-7.25 (sdd, 21D,
6.85 (d, D .0-3.82 (m, 4H), 229 (s, 3H 212 (3, 3H)

LOMS purity: 98.05%, m/z « 274.0 (M+1)

HPLC: 98.08%

Example 68

Prepargion of I-4-Methvl-pyridin-3-vli-3-1 2-methyvl-quinolin-6-vli-isvdacelidin-2-ong

TN, “H-
= s\f"j( Ms
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(68A)

Uising the same reaction conditions as in Example 14, {-{d-methylpyridin-3-vl)-
quinoline (0225 g, LO16 mmoel), 1, 4-dioxane (20 mb.}, copper jodide (3.016 g, 0.084
ey, frame- 12 -dianano eyclohexane (0.029 g, 0.254 mmobh) and potassium phosphate
{0,449 g, 2.1 nvol) 1o aftord the crade product. Purification by colamn chromatography
on sibica gel (3% MeOH in CHCL )y afforded 115 mg of the product (43% vield).

HINMR {COCH, 300 MHz): 8 8.55 (s, U, 845 (d, 1), 812 {dd, 1H), 8.05-8.0
{m, 2H), 785 (d, TH), 7.5-7.2 (m, 2H), 4244015 (m, 2H), 4.05-3.95 {m, 2H), 275 (5,
3H), 239 (s, 3HD

LOMS purity: 99.63%:, mfz = 389 (M+1)

HPLC: 98.15%

Example 69

Preparation of -(4-Methvl-pyridisn-3 -vii-3-phenyvi-imidazolidin-2-one (694}

L2 0
- ‘N’AN’J\J
ST

2

(69A)

Uising the same reaction conditions as in Example 14, I-{(d4-methyl-pyridin-3-yiy-
imidazolidin-2-one {}-14b: 100 myg, (.5643 mmol} was reacted with bromo-benvene (89
mg. 0.5643 mmol), 1, 4-dicxane (20 mlb), copper 1odide (10 mg), trans-1,2-diamino
evelohexane (20 mp) and potassiam phosphate (359 mg, 1.693 mmol) to afford the crude
product. Purification by column chromatography on silica gel {(1.2-1.4% MeOH
CHCH) afforded 132 myg of the product (92.30%; vield).

THNMR (DMSO-D, 300 MHz: 8 R.6-8.3 (m. 2H), 7.65-7.6 (m. 2H), 7.42-7.3
(m, 3. 7.05 (6, 1H), 4.1-3.85 {m, 4H), 2.2% (5. 31D

LOMS parity: 95.32%, s = 250 LMY

HPLC: 95 Bt

Example 70
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Freparation of f-id-Methvi-peridin-3-vD-3-{3-trifluorometinvi-pheavli-imidazolidin. 2+

Nay O /L 7
K\\\;y'l\ ! 3 ’LCF;}

{70A)

one (7048

14

Using the same reaction conditions as in Example 14, 1-(d-methybpyridin-3-vh-
wmdazohidin-2-one (I 14b: 150 mg, 0.847 mmol) was reacted with §-bromo-3-
trifluoromethyl-benzene (0.14 ml., 1016 mmol), 1, d-dioxane (10 ml.), copper iodide
{16.13mg, 0.0847 mumol), rrans-1 2-diamino cvelohexane (.03 mi., 0.234 mmol) and
potassium phosphate {339 mg, 2.54 nunol) to afford the crude product. Purification by
16 column chromatography on siliea gel (1.2% MeOH i CHCL) afforded 190 mg of the
product {70.11% vield).

T NMR (DMSO-D;, 300 MHz): 8 8.55 (s, 1H), 8.4 (d, T, $.18-8.12 (br s, 1H),
TR T, T, 7.0 (1 THD, 7.42-7.32 (. 2H), 4. 154,05 (my 2H), 4.6-3.9 {m, 2H), 2.29
{s. 3H)

LA

LOMS purity: 95.74%, nfz = 3221 (M+ 1)
HPLL: 97 15%

Example 71

Preparation of I-(i~Isopropvi-i H-pyrazol-d-vil-3-fd-metinl-pyridine 3-vi-imidazolidin.

20 Jeeme (7144

PN o

PUEe

\f”f »J\/ {

CH; L»-wl CHs
TIA)

l.,?sing the sane reaction conditions as in Example 14, domethyl-pynidin-3-vly-

2
(4

HH-pyrazole (199.8 mg, (.84630 mameoly, 1, 4-dioxane (S0 mL), copper jodide (16 my,

0084650 mmaol), orans-1.2-danyne oyclobesane (29 myg, 0.2539 mmol) and potassium
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phosphate (338 mg, 2,339 vunol) to afford the erude product. Purifivation by colamn
chromatography on stlica gel (2% MeOH in RDOMY afforded 175 myp of the product
{72.6% vieldy.

YUNMR (DMSO-Dg, 300 MHzy: 6 8.55-8.25 (s, 7H), 7.82 (s, 1H), 7.54 (s, 1H),
736573 (o, THY, 445 (quin, TH), 4038 {m, 4H), 2225 (s 3H), LA G, 61D

LOUMS punity: 99.80%, mdz = 2861 (M 1)

HPLC: 96.85%

Example 72

Preparation of 1-2-Methoxv-pyridin-420i-3-{d-methvl-pyeidio-I-vli-imidazolidin-2-one

CH»

?(3# ) #N
L J«\N k
CH, L =

(T2A)

Sodium methoxide (225 mg. 4. 165 mmol) was added dmpwise to a stirred

100 rog, 0.374 romel) in 1, 4-dioxane {20 mi,..) over & periud of 19 minutes. The resulting
mixture was heated to 110°C and maintained at the same temperature for 4 days, The
regction was monjtored by TLOC (10% MeOH in CHCH). The solvent was diststled from
the reaction mixtore and the concentrate was partitioned between water and ethyvlacetate,
The organic laver was dried over NiwSOy 10 afford the crude product. Parification by
volumn preparative HPLC alforded 30 myg of the product {30.6 1% vicldy.

THONMR (CDCT, 300 Mty 3 8.5 (s, THYL £.45 (dL TH), 8.08 (d THD, 7.44 (dd.
VY. 7.25-7.3 (DL 675 (. THD, 4.09-3.9 (m, 7H) 2,35 (31D

LOMS purity: 96.29%, iz = 2851 (M)

HPLO: 98.13%

Example 73

Freparadion of -Inidasel ! -alpridin Dol 3-(dametivi-pyeidin Dali-bmidazolidiv: 2-

o
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Listhp the same reaction conditions as 1 Example 14, ~(d-methyl-pynidin-3-yvli-

snidavolidin-J-one (1= Lib: 130 mg, 8474 mmod) was reacied sith 7-bromo-

5 mdazoll 2-alpyridine (166,94 my, 08474 rameol), 1, 4-dioxane (5 mb), copper iodide

(16,1 myg, 0.08474 nunol). frans-12-diamino eyvclobexane (291 mg, 0.2542 mmod) and

potassiom phosphate (339,63 mg, 2.5342 mmol) to afford the crude product. Purification

by colummn chromatography on sihica gel (3% MeOd Uin CHOCL) afforded 69 my of the

product {29.15% vield).

10 ENMR (DMSO-D,. 300 MEZ): 8 8.8.8.7 ibr s, 1H 1 8.6-8.5 (hes. TH)y, 845
835 (e s THD RU1-7.9 (brso HHY, 7.85-7.7 (m, TH), 70575 (he s, 28, 74-7.3 (d0 HH),

4139 (m, 41, 2.3 (s, 3H)
LOMS purity: 98.45%, miz = 2941 (M)
UPLC: 98.56%

i3
Example 74
Preparaiion of [-i4-Fluoro-3-methoxy-phenyii-3--methnd-pyridiv:3vli-imidacolichn-2-
N
\\ o
i x {}? Ny /,F
{
L / 'k. )\ J}\ .
f? N -\¢«'\O,,CH 3
CH:{ ‘‘‘‘‘‘ ,.J
20 (74A)

methoxy-benzene (191 mg, 0.9313 mumoly, 1, 4-dioxane G20 mll), copper indide (16 my.

Q08474 munol), rrans-1,2diammo evelohexane (29.4 mg, 0.254 mmol) and potassium

25 phoesphate (4497 mg, 218 mmol) w atford the erude product. Purification by enfumn
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chromatography on silica gel (3% MeOH in CHUL) afforded 170 mg of the product
{66 T vield),
THONMR (UDCH, 300 MEe: 8 8.32 (s, 11D, 8.42 ¢d, (1), 7.8 tdd, 1H), 7.22 .
PED, 7100 0ol THDY, 6.7-6.6 (my 1HD, 4 1-3.88 (m, 7HE, 2.3
5 LOMS parity: $8.3%, méz = 3018 (M+1)
HPLC: 90.74%,

LA

(5. 3H)

Example 75

Preparation of N-f3-f3-04-Method-pyridine 3-vii-2-oxo-imidazolidin: Lyl -pyridin: 2-vi}-

YO aeetamide (T34

_N N cH
R O PR N~ 3
L1 Y

TN /

N’\...f.N

CHy N_.*;*

{75A)

15 2-yheacetamide (2174 me, 1.016 mumeol). 1, d-dioxang (20 mL} copper fodide (16 myg,
(.08474 mmoly, frans-1,2-diaming cyclobexane (29.4 mye, 0.254 mumol) and potassiam
phosphate (449.7 mp, 2,118 mmold) 1o afford the crude product. Parification by colanm

chromatographyv on silica gel (2% MeOH in CHCUL ) afforded 105 my of the product

{40%; vieldy
20 SUNMR (CDC 1 300 M2 8 8.6-8.4 (m. 3H), 822 ¢ TH), $.6-8.0 (br s, TH),
8479 {m. 111, 7.2 0m, TH) 4.15-3.95 (m, A8, 235 (s, 3HD, 2.2 (5, 31D

LOMS purity 97.86%;, miz = 3119 {M+1)
HPLC: 90.08%

25 Example 76

Preparation of 1< 2~mina-mridine4-v0- 3~ td-metfd-meridin- 3ol inpdacolidia-2-ose

84
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NH,

PN

/-N::\I ") f’ aN
}
o]
CHy =
(T6A)

ON HCL(4 mlb) was added fo a solution of‘Nv{B {3+{4-methyi- pxudm -yi)2-
5wl The resalting reaction mixtare was heated to 65°C and maintained at 65°C for 3
hours. The reaction was monttored by TLC (8% MeOH in CHCL). The reaction mixture
was concentrated, followed by the addition of ice, NaHCOs and extracted with DOM.
The organic layer was dried over NapSOy and concentrated. The concentrate was
dissolved in DM, followed by the addition of hexane to atford the precipitate which was
HE collected and dried under reduced pressure to afford 35 mg of the product (63.5%yield).
HONMR (DMSO-Dy, 300 MHz): 8 8.52 (s, 1H), 8.39 (d, 1H). 7.78 (d, 1}, 7.35
{d, 1H), 6.88-0.8 (m, TH), 6.63 (s, 1H), 5.8 (s, 2H), 4.0-38 (m, 4H), 2.25 (s, 31D
LOMS purity: 99.73%, méz = 2700 (M+1)
HPLC: 95.60%

is
Example 77
Preparation of I-(4-Methvl-pyridin-3-vi}-3-quinoxalin-6-yl-imidazolidin.2-one {774}
AN
N-’;f .
@!
/tk N
Y
(77A)
20 Using the same reaction conditions as in Example M, I-(d-methylbpyridin 3-v1)-

imidazolidin-2-one (1-14b: 130 myg, 0.84650 munel) was reacted with 6-brome-

gquinexatineg (170.9 mg, 0.84650 nuol), 1, 4-dioxane {20 mL), copper todide (16 mg,

(10840650 mmoly, trans-1.2-diamino cyclobexane (29 mg, 6.2339 mmol) and potassium
phosphate (338 mg, 2.339 mmol) to afford the crude product. Purification by colonm

G0
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chromatography on sifiea gel (2% MelH in DOM) afforded 175 mg of the product
{67.8% vield).
THNMR (DMSO-0,, 300 MH2): § 8.9 (d, TH) 8.8 (d. U1}, 8.55 (dd. 28D, B.48-
.39 (S, THL 8.1 4d, 1M, 7093 (L 1H), 742-7.36 {m, UL 4.3-4.2 ¢my, 2H), 4.05-343
S im M), 23 (5 3H)
LOMS purity: 91,95%, mf7 = 3061 iM+ 1)

HPLC: 96.82%:

Exumple 78

W Preparation of 1-05-Diffugromeriyd-thiophers330-3-¢d-methyvl-pyridin: 3-vli-

wnidazelidin-2-one (78A]

{78A)

diffucromethyi-thiopheng (179.6 mg, 0.8474 nunoil 1. d-dioxane (3 mL3, copper jodide
(16,14 my, 0.08474 munel), frany-1 2-diamine eyvelohexane (29,1 my, 0.2542 mmol) and
potassium phosphate (33959 mg. 2.542 mmob) to altord the crude product. Purification
by column chromatography on sihica gel (2% MeOH in CHOL) atforded 22 mg of the
20 product {8.5% vield).

THONMR {CDCI3, 300 Mz 8 8.9 (s, TH), 8.55 (d, THY. 7.9-7.60(m, 2H), 7.06 (s,
Py, 6.5-7.0 0m, TH), 4.1 (e 31D, 2.68- (50 3HD

LOMS purity: 95 24%, miz = 3098 (M1

HPLC: 20519

Example 79

............

9
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4

{79A)

4

Stepr L Prepargion of Iermedicge 1-03-CHlovo-etivii-3-naphihalen-2-vi-ureq (-7 9a):
H H

o | RN NTN\/\Q

I\ = 0

5 {1-79a}

{-Chloro-2-isocyanato~ethane (.81 ml, 9.42 nuvol) was added dropwise to g
stitred solution of naphthalen-2-ylanune (900 mg, 6.28 nunel) intwluene (SO miy over a
peried of 30 minutes at 07 . The reaction temperatare was maintained at voomn
temperature for 5 hours. The reaction was monitored by T1LC (3% MeOH in chloroform).

10 The reaction mixture was filiered, washed with toluene and dried wnder reduced pressare

to afford 1.3 g (R3% vield) ot 1-(2-chloro-ethyl}-3-naphthalen-2-vi-urea.

HNMR (DMSO-D, 300MHz): 8 $.85 (s, THY, 8.05{d, 1#), 7.75 (m, 3H), 74
{ry, M), 0.8 40 THY 3.7 (6 28y, 3.5 (g, 2HD)

LOUMS purity: 91.47%, miz= 249 1{M= 1)

Step 2. Prepavation of bermediate L-Naphthalen- 24 imidazoliding2-one (- 7905
Q

N ONH
¢ l’ﬁ’ -,
‘QQ/'A \:-""“;

{1-78h)

7
1

P 2-Uhloro~ethy)-3-naphthaten-2-vlarea (7% 750 mg, 3.01 numoly in dry

23 IME (10 mb) was added to a stirred solution of sodivan hydride (150 mg, 3.1 mmol) in
THE (10 mb) ot 870, The reaction temperatuse was maintained al room tenperature {or
360 minates. The reaction was monitored by TLO (3% MeOH ju chloroform, doubde run.

The reaction nuxture was quenched with MeH at 0°C, concentrated under reduced

G2

R
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pressure and partitioned belween lce water and ehlovoform. The organiv laver was dried
over NaxSOs, and concentrated under vedueed pressure 1o sfford 600 myg (94% yield) of
-naphthalen-2-vi-mmidazolidin-2-one.
THUNMR (DMSO-Dy, 300MH2Y: § 815 (dd. 1, 7.85 (m, 3HL 7.7 ¢d, (H), 7.5
ST 3 gmy ZHL 705 (he s, TH), 393 ¢, 28 345 (1, 2HD

LOMS purity: 100%, méz= 2131 (M+1)

Step 3: Preparationof F-Naphthalen-238-3-5-rifhworomethvi-peridin. 3-vli-

tmicisalicin-2-one (794}

Y Copper wdide (12.6 myp, 0066 mmol), frown-1 2-diamino eyelohesane (22.79 mg,
(.199 mmol} and potassiam carbonate (183,53 mg, 1.32 nunol) were added to t, 4-dioxane
(& mLj and 3-bromo-S-trifluoromethyl-pyridine (150 nug, .66 mmol) previoasly
degassed with argon (10 minuwtes). The reaction was purgad with argon for a finther 10
minutes, follewed by the addition of Tnaphthalen-2-v-imidazelidin-2-one (3-79h: 140
15 mg, .66 mmol) and the resulting mixtare was heated to reflux at 110 °C for 15 hours.
The reaction was monitored by TL (30% ethyl acetate in hexane). The reaction mixture
was filtered through celite and the bed was washed with chlorotorm. The organic laver
was dried over Na:SQy and concentrated. Parification by column chromatography {using
siftea gel of mesh size of 60-120, 30% RUAC in bexang as elamnt ) afforded 120myg (52%
20 yield) of T-aaphthalen-2-v1-3-(S<rifeoromethy b-pyndin-3-vh-imidazolidin-2-one.
THENMR (DMSO-0, 300 MEz: 892 ¢d, LH), 8.6 (d, 2H).8. 1(dd, T, §-7.86(m,
4H), T.36-7 40m, M), 41 (s, 41D
LOMS parity: 94.53%, oy 1579 (M1}
HPLC: 97 34%

32
4

Example 80
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Lising the same reaction conditions as in Faxample 79, Tonaphthaken-2-vl-
nnidazolidin-2~one {-70h: 110 mg, 8.5196 mmod) was reacted with 3-bromo-5-chloro-

pyridine {100 mg, 0.5196 mmol), 1, d-dioxane {5 md.), copper 1odide (9.89 mg, G.03196

mmol ) orane- 1 2-diamine oyclobexane (17.84 mp, 01558 mmol) and potassium

2

carbenate {143.5 mg. 1.039 mmol) {o aiford the crude product. Purilication by column
chrematoegraphy on silica gef (30% F1OA©C 1o hexane) afforded 35 me of the product
{21.45% vield)

HEONMR (DMSO-D, 300 M) 8 8.83 (d, 1H), 8.35-8.25 (m, 2H), $.13-8.05 (m,
PHY, 795785 (m, 4 7.55-7.4 (m, 21D, 425401 (m, 2H), 4.05-4.0 (m, 2H)
Y LOMS purity: 97.21%, miz = 3239 (M)

HPLC: 90.37%

Example 81
FPreparation of 1-¢3-Fluoro-pyridin: 3 -vl-3-naphthale - 2vi-innduzolidin- 2-oac (814}
f.:
o o N
TRy (? ,;::‘\
1\\ _.al "~ _r“'.':’}\'\. /‘L\\ ~’£ }?
~ N™ “NTTR-N
i3 S
{81A)

L.Fs;ing the same reaction conditions as in }ixam';pie 79, ivnaphtim%cn~2~ﬁ—
pyridine (100 myp, 85681 mmel), 1, d-dioxane (3 ml), copper iodide (10.82 mg, 0.0368]
200 mmod), g |2 -diamine eyvelohexane (1951 my, 0.1704 mamed) and potassium
carbonate (153707 mg, 11302 munol) to afford the orude product. Parification by cohamy
chromatography on silica gel (0% EtOAC in hexane) afforded 100 mg of the product
{(57.15% yield).
SHONMR {(DMSO-D, 300 MMz 8 8.76 (1, 1H, 8.3 () THL 8.2-8.08 (o 2H
25 0 BO7.8 (modH), 75574 (o 2H), 42501 (m, 2HD, 4.05-4.0 {m, 2HD
LOMS purity: 97 34%, mie = 3082 (M
HPLC: 97.51%

¥l

Example 82
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Preparation of 1-(3-Methoxv-pyridin-3-vli-3-naphthalen-2vi-imidasolidin-2-one (8244

MaC
{i}
g
C f[ Q.

{824)
Using the same reaction conditions as in Example 79, T-naphthalen-2-yl-

5 midazolidin-2-one (1-79b: 112.7 myg, §.5319 munol} was reacted with 3-bromo-3-
methoxy-pyridhine (100 mg, G.3319 mmal), 1, d-dioxane (5 mb), copper jodide (10,13
mg, 0.05319 mmol), frans-1.2-diamine cyclohexane (18.27 mg, 0.1595 mmaol) and
potassium carbonate (147.07 mg, 10638 mmol) to afford the crude product. Purification
by column chromatography on sihica gel (30% EtOAc in hoxane) afforded 48 mg of' the

10 product (30.3% vield).
THONMR (DMSO-Dg, 300 MHz): 8 8.5-8.45 (brs, 1H), 8.2-8.1 (m, TH), 8.1-8.0
{d, 1H), 8.0-7.8 (m, 3H), 7.55-74 (m, 2H), 4.2-4.0 (m, 4H), 3.9 (5, 3D
LOMS purity: 9538%, méz = 320.2 {M+1)
HPLC: 97 04%

15
Example 83
Preparation of 3-(3-Naphithalen-2-yi-2-oxe-imidazolidin: ] -vil-nicotinic acid metined exter
8340
O
CH3
- T’ﬁ ”L
‘.»"‘ N ..-
20 {83A)

Using the same reaction conditions as in Example 79, L-naphthalen-2-yl-
itdazolidin-2-one (=796 100 myp, 04711 muol) was reacted with S<broma-nicotinic
acid methyl ester (112 mg, 05182 mmol), 1, d-dioxane {10 mb.), copper iodide (11 mg),

fregin-1,2-diamine eyelohexane (22 ma) and potassium phosphate (200 mg, 0.9422

95
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mmol) to afford the crude product. Purification by columun chromatography on siliea gel
{80% ErAC in hexane) alforded 44 mg of the product (26.839% vield).

THNMR (CDCH, 300 MHz): 8 9.1 (d, TH), 8.99-8.92 (m, 1H}, .58 (1, TH), §.08
(dd. 1My, 7.9-7.7 (m, 4H), 7.5-7 .4 (o, 2H), 422404 Om, 2H), 412404 (my, 2HD, 398 (5,
3HY

LOMS purity: 93.453%, vz = 348.0 (M+1)

HPLC: 92.04%

Example 84

Preparciion of 1-Benzothiazol-0-vl-3~(4 ~<:'f110m~1?‘1-'r‘idfrz«3*1-‘1}~im Idazalidin-2-one (84410

SO L

8

{84A)

Step 1. Preparation of Infermedivde §-henzothiagol-0-vi-3-02-cidoro-ethvli-wreg (1-84a):

f-Chloro-2-isocyanato~-ethane (2.1 g, 19.99 mmoly was added drop wise to a
stirred solution of benzothiazol-6-ylamine (2 g, 13.33 mmol} in teluene (80 mi) over a
period of 15 minutes at 0°C. The reaction mixture was stirved at room temperature for 18
hours. The reaction was monitored by TLC (30%4 ethyl acetate in hexane). The reaction
mixture was filtered, washed with toluene and dried under reduced pressure to afford
273 ¢ (80.2% vield) of 1-benzothiazol-6-v1-3-(2-chloro-ethyi-urea.

'H NMR (DMSO-Dy, 300 MMz 8 9.19 (s, TH), 8.96 (s, 1H), 8.26 (d, 1H), 7.94
{d, tH), 7.4 (dd, 1H), 0.55 ¢ 1), 3.72-3.64 ¢4, 2H), 3.5-3.42 {m, 2H)

LOMS puity: 83.64%, mvz = 256.0 (MDY

| Prepavation of I-berzotiosol-b-vl-inndasolidin: 2-one (1-84b1

I-Benzothiazol-6-yi-3-(2-ehloro-ethv-urea {(I-84a: 2.7 g, 10538 yvameol) in dry
DM (B0 ml.y was added dropwise to a stirred mixture of sodivm hydride (076 g, 3874
mynod) in THE (100 mL) over a period of 20 minates at 0°C ander nitrogen atmosphere.
The reaction mixture was stirred at room temperature for 2 hoars. The reaction was

monitored by TLC (10§96 ethyl scetate). The reaction mixthure was quernched with MeOH

36
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{6 mi}, concentrated onder reduced pressure, followed by the addition of tee. The
precipitate was collected and dried under reduced pressure to afford 2.3 g (85.18% vield)
of 1-benzothigzol-6-yi-imidazolidin-2-one as the required product.
HNMR (DMSO-Dy, 300 MHz): § 9.24-9.2 (m, 11, 8.24-8.19 (m, 1H), 8.04-
S0 784 (m, 2H), T (s THY, 395 ¢ 2HD, 345 (1, 2H)
CMS purity: 92.37%, mfz = 2200 {M+ )

Fingd Step: Preparation of 1-Benzothiazol-6-vl-3-(d-chloro-pyridin- 3 vli-imidazolidin-2-

o (3440
i Using the sarme reaction conditions as in Example 14, i~benzml’;iazc:i‘-(i»yia
pyridine {0.137 g, (.820 mmol}. 1, 4-dioxane (20 mlg}, copper jodide (0.012 g, 0.0684
mmaot}, frans-1 2-diamine cyelohexane (0.022g, 0.20mmol) and potassium phosphate
{0.362g, 1.71 mmol) to alford the crude product. Purification by column chromatography
5 onsilica gel 2% MeOH in CHCL) afforded 85 mg of the product (37.7% vield).
HONMR (DMSO-D5, 300 MHiz): § 9.23 (s, 1H), 8.79 (s, 1H), 8.56 {d, 1H), 8.30
(d, TH), A3 (L THD, 799 (d, THD), 775 (d, TH), 4.2-4.1 (m, 2H), 4.02-3.94 (m, 2H)
LOMS purity: 95.81%, miz = 3310 (M+ D
HPLC: 95.36%;

20
Example 85
Prepegation of 1-04-Methvi-pyridin-3-vi)-3-{ 2-pyrrofidin- v-pyridin-4-vil-imidazolidin.
Lone (A3
{\ f'\
N
/N;\t j’) ZY
: .
L il
v { /L‘\ -
P ~ N
oV
CHy T
23 {83A)

I-(2-Chioro-pyridin-d-vi-3-{d-methyl-pyridin-3vD-imidazolidin-2-one {38A:
HO0 my, 3403 nmunol) and pyrrolidine (0,145 mi, 1.7317 mmel) were added to toluene

previously depassed for 10 minutes, The resulting mixture was stirred for 3 minates. This
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e

was followed by the addition of PA(QAc) (dmg, .01732 mmol}, diphenyl-phosphino-
propanc { 14.3 mg, 0.03463 mmol) and polassiom tertiary butoxide (66 myg, B.6926 wmmol)}
and stirring was continued for a further 10 minutes, The reaction mixture was heated to
reflux for 16 hours. The reaction was monilored by TLC (10% MeOH in CHCL). The
reaction mixture was conled o room temperature, filtered and the filtrate was
copcendrated. Purification by column clromatography on silica gel (8% MeQOH in
chloroform} afforded 45 my of the product (40% vield).

THONMR {CDCE, 300 MB2): 8 8.5 (s, 1H), 8.4 (d, 1HD, 8.1 (d, 1D, 7.25-7.2 {(m,
THD, 6.98-6.94 {brs, 1H), 6.6 (dd, THY, 4.1-3.9 {m, 4H), 3.5 (¢, 4H), 2.35 (s, 3H), 2.05-
1.93 {m, 44}

LOMS purity: 99.8%, m/z = 324.2 (M+1)

HPLC: 84.5%,

’Iw

Example 86

Preparaiion of 1-(3-Clloro-2-fuoro-pheavli-3-id-methnd-pyridin-3-yvli-imidazoticin-2-

one (86:);

Cl
N% o~
\f N)J\
CHs L

{86A)

Using the same reaction conditions as described in Example 14, V-{d-methyvl-pyridin-3-
yh-imudazohdin-2-one (1-14b: 0,15 ¢, 0.847 mmol) was reacted with -bromoe-3-chloro-
2-flnoro-benvene (0.211 g, 1LOT6 mmol), 1, 4-dioxane (2( ml), copper todide {0.015 g,
(.084 mmol), frans-1 2-diamine cyclohexane (0028 g, 0.254 munod) and potassium
phosphate (3.445g, 2. tmmol) 0 afford 8 myg of the product (D.03% yield),

H NMR {DMSO-D, 300 MHz): 3 8.68 (s, 1H), 849 (d, 1H), 7.6-7.45 {m, 31,
73722 (my THG, 4092395 (my, dH), 2.36 (s, 3H)

LOMS parity: 96.83%, mi'v = 306.0 (M+1)

HPLC: 98.93%

a8
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Fxample 87

FPreparation of {-(48-Flupro-binhenvli-d-vii-3-td-metbvl-muridin-3-vii-inddazalidin-2-one

‘f—‘f‘ N ¢ N L \\fd
C 3 L“" - }
(R7A)

{,Esing the same reaction condilions as in Exampie 14, 14 4--1}1@1}1}*1»p\r‘:‘idin{%«viﬂ}»
biphenyl (198 mg, 0.675 n'n:tmi),. {, 4-dioxane (i S mb), copper fodide (0.0090 g, 0.0504
mmol), frans-1,2-diamino cyvelohexane (0.0032 g, 0.0280 mmwol) and potassiam
phosphate (0.359 g, 1691 mmol) to afford the crude product. Purification by coluran
chromatography on stliea gel (1% MeOH in CHCIy), followed by preparative HPLC

afforded 12 mg of the product {12.35% yield).

FHNMR (DO, 300 Mz 8 8.55 (5, TH), 8.42 (. 1H), 7.7-7.64 (m., 2HY 7.6-

T8, 3H), 7.24-7 2 (o, 2H), 715-7.05 (m, 2H), 415405 (m, 2H), 4.0-3.9 (m, 2H),
238 (s, 3H)
LOMS purily: 98.86%, myz = 3481 (M+1)
HPLC: 96.84%

Exampie 88
Preparation of 1-13-Chlora-phenylp-3-(d-methvl-pyridin-3-vii-ingdazolidin- 2-ane (884}

Cl

A

L2 3

‘ \

\xﬂ;)\\N/lL\N/\f’
b

CH;
(88A)
Using the same reaction conditions as in Example 14, 1-(4d-methyl-pyridin-3-vii-
imidazolidin-Z-one (J-14b: 200 mg. 1,129 mmol) was reacied with §-bromo-3-chioro-

benwene (0281 g, 1471 mmeol), 1, 4-dioxane (20 mly copper jodide (0.021 ¢, 0110
{ Py §

5
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mmol), rrans-12-dlamine eyvelohexane (0038 g, 8.333 mmol) and potassium phosphate
{0.718 g, 3.386 mumol) to afford 192 mg of the product (39.25% yield)

THONMR (CDCY, 300 MBz): 8 8.52 (s, TH), 842 ¢d, TH)L 7.7-7.6 {my, FH3 755~
T4 G, WM, 732709 {my 2H), 70570 (my THY, 4139 (m, 4B, 238 (s, 38D

LOMS purity: 99.4 1%, w/z = 2881 (M

HPLL: 91.65%

Ll

Example 89

Preparation of I-04-Chiore-2-methnd-phenvii-3-(d-methvl-pyridin-3-vii-imidazolidin.?

10 one (8940

f.?’

{89A)

15 methyl-benzene (174 mg, 0.8474 mmol). 1, d-dioxane (5 mL), copper iodide (16.19 mg,
0.08474 mmol), frans-1 2-diamino cyclohexane (29,1 mg. 0.2342 muol) and polassiom

phosphate (339,63 g, 2.5342 momel) to atford 200 mg of the product (‘7’8,43‘5‘6 yield).

H NMR {DMSO-Dy, 300 MHz): & 8.52 (s, 1H), 836 (4, 1H). 7 3 (s, 4H),
FUG38S (my, 4H), 2.29(d, 6H)
20 LOMS pority: 99.27%, miz = 3018 (M+1)

HPLC: 96.77%

Example 90

Preparation of 1-(3-Fluora-J-triflvorometbel-nherdi-3-04-metind-presicline 3~

>

1.4

imidazolidin-2-cne (984

H
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CF;
N g A
i‘i\s‘fj\w‘ﬂ\m’“‘\fﬂ

Sy
(90A)

Using the same reaction conditions as in Example 14, 1-(d-methyl-pyridin-3-vi}-
imidazohidin-2-one ({-14b: 150 mg, 0.847 mmol) was reacted with 4-bromo-1-fluoro-2-
5 triftuoromethyl-benzene (247 mg, 1.016 mmol), |, 4-dioxane (13 mL), copper iodide (16
mg. L0842 mmoly, rrons-1.2-diamine cyclohexane (00289 g, 0.2456 mmol) and
polassiom phosphate (0.538 g, 2.537 mumol) to afford the crude prodoet, Parification by
colunm chromatography on silica gel (1% MeOH in CHCL ) afforded 173 mg of the
product (60.27% vield),
16 HONMR {CDCla, 300 MHz): 8 8.52 (s, TH), 8.44 ¢d, 1H), 7.9-7.75 (m, 2H), 7.3-
719 {m, 2H), 412239 (m, 4HD. 2.39 (s, 3H)
LOMS purity: 92. 1%, m/iz = 340.1 (M+1)
HPLC: 94.55%

15 Example 91
Preparation of 1-13-Diflueromeiiyi-4-fluoro-pheryi)-3-(d-methyl-mridin-3-vi)-
imidazolidin-2-one (914) and §-03-Diftuoromethvl-4-fluoro-phenvll-3-td-methyvl-pyridin-
Jovhi-1 3-difvdro-imidazol-2-one (918}
Foo F
N i - F
N9 oy e
i Bt
Sy bt CH,
20 {91A} (91B)

Using the same reaction conditions as in Example 14, -{d-methvi-pyridin3-yi)-
imidazolidin-2-one (1 {4b: 150 mg, 0.847 romol} was reacted with 4-bromo-2-

difluoromethyl- {~fluoro-benzene {228 mg, 1016 mumoll, 1, 4-dioxane (10 mL), copper

1
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todide (16,13 mg, 0.0847 mmol), fraas-1,2-diamine cyclobexane {0030 ml, 0.234
mmod) and potassiumn phosphate (539 mp, 2.54 sumed) to afford the crude product.
Purification by column chromatography on silica gel (1% MeOH in CHCL), followed by
preparative HPLC afforded 23 mg of compound 31 A (8.45% vield) and 8 mg of

S compound 918 {2.94%, viekd).

Compound (91AR
"H NMR (DMSO-D;, 300 MHz): 8 8.55 (s, 1H), 8.4 (d. 1H), 8.0-7.9 {m, 1H), 7.8
769 (m, 1H), 749-7.32 (m, 2H), 7.22 {5, 1H), 4.14-3.89 {m, 4H}, 2.28 (s, 3H)
1) LOMS purity: 95.56%, iz = 322.1 (M+1)
HPLO: 994209

Compound (91Bx

THONMR (DMSO-13, 300 MHzy: 8 8.59-8.45 (br s, 2H), 8.15-7.9 (m, 2H), 7.59-
F36 0m, 3H), 7.3-7.22 (ors, TH) 715702 (be s, D, 2.3 {5, 3H)

EOMS purity: 98.534%, miz = 3201 (M)

HPLC: 98.02%

L4y

Example 92

Prenaration of 1-(4-Methyvipvridin-3-v0-3-3-metfnelthiophen-3-vi- I H-imidazol-203 H)-

20 one 924 and {-(4-Methvl-pyridin-3vli-3-i S-methyl-thiophen-3-vli-imidacolidin-2-one

(820
N ,;CHs CHy
i ! ‘i z'"" {Ni\l JL =
\%\ . f’)\ a4
C:HS e (EH3 L]
(92A) {921)

Using the same reaction conditions as in Example 14, (damethybpyridin-3-¢l)-
25 imidarolidin-2-one (I~ 1db: 8,150 g, 0.847 muwol) was reacted with d-bromo-2-methyl-
thiopbene {0.179 g, 1.016 numol}, {1, d-dioxane (20 mbL), copper todide (0.015 g, 0.084
mmol), frans-1 Q«diamim cyelohexane (0028 g, 0.254 mmol) and potassium phosphate

(0445 ¢, 2.1 mmol) to afford the erade product. Puritivation by cobunyn chromatography
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on silica gel (1% MeOH in CHUL; L, followed by preparative HPLC afforded 1 myg of the

oL

Compound 92A (4.3% viekd) and 17 mg of Compound 928 (7 3% vield) was obtained.

Compound (92A)

' NMR (CDCLs, 300 MMz 8 8.5 (m, 2H), 7.26 s, 2H), 7.1 (s, 1H) 6.75 (d,
T 6.44 {d, THL 2.5 (s, 38, 235 (5, 3D

LOMS purity; 98.719%, miz = 2719 (M+1)

HPLC: 99.50%

L

10 Compound (892B):
HONMR (CDC, 300 MHz): 8 8.52 (s, UH), 8.4 (d, U, 7.35-7.49 (m, 2H), 6.6
{s, TH), 4.05-3.89 (m, 4H), 2.5 (5, 3H) 2.35 (3, 3H)
LOMS purily: 99.44%, miz = 2738 (M+1)
HPLAO: 98.76%

Example 93

Ereparation of {-02-Methyvl-benzooxazol-3-vll-3-td-meithvi-pyridise-3-vij-imidazolidin- 2~

20 (93A)

berrooxazole (0.9 g, 0.000397 mol), 1, d-dioxane (20 ml.), copper todide (0.01 g,
0.000037 mwol), frares-1 2-diamino eyclohexane (0,019 g, 0.00017 mol) and polassium
25 phosphate (0.242 g, 0.00114 mol) to atiord the crude prodact. Parification by cohann
chromatography on silica gel (2% MeOH in CHCL), followed by preparative HPLC
afforded 29 myg of the product (16% yield).
THNMR {CDOD, 300 MH2): § 8.52 (s, 1H), 836 (d, TH), 7.84 (d, 1H), 7.66-
T2, 2HY, 7.4, B, 42400 G, 2H 405395 G, 2, 2,65 (5, 3HD), 2.4 (5, 3D

3 LOMS purity: 93.74%, miz = 3091 (M+D)

13
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HPLC: 99.08%

Example 94

reparation of Idmidazef 1 2-alperidin-6-vi-3-t4-methvi-meidin-3-vli-fniidazalidin-2-

ore (9440

@ /"“‘“N)LN"J%th Y4
et
CHj
(94A)

ajpyridine (2495 mg, 1.27 nmod), 1, 4-dioxane {10 wml.}, copper iodide (1013 mg,
0.0847 mmol), frans-1.2-diannno cyelohexane (0.03 ml., 0.254 mmol) and potassium
phosphate (339 mg. 2.54 mmol} to aftford the erade product. Purification by columm
chromatography on silica gel (8% MeOH in CHCH) afforded 110 myg of the product
{44.35% yield).

HNMR (DMSO-Dg, 300 MHz): 6 8.75-8.7 (m, TH), 855 (s, [H), &4 (d, 1H),
T8 (s, THY, 7.8 (dd, TH), 7.65-7.55 (m, 2H) 7.36 {d, 1H), 4.12-3.9 (m, 413, 2.3 (s, 3D

LOMS purity: 94.08%, nvfz = 2941 (M+1)

HPLC 92.22%

Example 93

Preparation of {-03-8ethnl- [ H-indazol-3-30-3-(d-merbyl-pyridin: 3-yli-imidazolidin- 2+

{95A)

Using the same reactton conditions as in Example 14, -(d-methyl-pyridin-3-¢])-
unidarolidin-2-one ({14 500 mp, 2.8248 mmol) was reacted with 1-{&-bromo-2-Tuoro-

phenyiy-ethanone (610 mg, 28248 mmunl), 1, d-dioxane {13 mL), copper lodide (S3.81

104
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my, 028248 mmeol}, frans-1 2-diamino cyclohexane (97.03 myg, 0.8474 mmol} and
potassium phosphate (1,798 g, 8.474 mmod) to afford the erude product. Purification by
column chromatography on sifica gel (2% MeOH in CHCL) afforded 170 mg ot 1403~
acetyl-d-Hooro-phenyD)-3-{4-mothyl-pyridin-3-yl - imidazolidin-2-one (19,3196 yield).
3 HNMR {CDCE, 300 MHz): 8 8.5 (d, TH), 8.4-8.3 (m, 1ML 7.7-7.6 {m, 1H), 7.3~
74 {m, IR, 42239 (my, MY, 2.7 (d, 3HD, 235 (5, 3HY
LOMS purity: 99.03%, miz = 3140 (M)
1-(3-Acetyb-d-fluoro-phenyly-3-{4-methyl-pyridin-3-vh-imidazohidin-2-one (160
myg, G.513 mmol) i hydrazioe hydrate (5 mb) was taken in a reaction flask and the flask
)} was heated to reflux and maintained for 21 bours. The reaction was mowmtored by TLC
(10% MeOH tn CHCL ) The reaction mixtare was partitioned between ethylacetate and
water. The organic laver was dried over Nax SOy, Gilered and the {iltrate was
concentrated. Purification by column chromatography on sihica gel (3% MeOH in
CHCE), followed by preparative HPLC afforded 22 mg of the product {14% yield),
i5 TFUNMR (CDCH, 300 MHZ): 8 8.55 (s, 1H), 8.44-8.4 ¢, 1H), 7.8 (4, 1H), 7.7 (s,
PHY, 7.44-7.4 {d, TH)Y, 7.25-7.2 (m, THY 4.25-4.2 {m, 2H), 4.02-3.9 (m, 2H), 2.6 (3, 3H),
24 (s, 3H)
LOMS purity: 98.92%, nvz = 308.0 {M+1)
HPLC: 93.18%

Example 96

Preparation of Neid-§ 3-(d-Methvi-pyeidin-3-vi- 2soxo~-imidacolidin- I -vif-mvridin- 2-vi}-

geefanride {964):

P /

238 {(9OA}
Using the same reaction conditions as in Example 14, I-{(4-methyl-pyridin-3-vl}-

2evhiacetamide (240 mg, 112 womoly, 1, d-dioxane {28 ml), coppor todide {16 myg, 0.084
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mmol ), frany-1,2-diamine cyclobexane {29.4mg, 0.234mmol) and potassiom phosphate
{4487 mg, 2118 punol) to afford the crade produet, Purtfication by column
chromategraphy on sifica gel (8% MeOH i CHOUL) afforded 120 myg ofthe prodoct
{45.5% vield}.

3 THNMR {CDCH, 300 MB2): 8 8.52 (s, TH), 8.45 {d, 1H), 8.19-8.03 (m, 2H),
80279 (my, 2H), 72572 (my, THY 4.2-400 G, 2HE 4.0-3.9 (o, 2H), 235 {5, 3, 2.22
(s, 3H)

0

LOMS purity: 98.96%, nvz = 3132 (M+ 1)
HPLC: 86.35%

10
Example 87
Preparation of 1-rd-Methoxy-thienol 3. 3-clpvridin-2-vh-3-(d-methvl-pyridin-3 vl
imidazolidin-2-one (974}
E b
i N’l( /"‘ ; N
\’/'::"
15 {(97A)

{ising the same reaction conditions as i Example 14, -{d-methyi-pyridin- 3.y~
imidazolidin-2-one (1-14b: 62 mg, 0.3498 mmol) was reacted with 2-bromo-4-methoxy-
thiene}3.2-clpyridine (854 mg, 0.3498 mmol), 1, d-dioxane (3 mbL), copper wodide (6.6
nig, 3.03498 nunol)., frans-1,2-diamino cyclohexane (12 myg, 1.1049 mmeol) and

20 potassium phosphate (185.6 mg, 0.8747 mmol) to afford the crude product. Purification
by column chromatography on sitica gel { 1% MeOH in CHCLy) afforded 50 mg of the
product {(40% yield).
THENMR (DMSO-Dy, 300 MMz 8 8,59 (s, THD), 842 (d, 1H), 7.88 ¢, 1H), 7.5 44,
THD, 7390, THY, 672 (s, TH), 425408 (m, 2HD), 4.1-4.04 (m, 21D, 4.0 (s, 3HD), 2.3 {5,
3Hh

[
P

LOMS parity: 97.46%, mde== 34110 (M+D)
HPLC: 93.75%

Lxample 98

6
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Ereparativn of I-(4-Chlororibiena[ 3. 3-clpvridie- 2403 - (d-metindpyridin.3vi)-

indazolidin-2-one (9844

Ci

1

(98A}

~N

L g
VA
Hoe o LN

3 Llsing the same reaction conditions as in Example 14, T-{d-methyi-pyridin-3-yl)-
imidarolidin-2-one (1-14b: 100 mg, 0.5643 mmol) was reacted with 2-bromo-4-chloro-
thieno{3,2~clpyridine {141.3 mg, 0.5643 mmol}, 1, d-dinxane (20 mL), copper jodide
(LTS5 mg, 0.05643 mumol), rrans-12-diamino cyclohexane (19.38 mg, (.1693 mimol} and
potassium phosphate (299 mg, 14108 mmol} 1o afford the crude product, Purification by

10 column chromatography on silica gel (2% MeOH i CHCL) afforded 43 mp of the
product (22.16% yreld).
HHONMR (DMSO-Dg. 300 Mz 8 8.7 (s, TH), 8.55-8.49 (ro, HH), 8.1 (d, 1HD,
7.98 (d, TH), 7.56{d, 1H), 6.75 {s, 1H), 4.3-4.2 {m, 4H3, 238 {5, 3H)
FCMS purity: 91.81%, méz = 345.0 (M+1)

15 HPLC: 91.32%
Example 99
Preparation of I-(4-Chloro-thienof 3, 2-cinyridin-3-vi-3-i d-methvl-pyridin-3-vli-
imidazolidin-2-one (994}
i
Q
N
20 \\x
{99A)

Using the same reaction conditions as in Example 14, T-{d-methylpyridin-3-y{)-
imidazobdin-2-one (1-14b: 100 mg, (153643 mmol) was reacied with 3-bromo-4-chioro-
thieno]3 2-clpyridine (1413 mg, 03043 mmoly, 1, d-dioxane (20 ml.), copper iodide

25 (1075 mp, 005643 munod), rrare- 1 2-diamino cyelohexane (3938 mg, 6.1693 mmol) and

w3
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polasstunt phosphate (299 mg, 14108 numol} to afford the crude product. Puorification by
preparative HPLC afforded 10 my of the product (10% vield).
HNMR (DMSO-Dyg, 300 MHz): 4 8.68 (s, 1H), 8.3 {d, 1HL 8.1 (d, 1H), 7.98 (4,
PHY, 7.54 (d, THY), 675 (s, THY, 4,342 (m, 2H), 4.12-4.05 (m, 2H), 2.36 (s, 3H)
5 LOMS purity: 98.12%, miz = 3450 (M+ D)
HPLC: 99.28%

Example 100

Preparation of 1-id-Metbvl-npeidin-3-vl~ 3~ 2 methndl-pvridin-d-vl-imidazolidisn-2-one

O S100A

LH LJ "&\ —’{
CHy

(JOUA)}
Using the same reaction conditions as in Example {4, l,~{'4»mm.h\;«='l~p\,fridina‘}-‘yﬁ‘}ﬁ
13 pyridine (97 myg, 0.5649 mmol}, L d-dioxane {5 mi), copper fodide (1,76 rag, 0.03649
mmel), frape-12-diamine cyelohexane (19.4 wmyg, 0.1694 mmol} and potassium phosphate
{35938 mg, 1.694 munol} to afford the crude product. Purification by colunn
chromatography on silica gel (2% MceOH in CHCy) afforded 132 myg of the product
{RR.0% vield),
20 T NMR (DMSO-Dg, 300 MHz): 6 £.5<8.3 (s, 3H), 7.5-7.3 (m, 3H), 4.1-3.9 (m,
FHYL 2.3 s, 3HD)L 2.2 {5, 31D
LOMS purity; 92.28%, myz = 209.0 (M+ 1)
HPLC: 97.24%

i
P

Example 161

Preparation of {-03-Methyl-henzoldiisoxazol-3-v{i-3-(d-methyl-pyridin-3-vli-

imiclazolidin-2-one (10145
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!‘.» \:-:\\ }‘iaC
e
1 N"”\ S !
- L}
HaC NN 4
{101A)

Using the same reaction condditions as v Example 14, -{d-methyb-pyridin-3-y1)-

4

unidazoldin-2-one (I-14b: 0.500 g, 2.8 mnol) was reacted with 1-(3-bromo-2-flaore-

L

phenyiy-cthanone (0.612 g, 2.82 mmaod), 1, d-dioxane (30 mb), copper todide (33.81 mg,
(1282 mmol}, rrans-1 2~diamino eyclohexane (97.03 mg, €.846 mmaod) and potassium
phosphate {1.79 g, §.46 mmol} to afford the erude product. Purification by cohunn
chromategraphy on silica gel (2% MeCOH in CHUL) afforded 220 me of 1-(3-Acetyld-
fuoro-pheny D-3-(d-methyl-pyridin-3-vlimidazolidin-2-one (24.9% yicld).
H} THONMR (DMSO-De, 300 MH2Z): 8 8.52 (s, THY, B.38 (d, TH), 8.0-7.84 {m, 2H),
74732 (o, 2H), 4.1-4.0 (my, 2HD. 3.95-3.9 (my, 2H), 2.6 {d, 3HD, 2.29 (5, 3H)
LOMS purity: 99.03%, m/z = 3140 (M+ 1)
Hyibroxylaming hydrochloride (145 mg. 2,106 mmol) in pyridine (5 mL) was
added to 1-(3-acetyl-4-Tluoro-phenyD-3-(d-methy bpyridin-3-yDamidazolidin-2-one (220
15 mg 0702 mmol) under nitrogen atmosphere. The resulting mixture was stirred at room
femperature for 18 howurs, The reaction was monitored by TLO (10% MeOH in CHCL).
The reaction mixture was partitioned between cthylacetate and water, The organie layer
was dried over NaSOQy and concentrated to afford 220 myg of 1-{4-Fhuoro-3-{1-
hvdroxyimino-ethyvi}-phenylj-3-(d-nethylpyridin-3-v - imidarolidie-2-one (90% vield).
20 LOMS purity: 98.93%, mfz = 329.0 (M+1)
t-{4-Flaoro-3-( {hyvdroxyimino-cthyl}-phenyl]-3-(d-methylb-pyeidin-3-s -
imidarolidin-2-one (220 mg, 0.670 mmeol} in DME (3 ml)) was added to a stivred mixture
 Natd (19 myg, 0.804 numol) in DMF (2 mb)Y ander nitrogen atmosphere at °C. The

resulting mixture was stirred at room temperature for 21 hours. The reaction was

3
194

monitored by TLO (10% MeOH in CHCE). The reaction muxture was partitioned
between ethyvlacetate and ice water. The organic fayer was washed with brine solufion,
dried over Na:8SQOy and concentrated. Purification by colunm chromatography on sihica

gel (1% MeOH in CHCOL) alforded 28 my of the product (14.5% vield)

Beg

Hm
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HONMR (CDOL, 300 MEZ): 8 8.6-8.5 thr s, 1H), 8.5-84 (bes, 1), 7.9 (4, 1H),
TIR(AD, THDY, 785 (4, TH), 7.26-7.24 (m, TH), 4.2-401 (my, 2H), 4.05-3.95 {m, 2H), 239
{s, 3H), 2.39 {5, 3H)

LOMS purity: 98.75%, miz = 3090 {M+1)

HPLC: 88.615%

Example 102

Preparation of 1-13-Methyl-1H - indazol-6-v-3-i4-meifnd-pyridin-3-vli-imidazolidin-2-

one (10344

{1022

l_;?'si:1g the same reaction conditions as in Exampie 14, in(-»‘inmethyImpyridin»fﬁ»}«'l)»
phenyli-ethanone (679.9 myg, 3. 1038 mnmi}, t, d-dioxane (50 mL), copper iodide (33.6
g, .28216 munol), frans-1 2-diamine cyclohexane (97.09 myp, 084650 mmol) and
potassium phosphate (149 g, 7.0541 muol) to afford the erude prodoct. Parification by
cotumn chromatography on silica gef (2% MeOH in CHUY) afforded 780 mg of 1-(4-
acetyl-3-fluoro-pheny -3-Ch-methyl-pyridin-3-yh-imidazobidin-2-one (88.2% vield}.

HNMR (DMSO-, 300 MHz): 8 855 (s, 1H), 8.4 (d, 1HD, 7.85 {1, 1H), 7.68
(dd, THD, 7.52{dd, 1H, 737 (d, TEDL 413539 {m, 4H), 2.36 (¢, 3H), 2.29 (3, 3H)

Hydrazing hydrma (19 mLy was added o T-4-acetyi-3-Thuoro-phenyD-3-(4-
methyl-pyridin3- vl Himidazolidin Z-one (380 mg, 12128 mmol) under nitrogen
atmosphere, The resulting mixture was stirred at 120°C for 12 bours, cooled to room
temperature and continued stirring for the next 12 hours, The reaction was mymitored by
TLO {10% MeOH in UHCH). The reaction mixture was partitioned befween ethylacetate
and e water, The organic layer was washed with brine solution, dried over Nap S and
concentrated. Purification by column chromatography on sthica gel (4% MeOH in CHCY;)

afforded 240 mg of the product {64.3% vield).

10
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HONMR (DMSO-D, 300 MHz): & §.84 (s, 1H), £.65-8.55 {m, 1}, 7.8-7.64 {m,
3HY, 7.85-7.45 (d. 1H), 4.25-3.95 (in, 4H), 249 {d, 6H)

LOMS purity: 94.008%, miz = 3082 (M+ 1)

HPLOC: 96.12%

o}
Example 103
Preparation of 2-Fluore-3- 3-(4-methvi-pyridin-3-vli-2-ove-imidacolidin. -yl
Benzoniteile (1034):
Peves
{
DN 3
r ‘\N/J"\'\L o \§"
CHy — N
10 {103A)

Using the same reaction conditions as in Example 14, I-(d-methyl-pyridin-3-v1)-
imidarzolidin-2-ene (I-14b: 100 mg, 0.3643 mmol) was reacted with S-bromo-2-tluoro-
benzopitrite (124 mg, 0.6199 mumol), 1, 4-dioxane 20 ml.), copper jodide (10.7 mg,
(.056 mmol), frans-1.2-dismino evclobexane (19.4 mg, 0.169 mumol) and potassium

15 phosphate (300 mig, 1413 mmel) to afford the crude product. Purification by cohunn
chromatography on sifica get (2% MeOH in CHCL) afforded 110 mg of the produoct
(63.7% yield).

THONMR (DMSO-D, 300 MH2): 8 8.6-8.5 tbrs, 18, 8.4 (s, 111, 8.1-8.0 {m,

ZHY, 7.6-7.5 (4 1HD, 7.4-7.3 Gm, TH), 4.1-3.9 (m, 4HD, 2.3 (s, 3H)
24 LOMS purity: 98.73%, miz = 297.2 (M+1)
HPLC: 97.3%

Example 104

Frepapation of 1-{2-Methvl-imidaol L adpyriding -y 3 rd-methvl-peridin-3-vli-

]
(4

imidazedidin-2-one (10440

IRR
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{1647
Using the same reaction congditions as tn Example 14, L-{d-methvi-pyridin- vt
Using th } thom condition ! ple 14, E-{demethybpyridin- 3yt

imidazolidin-2-one (=14 H8 mg, 0.6633 mmod) was reacted with 6-bromo-2-methyvl-

mmidazo{l 2-ajpyridine (140 mg. 0.6633 mnued), 1, d-dioxane (10 wl). copper todide (14
S gk rrans-{ 2-disnnne eyvelohoexane (28mg) ard potassium phosphate (422 myg, 19899
nimol} to afford the crude product. Puritication by colummy chrommatography on siliea gel
{10% MeOH i DOM), followed by proparative HPLO afforded 13 myg of the product
{6.4% vield).
HONMR (DMSO-0, 300 MH): 8 8.6 (d, 211, 8.4 (d, 1H1, 7.75-7.65 (s, 2H),
10 75440 EH), a6 (d, THD, 48239 (m, 4HD, 242,72 (dL 6D, LOMS purity: 99.7 1%, miz =
S D
HPLC: 98.04%,

Example 108

{8 Prepewation of I-(2-Methvl-bonzothiczelb- 6 0-3-(d-aethvi-pyeidin-3-vli-intdazoelidin. 2-

osre ({034

(I;H_’s, L\-.\,JN ‘‘‘‘‘ '\\:'.::.f
{1054A)

Using the same reaction vonditions as in Example 4, I-<(4-methyl-pyridin-3-yh-
20 udazohdin-2-one {1-14b: 100 myp, 83643 numol} was reacted with d-jodo-2anethyl
benvothiazole (154 mg, 0.53598 mmol), 1, 4-dioxane {20m.), coppor wdide (1.7 mg,
0.056 mmod), frans- 1, 2-Hamine cyelohe (19.4myg, 0.16%mmoly and potassium
phosphate (300 mg, L4153 mmol) t© attord the crude product. Purification by column

chromatography on silica gel (5% MeOH in CHOL)Y afforded 113 myg of the product

¥el

IS5 {D2.¥% vield).
YHNMR (DO, 300 M2 8 8.5 (s TH), 8,42 (d, 1, 8.24 (s, 1, 7.9 (d,
T 786 ¢, TH), 7.26-7.20m, 1HD, 4.2-39 {my, 4H), 282 (5, 31, 2 '
LOMS purity 9639%:, mife = 324 8 (M 1)
HPLC: 96.16%

J

A3 {5, 3H)

o]
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Example Hi

FPreporation of 3-§3-(4-Methvi-pyridin-3-vil-2-oxo-imidacolicdin-J-vi}-benzonitrile

NN =
L] N
5 CHy
(106A)

Using the same reaction conditions as in Example 14, 1-(4-methyi-pyridin-3-yi)-
idazolidin-2-one (I-14b: 100 mg, 0.5643 mmol} was reacted with 3-bromo-benzonitrile
{HES mg, 06317 mmob), 1, d-dioxang (20 mL}, copper indide (10,7 my, 0.0564 mmol),
H o grans-12-diaroino cyelohexane (194 g, 0,169 mmol) and potassium phosphate (300
myg, 1.413 mmol) to afford the crude product. Purification by column chromatography on
silica gel (2% MeOH in CHOL), followed by preparative HPLC afforded 80 mg of the
product (49% vield),
THNMR (DMSO-dg, 300 MHz): 8 8.75 (s, 1H), 8.55 (5, 1M, 8.1-7.9 (m, 2H), 7.7-
15 7.5 (m, 3H), , 4.2-4.05 {m, 4H), 2.538 {5, 3H)
LOMS purity: 99.71%, miz = 279.0 (M+1)
HPLC: 93.64%

Exarmple 107

20 Prepararion of -1 H-Tndof-3-v0-3- (d-metbcd-peridin- 3-vii-imidazolidin: 2-one (1074);

P \1 ~~NH
\H&* - f N

. \~~»/
(107A)

L Z

Using the same reaction conditions as in Example 14, T-{4-methvl-pyridine3-yi)-
inidazohdin-2~one (I-14h: 150 mg, 0.00084 mol) was reacted with 3-bromo-{-{tnluene-
35 desubfonyl)-TH-indole (292 my. 0.00084 mol), 1, d-dioxave {20 mb), copper todide
(0015 ¢, 0.000084 mob), trans-1,2-diamine cyclohexane (0.028 ¢, 0.00025 mol) and

potassiam phosphate (356 g, 0.00168 mol) to attord the crude product, Purification by
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column chromatography on silica gel 2% MeOH in CHUL), followed by preparative
HPLC atforded 1O mg ol - {1« Methvl-pyridin-3-y1 - 3-T - (kduene-d-sulfonyl)- T Hindol-
LOMS purity 92.68%, nvz = 44069 {(M+ 1)

& 10% NaOH solution (10 mL ) was added to & solution of 1-{4-methyl-pyridin-3-
v 3-{-(toluene-d-sulfony - 1 Handol-3-yl}-imidarelidin-2-one (110 mg, 0.0002 mol} in
ethanol (10 mbL) and the resuliing mixtore was stirred at 90°C for | hour, The reaction
was monttored by TLO (10% MeQH in CHCL). The reaction mixture was partitioned
between cthylacetate and ice water. The organice layver was washed with brine solution,

1 dried over NaxSCk and concentrated. Purification by column chromatography on silica

get (2% MeOH in CHCH) afforded SO mg of the product (86.2% vield).
THONMR (DMSO-05, 300 M) 8 111 s, 18, 8.55 (s, 1H), 8483 (m, 1H),
7.64 {d, 1), 7.5-7.3 (m, 3H), 7.2-6.95 {m, 2H), 4.1-3.9 (m, 4H). 2.35 (5, 3H)
LOMS purity: 96.30%, miz = 292.8 (M+1}
i3 HPLC: 88.07%

Example 108

Preparation of -1 H-Benzoimidazel-3-vli- 3-(4d-metbncl-pvricdin 3-vli-imidazolidin: 2-one

(Usdr

PN
S UeR
L s
]{ 3
Ly, b
20
(108A)

Uising the same reaction conditions as in Example 14, T-{d-methyl-pyridin-3-y -
snidarolidin-2-one (1-14h: 130 mg, 0.8474 mmol) was reacted with S-bromo-1-{3~
trimnethylstlanyl-ethoxymethyli- 1 H-beneoimidazole {332 mg, 10152 mmeolh, 1, d-dioxane

25 (13 mb), copper todide (16 mg, 0.0842 mmol), rans-1.2-diamino cyclohexane (28 my,
.2436 mumol) and potassium phesphate (338 my, 2.5377 mmol) to afford the enude
product. Purification by column chromatography on silica gel (196 MeOH in CHC)
atforded 270 my of T-{4-Methybpyridin-3-v11-3-1 1-(2-trimethylstlamvi-ethoxymethy -

{H-benzoimidazol-3-vl-imidarolidin-Z-one {754 1% vieldy

P14
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LOMS purity: 98.40%, w/z = 4241 (W+ 1)
F-{4-Methylpyrdin-3-y1-3-H -2 -trimethylsitanybethox ymethylp- T H-
benzoimidazol-S-vilimidazolidin-2-one (360 myg, 06158 mmod) in | d-dioxane

hwdrochloride {15 mLY was taken in a veaction Dask and the flask was stiveed at voom

R

teraperature for 12 hoors. The reaction was mongtored by TLC (10% MeOH in CHUL)

The reaction mixture was concentrated under reduced pressure and the concentrate was

washed with diethyl ether and hexane to afford 26 mg of the product (26.8%; vield),
THONMR (DMSO-D:, 300 MH2): § 8.6-8.55 (brs, 1), 845-8.35 (m, 1H), 8.25-

15 (brs, (M), 7.85-7.8 {(brs, 1H}, 7.65-7.5 (uy, 2H), 7.4-7 35 (i, 1H), 4.2.3.9 (m, 4H),

Wy 23(.3H)

LOMS parity: 99.71%., miz = 294.0 (M+1}

HPLC: 83.74%

Example 109

15 Preparation of 1-Benzofbithiophen-3-vi-3-id-metfl-pyridin- 3 -vi-imidazolidin-2-one

(1094

1 " .
' ,/“«}\N N 72 \
{:Hg bod =
{109A)
Using the same reaction conditions as in Example 1, 1-(d-methybpyridin-3-yi)y-
20 imidazelidin-Z-one (I-14b: 150 mg, 0.8465 nuvol) was reacted with 3-hromo-
benzolblthiophene (216.3 mg, LOIE8 mmol), 1, d-dioxane (50 mlL), copper jodide (1.7
my, 00865 mmol), trams-1,2-diamino oyelohexane (29 mg, 0.2539 mmol) and potasstom
phosphate (449.1 mg, 21162 mmol} to afford the crade product. Purnification by column
chromatography on silies gel (2% MeOH in CHCYy ) afforded 95 mg of the product
25 (36.53% yield).
THONMBR (DMRO-dg, 300 MEZ): 8 8.65-8.55 (br s, 1H), 845-8.3 (brs, 1H), 8.05-
T8 (my 2H), 709 (s, THY, 758273 Oy 3H), 41539 () $H), 2,358 (5, 3HD)
LOMS purity 9371, iz = 3.0 (M1

HPLC: 96.65%
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Exaraple 110

Prepgration of {-8-Methoxy-thienet 3. 2-clrvviclin- 300 3-idometivl-pyridine-3-vii-

imidiolidin-2-ane (11041

A
]
£
7

{LIDAG
Using the same reaction conditions as in Example 14, {-dunethyl-pyridin-3-v)-
imidazolidin-2-one (=14 65 mp, 0.3668 mmol) was reacted with 3-bromo-4-methoxy~
thieno] 3. 2-vjpyridine (98.4 mp, 0.4034 mmol), 1, 4-dioxane (20 ml.), copper todide (6.9
W mg 0.03668 mmol), frans-1,2-diamino cyclohexane (12,6 mg, 0.1 1 mmsol) and
potassium phosphate (194.6 mg, 0.91704 mmol) o afford the crude produet. Purification
by column chromatography on sihica gel (2% MeOH in CHCL) afforded 30 mg of the
product (440.3% vield).
THNMR (DMSO-ds, 300 MHz)y: & 8.65-8.3 (m, 2H), .05 (d, 1H). 7.8 (s, TH).
15 7065(d, TH), 74574 (brs, 1H), 4.1-3.9 {m, TH), 2.36 (s, 3H)
LOMS parity: 99.04%, m/fz = 3409 (M+1)
HPLL: 95.61

Example 111

20 Preparaiion of 1-(3-Methvi-berzofdlivoxazol-t-vi}-3-(d~-methvl-pyveicio-3-vii~

inidazolidin-2-ane (111 4):

(1A

Step 1. Prepovation of Intermediate 1-{4-deetid-3-Tuoro-phemdi-3-cbmethyl-peridin-3-

28 yik-imidazofidin-Z-one (-1 al

1o



WO 2010/149755 PCT/EP2010/059029

Using the same reaction conditions as in Example 14, S{d-methyl-pyridin-3-¢l-
imidazohidineZ-one (1= 14b: 300 mg, 2.8216 munol) was reacted with 1-{4-bromo-2-fuoro-
phenyhethanone (4795 my, 31038 ramel), 1, 4-dioxane {30 mL}, copper lodide {(33.6
mg, 128216 mmal), s 1.2 -diamine oyclohexans (97.09 my, 8.84650 mmel) and

5 potassium phosphate (1,49 g, 70541 munol) to afford the crude product, Purificaion by
colunm chromatography on silica gel (2% MeQH in CHCI) afforded 780 mg of 1-(4-
acetyl-3-fluoro-phenyl)-3-{(4-methyl-pyridin-3-yD-intidazodidin-2-one (1.1 11a: 88.2%
vield).

HONMR (DMSO-D, 300 MHz): 8 8.54 (s, 1H), 8.4 ¢d, 1H). 7.84 (1, 1), 7.68
Wi (dd, B, 7.5 (dd, BH, 734 (d, THD) 15239 (m, 4HD), 255 (s, 3HD, 2.28 (s, 31D

{)')

Step 2o Prepavation of fetermediate 103 -Fluore-d-( 1 -bvdroxyvimine-ethnd) -phemil]-3

medthvi-pyridin:3-vil-buidaznlidin:2-one (11181

NaOH (72.7 myg, L8193 ramol} in water (5 mL) was added dropwise to a stirred
15 solution of 1-(d-acetyl-3-fluoro-pheny}-3-(d-methyl-pyridin-3-yh-imidazolidin-2-ove {1~
1llar 380 mg, 1.2128 mmol) and bhydroxyvianine hydrochloride in ethanot (10 ml) over
a period of 5 minutes. The resulting mixture was stirred at room temperature for 4 hours,
The reaction was monitored by TLC {10% MeOH in CHCH). loe was added to the
reaction mixture to vield a precipitate which was collected and dried under reduced
20 pressure o afford 350 myg of {-]3-Fluore-4-{ | -hydroxyimino-cthyl phenyl - 3-(4-methyl-
pyridin-3-yh-imidazohidin-2-one (1.1 11b: 87.9% vield).
THNMR (DMSO-D;, 300 MHz: 8 113 (s, [HD, 832 (5, 1H), 84 ¢4, 1H), 7.6 (dd,
FHD, 7534273 (m, 3HD, 4.8-3.9 (my 4HD, 2.28 (s, 3H), 212 (s, 3HD)

3
e

Final Step: Preparation of 1-03-Methvl-bhenzoldlisoxazol-t-yi-3-(d-methvl-pridin-3-

vii~tmidazolidin-2-one {1114):

NaH {32.8 mg, L3703 nunol) and DMF (4 ml) was added 1o 1-{3-flnoro-4-(1-
bydroxyimino-ethyl bpheayl |-3-(d-methy b pyridine 3-sh-imidazohidin-2-one (-1 i 130
mg, 4368 mumol). The resalting mixture was microwaved at 30°C for | houwr. The

30 reaction was monitored by TLC (10% MeOH in DUMY. The reacton mixture was
partitioned between tce water and ethylacetate. The organic layer was washed with

water, bring sofulion, dried over NapS0y and concentrated under reduced prossure,

p—
p—
3
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Parification by column chromatography on silica gel (3% MeOH in CHCHE) afforded 15
myg of the product (10.7% yield).
THUNMR (CINOD, 300 MHz): § 8.6-8.32 (m, 2H), 7.9-7.6 (m, 3H), 7.4 (s, 1),
4.3-4.2 (o, 2H, 41398 (my, 3R, 2.6 (8, 3H), 2.4 (8, 30
3 LOMS purity: 97.90%, miz = 3090 (M+1)
HPLC: 83.77%

Example 112

Preparation of 2-Chioro-d4-{ 3-td-methnd-poricin-3 vl 2-oxe-imidazolidin- i vl

1 benzopitrile (11240

)
g
L,—- zl
1 ‘»\
%

/
3,

{1124
Using the same reaction conditions as in Example 14, 1-(d-methyl-pyridin-3-yi)-
imidazolidin-2-one (114 150 myg, 0.8465 mmol} was reacted with 2-chloro~-d~iodo-

15 beozonitvile (2453 mg, 09311 mmol), |, 4-dioxane (20 mL), copper indide (16} my,
(LORA6S mmob), rans-1,~diamine cyclohexane (12.6 myg, 0.1100 mamol} and potassium
phosphate (30.6 mi., 0.234 vomol) o atford the crude product which was purified by
cohann chromatography on sihica gel (2% MeOH in CHCH). The residue was washed
with hexane and dried {o afford 85 mg of the product (32% vield).

20 THNMR (CDC, 300 MHz): 8 8.52-8.4 (m, 2H), 7.85 (s, TH), 7.62 (s, 2H), 7.3~
T2 (n THD, 4.82:3.9 (o, 41D, 2.32 (5, 31D

LOMS punity: 99.54%, miz = M2 8 (M D)
HPLC: 93.79%

25 Example 113

Preparetion of {-Benzoidlisoxazol-3-v]-3-{d-methvlpvridia-3-vli-tpidazolidin- 2 one

{1340
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Step 1. Preporation of ersedioare 2-Fhora-3-f 3-{d-metbhylpyeidio-3-vl-2-axo-

imidazolidin: iy} benzaldefivde (1-113ai:

Using the same reaction conditions as in Example 14, I-{(d-nethylpyridin-3-v{)-
imidazolidin-2-one {{-14b: 200 mg, 1.12 mmol) was reacted with S-bromo-2-fluoro-
berwaldehvde (272 mg. 1.34 mmol), 1, $-dioxane {20 ml.), copper lodide {18 myg, 0.098
o), frans-1 . 2-diamine cyelohexans (0.05 mib., (.294 mmol} and potassium phosphate
{520 mg, 2.54 mmol) to afford the crude product which was purified by column
chromatography on silica get {2-3% MeOH in CHCLR), The residue was washed with
DOM and hexane in dry tee and dried o afford 235 mg of 2-Fluoro~-3-{3-(4-methy -
pyridin-3~yhi-2-oxo-tnidazolidin- Tyl benzaldehyvde (70.353% vield).

HONMR (CDCE, 300 MEz): § 10.38 (5, 1), 8.6-8.3 (m, 31D.7.6 {g. 11}, 7.3-7.25
{m, 283, 4.12-3.9 (m, 4H), 2.32 (5, 3HD)

LOMS purity: 98.49%, myz = 2999 (M+1)

Step 2. Preparation of Intermediate 2-Flhuoroe-3-{3-(d-methvl-pyerdin-3-vlj-2-ox0-

intazolidin-1-vi]-henzaldefvde oxime ¢1-113b):

2-Fluore-5-[ 3-{4-methyl-pyridin-3-yi -2-oxo-imidazelidin- 1 -vi-benzaldehyde {1-

113a 230mg, 0.769mmol), hvdroxylamine hydrochloride (160myg, 2.307mmol) and
pyridine (3ml) were taken in a reaction flask and the flask was stired at room
tenperature for 18 bours under nitrogen atmosphere, The reaction was monitored by TL.C
(10% MeOH in CHCh). The reaction mixture was partitionad between ive water and
cthylacetate. The orgamie laver was dried over Nap 80, and concentrated. The concentrate
was washed with diethyl ether and decanted o afford 170mg of 2-Fhaoro-5-{ 3-{4-methyd-
pyridin-3-vh-2-oxo-inmidazohdin- Lyl -henzaldehyde oxime (70.8% y‘iﬁfid},

YHNMR (CDCL, 300 MHzy: 8 8.88-8.32 (m, $H), 7.9-7.72 (m, 2H), 7.32.7.02
fovg, BHG, 430 89 (m, 4HD, 235 {5, 3HY

tiy
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LUMS purity: 99.83%, m/iz = 3149 {M+ 1)

Finad Nep: Preparation of 1-Beazofdizoxwel-dl-3-tdonsthvlgoridin. vl

imiclecolidin-2-one (1341

2-Fhaoro-3-{3-(d-methvl-pyridin-3-viyF-2-oxo-imidarolidin- | -yl}-benzaldehyde
mixture of NaH (72 mg, 1.52 mmol} in DMF {1 ml) at 0°C. The resulting roixture was
stivved at room teruperature for 70 hoors. The reaction was monitored by TLC (1%
MeOH m UCHCH). The reaction mixture was partitoned between ice water and
ethylacetate, The aqueous layer was distilled {o afford the solid residue which was
dissolved 1:1 DOM: MeOH. The crude product was purified by column chromatography
on silica geol (4-5% MeOH in CHCY). The residue was washed with hexane and dried to
afford 105mg of the product (70.4% vield).

YHONMR (CD;0D, 300 MHz2): 8 8.58 (s, T, 838 (d, 1H), 7.76-7.68 {m. 2H),
TA2(d, TH), 2.0-692 Gm, TH), 48239 (. -, 241 (s, 3HD)

LOMS purity: 97.14%, m/z = 2951 (M)

HPLC: 95.00%

Example 114

Prepartion of I-t]-Methvi-1 H-indozol-3-v0-3-{d-methvi-pyridin-3-vi}-imidazolidin-2-~one

TEEE TN
CHy

PN
=
K
/
>::<::>
i .,.\:‘
& %
d

{(114A)}

Lising the same reaction conditions as iy Example 14, {-(d-methybpyridin-3-vi}-
H-indaznle {142 mg, 0.6794 mmol), 1, 4-dioxanc {15 ml), copper indide {183 mg,
00526 munod), frans-1.2-dianuno oyclohexane (19 myg, 0.1666 mumol} and potassium
vhesphate (36 mg. LOSR mumol) to afford the crade product. Purtfication by ondumn

&

120
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chromatography on sihea gel (3% MeOH i CHUL) alforded 57 mg of the practant
{32.94% vield)

TENMR (CDCE, 300 MH2: 8 .52 (s 1H), 8.4 G, THD, 7.94 (m, 2H), 7.62 (s,
THD, 7.4 (d, THY, 726272 () THYL 4.2-3.8 (o, THD). 2.4 (5, 31D

LOMS purity: 96.62%, mve = 3081 (M+1)

HPLC: 97 44%

L

Example 115

Preparation of I-01-Meihnd- 1 Hesdpd-3-vii-3-fdemetfadopyvridin:3-vii-buidazolidin-2-one

10 wiflworcacetic goid £1154):

- g . / 4
\f/ 'g*’ N “‘\\,.f-f&”‘m/ CFRCO.H
CH 3 T

{115A)
Using the same reaction conditions s in Example 14, 1-(d-methyl-pyridin-3-yl}
inidazolidin-2-one (1-14b: 150 myg, 0.00084 mol) was reacted with 3-bromo-1-methyl-
15 TH-indole (174 mg, 0.00084 mol), 1, 4-dioxane (20 mL), copper iodide (15 myg, 0.000084
mol}, frans-1 2-diamino cyclohexane (28 mg, (.00025 mol) and potassiom phosphate
{356 myg, 0.00168 mol) to afford the crade product. Parification by column
chromatography on silica gel (2-3% MeOH w CHCL), followed by preparative HPLC
afforded 23 yg of the product (9% vield).
THONMR (050D, 300 MHx: 8 8.9-8.8 (brs, 1H), 8.6-8.5 (brs, 1H), 7.9-7.82
Oy THY, 7,65 (d, THY, 7.44-7.3 (o, TH, 722 (0 THDL 708 (4 THD, 4.2-4.08 (m, 4H), 3.8
{z, 3HY, 2.62 {5, 3H)
LOMS purity: 97.54%, iz = 307.0 (M+1)
HPLC: 97.65%

2
=,
joso]

Example 116

Preparcdion of 1-1-Metbols 1 H-bergoimidazot5-vii-3-{d-methvl-pyeidin-3-vii~

iz alidin: 2-one wifluoroacetic acid {11640
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CP00:H
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N

CHy *\f "N
{HI6A)
Lising the same reaction conditions as in Example 14, -emethylpyridin- 31

5 iH-benzoimidarele (214 me, 1016 suvol), |, d-dioxane (23 miy, copper iodide (14 mg,
0.071 nanol), frapss-1 2-dlamine cvelohexane (24 mg, 0.213 mmol) and potassium
phosphate €375 mg, 1.77 smel) to afford the orade product, Parification by column
chromatography on silica gel (2% MeO in CHOL)L ollowed by preparative HPLC
attorded 23 myg of the product (9.6% viekd).

HENMR (CDCH, 300 MHz): 8 8.9-8.8 (i, 2H), 8.32-8.35 (m, 2H), 7.82 (s, Hi),
7.61 O, 2T, 425412 (m, 2H), 435 {8, 5H), 2.5 (3, 3HD

LUMS purity: 89.78%, miz = 308.1 {M+1}

HPLC: 86.36%

-
-
et

LAY

,li’xample 117

Preparation of 3~ 3-04-Merhnel-pvridin-3- Jeaxa-intidazolidive- i1 2 dilvdra-

fenkizol-3-one (11745

(117A)

20 Step { Prepuration of Intenmodiare 2-Flyoro-3-f3~fd-merfvl-pyvricin-3-vii-2-oxa-

imidazolidin-{ vl -benzoic void metind ester (111 7ai:

Using the same reaction conditions as in Example 14, -{(dmethyl-pyridin- 3oyl
imidazelidin-2-one (1-14b: 315 me. 1.78 mmol) was reacted with 3-bromo-2-fluor-

benzoie gcid mothyl ester (300 mg, 214 mvvol), 1, 4-dioxane (38 mbL), copper fodide {34

25 0 g, GU7R smol), drasee- 1 2-dianino evelohexane (0.08 mb 00534 mmol) and potassium
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phospivate (933 wg, 4.45 mmol} lo afford 20 mg of 2-Fhoro-85- 3-(d-methyl-pyridin-3-
yiF2-oxe-smwidazolidin. t-yl-benzeic actd methy! ester (88 8% yiekd).

HONMER (CDRCH, 300 MMz 8 8.35-8.4 (m, 2H), & 1-7.82 {my, 2H)L 7.3-7.0 (m,
2HL 4139 (m, THY, 235 (3, 3

L4

Fingd Step:_Preparation of 3-f3-(4-Methvl-pyridin-3-vii-2-oxe-imidazofidin- I 3§ 2-

dibvdro-indazol-3-one (11740

2-Fluore-3-{3-(4-methyl-pyridin-3-yi}-2-oxo-imidazolidin- Iy benzoic acid

~t
{

wmothyl ester (111720 S10 my, 1.55 mmol} and hydmzine hydrate were taken in a

10 reacton flusk and the flask was heated o 120°0C for 18 hours with stirring, The reaction
was monttored by T (10% MeOH 1o CHCL). The reaction mixture was partitioned
between jce water and ethylacetate. The aquenas Jayer was concentrated to afford the
solid residoe which was dissodved 11 DOM: MeOH and filtered. The filrate was
concentrated and purified by coluran chromatography on silica gel (10-15% MeOH in

15 CHOE). The residae was washed with DOM and dried to afford 180 mg of the product
{37.6% vieldy

HENMR (DMSO-Dg, 300 MHz): 8 112 (s, 1HY, 8.55 (s, 1H), 8.46 (d, 1H), 7.86
{d, 1H}, 7.6 {s, 1H), 7.39-7 28 (m, 2H), 4.1-3.89 (m, 41, 2.3 (s, 31D

LOMS purity: 86.23%, m/r = 3101 {M+1)
21 HPLC: 93.9%
Exampie 118

Preparation of 1-03-dmino- 1 H-indazol-S-v-3-id-methnd-pyridin- 3 vli-imidazolidin-2~

ene (1184

N
L

(118A)
Hydrazine hydrate (5 mbL) was added to solution of 2-fluore-3-{3-{4-methyl-
pyridin-3-¢1)-2-oxo-imidazolidin- fyi-benvoniteide (103A: 265 mg} i 2~

methoxymethanal (5 mb). The resulting mixture was heated to 170°C and maintained for



WO 2010/149755 PCT/EP2010/059029

263 hours, The reaction was monitored by TLC {20% MeOH in CHCH ) The reaction
mixture was partitioned between fee water and DUM. The organic Jayver was dried over
Wa; 80y and concentrated, Purification by column chromatography on silica gel (30%

Deed

MeQH in CHCL) afforded 125 mg of the product (453 3% yieid_}.

3 YHNMR (DMSO-Dg, 300 MHzy: 4 11.28 (s, 13, 838 1), 8.4-8.32 {d, 1),
7782762 (m, 3D, 7.4-7.2 {m, I, 5.5-5.2 (br s, 2H), 401238 G, 41D, 233 (5, 3H
LOMS purity: 97.92%, mfz = 308.8 {(M+1)
HPLC: 94.4%
i Example 119
Preparation of [-fmidazel { 2-adpridin: 3 b3-td-methodpnridin: d-vl-imidazolidin- 2-
s N
\L\ ’(LF}} \ftj’f}\ N: >\
CHy ™
(1194
I3 Using the same reaction conditions as in Example 14, I-{d-methybpyndin-3-yh-

trmdazolidin-2-one (I-14h: 250 mg, 14108 mmol} was reacted with 3-iodo-tmidazof {2~
alpyridine (344 mg, 14108 mmel), 1, d-dioxane (1) mL), copper iodide (34 mg), trans-
1, 2-diamine cyclobexane (68 wg) and potassiun phosphate (898 mg, 42325 mmol} to
afford the crude product, Parification by cohumn chromatography on siltca gel (10%
200 MeOH i CHCL) afforded 82 mp of the product (19.81% vield).
T NMR {IMSO-D., 300 MH2): 0 8.62 (5, 1H), 8.42-8.3 (m, 2H), 7.66-7.58 (m,
ZHY, T AT 20 (m, 2H), 702 (1 TH), 4.05 (50 4H), 238 (5. 3HD)
LOMS purity: G8.51%, mvz = 2041 {(M+1)
HPLC: 9042

.Hx(mzpla 120

Preparafion of I-(3-Adethvi-peridin-3 Jethienoi3 2clpvridine 2nvi-banidazolidin:2-one

___ EALETA
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-

{(120A)
% PA-C (10 mg) was added o a solution of 1-(d-chloro-thieno]3,2-¢ipyridin-2-
yU-3-{d-methyi-pyrisin-3-yD-imidazolidin-2-one {984A: 80 myp, 0.232 mmol) in methanol

S {10 mbL) under nitrogen atmosphere. The resulting mixture was hydrogenated at 30 PSI

{2.04 atm) for 12 hours at room temiperature. The reaction was monitored by TLC (10%
MeOH in CHCHL). The reaction mixtare was filtered through celite bed, washed with
methanol and the filtrate was concentrnted ander reduced pressure to afford the crude
product. Parification hy preparative TLC afforded 10 mig ot the product {14% vield).

i THNMR (CDS0D, 300 MH2): 8 8.85-8.75 (brs, TH), $.45 (s, 1H), 8.3 (d, 1H),
E2-8.0 {my, THYL 7.9¢d, 1H 735 (d, 1HD, 6.8 (3, THD, 425415 {m, 2H) 4.1-4.0 {m,
2HYL 2.3 (5, 31D

LOMS purity: 97.15%, wvz = 3110 (MDD
HPLC: 93.24%

[

xample 121

Preparation of 1§ 1 H-Indazol-6-vi)-3-{d-methvi-pyridin- 3 -vi-imidosolidin-2-one {1214

| N

r
L=
Tz

{121A)

20y Sten i FPreporation of Infermediate 2-Fluoro-d-[ 3-td-metind-pyridia-3-vii-2-axo-

imidazolidin: i vifbenzaldehvde (-1 21ai:

Lising the same reaction conditions as in Example {4, I-{d-methyl-pyridin- 3wy
imidarolidin-2-one {J~14h: 300 myg, 1.694 mmol} was reacted with &~bromo-2~Nooro-

benzaldehyde (403 wmg, 2118 mmod), 1, d-diexane (25 mb ) copper wdide (32186 myg,

oo
“F

41694 pnol) rrae-1 2-diamine eyclohexane (72,10 mg, 8.5082 mmol) and potassiam



Ly
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phosphate {1077 g, 5.082 nunel) to afford the crude prodact. Purification by colums
chrowatography on sifics gel {(1.5% MeOH in CHCL) afforded 300 mg of 2-Fluoro-4-{3-
{(d-methyl-pyadin-3-yI3-2-oxo-timidazolidin- Ly }-benzaldehyde {39.03% vield).

THONMR (CDCE, 300 MHz): 8 10.25 (s, TH), 8.7-8.4 (. 211), 7.9 44, Ui}., 7.7 4d,
T, 74272 (m, 3H), 4.2-3.9 (m, 4H), 235 (5, 3H)

Step 2o Preparation of Duermediote 2-Fluoro-d4-f 3-td-methvl-pyridin- 3 -vli-2-oxo-

imigezolidin- I -vli-benzaldebvde Oamethvi-oxime ¢1215):

C-Methybhydroxylamine (84 mg, 1003 namol) and K,CO5 (207 mg, 1.5 mmol)

were added to a solution of 2-fluoro-d-{3-{4-methyl-pyridin-3-v1-2-oxo-imidazolidin- 1 -
yi-benzaldebyde (12120 300 myg, 1.003 mmol) in dimethoxyethane (10ml). The

resulting mixture was heated to 40°C for 2 howrs. The reaction was monitored by TLC
(5% MeOH in CHCL). The reaction mixture was filtered, washed with CHCH and the
filtrate was concentrated nnder reduced pressure 1o afford 30 mg of crade 2-Fluoro-4+{ 3+
(4-methyl-pyridin-3-y)-2-oxo-imidazolidin- | -yl}-benzaldehyde O-methyvi-oxime, which
was used in the next siep without further purification.

'HNMR (‘CI')C'.':E_;? 300 MHz): 0 8.5 {5, 2H), 825 (5. TH), 7.8 (1, 1H) 7.6-7.5 {m,
THY 7.3-7.2 (my, 3HY, 4.1-3.9 (m, TH), 235 (s, 3HD

Finad E&y;z: Preparation of 101 H-Indazol-0-vli-3-td-methvlpyridin. 3y h-inidazolidin-

}-?iydrazine bvdrate (5 mL) was added to solution of 2-flooro-4-{3-(4-methyl-
pyridin-3-yD-2-oxe-imidazohdin- T-yvl]-benzaldebyde O-methyd-oxime (1-121h: 3530 mg,
{.917 mmol) in 2-methoxymethano! (10 ml). The resalting misture was heated 1o 200°C
and mawtained for 2 dayvs. The reaction was wonttored by TLC (5% MeOH in CHCL L
The reaction mixtnre was cooled to room temperature and concentrated. The crade
product was purified by column chvomatography on silica gel (4% MeOH in CHCL),
washed with ether and dried to afford 103 mg of the product (39.17% vield).

THONMR (CD0D, 300 MHz)y: 8 848 (s, TH), 829 ¢d 1), 7.9 (s, 1), 7.7-7
{m, 20 TAST3 (m, 2HL 42-4.1 {m, 2HD, 4.0-3.9 {m, 2HD, 2232 (s, 3D

LOMS purity: 99 18%, m/z = 294 8 {M+1}

HPLC: 94.38%

ps)

126
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Example 123

Preparation of I-(3F-Inmidazo} 4 3-8 pvridin-6-yi-3-(d-seihi-pyridin-3-vii-

imidaralidin:2-one riflveroacetic godd £12240

v ; N COH
1 { { ‘
i i i
5 CHCf
(I22A

Step S Preparation of Intermediate (4-Methwl-pyridin: 3-vl-3- L - 2-rimetindlsilanyd-

ethoxvmethvii-IH-orazolol 3 4-blmnveidin-3-vl[-imidezolidin-2-one (- 122a);

Using the same reaction conditions as in Example 180 1-{d-methylpyadin-3-v1)-

-

-~

10 mudasolidin-2-one (=14 8108 g, 2.0006 mol) was reacted with 3-bromo-1-(2-
trimethyisilanyl-cthoxymethyb- tH-pyracolof3,4-bipyridine (1. 2g, 0.0006mol), 1, 4-
dioxane {20 ml.), copper iodide (6.011 g, 0.00006 mol), rans-1,3-diamino evelohexane
{0.020 g, 0.00018 mol) and potassium phosphate (0.254 g, 0.00H2 mol) o afford the
crude product, Purification by column chromatography on stlea gel (13% MeOH in

15 CHCERY afforded 172 mg of (@ -Methyvbpyridin-3-y13-3-01-2-rimethyisiang |-

ethoxymethyvi-1H-pyrazolo] 3 4-bipyeidin-S-yvisimidaroiidin-2-one {677 1% vield).

Final Step: Preparation of 1-63H-Imidazol4 3-Blmridin6vii-3-¢d-meihyi-poridine-3-vii-

iniclazolidin-2-ene riflvoroaestic acld (1234

20 Dioxane HCHS wl) was added o {-{d-methylpyridin-3-31 3312~

rimethyvisifanyl-cthoxvmaethy b Hspyrazolof 3. 4-bipyadin- S-yH-imidazelidin- 2-one {1+

i3

72 gy at 0°C, The resulting mixture was surred at room temperature for 2 hours,
The reachon was montiored by TEC (1% MeORH 1n CHOL). Puritficauen by preparative
HPLC afforded 38 mog of the product (32% vield),

HONMRCDOD, 300 Mzn 8 8.6 (s, THY, 8.45 (5. 1y, 8382 (m, 3H), 7.38
(d, TR, 4.2-407 G, 2H ) 4039 (o, 2HYN 252 (s, 3H)

LOMS purity: 99 19% miz = 2950 (M+1)

3
¥ 5

PPLC: 95.78%,

m
5
by
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Example 123

Prepuration of -0 3-dming- ] Hvndagol-0-380-3-{ d-meihyvi-pyridin-3 vl -imidazolidin-2 -

e {f

"

imideolidin-l-vli-benzonirile {1-123a):

Using the same reaction conditions as in Bxample 14, I{d-methylpyridin-3-yvh-
10 widazohdin-2-one (1-14b: 300 mg, 1.693 nunol) was reacted with $-bromo-2-luoro-
benzonitrile (372 myp, L8606 mmol), 1, 4-dioxane (SO ml.), copper jodide (32.2 mg, 1.046
mmol), frans-1,2-damino cyclobexane (61 mil, 0.5079 nunol) and potassiam phosphate
{900 mg, 4.23 mmol} to afford the crude product. Purification by colunm

chromategraphy on silica gel (2% MeOH in CHCly) afforded 163 mg of 2-Fluoro~4-{3-

L4

{d-methyvl-pyricin-3-v)-2-oxo-imidazolidin- ~yl{-benzonitrile {32.5% vield).

LOMS purity: 97.23%, miz = 2070 (M+1)

Final Step: Preparation of 1-03-Amino-d H-indagol-0-vl-3-(dsmetind-pyridin-3-vli-

imidazofidin-2-one 1334}

20 Hydrazine hydrate (3 mL) was added to solution of 2-fluoro-4-{3-(4-mathyl-
methoxymethanol (10 mb). The resalting mixiure was heated 1o F70°C and maintained
for 22 bours. The reaction was montiored by TLC (10% MeOH in CHCH). The reaction
mixiure was partiioned between ice water and ethylacetate. The organie layer was
washed with brine sofation, dried over Naax SOy and concentrated, Purification by
preparative HPLC afforded 38 myg of the product (17.6% vield),

THNMR (DMSO~de, 300 MHZ): 8 112 (s, TH), 8.34 {5, 1H), 838 (d, 1), 7.2
(d, B, 74 (s, DL, 7300, TH, 7.24 (d, THDL 5.3 (5, 3HDL 4153085 {my, 4H), 228 (s,
3th
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LOMS purity: 97.44%, ny'z = 3089 (M 1Y
HPLA: 93.39%

Example 134
3 Ereparation of I-Benzothiazol-0-vi-3-td-methoxyv-puridin-3-vii-inddozalidin-2-ane

e gL

3

O

i"Z)

§ 1)’ \mj

(124A)

H

{-Benzothiazol-6-vi-3-(4-chioro-pyridin-3-yl-mmidazolidin-2-one (84A: S0 my,
F0 01513 munoly was added dropawise ti a solution of sedium methoxtde (0,122 g, 2259
nunol} in {4 -dioxane {13 mb) over a peried of § minutes. The resuliing mixture was
refluxed for 10 hours. The reacton was monttored by TLC (1086 MeOH in CHOL). The
reaction mixture was partitioned between ice water and ethyvlacetate. The organic fayer
was dried over Na;SO, and concentrated. Purification by preparative HPLC afforded 16
13 mg ofthe product (31.66% yield).
THNMR (CDC, 300 MHz2): 8 8.9 (5, 1TH), 8.58 (s, TH), 846 (1, 1H), 8.39 (s,
PREY, 801 (. 1D 7.7 (dd, THD, 692 ¢d, THD, 4.18-4.09 (m, 2H), 4.0-3.9 (m, 3H)
LOMS purity: 99.16%, mdz = 3269 {(M+
HPLC: 91 89%;

20
Example 125
Preparation af I-Renzothiasols Oyl d-diffuorometivi-muridin-3~vli-ipddazolidin-2-one
figés‘gw
@ o LA
7o
N >‘ \ \E\\ T
N ;‘
Nt ,, \F
23 125A)

129
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Using the same reaction conditions ay in Bxamnple 14, bensotiiavol-6-v1-
tsidazoidin-2-one (-84b: 78 my, (L3173 mmol s was reactod with 3-bronwe-4-

difteoromethyb-pyridine {80 mg, 0.2884 mn‘a(tsi}, I, d-dioxane {5 mi.). copper indide (7.5
mg}, frans-1 2-diamino cyclohexane (15 mg) and potassium phosphate {122 mg, (137068
mmol) o atford the crude product. Purification by column chromatography on silica e
(2% MeOH in CHCH), followed by preparative HPLC afforded 2 mg of the product (2%
vieldy

HNMR (CDCY, 300 M2y 8 8.92 (s, TH), 8.68 (s, 211, 8.36-8.32 ¢, 1), 856+
SAZ{d, 1M, 772788 {my, 2H) 7.24-0.8 (1, THD, 4.34-0.04 (o, 41

FOMS punty: 95.49%, mév = 347 (M1

HPLC: 93.00%

Example 126

Preparation of {-Benzothicazol-0-vl-3-(d-fvdroxvmetind-pyridin-3-vli-imidazolidin-2~one

L L)
S NN
<\N J/V? - OH

(126A)

Step 1 Prepardaion of aermediate 3-03-Bensatfiazol-6-vi-2-axo-inddazelidin- ] -vii-

mveldine-d-carbaldebnde (-1 26c0

Ulsing the same reaction conditions as in Example 4, -benzothiazol-6-yl-
intdazohdin 2 one ([-84h S88.7 mg. 2.688 mmol) was reacted with 3-browo-pyridine-4-
carbaldehyvde (500 my, 2,688 mmol), 1, d-dioxane (10 wll), copper indide (31.2 my,
{12088 mmol), rans-1,2-diaming cyclobexane (92,33 mp. 0.8064 punol) and potassinm
phosphate {1.711 g, 8.064 mmol) to atlord the crude product. Purification by colan
chromatography on sifica gel (2% MeOH in CHClLs) afforded 250 mg of 3-03-
Benzothiavzol-0-vi-2-oxo-imidarolidine Ly D-pyridine-4-carbaldehyde {38 9% vield)

TENMR (DMSOD, 300 M iz}: 3904 (5, L 93 G0 THL 885 (s, TH). 884 (d,
PR B2 (il MDY, SH2-R.08 (d, TR, 7.7 (ddl TH), 766 (d, 1D 45324 16 tm 41
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2

Eined Step: Preparation of I-Benzothiozol-fi-vl-3-{d-mdroxyamibvl-pvridin-3-vik-

inttcdzolidin-2-one (136443

NaB, (82 myg, 2.1604 mmol} was added {0 a solution of 3-{3-henvothiazni-6-vi-
5 Z-oxe-imidazolidin-1-yl-pyridine-d-carbaldehyde {1-120a; 140 mg, 14320 mmol} in
MeOH (15 mby and DOM {3 mL) at 0°C. The resulting mixture was stirred for 10
minutes. The reaction was monitored by TLC (109 MeOH in CHCL), The reaction
mixture was partitioned between water and DUM. The organic layer was washed with
water and dried under reduced pressure to afford 110 mg of the product (78.01% yvield}
10 THNMR (DMSO-Dy, 300 MHz): 8 9.3 s, TH). §.62 (5, 1H), 8.54 (d, 1), 8.32 (5,
HH, 8152795 (m, 2HD, 7o (d, TH), S48 {1, TH), 4.6 (d, 2H), 4.2-3.98 (m, 4H)
LOMS purity: 88.87%, mifz = 3271 (M 1)
HPLC: 94.07%

15 Example

Preparation of {-Benzothiazol-0-v1-3-6methvi-pyridian-3-vl-imidazofidin-2-one (1274}

S N7 N
e
N e

(1274)

Using the same reaction conditions as in Example 14, 1-benzothiazol-6-yi-

20 inidarolidin-2-one (1-84b: 1530 g, 9.085 nameol) was reacted with S-bromuo-2-methyl-
pyadine (LS myg, 08322 mmol), L d-dioxane (1mll), copper todide {12.92 mg, 0.068
mmol), repn-1.2-damine evelohexane (23 mg, 0.205 mmoty and potassium phosphate
{438 mg, 2.055 mmol) 1o afford the crude product. Puritication by column

chromatography on silica gel (2% MeOH in CHCH) afforded 110 myg of the product

52
(¥4

(S1.8(% vield).
THNMR (DMSO-, 300 MHzy 8 9.3 (s, TH), 8.7 (s, TH) 8.3 (s, 1H), 8.1.7.9

{ry, 3HDY, 73972 Oy, THYL 4340 (m, 4H3, 2.5 (5, 3HD)
LOMS purity: 91.9%, mir = 31101 (M)
HPFLC: 92,1489
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Exaraple 128

Prepuraiion of {-Bexzothivsol-6-vi-3-od-riflyorometind-poridin-3-vi-imidasofidin: -one

\S'”‘rf ”'\\\;—-"N; NT RN
v f oo

14y

{128A)

Uising the same reaction conditions as in Example 14, -benzothiazol-0-yie

imidarohidin-2-one {({-84b: 150 mg, 0.684 mmol) was reacted with 3-brome-4-

trifhuoremethyl-pynidine (185375 mp. 0.822 mmoly, 1, d-dioxane {10 mi), copper todide

0 {1299 mg, 0.0684 mmol), rrans-1.2-dimine oyvelohexane (2337 g, 8.205 omol) and

pitassivm phosphate (435 mg, 2,052 nunod) 1o afford the crade product. Puritication by

coiumn chromatography on stlica gel (1% MeOH 1 CHCH), followed by preparative
HPLC afforded 7 mg of the product (12.04% vield).
HNMR (CDCE, 300 MH2: 8 892 (s, TH), 8.82-8.79 {m, 25, 838 (s, 1D, §.12
IS TEDL 7072762 (o, 2HD, 408 {1 2H), 3.96 1, 2H)
LOMS purity: 85.069%, miy = 3651 (M+1)

HPLC: 92.93%

Exgmple 129

I-Benzothiacol-0-vl- oxo-imidazolichn- F-vi-Isonicodimantrile £ 294

2y Prepargtion of 3

"\
<S NN fN& Kl
\;\!““jf\\:f’ﬁj
{(129)

Using the same reaction conditions ax i Example 14, -hbenzothiazod-O-vi-

midazolichn-Zeone (1840 120 mg, 05472 punol) was reacted with 3-hromn-
25 isomeotinomtrite (100 mg, 0.53472 mmoly 1 ddioxane (1 mb) copper todide (12 mp)
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frors-1 . 2~daming cyciohoxane 124 mg) and potassium phosphute (349 my, 1LO4I8
mmol) to afford the erade product. Purtfication by column chromatography on siliva gel
(2% MeOFH i CHOCE) afforded 47 mp of the product {26.70% yield).

TENMR (DMSO-1,, 300 MHz): 8 9.3 (5, 1H), 8.98 (5, 1H), 8.63 {d, 1HL 8.35 {5,
PHY, 8.12-7.9 {m, SH), 4.9-401 {my, 44

LOMS purity: 93.40%:, miz = 322 (M+1)

HIPLC: 98.74%

Example 130

Prenowation of {-14-Methvl-pyveidio-3-vii-3~mapiuhedon-2-vi-tetrahyvdro-porimidin: 2-one

(130A)

;

Nep 1 Preparation of ltermedicie -03-chloro-propyil-3-id-meiindpvridive-3-vli<urea

(-130a):

{-Chloro-3-isocyanato-propane (1.0 g, 1387 mmnl) was added dropwise to a
stirred solation of domethyb-pyridin-3-slamine (1 g, ¥.25 wmol) in toluene (15 mi) at
{°C, The reaction mixtare was stirred at room temperature for 18 hoars, The reaction was
memitored by TLO (10% ethylacetate). The reaction mixture was filtered, washed with
toluene and drivd under redaced pressure o afford 2.12 g (99.5% vield) of 1-(G-chloro-
propyh-3-{(d-mcthyl-pyridin-3-yvii-area.

LAOMS: 94.28%. myies 22810 M+ 13

Sten 2: Preparation of termediaie J-od-methvi-pyridin-3-vi-retsghydee-pyrimidin- 2-

42w, 925 mmoby in
dry DMF (13 mb.) was added o a stirred mixture of sodium bydeide (330 mg, 13.87
mmel) in THF (30 mly at 070, The reaction was stirred at room temperature {or 1 hour

The reachion was monitored by TLC (100% athylacetate). The reaction mixtire was
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guenched with MeQH at 090 concontrated onder redoced pressure and partitioned
batween ice water and chiorolorm. The organic fayer was washed with brine solution,
dried over NapySO, and concentrated onder redaced pressure to afford 17 g {96.5% yield)
of 1-{(d-methyl-pyridin- 3l tetrabydro-pyrimidin-2-one.

S HONMR {CDCH, 3000MH2Y § 844830 (m, 2H), 719 (d, 1), S 150 (br s, T

3F2-3.64 {myy THYL 3.52-3.4 Oy 3HY 229 {9 38D, 222200 (m, 2D

Fingd Step: Preparation of {-0d-Meiiyl-pyridin-3-vi-3-papfthalerns2-vistetrafndro-

pveimidin-2-one {(1304);

18 Using the same reaction conditions as in Example 14, 1{d-methyl-pyridin-3-¢i}-
naphthalene (195 mg, 0.942 sunod). 1 d-dioxane (20 ml.), copper indide (153my, (.078
mmod), frass-1.2-diamimoe eyelobesane (0.03 mb, 0.235 mmob and potasstum phosphate
(413 mg, 1.96 mmoh (o afford the crude product. Purification by colummn

15 chromatography on siliva gel (1% MeOH in CHUTy), followed by recrvsiallization asing
UM and hexane atforded 05 mwg of the product {26.2% vield).

HENMR (CDCl, 300 MHz): 8 8.5 (s, TH) B39 (A, 1H), 7.85-7.7 (m, 411), 7.6-7.4
(m, 3HY 748 {d, THD, 401238 Gm, 3HD, 3069-3.58 (m, THYL 2.4-2.3 {m, SHY
LOMS purity: 99.72%, miz = 3181 (M+H]D)

20 HPLC: 98.65%

Example 131

Prepavation af f-me-{olvl3-id-wiffuoremethvl-poridin- 3 -imidazolidin-2-one 113141

28 {131A}

Step 1. Preparation of buermedate - 2-chlora-ettcli-3m-tolviarea (113 1q):

[-Chloro-Zetsocyvanato-othane (2.36 g, 0.02239 nunol) was added dropwise to a
stirred selutiom of m-tolylamine (2 g, 0.81866 mumol) in toduene (30 mbY over a period of

30 mires at 070 The reuction mixture was stirred 8t roomy temperature for 12 howrs,

{34
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The reaction was monitored by TLC €39 MeOH In DBUNMY The reaction mixiure was
tiltered, washed with toluene and dried ander redoced pressure o afford 3.8 g {97%
yicld) of 1-{2-chloro~ethy - 3-m-tolviurea,

HONMR {DMSO-D, 300MEz) 8 8,56 (s, 1), 7.23 (s, 1H), 7.2-7.05 (m, 24,

672 (d, 1H1 6,36 (4 11D, 3.7-3.6 (m. 210, 3.48-3.38 (. 2, 223 45, 3HD

)

Step 2. Preparation of Intennedicte f-m-toldl-imidazolicha-2-one (1-131h}:

1= 2-Chloro-ethyl-3-m-todviurea (1513120 4 g, 1886 mmeol) in dey DME {70 mi
was added to a stirred mixture of sodiom hydride (1358 ¢ 2830 mumoly in THE (70 mi)

10 at 0°C. The reaction was stiveed at room temperature for 1 hour, The reaction was
mwosiored by TLO (100% cthvlacetate). The reaction nixture was quenched with MetH

at 0°C, concentrated under reduced pressure and partitioned hetween iee water and

vilorotorm. The orgaric layer was washed with brine solution, dried over Na; SOy, and

concentrated under reduced pressore to afford 2.7 g (81.34% vield) of T-m-tolyl-
15 imidavolidin-2-one.
THONMR (DMSO-Dy, 300MH2Z): 8 7.4-7.3 (m, 2H), 718 (1, 1H), 6.95-6.89 {br .
HD, 6.8 {d, 1H), 3.85-3.78 (m. 2H), 3.44-336 Gn, 2H), 2.26 (5. 3HD)
LOMS purity: 96.44%, mir= 177.2 (M+1)

20 Final Step: Preparation of Hm-dolvl-3-(dseiifuorosednl-poridin: 3 vii-imidazofidin-2-

Using the same reaction conditions as m Example 14, Lm-tohvbumidazohidin2-

one (1-131h: 130 mg, 0.8322 mmol) was reacted with 3-broano-4-iriffuoromethyi-

pyridine (160 mg, 0.8322 mmol), 1, d-dioxane (5 miy, eopper iodide (1623 g, 0.08322

25 mmoly, gaas-1 2-diamine cyclobexane (29,27 myg, 0.3

¥

2 mmoly and potassiun
phosphate (342,56 wmg. 2.550 mmoh) fo afford the crude product. Purification by
preparative HPLO atforded 94 mg of the product (34.43% yiekd),

HNMR (CDO1, 300 Mitzy: & §.82-8.75 (hrs. TH) 7.6 4d, 1H)L 7.46 (s, 11,

30 LOMS pority: 97.94%, wiz = 3207 (M)

HPLC: 97.47%
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Example 132

FPrevararion of 1-02-Methyl-2H-iadazol-5-vl-3-fd-metivi-poricdive 3-vii-imidazofidin- 2~

gae {13240

L5y
P

(1324)

Using the same reaction conditions as in Example H4, [-{d-methyl-pyridin-3-y{j-
IH-indarole (120 mg, 0.5741 nunol), 1, d-dioxave (15 wl), copper lodide (10 myg, 0086
o mmob), rrans-1,2-diamino eyclobexane {19 mg, 0,166 minol) and potassivm phosphate
{360 mg, 1.698 mmeoel) to atford the crude product. Purtfication by preparative HPLC
afforded 3.6 my of the product (6.228% yield).
YHNMR (CH01, 300 MHz): 8 8.3-8.46 (brs, 1D, 8.43-8.32 (m, 1H), 8.15 (5,
THY, 7.82-7.54 (m, 3H), 7.4 {d, 1H), 4341 {m, 5H), 4.05-3.92 {m, 2H), 2.4 (5, 31D
i3 LOMS purity: 90.38%, nv'z = 308.1 (M+1)
HPLL: 96.18%

Example 133

Preparation of 1-(4-Methvi-poridin-3-vli-3-naphthaden- I vl-imidazolidin-2-one 1§ 334):

O = [

- 3

N N l
b

Ty

20
{(133A)
Using the same reaction conditions as i Example 14, {$d-methyl-pyridin- 3.yl
imidarolidin-2-one (=14 130 mg, 0.8465 mmol) was reacted with L-bromo-naphthalene

{118 ml., 0.8463 mmady, 1, $-dioxane {10 mL), copper wdide (18 mg), rrans-1.2-diamino

(¥4

evelohexane 3omg) and potassium phosphate (33%mg, 2.5385mmol) to afford the crude
product. Purification by column chromatography on silica gel (2% MeQOH in DOM)

TEQ

afforded 162 mg of the product (63 .28% yield)

136
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THONMR {DMSO-D;, 300 MMz 8 8.76-5.28 (m, 24, 8.2-7.8 {m, 3H), 7.76-7.24
{my, SHY, 4.2-3.92 (hr s, 4H), 233 (5, 3HD

LOMS pority: 98.99%%, mar == 3039 (M1}

HPLC: 98.34%

Example 134
Preparation of 1-01-Metind-1 H-indol-3-vi)}-3-{d-methvi-pyridin-3~vii-imidazolidin-2-one

34N

l‘HE‘
PR PSSV,
N

(134A)

Using the same reaction conditions as in Example 14, -(d-methyl-pyridin-3-vi)-
imidazolidin-2-one {({~ 4l 150 mg, 0.847 mmol} was reacted with S-bromo-tamethyl-
TH-indole {215 mi., L.OI6 mmal), 1, $-dioxane {20 ml.), copper fodide (15 mg, 0.084
mmal), frans-1.2-diamine cyclohexane (0.03 mi., 0.254 mmol) and potassium carbonate
(230 mg, 1.6% mmol) to afford the crude product. Purification by column
chromatography on silica gel (2% MeOH in CHCL). followed by recrystallization asing
DOM and hexane atforded 55 mg of the prodact (27% vield).

THNMR (CDC, 300 MHz: 8 8.53 (5, TH), 838 (d, 1H), 7.7-7.55 {m, 214, 74~
FAS (o, 2H), 74-7.00 (o, THD, 6.5-6.45 (br s, 1HD), 4.2-4.05 (my, 2H), 4.0-3.9 {m, 2H),
378 (s, 3H), 238 (5. 3H)

LOMS purity: 93.43%, miz = 3071 (Mt 1)

HPLC: 87.91%

Example 135

Preparation of 61 3-rd-Metkvl-pvridive3-v-2-axo-inddazolidin-{-vii- 1 2-dibvero-

.

tdesol-3-one (1354
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,»N\
B ,{j e
CH, M«J

{13340

Nrew I Preparation of Intermedivte 2-Ruorp~4-§ 3I-td-methvi-pvridine-3-vij-2-0x0-

imidazolidiveIvif-benzoic swid spretby! ester (1-133a0:

Using the same reaction conditions as in Example 15, 1-(4-methyi-pynidin-3-y1)-
imidazotidin-2-one (1-14b: 295 mg, 1.65 mmol} was reacted with 4-bromo-2-flucro-
benroie acid mothyl ester (330 mg, 1.5 mmoi), 1, d-dioxane (23ml ), copper lodide (32
my, 0,163 mmel), frows-1 2-diamino cyclohexane (70 my, 0.495 mmel) and potassiam
phosphate (873 mg. 4.12 mmwol). The resulting muixture was refluxed for 18 heours. The
regetion workup attorded 350 mg of 2-fluoro~4-{3-(d-methyl-pyridin-3-y1}-2-0x0-
imidazolidin- 1 -yl]-benzoic acid methy! ester (68.7% yield).

'HONMR {CDCL, 300 MEz: § 8.78-8.26 (m, 2H), 8.1-7.82 (m, 1H), 7.55 (d, 1H),
748712 {m, 2H), 4.3-3.8 (im, TH), 2.32 {3, 3H)

LOMS purity: 97.47%, nvz = 3301 (M1

Final Step: Preparation of 6-f 3-(4-Methvl-pyridin-3-vli-2-oxo-imidazolidin: {-v{-1 2~

difnvdro-indazol-3-gne 113341

Hydrazine hydrate (10 mL) was added 1o 2-fluoro~d-[3-(4-methyl-pyridin-3-y])-2-
oxo-imidazolidine 1-vlj~beazoic acid methyl ester (1-135a: 350 mp, 1.06 mmol) and the
resulting mixture was heated to 120°C for 18 hours, The yeaction was monitored by TLE
{10% MeOH i CHCL). The reaction mixture was partitioned between ice water and
ethviacetate. The agueous layer was concentrated to afford the crude product. Purification
by column chromatography on sifica gel (10% MeQH in CHCL), followed by preparative
HPLC afforded 135mg of the product {41.2% vield).

YHONMR (DMSQ-Dg, 300 MHz2) 5 11.2-10.8 (\b_r 8, ?H}, 10.7-10.4 (br s, TH),
8.38-8.3 {m, 21D, 7.62-7.42 (m, 2H), 74722 (m, 2H), 4.2-3.82 {m, 48, 2.28 (s, 3H)

LOMS puut\. 99, 15%, m/z = 310.0 (M+}

HPLC: 97.14%
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Example 136

Preporation of I--Mcthelapnridin-3vli-3-thienef 3 2-clovridin-3-vi-imidazolidin-2~one

N

x{l

CH,

{(136A)

Step 10 Prepoaration of Tmermediagie 1-14-Chioro-thiesnf 3 2-clpyeidin- 3yl -3-6d-metind-

pyridin:3-yii-imidazolidin-Z-one (I-136a)

Using the same reaction conditions as in Example 14, -(d-methyl-pyridin-3-vh-

imidazohdin-2-one (1-14b: 321.4 mg, L8142 mmol) was reacted with 3-bromo-4-chlovo-
thieno]3.2~cfpyridine (300 mg, 1.9956 mumol), 1, 4-dioxane {50 mb.}, copper todide (34.4
mg, 01845 mmol), srans-1.2-diamine eyclobexane {62.3 myg, 0.5434 mmol) and
potassiam phosphate (96 1.3 mg. 4.528 mmeol) {o afford the crude product. Purification by
colanut chromatography on silica gel (2% MeOH in CHCL) afforded 220 mg of 1-{4-
Chloro-thieno{3 . 2-cipyridin-3-y1}-3-{d-methyl-pyridin-3-v-imidazolidin-2-one (35 2%
yicldy,

THONMR (CDC, 300 ME2): 8 8.55 (s, 1HD), B46-8.2 {dd, 2HY, 7.8-7.6 (m, 1H),

372 0m, 2H 4.2-4.0 (m, 4H), 2.4 (5, 3H)

Final Step: Preparation of 1-(3-Methyl-pyridin-3-vi-3-thicnof 3, 2-cimeidin-3 -yl

imidazolidin-2-one {13848

Activated Zinc (417 my, 6.380 mmol) was added to a stirred solution of 1-(4-

\‘53

chlore-thieno]3,2-¢Jpyridin-3-yD-3-{d-methyi-pyndin-3-yh-imidarolidin-2-one {1-136a:
220 mp. 0.6380 mnmi) in acetic acid (10 md.). The resulting mixture was stirred at voom
temperature for 2 davs, The reaction was monitored by TLC (10% MeOH 1n DOMY. The
reaction mixture was filtered and the filtrate was concentrated under reduced pressure.
Agueous NHy solution was added 1o the concentrate and extracted with DUM. The

orpanic fayer was dried over NaSQy and concentrated under reduced pressure to aftord
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the crade produet. Purtfication by colunm chromuatography on siliva gel (5% MeOH i
DOMY afforded 80 mg ofthe product (40.6% yield),
THNMR (DMSO-D,, 300 MHzy 8 9,18 (5, TH), 88-7.91 (m, 4H), 7.68 {5, 1H),
FARTO2 (my, TH), 4.24-392 (m, 4H), 2.3 (5, 3H)
3 LOMS purity: 98.96%,, miz = 3109 (M+1)
HPLC: 95.37%

Example: 137

Preparation of 1-(3-Chlaro-I-methvi-1 H-indoi-3-vU-3-04-meihvi-pyridin-3-vi)-

) A S
CHx St B
\',\\ -

{1374}

Sten I Preparation of buermedivte 3-Brome-S-chilorvo- f-metind- 1 H-indode (1-137):

KoCOh {1.39 g, HLOB mmol) was added to a stirred solution of 3-bromo-3-chiovo-
{s H-~indode {775 mg, 336 mmol} in DME {7.5 mbL) and the resuliimg ouxture was stivred
for 30 minutes. This was followed by the addition of methy! fodide (572.5 my, 4.03
mnod} at §-5°C and the stitving was continued for a further 2 houss at room lemperature.
The reaction was monitored by TLC {10% ethyviacetate in hexane). The reaction mixture
was partitioned between ice water and DUM. The organie laver was concentrated to
20 afford the crude product. Purification by column chromatography on silica gel (3%
ethylacetate i hexane) atfforded 330 mg of 3-Bromo-3-chlore-{-methyl-} H-indole (63%
yiekd).
THNMR (MSO-D;, 300 MHzy & 7.94-7.2 (m, 41, 3.8 (s, 3H)

¥

Find Step: Preparation of 1-£3-Chloro-i-methvl- 1 Heindol- 35034 methvl-pyridin: 3-

23 vii-imidazolidin-3-one 713740

Llsing the same resction conditions as in Example 15, 1-(d-methylbpyridin-3-yi)-
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{16.1 mg, 0.8463 wmol), frans~-1.2-diamine eyelobexane (30.6 mb, §.253 nunol) and
potassivrn phosphate (441 mg, 2.077 mmol). The resulting wikture was heated o reflux
for 10 bours. The reaction workup afforded 170 myg of 1-{5-Chiore-t-methyl- 1 H-indoi-3-
v (damethylpyridin-3-vi-imidarolidin-2-one (38.9% vield).

'HNMR {DMSO-1, 300 MEz) 5 5.68-8.18 {m, 2H), 7.7 {5, 1H), 7.6-7.08 (m,
4HY, 4.1-3.9 (br 5, 4H), 378 (5, 3H), 2.3 (5, 31D

LOMS puritv: 100%, m/7 = 3408 {(M+1)

HPLC: 96.1%

Example 138

Preparation of 1-tndap-5-vi-3-{4-methvl-pvridin-3vli-imidazolidin-2-one {1384):

{138A}

myg, LOLE3 mmad), 1, 4-dioxane {10 mbL), copper iodide (00161 g, 0.0842 mmol), trans-
1. 2-diamino cyvelohexane (0.028g. 0.245mmol} and potassium phosphate {338mg,
2.537mmel) e afford the crude product. Porification by column chromatography on
sifica gel (1% MeOH in CHCEH) afforded 45 mg of the p:‘oduc—t {20% yield},

HHNMR (CDCY, 300 MH: 3 R.8-8.2 (m, 2H), 7.7-7.0 {m, 4H), 4.15-3.8 (m,
4HY, 3.15-2.65 {m 4H), 2.34 (s, 3H), 2.2-1.8 (m, 2HD

LOMS purity: 85.44%, mfr= 2941 (M+1)

HPLC: 91 46%

Example 139

Preparation of I-Berzolbithiophon- Sl 3-fdmethvl-pyridin-300-1 38bedro-imidazoi-
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»\m

N 0 x’i
i
ALK
CHSM

{1394}
Using the same reaction conditions as i b \ampi 14, 1- { mu!h\l—pxr:dtm 3-vh)-

(¥ 43

benzolblthiophene (661.86 myg, 3.12 mmﬂi). tod-dioxane (30 ml), copper jodide (33 81
¢, 02825 sumol), rravs-1 2-diaroino eyclohexane (97.03 ¢, 0.8475 muael) and polassiom
phosphate (1.796g, 8475 mmeoed) o afford the crade product. Punitfication by column
chromatography on silica gel {1.2% MeOH tn CHCL), followed by preparative HPLC
afforded 40 mg of the produact (4.61% vield)
10 "HONMR (CO50D, 300 MHz): 8 7.47.7 (m, 2H), 7.02-6.65 {m, 2H), 6.54-6.1 (m,
dH3, 6.0-5.5 (my, 2H), 112 (5, 3H)

LOMS pum\ 83.27%, miz = 308.0 {M+1)

HPLC: 97.30%

is Example 140

Preparation of 2-Fluora-d4-{ 3-td-methvl-pyridin-3-vli-2-oxo-imidazolidin. v~

henzaeitrile (14041
Ney © (O 2N
e N’JL‘N » F
.

CH,
(140A}
20 The title compound was prepaved in a manner analogous to the procedures

described for Example (1-123a).
HNMR (OMSO-DG, 300 MH2): § 8.55 (s, TH)L 342 (d, 1H), 8.0-7.74 {m, 21D,
PRI {m, THYL 738 4d, THL 41839 (m, 4H), 2.29 (:\.‘} 3D
LOMS purity: 96.96%, miz = 2971 (M1
23 HPLL: 97 49%,
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Example I41

Preparation of {-{8H-Berzoiriazob Sl (d-metindovridin3-vlisimidasolidin-2-pne

hydrochloride {14243

W \P{S/ " N’ ST N
! e
CH,
{(141A)

Sep d: Prepararion of Imermediate I-(4-Methvi-pyridin-3-vli-3- [ It a-arimetiodsifanyi-

ethoxvmethnidi-1 H-beazoteiozel-3- - imidazolidin-2-ane (8141

Using the same reaction conditions as in Example 14, I-(d-methylpyridin3-yh-
nidazolidin-2-one (I-14db: 175 mg, 0.9873 mmeol} was reacted with S<bromso-1-(2-
trimethylsilanyl-cthoxymethvh-1 Hebenzotriazole (353 mg, 1.08634 mmol), 1, d-hioxane
(50 mla, copper todide (B0.76 myg, 0.09873 mmol), frans-1.2~diamino cyclohexane (33.9
mg. 0.2962 mmaol) and potassium phosphate (524 mg, 24689 mmol) to afford the crude
product. Parification by column chromatography on silica gel (2% MeOH in CHC)
afforded 350 mg of 1-(4-Methyl-pyridin-3-y)-3-] I-(2-trimethylsilanyl-ethoxymethyl)-

{H-benzotriazol-S-yl-imidazolidin-2-one (79% yield),

THNMR (CDCl, 300 MHz): 8 8.66-8.25 (m, 2H}, 8.227.6 (m, 2H), 7.2-7.4 (m,
2HY, 61558 (d, 2H), 4.35-3.9 (m. 4H), 3.7-3.4 (o, 2HY, 2.4 (s, 3H), 10507 {m, 2H,
0.2 --0.2 {m, 9N

Fiod Step: Preparation of I-(1H-Benzoteivzol-3-vi-3-0d-methni-pyridin-3-vij-

imidazolidin-2-ane bvdrochloride $14714);

Dioxane HCHOHO mD) was added to 1“(4-I’t’it’:i‘h}-"i*}‘Jf{?idi.ﬂ.~3«}"1}*3»-{ P2~
my, 78123 mmol) and the resulting mixture was stured room temperatore for 12 hours,
The reaction was montored by TLO {10% MeOH m DOCM). The reaction mixtare was
conventrated and washed with ether. The solid formed was collected and dried under

rechuced pressure to afford 230 myg of the product (89.4% vield),
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HONMR (DMSO-D,, 300 MHz): 5 9.02 (5, TH), 8.84-8.6 (m, TH), 82278 (m,
AHY 4340 {my 4H) 255 (s, 3H)
LOMS punity: 84.98%, miz = 2951 (M+ D)

HPLC 95.17%

Example 142

Preparation of {-Benzothiozol-0-vi-3-(4-metbol-pyridin- 3~ 1 3-dibvdro-imidazol-2-one

(44240

(142A)

Step 1 Preparation of lidersmediate {-BessotfiazolG-pl- 312, 3-dimethoxy-ethyli-urea £

{4 2ai:

TEA {185 mb., 1.3315 mmol) and triphosgene {138 mg, (14660 mmol} were
added to a solution of benzothitazo!-6-viamine (200 my, 1.3315 mmol) in THE 20 mL} at
G°C. The resulting mixture was stirved at roon temperature for 3 hours, This was
followed by the addition of 2.2-dimethoxy-ethylamine (173 ml, 1.5978 sumoh) in THF
gt TEA (185 ml., 1.3313 nunol) and the stivving was continued for a forther 18 husars at
room temperature. The reaction was mounitored by TLC (50% ethylacetate in hexane).
The reaction muxture was concentrated and the concentrate was partitioned between
ethylacetate and water, The organic tayer swas washed with water, brine sohation, dried
over NauSQy and concentrated, Purification by column chromatography on silica ged
{100% cthylacetate) afforded 300 mg of -Benzothiazol-6-v1-3-02 2-dimethoxy-ethyl)-
urvest (8021% yield).

Y ONMR (EIMSO-De, 300 MH2): 8 9.2 (s, 1), 8.85 (s, THL 8.3 (s, 111, 795 (d,
TH, T4 G, 1), 6.3 G, TR 4.6-4.2 {my, 11D, 342301 Cmy, BHD

LOMS purity: @8.37%, m/x = 282.0 (M+1}

Step 20 Preparation of ermediare I-Beazothiazplti-pl-d 3-difvdve-tmidaeel-2-one g6

142h)
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IN H280; (2 mb) was added o Hbenzothiazol-boyl-3-2 2-dimethoxy-ethyvurca
(1420 300 mg) and the resulling mixhure was stivved at °C for 38 minutes. The
reaction mixture was heated to S0°C for 2 hours. The reaction was moniteeed by TLC

{160% MeOH in CHCL) The reaction suixture was cooled to (°C and basificd with 10%

L6

KO zolution. The precipitate was collected, washed with water and dried under reduced
pressure o afford 170 mg of -Benrothiarol-6-vi-1 3-dihydro-imidazol-2-one (73.59%
yield).

HNMR (DMSO-De, 300 MHz): § 10.6-10.1 (br s, TH), .35 thr s, THY 545,
PHY, 8277 {my, 2HD, 7.0 (s, THD, 6.6 (5, THD
Ht LOMS purity: 93.78%, miz = 217.9 (M+1)
HPLC: 94.03%,

Final Sten: Preparation of 1-Bensothigzol-6-30-3-0d-meifnil-poridin:-3-vi- 1 J-dilnsdrao-

imidazol-Z-one (1424):

15 Using the same reaction conditions as ) BExample 14, {-benzothiarol-6-vi1 3~
dibivdvo-imidazol-2-one (11420 170 mg, 0.7834 mmol) was reacted with 3-todo-4-

2
1

methyvi-pyriding (172 mg, 0.7834 mmol), 1, 4-dioxane (10 mb), copper fodide {17 my),
frans-1.2-dlamine eyclobexane (34 myg) and pelassium phosphate (499 mg, 2.3502
mmeol) to atford the crude product, Puwrification by column chromatography on sifica pel
200 (2-3% MeOH in CHCH), followed by preparative HPLC afforded 16 mg of the product
{6.63% yield),
THNMR (DMEO-Dy, 300 MHz): 4 9.42 (s, TH), $.67-8.45 (d, 2H), 8.25-8.14 (d,
H), 805784 (my, THY, 7.55-7.32 (my, 280, TAR-7.05 ¢, THD, 234 (s, 3H)
LOMS purity: 97.90%, m/z = 308.9 (M+1)
HPLLC 97.01%

P2
wn

Example 143

Prevaration of I-(3-dmino-]-metind- ] H-indazol-6-vO-3-i dametbod-pvridin- 3-vi-

fnridazolidin-2-one (14343
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NH,

( ,=:<

§

Q

k

CH,

5

{143A)
Mathy! hydrazine (10 mL) was added to a stivred solution of 2-fluorn-4-[3-(4-

methyl-pyridin3-vh-2-oxo-imidazolidin- v -benzonitrile (1:123a7 240 my, 0.80998

L5y

mmel) i 2-methoxy ethanol (20 mi.) The resulting mixture was stirred st 170°C for {2
hours, The reaction was monitored by TLC (10% MeOH in CHCH). The reaction mixiure
was corled to room temperature and concenirated. Iee was added to the concentrate and
the precipitate formed was colleeted and dried under reduced pressure to afford 180 mg
of the product (69.2% yield},
Y TH NMR (DMSO-D, 300 MHz): § 8.8-8.1 (d, 2HY, 7.8-7.15 (m, 4H), $.35 (s,
2HY, 4.4-3.8 (m, 4HD, 3.6 (s, 3H), 235 (s, 3HD

LOMS purity: 99.42%, miz = 3231 (M1

HPLC: 95.08%

s Example 144

Freparation of -(LH-Tdel-0-v0-3-{4-methvi-pyridin-3vfi-imiduzofidin-2-one (1444}

| N
(3H1Lmj

H

{144A)

Step I Preparation of fmesmediate ~(4-Methvi-pyoridin-3-vi-3-[I~ttoluene-4-sulfornel)-

20 IH-indol-f-vil-imidacolidin: 2eone (3~ 144

Uising the same reaction conditions as in Example 14, -(d-methyl-pyridin-3-vij-
imidarolidin-Z-one (I-14b: 130 myg, (.00073 mol) was reacted with 6-bromoe- §-(toleene-
d-sulfonyi}-1H-indole {200 mg, 000073 mol}, 1, 4-dioxane (20 mL), copper fodide {
mg, $.000073 mol), soe-1 2-diamine cvelohoxane (26 my, 9.00021 mol) and potassium

25 phosphate (309 my, 0.00146 mol) to afford the erude product. Purification by cohuon

146
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chromwatography on silica gel (2% MeOH in CHCR) afforded 94 wg of 1-(d-Methyvi-
pyridin-3-yH-3-{ 1 -goluene-4-sulfonyl - { H-indol-o-yH-imidazobidin-2-one (30.12%
vigdd).

HNMR (CDCL, 300 MHZ): 8 8.7-8.3 (m, 2H), 816 (s, 1H), 79577 (m, 2H),
T68-74 (m, 2HY, 7367012 (my, 4H), 6.7-6.5 (5, THD, 4.3-3.8 ¢, 4, 2.4 (5, 3H), 2.3 (s,

3H)

L

LOMS purtty: 81.93%, myz = 447 1 (M+ 1)

Finad Step: Preparation of -1 H-tadol-6 i} 3-(4-methvl-pyridin-3-vli-inudazolidin-2-
10 pnedlddd)

10% WalOH solution \E 0 mL) was added to a solution of 1~{d-methyi- ;}yridi;b%
ethanol (10 ml). The rem.z'iii.ng mixture was heated to reflux at 80°C for | hour. The
reaction was moniored by TLO (10% MeOH 1 CHCL). The reaction mixture was

15 concentrated and partitioned between ethylacetate and water. The organice laver was
washed with water, brine solution, dried and concentrated. Purification by colamm
chromatography on silica gel (2% MeOH in DOM) afforded 29 myg of the product
{47.54% vyicld).

THNMR (CDOD, 300 MH2Z): § 8.7-8.2 {m, 2H), 7.9-7.0 (m, SH), 6.4 (s, 1),

20 4338 (m, 4Hy, 2.4 (3, 3H)

LOMS purity: 75.158%, miz = 293.0 (M+1)

HPLC: 85.90%

Exaraple 145

2]
1N

Preparation of 1-¢3-Chioro-imidazol § J-aloveidin: 7-vil- 3-(d-metbocd-poridin- 3wl

imidazolidia-2-ome ({434}

o
_—
{(145A)

o
L,
~d
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Lismg the same reaction conditions as 10 Example 14, -(d-methylpyridin-3-v1-

unidazohdin-2-one (I-14b: 163 mg, (1.932 mmol) was reacted with 7-bromo-3-chiore-

mudazol L 2-alpyridine (378 mg, 1210 munel), 1L 4-dioxane (6 wl.), copper todide (1771
mg, 1093 mmol), rass-1.2-diamine cyclobexane (32,01 mg, 0.279 mmol) and potassiom
phosphate (493 90 myg, 2.33 mmoed) to afford the crude product. Purification by coluomn
chromatography on sifica gel (2% MeOH u CHCR), followed by preparative HPLOC
afforded 20 myg of the product {6.37% yield).

THONMR {CDCL, 300 Mz 8 9.1-8.9 (m, 2H), 8.6-8.3 (m, 241, 8.0-7.6 (m, 3H),
4.4-4.1 (o, 4H), 2.6 €5, 31D

LOMS puritys 83 31%, miz = 32880 {v+1)

HPFLC: 89.12%;

Example 146

Preparation of 1-Methyi-3-[3-(i-mednd-pyridin-3-vii-3-oxo-imidazolidin- -] - H-

indole-d-carbomiirile (1464):

Step I Preparation of Imermediate I-fromo- [ H-indole-d-carboritrile (51464}

Bromine in DME (0,790 g, 4.973 amol) was added o g stivved solution of 1H-
indole-4-carbonitrile (700 mg, 49295 mmol) 1 DME (15 mL) at room teraperature. The
resubting mixture was sticved al room temperature for 2 hours. The reaction was
monstored by TLC (10% ethylacetate In bexane). The reaction mixture was poured into
1ce water containing (0.3% ammonia and 0.3% sodium metabisulphite. The precipitate
was cotlected, washed with cold water and dried to afford 830 myg of 3-Bromo-tH-
mdole-d-carbounitrile {784 1'% vield).

THNMR (DMSO-Dy, 300 MHxy 4 12,1 s, THY, 8.02-7.4% (m, 3H), 74272 (m,
833}
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Step 20 Freparaion of brermedivge 3-Bromo- dmethyd- I Hndole-4-coarboniteile (&

3-Bromo- | H-indole-d-carbonitrile (11462 500 myg, 2.272 mmol} was added
dropwisg 1o a stirred mixture of NaH (0218 g, 9.0833 munol) in dry DME (13 ml} &t 0°C
over a period of 10 minutes, This was followed by the addition of methy] indide and the
resulting mixture was stivved at 0°C for 2 hours. The reaction was monttored by TLO
{10% ethylacetate in hexane). The reaction mixture was quenched with iee water: the
precipitate formed was collected and died to afford 0,400 g of the erade product.

HNMR (CDCL, 300 MH2): 8 7.8-7.0 (m, 4H), 3.82 (s, 3H)

Finad Step: Preparation of Intermediate 1-Methyi-3-F3-{4-mettnlpyridin: 3 di-2-axo-

iovdasaelidin-fvl]-1 H-indole-d~carboriivife {14643

Using the same reaction conditions as in Example 14, I(d-methylpyridin-3-v[)-
imidazolidin-2-one (I-14b: 110 mg, 0.621 mmol) was reacted with 3-bromo-1-methyl-
{H-indole~d-varbonitrile {{-140b: 175 mg. 0.744 mmol}, 1, 4-dioxane {15 ml.), copper
iodide (11mg, 0.0573 mmol), frans-1,2-diamine cyelohexane (21 mg, 0.1843 mmol) and
potassium carbonate (171 my, 1239 mmol) to afford the crude product. Purification by
column chromatography on siliva gel (3% MeOH i CHCL) afforded 49 myg of 1-Methyl-
3-3-{d-methvl-pyridin-3-y13-2-oxo-imidazolidin- L-yi}- I H-indole-4-carbonitrile (23.90%
yield).

'HNMR (CDCL, 300 ME2): 8 8.6 (s, TH ), 8.5-8.3 (m, 1TH), 7.7-7.1 (o, 4H)
4.18-3.95 {m, 4H), 3.85 {5, IH}, 2.45 {5, 3H)

LOMS parity: 99.70%, méz = 3319 (M1}

HPLC: 95.81%

Example 147

Preparation of 1-Hydroxemethyvd=3 3~-cdimetbvl-3-§ 3-td-meifvl-ovridin-3-vil-2-oxo-

midazolidin: I-vi}-1 3-dilndre-indol-2-one £1474);

40
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Step 1o Preparation of Intermediote 3 3-Dimethyl-S-f 3-td-methyl-pidin. 3-vll-2-0x0-

imicdacolicin: 1-vil- I-e2arimetinviviloomd-ethoxymetind -1 3fifvvdra-indol-2-one (- 147ai:

Lising the same reaction conditions as iy Example 14, T-(d-methylb-pyridive3-y1-

imidazolidin-2-one (-4 0.123 g, 00007 mol) was reacted with S-jodo-3 3-dimethyl-1-
{2-trimethylsilanyl-cthoxymethyl -1 3-dihydro-indol-Z-one (.29 ¢, 0.0007 moly, 1, 4-
dioxane (20 mb), copper todide (0.0H3 g, 0.00007 wmol), frans-1.2-diamino coyelohexane
{(LO2Y 2, 0.00023 mol) and potassium phosphate (356 mg, 0.00168 mob) (o atford the
erade product, Purification by column chromatography on silica gel (80% cethylacetate in
hexane) attorded 170 mg of 3.3-Dimethyl-3-[3-(d-methyvbpyridin-3-y1-2-ox0-
imidazohidin-1-vij~1-{2-trimethyistanyi-ethoxymethy - 1 3-dihvdro-indol-2-one (32.14%
vield).

HNMR (COCEH, 300 MHZ): 8 8.6-8.4 (m, 2100 7.5-7.0 Gm. 4H), 5.2 (5, 2HD, 4.2+
3.0 (m, 4HD. 36034 (m, 200 2.3 G 3D, B (s 6HD, L1007 (my 2HD. 0.2-0.3 (s, OHD

LOMS purity: 88.536%, miz = 4672 (M+1)

Final Sten: Preparation of 1-Hydroxvmethls3 3 -dimethpl-3-[3-id-methol-pvridin- 3-v ()~

Zroxo-imidozolidin--v{]-1 3-diftvdrosindol-2-one (14743

Dioxane HC {4 mil) was added to 3 3-dimethyb-3-[3-(d-methyl-pyridin-3-313-2-
oxe-imidazolidin-1-yi-1-C-trisethyistlanyl-ethoxymethyh- 1 3~dihyvdro-indol-2-one (1
147a; 50 mg) and the resulting mixture was stirred room temperature for 1 hour. The
reaction was mowttored by TLO (10%: MeOH in CHCE). The reaction mixiore was
basified with bicarbonate sohdtion and extracted with DM, The organic layer was
concentratest; the concentrate was recrvstatlized with DCM and hexane and dried to
afford 37 my of the product (94.87% yield).

HENMER (CDRO, 300 MM 8 8.7-8.3 (on, 2H), 7.7-7.1 (o, 411, 5.2 (s, 2H

4338 0m, 4H), 2.4 (s, 3H L a6, o)

P30
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LOMS purily: 79.51%, w/iz = 3071 (M1}

HPLC: 82.25%

Example 148

wh

Preparation of I-(4-Mednd-pyeidin-3-3i-3-(2-wriffuoremetivil-pyridin- 4yl imidazolidin:

O, ™ FF
NN PN ‘
saten

{1484}

Using the same reaction conditions as in Example 13, d-methylpyridin-3-y1)-
trifluoromethyl-pyridine (229 mg, 1.017 mmol), 1, 4-dioxane {10 mL), copper iodide
{16.13 mg, 0.0847 mmol), sans-1.2-daming cyclobexane (29.09 mg, 0,254 mmol) and
potassium phosphate {(44.89 mg, 2,117 mmaod). The resulting mixture was heated to 120°C
for & howurs, The reaction workup atforded 200 my of the product (73.52% vield),

15 HNMR (DMSO-Dy, 300 MHz): 6 £.8-8.5 (m, 2H), 8.5-8.35 (m, 1H), §.35-8.1
(brs, TH), 7.8-7.6 (m, 1HL 75725 (m, 1HL 4.3-3.8 (m. dH), 2.3 (s, 3HD
LOMS purity: 98.05%, mfz = 3230 (M+1)

HPLC 98.13%

20 Example 149

Preparation of {-Benzothigzel-Gyd-3-td-dimethoxymethyl-pyridin- 3-vl-imidazolidin. 2-

one 14940

_—

]

O

(1494)

25 Srep I: Preparation of Intermediote 3-Bromo-ddimethoxymethivi-peridine (-1 49ai.
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PUSA (B34 mp. 4384 mmol) was added 1o a solution of 3-bromo-pyridine-4-
carhaldehyde (000 mg, 32250 munol) in methano] {20 oL}, The resulling mixture was
heated to reflux for 4 hours. The veaction was monttored by TLC (209 ethylacstate in
hexane). The reaction mixture was concentrated and basified with NaHCO; solution. The
reaction mixture was partitioned between water and DOM. The organic laver was washed
with brine solution, dried over NazS0),, fillered and the filtrate was concentrated to affovd
700 mg of 3-Bromoe-4-dimethoxymethyl-pyridine (93.5% yield ).

HENMR (CDCL, 300 Mz 3 8.8-8.4 (m, 2H), 7.5 {5, 1H), 3.5 (s, 1H) 3.4 (s,
6H)

Fird Step: Freparation of 1-Bensothiaeol-6-vi-3-{4-dimethoxymethyl-pyridin-3-yli-

imidazolidin-2-one {1494);

ising the same reaction conditions as in Exanaple 14, H-benzothiazol-H-yi-

imidazolidin-2-one {I-S«ﬁz: 590 my, 2.7 mnol) was reacted with 3-bromo-4-

indide (’5 L6 myp, .27 nmmi}, z‘mnsml,12~di:~1mitm c‘}-«‘clc.ahexzme {93 mg, 0.81 mmoi) and
potassium phosphate (1.72 g 8.1 mmol) to afford the crude product, Purification by
column chiromatography on silica gel (1% MeOH in CHCHL) afforded 510 my of the
product (51.2% vield).

YHNMR (DMSO-D, 300 MHz): 8 9.28 (s, 1H), 8.8-8.5 (’.ﬁz,, 2 83 (s, THy,
R.AI8-7.82 (m, 2H), 7.68-742 (brs, 1H), 5.6{s, 1H), 4.25-3.85 (m, 4H), 3.3 (5, 6H)

LOMS parity: 98.35%, mfz = 3712 (M1

HPLO: 96.82%

Example 130

Preparation of N-13-3-Bepzothiazol-t-vi-2-oxo-fmidazelidin- }-vli-pyridin-d-vii-

aoelamide (1504

15
2
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Using the same reaction congditions as in Exampie 4, 1-benethiazol-6- }:‘i-—
yvij-acctamide {26‘2 mg, 1.003 mnmi_}, i, d-dioxane (10 mb), vopper fodide (17.3 mg, 6.09
ot} frans-1,2-diaming cyelobexane (314 myp, 0.273 mmod) and potassium phosphate

3 {581 mg, 2.73 nunol) to afford the crude prodocet. Parification by column
clromatography on stlica gel (3% MeOH i CHCL) afforded 75 mg of the product
{23.36% vield).

HONMR (DMSO-Deg, 300 MHz): § 9.75 {5, 1H), 9.28 (s, TH), 8.55 (5, 1H), 8.45-

7.9 (im, 5H), 4.3-4.0 (m, 2H), 39538 (m, 2H), 2.2 {5, 3H)
1 LOMS purityr 7R.28%, w/z = 354.0 {(M+1)
HPLUO: 90.16%

Example 151
Freparation of 1-Benzothiaeol-6-v{-3-03-chloro-d-meihvl-pyridin-3-vi-imidazolidin-2-

15 ome 3140

(151A)
Using the same reaction conditions as in Example 14, -benzothiazol-6-vi-
madazohidin-2-one (1-84b: 100 me, 0.456 mmol) was reacted with 3-bromo-S-chloro-4-
20 methylpyridine (94 myg, 0.456 mamel}, 1, d-dioxane (5 ml), copper fodide (8.68 mg,
{1.0450 mmoly, prons-1,2-diamine cyelohexane (15.66 mg, 0.1368 munol) and pofassium
phosphate (200,38 mg, 1.368 mmol) to afford the orude product. Purification by
preparative HPLC afforded 52 mg of the product (342 1% vield}.
T NMR (CD00, 300 MBzy 8 905 (5, 1HYL 8.5 (s, TH), 832 (s, HH), §.15-7.8
25 tm, 2HL 43142 (m, 2H), 41398 (m, 2H), 241 {8, 3HY
LOMS purity: 99.33%, miz = 3449 (M1}
HPLA 97.28%

Example 132

L8y
199



WO 2010/149755 PCT/EP2010/059029

Preparation of I-(4-dpino-pyridin-3-yii-3-bepzothinzol-o-vl-midazolidin-2-one

Invdrochioside solt {13240

{152)
3 6N HUT (3 mb) was added o 2 solution of No[3{3-henzothigzol-6-v1-2-0x0-
mnidazadidin- -yh-pyridined-yj-acetanide (150A: 70 myg 0,198 mmol} in cthanol (3
mi.) and the resulting mixtore was refluxed at 65°C overnight. The reaction was
monitored by TLC (10% MeOH in CHUL;). The reaction mixture was concentrated and
the concentrate was washed with diethyl ether and dried to afford 20mg of the product
1 (29.02% yield).
PHONMR (CD:0D, 300 ME2): § 9.6 (s, 1TH), 8.6-8.3 {m, 2H), 8.1 (s, 3H), 7.1-6.9
{m, 1H), 4.4-4.2 {m, 2H), 405385 {m, 2H)
EOMS purity: 98 7100, miz = 3121 (M1
HPLC: 95.01%

Example 153

"..«‘ ::‘J QP . . o ~ .
N i ] R
N i i
N N N i i
T {:) )\\\\ ~

20 N CFCO:H
{153A)

Prepartion of Starting Mareviad 3-Bromo-damethvi-S-teithorometindl-pyridine (84

f33ak
Butyl Lithium (1.9 mi., 3.044 mumol) was added to a solaion of DIPA (3357 mg,

25 3518 numol) in THE (& mil) @ ~78°C, The reactiom mixture was stired at -10°C for 1

primuaes. This was followed by the addition of 3-bromo-3-trifluoromettoel-pyridine (5006

154
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mg, 2212 mmoly o THE (3 mib) af ~100°C, The reaction mixture was stivved for a further
1S munutes at -90°C and was followed by the addition of methy] todide (357.0 mp, 3.924
munol) in THE (2 mby al -78°%C with stirring over a period of 30 mumutes. The reaction
was monitored by TLC (5% ethylacetate in hexane). The reaction mixture was quenched
3 with agoeous NaHUOs solution and extracted with ethylacetate (100 wil.). The organic
faver was dried over NaaSOy and concontrated, Purification by column clivomatouraphy
on sifica gel (2% ethylacetate in hexane) afforded 95 myg of the product (17.92% yield}.

LOMS: mdfe = 2398 (vi+ 1)

160 Fingl Step: Preparativecef I-thenzoldiihiazol-6-3i0-3-(Gmethyl -5~

e

(rithworometindipvridine: 3vliimidaeelidin-2-one_irifluorogcetic acid salt {13341

(..fsing the same reaction conditions as described in exampie {4, 1-benzothuazol-6-
Satriﬂunmmethyiﬁpyridin ;}}5,_1___;_‘5_3_4 B0 mg, 0.365 mmol), 1, 4-dioxane {5 mb), copper
153 iodide (6.95 my, 0.0365 nunol), frans-1.2-dlamino cyelohexane (12.3 mg, 0.1095 mmel)
and potassiom phosphate (232.4 mg, 1.095 nunol) (o afford the crude product.
Purification by prepavative HPLO afforded S mg of the product (3.6% vield).
"HONMR (CDRCh, 300 MHx): 8 9.05-8.65 {m, 31, £.35 (s, 1D, 8.25-8.05 (m,
Py, 7.78-7.58 (my, 113, 4.32-412 (m, 2H), 4.12-3.97 {m, 2H}, 2.49 (5, 3H)
20 LOMS purity: 100%, miz = 378.9 (M1
HPLO: 93.5%

Example 154

Preparation of {-(isothiasol-d-vij-3-(4-methvimridin-3-vf Bmiducolidin-2-one (1 3d4);

pd

[
s
§

(154A)
{,Esir;g the same reaction condiions as deseribed inexample 14, 1-{(4-methyvi-

bromno-isothiazole (166 me, 1016 nunol), 1, d-dioxane (15 mbL), copper jodide (16.09
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myg, (0847 mmol), rrans-1 2-daming cyclohexane (29 myg. 1.254 yamel) and potassion
phosphate {540 mg, 2.541 mmeol) to afford the crude product. Pusification by columa
chromatography on silica gel 2% MeOHH in CHOL) afforded 120mg of the product
{34.54% vield).
3 THONMR {CDCH, 300 MHz): 8 £.82 (s, T, £.63-8.25 (m, 3H), 7.4-7.1 (m, 1H),

4.20-3.95 (m, 4H), 2.19 {5, 3H)

LOMS parity: 97.95%, mie = 201.0 {dM+-1)

HPLC: 96.08%

10 Exawmple 15§

fupmam)n af [-d-Methvinvridin-3-vii-3-£5-dtrifluorometingd itfiophens 2yl )-

CH;y O
CF,

intddazolidin-2-one {1534}

N”“““*
{(1534)
13 Using the same reaction conditions as described in example 14, 1-{4-methyl-

pyridin-3-yD-imidazolidin-2-one (1-14h: 100 mg, 0.5643 mmol) was reacted with 2-
bromo-S-riflunromethyl-thiophene (136.9 mg, 0.5923 mmol), 1, d-dioxane (10 mly,
copper wdide (10.75 mg, 0.0564 mmol), ans-1.2-diamino ';tych)hcx;;me (204 mi.,
0.1693 mmob) and potassium phosphate (360 mg, 1.693 mumol} to afford the crade
20 product, Purification by column chromatography on silica gel (2% MeOH 10 CHCL)
afforded 120my of the product (63% vield).
THNMR (DMSO-D, 300 MH2): 8 8.66-8.3 (i, 2H), 7.65-7.23 (m, 2H), 6,55 (d,
PH, 4.24-3.90 (. 4H), 226 s, 3H)
1.C M\ purity: $.33%, mdz = 3279 (M1}
HPLC: 95.04%

2%
v

Example 156

Preporation of {-theazoldithiazol-0-3 - 3-4-C-Fvdroxviropee 2vlipvridin. 3~

viiimidazolidin-2-one (15640

7%
o
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Preparation of Starting Material 2-03-Bromopyeidin-d-yli-propan-2-0f (SM-136c-

Buyl Lithivm (10.28 mi., 164355 nunol} was added to a solution of DIPA (260
5 mb, R98 omol) in THE (23 ml) ot -78°%C. The reaction mixfure was stivred at -18°C for
10 minutes, followed by the addition of 3-bromo~pyridine (500 mg, 2.212 mmol) in THE
(10 mbY at ~100°C. The reaction mixture was stirred for a further 15 minutes at ~90°C and
wias followed by the addition of acetone (1673 ml, 22.78 mmoly in THF (10 ml)
<780 with stisring over a period of 1 hour. The reaction was monitored by TLE (3%
)  ethvlacetate in hexane), The reaction mixture was quenched with aqueous NaHC(
sojution and extracted with ethylacetate, The organic layer was dried over NaxSO; and
concentrated, Purification by column chirematography on sifica gel (15% ethylacetate in
hexane} afforded 200 my of 2-(3-bromo-pyridin-d-vii-propan-2-ol {1 1% yield).
YHNMR (CDCE, 300 Mz 8 8.7 (s, TH), 8.5 (d, 1H), 7.65 (d, 1H), 1.7 (s, 6H)
LOMS parity: 89.37%, miz = 2159 (M)

N

Fingl Step: Preparation of I-tbemzofdithiceel-6-vi-3-04- -hvdrosypropae- 2y lpyridia-

Idimidazolidin-2-one {1564}

Using the same reaction conditions as deseribed i exanple 14, I-benzothiazol-6-

20

doyDpropan-2-ol (SM-156a: 122.7 myg, .57 mmel), 1, 4-dioxane (8 mL), copper fodide

(1085 mg. 0.05Tnunol), frans-1 2-diamine cvelohexane (19.57me, 0,17 Immol) and
potassinm phosphate (362.9 mg, 1.71 mmol) to afford the erude produet, Purification by
preparative HPLC afforded 38 myg of the product (19% yield).

25 THONMIR (CDCH, 300 MHx): 8 8.68 (s, U, 8.30-8.32 (m, 2H), 7.86 {d, 1H),
T A8-7.02 (o, 2HD, 682 (dd, 1H), 4.55-4.42 (m, TH), 4.32 (4 2H), 3736 {m, 2H), 1.74-
158 (s, OHD

157
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LOMS purily: 97.84%, miz = 3549 (M+1}

HPLO: 93.61%,

Example 157

75

Prequration of 1-(4-Methvipyridin-3-vl)-3-fd-metheltfienof 3 2-clmvridin-2~

viimidazolidin-2-one {15745

CH;

Tetrakis (triphenylphosphine) patladiom (33mg, 0.0288nunol} was added to
10 potassiom carbonate (120mg, 0.8649mumol) previously purged with argon {30 mimates).
The reaction mixtore was purged with argon for 1§ minutes, followed by the addition of
P(d-chloro-thienof 3, 2-cipyridin-2-y13-3-{4-methylpyridin-3-yD-tmidazolidin 2-one
{98A: 100 myg, 0.2883 nunol) and methy] boronic acid {21 mg, 113439 mmoly. The
reaction mixture was heated 1o reflux for 6 hours. The reaction was monstored by TLC
1S {10% MeOH in CHCI) The reaction mixture was concentrated to afford the crude
product. Purtfication by column chromatography on silica pel (3-4% MeOH in CHCly),
follonwed by preparative HPLC afforded 10mg of the produet (16.39% vield).
HENMR (CDCH, 300 MHZ): 8 8.7-8.35 G, 2H1 83582 ¢d, 1HL 7.5 (d, 1H),
0.58 {5, TH), 4439 (my, 4H), 2.79 {5, 3H}, 2.36 (s, 3H)
20 LOMS pugsitv: 96.01%, mvz = 324.9 (M+1}

HPLC: 96.32%

Example 158

Preparation of 1-thenzoldlithiazol-6-30-3-t4-1 } -bvdroxyethylipveidin- I-viHmidazolidin-

3

A

25 Zeone (1384)
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{158A)
Using the same reaction conditions as described in example 14, 1-benzothiazol-6-

vi-imidarolidin-2-one (I:84h: 150my, 0.684%mmol}) was reacted with 1-(3-bromo-

()

pyridin-4-yl }rethanol (137.6 mg, 0.6849 mmol), 1, 4-dioxase (8 ml.), copper wodude
{13.04 mg, G.0684% mmol), prans-1 2-diamino evelobexane (23,52 mg, 0.205 mmol) and
potassium phosphate (435.1 mg, 2.05 maool} to atford the crude product. Parification by
cohumn chromatography on sihica gel (2% MeOH in CHCL), tollowed by preparative
HPLC alforded 9 mg of the product {3.9% vield).
10 HONMR (CDCL, 300 MHzY: 8 8.92 (s, TH), 8.65-8.54 (m, 2H), 8.32 (d, 1H), §.15
(e, TH), 2.70-7.62 (dd, TH), 7.6 (4, TH), 5.10-4.96 {m, 1H), 4.30-3.12 {m, 3H), 4.02-3.85
im, 1H), 3.75-3.66 {br s, TH), 1.60-1.45 (d, 3H)

LOMS purity: 98.2(%, miz = 340.9 {M~+1)

HPLC: 91.158%

Exampie 159

Preparation of {-thenzofdithiazol-6-vii-3-i4~ethvipyridin-Iwilimidazolidin-2-one

N .
¢ }i/\j ? ""'N\g

ST SN N N PN

20 {1594}
Uising the same reacton conditions as deseribed in example 14, -benzothinzol-6-
pyridine (312 my, 2.739 mmol), 1, d-dioxane (10 mb), copper iodide (52 mg, 63739

mmol), fans- L 2-diamino oyclobexane {9408 myg, 0.82 mosol) and potassium phospbate

]
L8t

{1.74 mg, 8.2 mmol) 1o afford the crude product. Purification by colmnn chromatography
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o silica gel (2% MeOH in CHCly), followsd by preparative HPLC afforded 30 mg of the
product {3.75% vield).

THONMR (CDR0D, 300 MBz): 8 9,15 s, 1), S.60-8.35 (my, 3H), 8.15-7.95 {m,
D, 7085770 (m, 1D, 7.5 ¢, THDY, 4.3-3.9 (my, 4HD, 2.85-2.65 (g, 2H), 14-1.2 (6 3Hh

LOMS purity: 99.77%, miz = 3231 (M+1}

HPLC: 93.03%

Example 166

Prenaration of I-td-meibvlpveidin-3-vii-3-(3-tiriflaoropetbvii-1 H-indazol-6-

vidinidazolidin:2one (16043

{160A)

Step 1. Preparation of Iniermediate {-£3-Flugro-4-¢2, 2. 2-trifluoro- 1 -bydroxy-etinli-

phenyi]-3-id-methvi-poridin-3-vli-imidazofidin-2-one (- 160ai:

CFq

~

Ny O O/\’J\OH
[ A
CH; b
{I-16{a)}
A .5M solution of timethy-intiooromethyl-sifane w THE (6.68mi., 3.344mmol}
angd KOO (250 mg, 1082 mmel) was added to 2-fluoro-4-{3-{4-methyb-pyridin-3-yi 2.
oxe-imidazolidin-L-vi-benzaldehyde (1-1231a: 400 wmyg, 15337 mmol) in dry DME (3 mi)
under nitrogen atmosphere. The resulting mixture was stirred at room temperaturs
overnight. The reaction was moratored by thin laver chromatography (3% MeQH in
UHCH). The reaction mixture was quenched with brine selution and the THF layer was
concentrated. The agueous layer was extracted with chloroform. The organic layer was
dried over Nap ROy and concentrated to get the crudde prodoct. Purtfication by column

chromatography on silica gel (2.5% MeOH in CHCYY, tollowed by hexane wash,

afforded 3235 myg of the product (63.92% vieldy.

jon
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HONMR (CDO), 300 MHzZ): 8 $.56-8.00 (m, 2H), 7.75-7.45 {m, 2H), 7.36-7.08
{m. 2H), 5.38 (g, 1H), 4.55-9.24 (br s, TH), 4.20-3.76 (m. 4H), 2.32 {s. 3H)

Niep 2. Preparation of Imtermediate 1-F3-Flyoro-4-(2 2 2-rifluoro-acervll-phenvi}-3-(4-

methvli-pyridin: 3vll-imidacolidin:2-one (816061

N © ff" =G
A A
CH; o

{1-160h)

M, (33amg, 6. 1653mmaol) was added to 1-{3-1luoro-4-(2,2 2-trifluoro-1-

m

hvdroxy-ethyh-phenyl}-3-{d-methyl-pyridin-3-yh-imidarzolidin-2-one (1-160a: 3253 mg,
(.880 mmod) in DOM {20 mly under ratrogen abmosphere. The resulling suspension was
stivved at SO°C overnight. The reaction was monifored by TLC (3% MeOH in DUM). The
reaction mixhire was cooled to room tfemperature and filtered through celite pad. The
filtrate was washed with CHCL, dried over NaxSO; and copcentrated. The concentrate
was washed with hexane and dried 1o afford 240 mg of the product {74.33% vield ).

HONMR (IMSO-Ds, 300 MHz): 6 £.8-8.2 (m, 2H), 7.98 (1, 1}, 7.86-7.50 {m,
2HY, TAG-T.28 (m, HH), 4406375 (m, 4HY, 2,28 {5, 3HD.

Final Sten: Preparation of I-(d-metfvipyridin-3vli-3-03-triffuoromethvl -1 Heindazod-6-

vijimiduzolidin: 2-one (1604);

Acetic acid (0.1 ml., 136 mmol) and 1M hoedrazine in THE (4 ml., 2,72 mmol)
were added 1o -] 3-Hoore-4-2 2, 2-trifluoro-acetyl-phenyi]-3-(d-methy b-pyridin-3-y1)-
imtdazolidine2-one (1-160b: 100 mg, 0.272 mmol) in dry THE (2 mLy The resulting
mixture was stirred at 150°C overnight. The reaction was monitored by TLC (3% MeOH
in CHCE) The reaction mixture was partiioned between water and chloroform. The
organic layer was dried over NazS0Oy and concentrated. Parification by columm
chromatography o silica gel (4% MeOH in CHCHL), followed by prepavative HPLO
afforded 23 mg of the product (23.46% yield).

THONMR (CDOD, 300 MHz): 8 8.57-8.48 (brs, THD, 8.37 (d, M), T.86-7.70 {(m,
JHY, 70760 (o, THDL 742 00 THG, 434402 G, 2D, 41223280 (m, 28D, 2.4 (5, 3HD)
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LOMS purity: 90, 14%, nv'z = 3620 (M+ 1)
HPLC: 94.33%

Example 161

5 f’f‘a{zh wadion of -3 cvclopropyl- L i dndagol 6383t demethvipyridin: 3-vlhisndasolidn-

(161A)

Step Lo Preparation of Infermediare 1-4-(Cyclopropyvl-hvdroxy-metheli-3-fluoro-

10 phoenvl]-3-(d-methvi-pyridin-3-vii-imidazolidin-2-one (I-161e):

1 ‘* “Ho YOH
(L - (3,5

CHy &

CH&
{I-121a) {I-161y)
A 0.3M sohution of eyclopropyl magnesiurm bromide in THE (2.4 mi, 1170
munot) was added drops\m o 2-Buoro-4- 3-{4-methyl-pyridin-3-vh-2-oxo-imidazolidin
15 {-yil-benzaldebyde (12 L 175 mg, 0385 swwol) in dey THEF (10 ml) a1 8°C vader
pitrogen atmosphere. The resulting mixtare was stirred at room lemperature for 3 hoors,
The reaction was monitored by TLE (3% MeOH in CHCEK). The reaction mixture was
quenched with agqueous NH,CE solution and the THF Jayer was concentrated. The
aguecus fayver was extracted with ethviacetate. The organic faver was dried over Nay SOy
20 and concentrated to afford the crude product, Purification by column chromatography on
stlica gel {3% MeOH in CHCL), followed by hexane wash, afforded 200 mg of the
product (99.41% vield).
HONMR (DMSO-D, 300 MHzy: 8 8.72-8.28 (m, 2H), 7.70-7.48 (m, 2H), 7.42-
T25 (my, ZH), 230 (d, TH), 448420 (m, THY, 418382 {m, 4HL 232 €8, 3HY, 1.2-1.0
{m, HH), 0700 {m, 4H)

[
v

t6l
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LUMS purity: 97.58%, miz = 3423 {(M+1)

Step 20 Preparation of Intermedicte 1-04-Cyclopropanecarbond-2-fluoro-phemd -3 -¢4-

meihvl-pyridin-3-yvii-imidazolidin.2-one (11010}

N, O s Ok LN\ Q e i \.O
- f ]
(\}Nkm} I . y \;k{{il\;\s NN
CHy CHy =
{I-161a} (1-161b)

MnQ; (357 mg, 41.035 mmol) was added o §-{4-(cyclopropyi-hydroxy-methyl -
3-fhuero-phenyviP-3-(d-methyl-pyridin-3-yh-imidazolidin-2-one (1-161a: 200 mg, 8.586
mmal} in DM (28 mL) under mitrogen atmosphere and worked up in a manver similar to

what has been described previousty for example 160 (Step 2) to afford 178 mg of the
product {601 13% yield).

HONMR (DMSO-D,, 300 MHzy: 6 8.56 (s, 1H), 8.41 (d, {H), 7.82 (. 1H), 7.76-
7.63 (m, HH), 7.60-7.47 (m, 1H), 737 (. 1H), 4.22-3.82 (m, 4H). 2.80-2.60 (m, 1H),
229 (s, 3HY LIR0.93 (m, 41D

LOMS puority: 98.34%, miz = 339.7 (M+1)

Fingd Step: Preparation of 1-03-Cyelopropvl-1 H-tndazol-6-vE)-3-{ d-metbvimeridin-3-

vihimiduzelidin-2-one (1614}

IH4-Cyelopropanecarbonyl-3-fuero-pheny - 3-(hamethy bpyndin-3-yl)-
imidazolidin-2-one (1610 173 me, 0.516 mamel) in hydrazine hydrate sofation {10 mi)
was taken in a veaction flask. The Hask was refluxed at 120°C overmght. The reaction
was monitored by TLO (3% MeOHR i CHECL). The reaction misture was cooled o room
temperature and partitioned between ee water and chloroform. The organic layer was
dried over Na 8Oy and concentrated. Purtfication by colupm chromatography on silica
pel (4% MeOH in CHUL;), followed by hexane and ether wash, afforded 58 mg of the
product {31.97% vield).

THONMR {DMSORD, 300 MHz): 8§ 12,42 (s, TH), 8.55 (. 1H) 839 (L 1YL 7.85-
728 Gm, 48, 4.28-3.80 (my, 4H), 2.6-2. 1§ 4H), 1OGO8E {my, 41D
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LOMS purity: 100.00%, mfz = 3338 (M 1}

HPLL: 84.27%

Example 162

5 Preparaiion of I-(td-metfndpyridin-3-vl-3-tguinpiin-7-vliisidozolidin-2-one {1624):

QLA 00
\I: s B j
CH;4 »MJ
{162A)
Using the same reaction conditions as described in example 14, I-{4-methyi-

pyridin-3-yh-imidazolidin-2-one (1-14b: 116 nag, 0.6554 munol) was reacted with 7-

10 bromo-quinnline (150 mp, 0.72098 mmel), 1, 4-dioxane {30 mbL}, copper indide (12,4
mg, .06354 numol}, irans-1 2-diamino cyclehexane (22.5 mg, 0.19638 mmol) and
putassium phosphate (347.3 g, 1.6365 mmol) to afford the crude product. Purification by
column chromatography on silica gel (2% MeOH in CHCL ) afforded 130 mg of the

product (65.3% yield).

is HNMR (IDMSO-D, 300 MHz): 0 895-8.76 {m, 1H), 8.6 (s, 1H), 8.48-8.22 (m,
3H), 8.06-7.82 (m, 2H), 7.50-7.32 {m, 2H), 4.32-4.12 (i, 2H), 4.10-3.90 (m, 2H), 2.31
{s, 3H)
LOMS purity: 99.37%, miz = 3.0 (M+ 1)
HPLC: 93 16%
2
Example 163
Preparation of 3-Berzothiceol-0-vl-d d-dimethvi-1-td-metfod-poridin-3-yl-imidizolidin
Swone (16341
/’.»N\
o
-‘\\’\. -~ ,-)‘{ "‘:N:\
I bﬁi N d\\ '} N
CHy \74 e Y
TCHy Sy
HsC
25 (163A)

Freparation of startisor materiad 1-Chlora-2-isocvangio-3-methvi-oropase:

164
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SOCEH (522 ¢ 4423 mmol) was added dropwise 1o a stivred sodution of 3-chlore-

e
5 7
{

2 2-dinethyl-propiowic acid (5 g, 36.76 mumoly in DOM (30 mLy at 000 over a perind of
Smins. This was followed by the addition of DMF (0.1 ml} and the resulting mixture was

heated 1o 60°C for 3 hours. The reaction was monitored by TLC (8% MeOH in CHCH).

e

The reaction muxture was concentratod and the crude product (6 ¢) was used in the next
step without further purification.

Sodnen azide (4.64 g, 71.38 mmol) was added 10 a soblution of 3~chioro-2,.2-
dimethyvi-propionyl chloride (6 g 35.71 mmol) in | d-dioxane (15 ml) and water (15
mb}). The resulting mixture was stirred af room temperature for 2 bours. The reaction was
10 monitored by TLC (5% cthylacetate in hexane). The reaction mixture was extracted with
diethyl ether and the organic layer was dried over Nap SO, o afford 3.3 g of the product
{61.40% yicld).

t-Chiore-2-isocyanato-2-methyl-propane (3.5 g, 20 mmol) in toluene (35 wl)

&4,

was taken a reaction flask and Hask was heated to 85°C for 1.3 hour. The reaction was
15 monitored by TLO (5% ethylacetate in hexane). The crude product (3 ¢) was used in the

next step withowt further purification.

Prepavation of Intermediate 1-(2-Chlore- I, -dimeitnl-ethvli-3-i4-methyl-pyridin- 321

wred (- 163

{1-1063a)
4-Methyl-pyridin-3-vlamine (1.98 g, 1833 mmol) was added to solution of {-

chloro-2~isocyanato-2~-methyl-propane (3 g, 2040 mmol) in toluene (30 mL). The

resulting mixture was stirred at room emperature for 3 days. The reaction was monitored

9]
L

by TLC (3% MeQH in CHCH). The reaction mixture was filiered and the residue was
dried w atford 4.3 g of the prodoct (87.73% vield)

THNMR (CDCH, 300 MBz) 8 8.70 (s, THL 8.3 (s, THL 702 (s, 1H), 6,39 (5,
THD, 4.9 (s, THY 387 (s, 2H), 230 (5, 3H) 14 (5, 6D

LOMS pority: 76.36%, mia = 2420 (M1
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Preparation of fatermediore 4 4-Dimethl- D id-methl - pyridin- 3-vli-isndozolidin. 2-ong

1-(2-Chioro-1, 1 -dimethyl-ethy 3 demethyl-pyridin- 3y Durea (1-163a: 1 g,
4149 mody in dry THE (8 mb) was added dropwise to a stired mixture of Nal (298
wg, 6.208 mmol) in dry THE (10 ml.) under argon atmosphere over a period of 10
minutes wt 70, The resulting reaction mixture was stivred for 2 hours, The reaction was
morutored by TLC (8% MeOH w CHCLY The reaction mixture was partitioned between
water and ethylacetate, The organic fayer was dried over NipS0Oy and conceptrated to
atford 800 mg of the product (94.33% yicld).

TUNMR (DMSOQ. 300 Mitzy & 8.4 (s, TH), 83 {d, TH), 7.304d, D, 7.0 (s, 1D,
353 {8 2H), 222 (5 3L 1.3 (s 61

EOMS purity: 100%., oviz = 2057 (M

Fingd Step, Preparation of 3-Benzothiazol-0-vi-4 d-dimetini - -(4-metinl-pysicin- 3 -vi-

ipndasolicin-2~one (1634}

Lising the same reaction conditions as deseribed me '\amph P 4 d-dimethyl-1-
with t-iodo-benzothiazole (248mg. (f),‘ﬁJSi}z'xunf_}l,_},, 1, d-dioxane (Himb, copper fodide
{13mg. (.0082mmcd), frams-1 2-diamino cyelohexane (3mg, 0.2 18 nmol) and potassium
phosphate {387mg. LEZSmmol) to allord the crude product, Purification by cotumn

chromatography on sttica gel (1% MeOH i CHUy afforded 30mg of the product
(12.14%, vield).

HONMR (CD0D, 300 MHzy: 8932 (s, TH), .50 (s, UL, 835 (d, 1H), 8.0-8.2
{m, 2H), 7.60 (d, 1HL 740 {d, 1), 390 (5, 2H), 2458 s, 3HL 1.5 (e, 81D

LOMS pority: 94.00%:, o'y = 3390 (M1

HET)
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HPLO: 891%

Example 164

Prepargilon of I-Renzothivsel-6-yi-4 d-dimethvl-3-ovridin- 3 -vi-imidazolidin:2-one

5 fladds

{164A)

Propaecdion of Imermedivee {-Benzothigzol-8-v1-3-02-cldorn-1 | -dimethyd-etinli-wrea (-

l6dai:

i AT

C’./’ R *Tr ~ " = -5

HyC ? »
t CH0 Ay
(I-16da)
Benzothiazol-6-viamine {1.8 ¢, 12.00 mmol) was added portion wise to solution
of F-chloro-2-isocvanate-2-methyl-propane (2 g, 13.60 nunol) in toluene (20 mb) over a
period of § mimtes. The resulting mixture was stirred at roon teiaperature for 234 days,
13 the reaction was monitored by TLC {3% MeOH in CHCH). The reaction mixture was
concentratod and extracted with cthvlucetate. The organic layer was dried over Nap SO,
and concentrated. Purification by columy chromatography on silica get (196 MeOH in
CHCHE ) afforded 630 mg of the product {16.57% vield).
THNMR (CDCL, 300 My A 8.85 (s, THY, 833 ¢d, 1H)L 8.0(d, 1H), 7.20.7.15
200 ddl M), 703 (s TH) SOT0 (s THD, 389 (5, 2HD, 149 (s, 61D
LOMS porityy 98.84%5, mdr — 2839 (M+ D)

167
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{1164

-Benzottuarob-6-vi-342-chioro-1, T-dimethyl-ethyh-urea (- 164a0 620 mg, 218
mmoly indry THE {5 mi) was added dropaise o a stirred mixture of Nab] (78 mg, 3.23
muweed) 1 dry THE (5 mdLy onder argon atmosphere over a poriod of Homins at 0°C. The
resulting reaction mixture was atirred at voow temperature for 45 minotes. The reaction
was sonitored by TLO (3% MeOH in CHCIL). The reaction mixture was partitionad
beiween chilfed water and ethylacetate. The organic fayver was dricd over Naa SO, and
concentrated to afford 410 my of the product {77 35% yield),

THONMR (DO, 300 Mz 6 8.90 (s, 1H), 8.37 ¢, Ty, 809 (d, 1H), 7.69-7 58
(dd, tH), 3.0 (brs, THY, 3.73 {5, 211, 1.49 {s, 61}

LOUMS purity: 99.16%, miz = 247 .8 (M1

Final Step:_Preparation of 1-Benzothiazol-0-i-4 d-cimethyl- 3-pyridin-3-vl-imidazolidin-

Using the same reaction conditions as deseribed in example 14, T-benzothiazol-6-
visdd-dimethvi-imidazolidin-2-one (1-164h: 100 mg, 0.4048 mmol) was reacted with 3~
bromo-pyridine {83 myg, 0.525 mmal), 1, d-dioxane (10 mb), copper wodide (7 mg, 0.036
snaod), feaone-1 2-dlamino evelohexane (17 mg, 0,119 mmol) and potassivim phosphate
(214 myp, LU mmod) to aftord the erade produet. Purification hy column
chromatography op silica gel (1% MeOH i CHCH) afforded 15 myp of the product
{11.43% vicld).

NMR (CDCY, 300 Mz 6 890 (s, TH). §.7-8.5 (brs, 21D, 8.33¢d, 111 8.2
(o THY, 2.77-7.60 (m, 2HD, 7.5-7.4 (o THD, 3.9 (s, 2HD, 149 (s 6Hh

-5
?

LOMS purity: 100%:, mdz = 3251 (M1

HPLL 95.40%

Example 165

16¥
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Preparetion of I-Benzothiazol-6-vi-4 d-dimethnd-3-F-methvi-pridin- 3-vlh-iaddazolidin-

Zeone (6548

s \1 O HG
<\S" S~ ,,J{( \J:;:“\
- § Nw*(\\ f,a}
L. ~N
! TCH
Hoo 0
(165A)

L

Ulsing the same reaction conditions as desceribed in example 14, T-benzothiazol-6-
vi-4 d-dimethyvl-inndazohidin-2-one (1-164h: 100 mg, £.4048 mmol) was reacted with 3-
wdo-d-methyl-pyridine (115 mg, 0.525 mmeotf), 1, 4-dioxane {16 mi), copper todide {7
mg, (.0368mmeol), ireews-1.2-diamino eyelohexane (18 mg, 6.1197 mmol) and polassium
phosphate (214 mg, 1.0094 mmeol) to afford the crude product. Purification by colunm
1y chromategraphy on silica gel (1%6 MeOH in CHCL) afforded 6 mg of the product {4.8%
vield).
PHONMR (CDCs, 300 MHz): 8 830 (d, 1H), 815 (d, TH), 7.7-7.6 {dd, 1H). 3
(s, 2H), 2,72 (s, 3H), 149 (s, 6H)
LOMS purtty: 94.22%, wmiz = 3391 (M1
15 HPLO: R6.98%

Example 166

Preparation of 3-Benzothiczol-G-vi-d-methvi- I ~-{d-meibl-nveidin-3-vi-imidazolidin. 2-

ane (6n4)

HC
= /\\g y
N ‘3 3
AN />‘
> S
T8 O f B
10 N")
{166A)

Sreparation of atermediare 3-{Benzothiazol-8-viaminol-butvric acid (- 1664

<, ‘L 1 CHg
f - GO0OH

{69
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{I-166a)

3-Amino-butyric acid ethyl ester (2 g, 1337 mmol), 6-odo-benzothiazole (398 g,
1527 mmol) and potassium carbonate (3.27 g, 35,18 rmnol) were dissobved in DMF (30
mb.} and the reaction mixture was purged with argon for 10 ndnutes, This was followed

3 by the addition of copper fodide {290 myg, 1.327 mmol} and the resulting mixiure was
heated to 110 °C overnight. The reaction was mounitored by TLC (10% MeOH in CHCI)
which showed the presence of starting material. The reaction mixture was heated 1o
120°C for a further 24 hours. The reaction mixture was concentrated and adjusted the pH
to § using acetic acid. The reaction mixture was partitioned between water and
HY  ethylacelate. The organdc layer was dried over Nay 804 and voncentrated. Purification by

column chroratography on sthica gel (196 MeOH in CHCL) afforded 800 mg of the
product {22.22% vield).

T NMR (DMSO, 300 MHz: 6 12.2 (s, 1H), 8.9 (s, THY, 7.75 (d. 1HY. 7.15 (&,
TH), 6.85 (dd, THD, 3.90-5.80 {m, 1H), 3.90-3.80 (m, 1H), 2.60-2.50 {m, 1H), 2.25-2.35

i35 (m, TH), 120, 3D
LOMS purity: 61.65%, miz = 237.0 {M+1)
Ereparation of Intermediate 1-Bemzotliazol-6-y-S-methyl-imidazolidin-2-one (1-1668):
HyG
- A
NR WN" N
if\ } ....... z:f
S 0
20 {I-160h)

Tricthylamme (1129 g, HUT8 mmol) was added o a mixture of 3-(benzothiazol-
O~viamino}-butyric scid (- 100a: 800 my, 339 mmeol) in toluene (30 mld and the reaction
muxture was purged with argon for 10 minutes, This was followed by the addition of
DPPA (2796 ¢, 1317 mmol) and the resulting mixture was heated to 1% overnight.

25 The reachion was monitored by TLC {10% MeOH in CHCly} which showed the presence

of starting material. The reaction mixture was heated to [20°C for the next 24 bours. The
reaction suxture was parlitioned hetween water and ethylacetate. The organi Javer was
dried over Nap SOy and concentrated. Puritivation by column chromatography on silica

gel (3% MeOH m CHCL) afforded 800 myg of the prodoct (T3935% vield),

17
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THONMR (DMSO, 300 MEZ: 8 928 s, D, 822 ¢4, THY, 8.0 (d, 1H), 7.7 (ad,
HL 7.0 (s, THY, 4.6-405 (my THDL 3.6 (G THY 3.0 Gm, B, 1.2 (0, 31D
LOMS purity: 81.90%, mér = 2340 (M+1)

Fingd Step: Preparation of 3-Bengotfinzol-t-vl-d-methnd-1-cd-methvl-prridin-3-li-

intidazolidin--one ¢1864);

Using the same reaction conditions as deseribed in example 14, 1-benzothiarzol-6-
vi-3-methyl-imndazolidin-2-one (1-166h: 150 mg, 0.644 numol} was reacted with 3-iodo-
d-methyl-pyridioe (140.99 mg, 0.644 mmol), 1, d-dioxane (10 mL), copper fodide {12.27
mg, 0.0644 mmol), rane-1,2-diamino eyclohexane (27,43 mg, 0.193 nymol} and
potassium phosphate (341 mg, Lo61 mmol) to alford the crude product. Purification by
colummn chromatography on sthica gel (1.5% MeOH 1w DOM) afforded 30myg of the
product (24, 15% yield).

THNMR (CDCE, 300 MEZ): 8 8.95 (s, THD, §.55 (s, 11D, 8.43 (d, 1H), 8.26 (d.
PHY, 815 (d, 1), 7558 (dd, 1H), 725 (d, 1D, 4.7-4.6 (m, THD), 4.2-4.0 (i, THD, 36235
{m, 1H), 2.4 {3, 3H), 1.5 (. 31D

LOMS purity: 95.00%, m/z = 325.0 {(M+1)

HPLC: 96.32%

Example 167

Preparction of 1-Benzothiczol-6-vi-d-methyl-3-(d-methyl-pridin-3-vli-inudazolidin:2-

ane (16

i

3

H
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CHa
N. 1 on
/-"\\ - - -"_f
(Y
N, T
Log

{(I-167a}
2-Methyl-acrylic acid (0.63g, 0.00732mol) and Benzene-{ 4-diol (0.039¢,
(LODD266mo) were added {o a stirred solution of Benzothiazol-6-ylamine (1g,

S D.00665mol) in toluens (6ml) under nitrogen atmosphere. The resulting reaction mass
was heated at 70°C for 72 howrs and further at IFC for 48 howrs. The reaction was
monttored by TLC (5% methanol in chloroformy. The reaction mixlare was cooled 1o
room temperature and partitioned between water and ethyl acetate, The organic laver was
washad with brine solution, dried over NapSQ;: and concentrated to afford the crude

1 product. Puritication by column chromatography on silica gel (0.73% methanol in

chioroform) afforded 0.43¢g of the product (36.87% vield).
THONMR (300 MHz, DMSOY: 8 12.25 (s, 1H), 8.9 (s, 1H), 7.75 (d, 1H), 7.15 (5,

THDL 6.85 (d, JH), 6.20-6.05 (bs, 1H), 3.45-3.3 (m, TH), 3.15-3.0 (m, TH), 2.7 (g, TH),
115 (d, 3H)

15 LOMS: 100%, mdz = 2373 (M+D
Step 2: Swwhesis of Intermediate {-BeanzothiozobG-vl-d-methyl-imidazolidin-2-one {1-
L6878
8] PN
s
HN N.x‘\\:;' e
S 5
Ha O
20 {I-167h)

3-{ Benzothiazol-6-ylamino - 2-methyl-propionic acid (I-167a: 500mg,
211 8mmod) was refluxed with triethyvlamine (tmb. 6.989mmod), DPPA (1.75g,
6.35mmol) and toluene (10mLY at 120°C in a sealed tube to afford the erude product. The

reaction was moniored by TLC (5% methana! in chloroftrm), Purification by colunm
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chromastography on silica gel (29 methanol in chlorotoron attorded 350my of the
product (71.42% vield)

HONMR {00 MHz DMSOY 6 2.25¢s, tH), 825 (d, 11D, 8.0¢d, 1H) 7.9 .78
{dd, 1), 728 {50 1H), 405 ¢, HH), 30038 (i, THG, 355-348 dmy, TH), 12 (L 3D

LOMS: TR, /2 = 233 8 {MHHD)

Final Step: Synthesis of I-Renzothicool-t-vi-d-me i 3-td-metbvi-pvridin-3-vli-

imvidazolidin-2-~one (186745

Using the same reaction conditions and work up as described in Example 1, step-
refluxed with 3-lodo~4-methyvl-pyridine {138my, §.708mmol), copper odide (12.21mg,
0.0643mmoly, NN -dimethylovelohexane- 1 2-diamine (27 39mg, 0.192mmol),
potassium phosphate (341 5mp., L607mmoli and 1, d-dioxane (Sl at 120°C for 12
hours w attord the crude product. The reaction was monitored by TLC (1% Me Ol in
chloroform). Purification by column chromatography on siltea gel (3% methanol in
chloroform) followed by preparative HPLC afforded 34mg of the product (16.66% vield),

THONMR (300 Mitz, CDOCH)Y: 6 8.9 (s, THY, 8.5-8.4 (bs, 2H), $.35¢d. 1H), 8.1 (i
FHD, 7.650dd. 1H) 7.260 (s, TIDL 44542 (my, 2HY 375 (G THD), 2355, 3H), L34(d0 31,

LOMS 98.00%, mir = 325 (M 1Y

HPLC: 96.28%

Example 168

Preparation of 1-Berzotidasol-tad-d-ethil3-id-merbnd-pyridin-3-yi- 1. 3-cdibyvefrio-

imidazol-2-one (1684

(168A)

Step | Sywthesis of Intermediate |- Benczpihiczol-6 viaminoi-butan-2-one {1108
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g g CHICHs
N Ti
{I-168a)
Sedium acetate (G00my, 3.60mmol) and 1-bromo-butan-2-one {0.373ml.,

3.66mmol} were added o a stirred solution of benzothiazel-0~-vlamine {300mg,

1n

3.328mmol) in methano! (10mLY under nitrogen atinosphere, The resulting reaction mass
was stirred at room temperature for 24 hours. The reaction was monitored by TLC (208%
ethyl acetale in hexane). The reaction mixture was filteved and the solid eollected was
dried under reduced pressure to atford 250mg of the product (329 vield).

HNMR (DMSO-dg, 300MHMz) 8: 8.9 (s, T, 7.8 (d, 1H), 7.1 (d, 1H), 6.9 (m,
I ), 0380 DL 400 6d, 2HD, 2.5 (gL 21D, Lo {1 3H)
LOMS: 50.40%, iz = 2210 {(M+1).

Step-2: Nymthesis of mtermedivde I-Benzothiazolo 8-y 3-(d-methvl-meidin-3-vii-1-¢ 2~

oxo-burvii-ureq (- 168h):

et
LA

(I-168h)
{44\,/‘1311%1}."3«pyridin~3~_\‘-'l‘}*c-zn'ban'1ic acid pheny! ester (1 (%Smg,,, G.?E?mxm‘ﬂ} and 1-
were refluxed at 12070 onder nitrogen atmosphere for 48 hows. The reaction was
20 monitored by TLC {5% MeOH in chloroform). The reaction mixture was concenirated
under reduced pressure and partitioned between water and chloroform. The organic laver
wis washed with brine solution, dried over Nax S, and concentrated 1o afford the crude
product. Parification by column chromatography on sitica gel (2% methanol in
chioroform) alforded 183mg of the product (71.98% vield).

25 LOMS: B9 R 1%, wie = 3352 (M1}

P
I
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3

Fingd Sren: Svnthesis of I-Bensothiczel-ti-vi-deeibpl Iordemetinvl-pyrilia-3vli-1 3-

difrvdro-imidazod-2-one (1684

{-Benzothiazel-6-yi-3-(d-methyl-pyridin-3-v3- - 2-oxo-butyl bures (- 168b:
185myg, 0.522mmol} in toluene (1 5mb) was refluxed at 1207C for 20 hours. The reaction
was montored by TLC (3% MeOH in chloroferm). The reaction mixture was
concentrated under reduced pressure and the crude residue was purified by column
chromatography on silica gel {2.5% methanol in chloroform) to atford S0mg ofthe
product {28.37% yield).

HENMR (300 Mz, CDCL): 8 9.0 s, TH), §.58-8.450m, 383, 8.2 (d, 1H) 7.75(dd,
D, 734 d, THD, 6.6 (s, THD, 24220 (o, SHD, 1IGE 3HY

LOMS: 100%, mdz = 337 (M+1)

HPLO: 98.76%

cxample 169

Preparation of [-Benzothiazol-G-yi-d-etfyl-3-pyridin-3-vi- 1 3-dibndro-imidesol-2-one

A AN
<\S ”‘j\l’(/\ »"J\ j?
FTN ﬂ::N

nsnnnd

Lo N
= Y
CH,CH,

{1694A)
Triethylamine (0.2ml, L219numol) and DPPA {0.3mb, 1.2 9 mmaol) were added
o a solution of nicotinic acid (150mg, 1.2 9mmel) in toloene (12mb) under nitrogen
atmyosphers and stirred at room temperature foe 1.5 bours. The reaction mwixtore was
atlowed to reflwy at 707C for 1.5 bows. The reaction was monitored by TLC (5% MeOH
i DOMY This was followed by the addition of {«{benzothiazel-6-viamino -hatan-2-one

{I-168a: 24 bwog, 1.097muool) at voom temperatare. The resulling reaction mass was

heated at 070 overnight. The reaction wixture was cooled to room lemperature,
concentrated under reduced pressure and the erude residue was partitioned between water

and DOUM. The organic Taver was washed with water, bring solation, dried over Nay Sy

...k
n}
Lt
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and concentrated to alford the crude product, Purttication by colomn chrommiography on
sitica gel {1.3% methanol in chloroformy) followed by preparative HPLC afforded Sme of
the product {1.5%: viekd)

THENMR (300 MHz, CDCLE 3 9.0 (s, THYL 3.7~ £.6 (o, 2H), 844 (d, 11, 82 4d,
(H), 785 -
3th.

7.68 (. A1), 7.5 - TA4 (m, HHY, 6,55 €5, 1H), 2.46 - 235 g, 210, 113 (1

POMS: 90.98%0, v = 3231 (M )
HPLC: 94 09%

Example 170

SRLIL TR

{1704)

Sep-1: Svmthesis of infermediate 2-(Benzothiazol-6-viaminomethyi -3 3 3-wwithuoro-

propiosic acid (-1 Tia:

{1-170a)

Benyothiagzol-G-viamine (1 g, 6.00munol) was reacted with 2-antlusromethyl-
goerviic acid (139, 9.99mmol . benzene-L4-diol {51.3mg. ¢.démpol) and toluene
{10mb.) to sfford the crude product, Purtfication by colamn chyomatography on silica gel
(30%: ethyl acetate i hoxane) afforded 380mg of the prodact (19.67% vield).

THNMR (00 MMz DMSO-di): 8 13.8-13.0 (bs, 1), 895 (s, 1M, 7.8 &, ),
T T, 6956 85 {dd, TH) 375350 (m, 3Hh

POMN: HO0®%, miz = 2911 (M)
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Step-2: Synthesis of Ierswediare {-Benzerlsacol-6-viHariflyoromeibnyi-imidazolidin-2-

ong (- E70b

(1-170b)

2-{ Banwothiazol-6-viamigomothyD- 3.3 3-trifluoro-propionic acid {1-170a:
3R80Gmg, 1 3mmod) was refluxed with tricthyl amine {433 29myg, 4. 29mmol), DPPA
{1.08g. 3 Ymmol} and toluene (8ml) at THO®C for 72 hours fo afford the crude product.
Purification by columa chromatography on silica gel {1.3% methanol in chloroform)
afforded 40mg of the product (10.72% vield).

HONMR GO0 MHz, CDCLy 8 8.93 15, THY., 8.3 ¢d, 1, 8.1 (L 1H), 7.61 (dd

imticlazolidin-2-one 11704

Lising the same reaction conditions and work up as doeseribed in example 1, step-
was refluxed with 3-Bromo-pyridine (33mg, 0.209mmol). copper todide (3. 3mg,
0.01 74mmel), Cyclohexane-1,2-diamine (bmyg, 8.0522mumol), potassium phosphate
{1 10mg, 0.522mmel) and 1, 4-Dioxane (2mi) at 120°C for 12 houors o afford the orude
product. Parification by column chromategraphy on sifica pel (2% methanol in
chinrotorm) followed by n-pentane washing afforded 1Smg of the product (23.8% vieldy.

THONMR (300 MBz, CDCL) 4 8.95(s, TH), 8.92-8.4 (m, 2H), 835 (L 1), 815
fd, HHYL 705 (d THD 7.7 (dd, THDL 7.5 - 735 (bs, THL S - 48 0m, THYL 4.4 {1, 1,
4.25{dd, Hi

LOMS: 98.0%, mde = 3647 (M )

HPLO: 90.04%

Fxample 171

-u,,}
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Prepgration of I-Benzolfiazol-t-yi-3-td-methvi-pyeidin-3-vii~ 1 3-dibvdro-benzoinidazel-

Loome (17144

(171A)

[

Step- Lo Swnthesis of fntersediore (4-Mettnlpyridin: 3l -0 2 niteo-phend amine {1

(~171a)
IN LiHMDS solutton (9.23mlb, 9.25mmol} in THE was added drop wize lo a
10 cooled selution of 4-Methyvl-pyridin-3-ylamine (1g, 9.253mmol} in THF (10mL) at °C
under nitrogen atmosphere. The resuliing mixtore was added drop wise (o a solution of 1-
fluoro-2-nitro-benzene (0.98md., 9.25numol) in THF at 0°C. The resulting reaction mass
was stirred at room temperature overnight. The reaction was monitored by TLC (3%
ethyl acetate in hexane). The reacton mixture was diluted with ethyl acetate and
15 concentrated under reduced pressure. The erude residue was purified by cohumn
chvomatography on silica gel {(30% othyl acetate in hexane) o atford 600mg of the
product (28.32%; vield).
HENMR (300 MHz CDCl) 8 9.3 (s, T, 8.55 (5, 1H), 8.45 (. 1H), 8.25 ¢4,
FHY, 7402725 (m, 28D, 6.85-6.75 (m, 2HD), 2.3 (5, 31D

20
Step-2: Svathesis of fntermediate N-(4-Methvl-pyeidin-3-viji-benzene-, 2-diaming &

FRELIS

S S




{0

20

o
LA

WO 2010/149755 PCT/EP2010/059029

F% PA/C {100mg) was charged portion wise to a solution of {(d-methyl-pyridin
3oy D-(2-nitro-phenyD-amine (1-17 18 600mg, 2.62mmol) in nethano! {13mL) ander
nitrogen atmesphere. The resulting mixture was stirved at reom temperature under
hvdrogen atmosphere for 2 hours, The reaction was monitored by TLC (B0% ethyl
acelate in hexane). The reaction mixture was filtered and the filtrate was concentrated
under reduced pressare o afford 525myg of the product (98.9 1% vieldy,

HNMR (300 MHz, DMSOR & 7.82 (5, 1H), 7.6 (5, 1H), 7.08 (d, 1H), 6.9-6.7 {1,
3H), 6.65-6.50 (. 2HY, 3.0-4.7 (bs, 2H)Y, 2.2 (s, 3H)

/
RN
N
{1 =0
=N
H
{(-171e)

Tricthylamine {0.76ml., 5.276nmmel) was added to a solution of N-{4-Methyi-
pyridin-3-yl-benzene-1,2-diamine (325mg, 2.638mmet) in THF (10ml.) under nitrogen
atmosphere. This was followed by the drop wise addition of triphosgene (313mg,
LOSSmmoly in THF (10mL) at 0°C, The resulting suspensinn was stirred at room
ternperature for 1.5 howrs. The reaction was monitored by TLC (309% ethyl acetale in
hexane). The reaction mixture was quenched with ice and partitioned between water and
cthyl acetate. The organie layer was washed with water, brine solution, dried over
NaxS0, and concentrated o afford the crude product, Purification by colunm
chromatography on silica gel (30% ethyl acetate in hexane) afforded 270my of the
product {(46.37% yield).

T RNMR (300 Mz, CDCID 8 8.9 (s, 1H), 8.15-8.05 (1, 2H), 7.80-7.65 (m, 310),
8.7 (dd, 1H)y, S8 {dd, 11D, 1.9¢, 31

Find Step: Svmthesis of {-Boothiazol-tvl-3-0metnd-puridin-J-vli-1 3-difedro-

beazoimidazed-2-one (17144
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Using the same reaction conditions and work up as deseribed 1o Example 1, step-
3, Fd-methyl-pyridin-3-y-1 3-dihydro-benzoimidazol-2-one (.17 {¢; 120mg,
0. 53mmael) was refluxed with 6-lodo-benzothiazole (167mg, 8.63%mmel), copper todide
{101 3mg, 0.0533mmol), NON-Dimethylovelphexane- 1, 2-diamine (22.7mg,

S 0.1 8mmod), potassium phosphate (33%mg, (.01 5mmol) and 1, 4-DHoxane {Sml) at
120°C for 12 hours to afford the crude product. Parification by column chromatography
on sitica gel (1% methanotl in chloroform) followed by hexane washing afforded 2{mg of
the product (10.5%; vield).

HNMR (300 MHz, DMSO): 3 9355, 1H), 8.7-8.6 (m,2H), £.54 (s, 1), 8.3 (4,
1 THD, T8RS (dd, 1 H), 7.6 (d, THL 73~ 7.0 {m, 3H), 6.9 - 6.8 {m, TH), 2.2 {s, 3H).

LOMS: 97 iz 3G M)

HPLC: 95.78%

Example 172

1S Preparation of I-Benzothiceol-6-yi-d-methyi-3-(d-methvl-pyridio-3-vii-imidazolidin-2-
e (1724}
CH
2 0 i,
i \ T N
NN S 4 S
N
GFy
(1724
Step-1: Svathesis of Itermedioe ”{bez;unhmwmf G-viaming -4, 4, S reifluore-baivric acid
20
N OH
A ‘\\\ﬂ - \Y-’f\ A
ISha:
P ik
N7
Neg
(;“! 7.,(1\}

Benzothiazol-6-viamine {1 g 0.006mo!) was reacted with 4.4 4-trifluoro-but-2-
enoie acid (1,39, .009mol), benzene-1d-diol {0.03g, 0.00046mo]) and toloene {S0ml)
25 o alford the crude product. Purification by miunmdammaim,mpm on stlica gel (15%

wihyl acetate 1w hexane) afforded 102 of the product {33.68% vield)

180
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THONMR (300 MHz, DMSO-D0 8 12,6 (b, THYL 9.0 ¢, 1HD, 7.9 1), 7.5
H), 7.0 ¢dd, 1H), 0.6 {d, TH), 4.84.6 (m, TH), 2.9 {ad, 1H)L 27255 {m, TH)

Ntep-2: Svathesis of termediote I-Bargothianol-6-v63-riffuprometind-imidasolidin-2-

(¥4

e (117265

SERA AR Ao

s d
. \
HNT NS %/
L §
L _...k
CF
(1-1726)

3-{Benzothiavol-6-vlamino -4, 4 4~ trifluoro-butyric seid (117240 g, G.003mol)
was refluxed with triethyl apune (Q.4g, 0.004Tmoh), DPPA (1. 1g, 0.004mol) and toluene
Hy  (S10mlb) ar 120°C to afford the crude produel. The reaction was monitored by TLC (80%
ethyl acetate in hexane}. Purification by column chromatography on silica gef (40% ethyl
acetate in hexane) alforded (1L.02g of the product (63.2% vield).
THONMR (300MHz, DMSO-De): & 9.4¢s, 1D, 8.3 ¢, 1H), 8.1 ¢d, 1H), 7.7 {dd,
D, 7.8 (s, THD, 5.65-3.5 {m, HHDL 385 (1, 1D, 3.5 ¢dd, 1D
is LOMS: 100.0%, {miz) = 288.2 (M+1)

Fined Step: Svnthesis of 1-Benzothiazol-t-vi-d-methvi-3-1d-meibvi-puridin-3-vik-

imidazelidin-2-one {17240

LUising the same reaction conditions and work up as deseribed in Example 1, step-

20 3, Pbenrothiarol-6-vI-S-rifluoromethyb-imidarolidin-Z-one (1-172h 0.13¢, 3.0005mol)
was refluxed with 3-lodo-d-methyl-pyridine (0.168¢, 0.0007mol), copper odide (0.01g

0.00005moh), NN-Dimethyl-cyvelohexane-1 2-diamine (0.01g, 0.00001 Smol), potassium

phosphate (0.3g, 0.001mol) and §, d-dioxane (20ml.) at 120°C for 12 hours to afford the

erade product. The reaction was montiored by TLO (100% ethyl acetate). Parification by

78
I

oV
k)

colamn chromatography on silica gel (2% methano! in DOM) afforded 75mwg of the
product {39.47%; yvield).

THNMR (300 MBz, CDCHY: 8 9.04 {5, TH), 8.82 - 8.6 (bs, TH), 8.5~ 8.3 (bs,
PR, 28 - BU12 (. 3H, 752 {dd, THY, 74 - 728 thel 1H, S8 49 ¢, THL 435 ¢4,

DL 3,00 (dd, TH), 2.4 (s 3H)

181
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LOMS: 88.43%, vy = 3787 (M 1)

HPLO: 96.489%

Example 173

Preparation of 3-Benzothiazol-o D pyridin-3-vi-d-teiilvoremethvl-imidazolidine 2oone

was refluxed with 3-bromoe-pyridine (0.085g, 0.0005mel), copper lodide (0.0076g.
000004 moh, NN ~dimethyhcyclohexane-1 2-diamine €0.017g, 00001 2mol), potassiom
phosphate (0.22¢, 0.0012mol) and 1, d-dioxane {20mi.) at 120°C for 12 hows to afford
the erude product, The reaction was monitored by TLO (10096 ethyl seetate). Pusification
by colammn chromatography on sihica geb (29 methane! in DOM) afforded 34mg of the
produet £45.2% yvield),

HNMR (30D MHz CDCLy 6 9.04 (s, THY, 8.82 - R.6 ¢hs, 1H), 8.5 - 8.36 {bs,
TH 8.28 - B2 {m 3H), 7.52 (dd, 11D, 74 - 728 (bs, THYL, 50549 {m, 1H) 433 (4,
THY, 4.1 (dd. 1HD.

LOMS: 9942%, miz = 364 7 (M1

HPLC: 20.058%

Exwmnple {74

g

Prepasation of {-Benzethiazol-Govl-3-{dmetbnl-pyridin: v U-darifluoromethvl-

imidazolicdin-2-one {744}

82
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{174A)

F-Benzothiarob-6-vi-d-iriftuoromethyvl-imidazohidin-2-one (1-170b: 100mg,
3. 348 mmol) wag reacted with 3-iodo-d-methyl-pyridine (83.9mg, 0383 mmnl), Pdx(dbay
{13.9myg, (.01 7dmmol), Xaotphos (30.2mg, 0.0528munol), cesiwm carbonate (170mg,
15 2mmol) and Ld-dioxane (10mL ) to afford the crude product. Purification by eolumn
chromatography on sihica gel (2% wethasol o chdorvoform) followed by preparative
HPLC afforded [y of the product (7.5% vield).

HONMR (300 MHz, CIROD: 8 9.2-0.05 (hs, THD, §.74-8.58 (bs, 1H), 8.34 (d,
), 818,03 (my, TH), 7.96 - 7.7 (m, 28, 4.65 - 4.1 (m 3H), 2.86 (3,3H).

LOMS: 95, 13%, nv'z = 379 (M+1)

HPLC: 76.33%

Example 175

Preparation of [-Benzothiscol-6-yi-4 3-dimethvl -3 -{d-methnl-pyridin-3-vi-imidazolidia-

.............................

(1754)

D
I \\;";‘;' CHy O

X
LONSeS
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Benvothiazol-b-viamine (1g, 6.067mmol) was reacted with 2-methyb-but-2-enoic
acid (1g, .99mmol), benzene-1 4-dind (31.38mg, .467Tmmel) and woeluene {(dmly o
aftoad the crude prodoct, Purification by cohuan chvomatography on silica gel {30% ethyl
acetate iy hexane) afforded 100mg of the product {6.02% vield).

LOMS: S89.03%, nve= 251 (M)

Step-2: Synthesis of Interowdiate I-Rerzothiazol-6-yi-4, 5-dimethvi-imidacolidin-2-one

A N
HN N &x o
3, ““] W
RN
HaC CH3
{1-173b)
3-(Bernzothiazol-o-vlamino }-2-methyl-butyric acid (1-17%a: 100mg, 0.4mmot)
was refluxed with triethy! amine (0.067m., 0.48mmol), DPPA (0.107mLg, 6.33mmol)
and toluene (3mly at 120°C in a sealed tobe to afford the crude product, The reaction was
monitered by TLC (8% ethyl acetate jn hexane). Purification by column
chromatography on silica gel (40% ethyl acetate in hexane) afforded 30my of the product
{50.6% vield).

LOMS: 79.64%. m/z = 248 (M+1)

Final Step: Svathesis of 1-Benzotfvagol-0-v{-4 S-dimethyl-3-(4-methyi-pyridin-3-vii-

inidazolidin-2-one {1734):

Using the same reaction conditions and work up as described in Example 1 step-
3, i-benzothiazol-6-yi-4 5 dimethyl-imidazolidin- 2-one (J1-178h: 50mg, 0.202mmaol) was
reflixed with S-jode-d-methyl-pyridine (44.33mg, 0.202mmol), copper indide (3.85mg.
(.0202mmol), NN -dumethyl-cvclohexane- 1. 2-diamine (.00%3mi., (L06 Tmmol),
potassium phosphate (107.2mg, 0.500mmol} and 1, 4-dioxane (3mb) at 120°C for 16
hours to afford the crude product. The reaction was monitored by TLC (10%6 ethyl
acetate). Purification by columm chromatography on sifica gel (60% ethy! soetate in

hexane) followed by preparative HPLC afforded 6my of the product (R.70% vield).
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YONMR (300 Mz, CDCEY: 8 895 (5, TH), 8.5 ~ 8.4 fm. 2H), 816 ~ &1 {(m,
2HY 7.50-7.5 (dd, 1H), 725 (5. TH)L 4241 (m, FHY, 3.92 - 3.82 (m, 1H), 2.35 (s, 3H),
146 {d, 3H), 1.3 (d. 3H).

LOMS: 100.00%, méz = 339 (M+1)

HPLC: 95.46%

Example 176

Preparation of I-Bazothiazol-6-vi-3-t4-pvrralidin- vimethvlpveidia-3-vii~

imidazofidin-2-one (1704}

{17640

Step 1 Svathesis of micrmedigte 3-Bromo-d-pyreolidin- -vimethvl-pyridine (-1 70a);

e
]
d
8r
-176a)
Acutic acid (0. 1mh) was added to a stirred solution of 3-bromo-pyridine-4-

carbaldehyde (220mg, 1.18mmoly and pyerolidine (0.1 ml, 1.3dwmol) in DCE (153mb)
under nitrogen atmosphere and stirred at room temperature for 2 hours. This was
followed by addition of NaBH{OAC): 342me, 1.6 12mmol) at 0°C over a period of 10
minutes, The resulling reachon mass was stirred for 12 hours at room temperature. The

saction was monitored hy TLC (30% ethyl acetate in bexane). The reaction mixhure was
washoed with NaHCO,: solution and extracted using ethyl acetate. The organie Laver was
dried over NanSOy and concentrated to afford 275my of the product (98.2% vield).

HONMR (300 MHz, CDCLY 3 8.63 (5, THD, $.46 (dd, 1), 749 {d, 11D, 7.27 {4,

HH, 3.72 (g, 2HY, 2.6 {my, 4H) L84 (m, 41D
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Final Step: Svmthonis of {-Rensothiozal-0-vi-3-(d-pyreoalidin- I vimeihvi-pyeidin-3-vi)-

inidazalidin-2-one 1 7640;

Using the same reaction conditions and work up as described in Example 1, step-
3, 3-bromo-d-pyrrofidin- 1 -vimethyl-pyridine (1:176a: 2%y, 1. 2053mmol) was refluxed
S with I-henzothiazol-6-yi-umidazolidin-2~one (1:84b: 220my, LO0hmmol), copper iodide
{19mg, 0.1004mmol), N.N-Dimethyl-cyclohexane-1,2-diaming (42, 7mg, 030 mmad),
potassium phosphate (640mg, 3.012mmol) and 1, 4-dioxane {15mb) at 120°C for 12
hours 1o afford the crude product, The reaction was monitored by TLO (8% MeOlH in
DOMY. Purtfication by column chromatography on silica gel (3% MeOH in chloroform)
10 followed by preparative HPLC atforded 72mg of the product (18.9% vield).
THONMR (300 Mz, CDCL): 8 8.9 (s, THY, 8.6-8.5 {m, 2H), 838 (4, 1H), 81244,
PR 7.7 (dd, THD 7.540d, THY, 4.2-3.93 G, 4H), 3.7 (50 2H), 2.5 (hs, 4y, L8(m, 4H).

HPLC: 99,119

Example 177

Preparation of 1-Bercothiasol-64-3-id-morpholin-d-vimetind-pyridin-3-vi-

imidazolidiv-2-one {17743

Qﬁ“\‘}
Wl

e ‘
- / ' g v

T

[\\ )‘ — S N_,/‘\\
S ‘e

3\\//6

N
A‘,/

20 {(1774)

Sten 1 Svathesis of hvermedicate |-Bensothiazol-6-vl- 3-64 -dimethoxyvmethvi-pveidin-S-

3

viimidazolidin-g-ane (117 7q:

2 R,
N~ ﬁ\\*\\w« g N !
N/ {
K ey —— -
g HCO™ O0H,
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Using the same reaction conditions and work up as desceribed in BExample 1, step-

2

I-bromo-4-dimethoxymethyl-pyridine (600mg, 2.584mwmoly, copper jodide {44.7mg,

Q.23 P2mmod), NN -dimethyl-evelohexane-1,2-diamine (80.8mg. 0.7405mmol),
potassium phosphate {1 .4g, 7.046mmol} and 1, 4-dioxane (20md) at 11O for 12 howrs
to alford the crude product. The reacton was monitored by TLC {10% MeOH in
chloroform). Purification by colonm chromatography on silica gel (2% methanol in
chioroform) aftorded 460myg of the product (52.9% vield).

THONMR 00 MMz, CDCh): 8 8.9 {5, 1H), 8.6 (bs, 2H), 8.4 ¢, TH), 8.14-8.1 (4,
1Y, 7.7 {dd, 1), 764276 €hs, THY, 5.7 {5, TH), 42412 Om, 2H), 4.0-395 {m, 2H)

335 (3, 0D

Step 2. Syathesiy of 3-(3-Benzottuazol-6-vi-2-oxo-tnidazelidin- L -vli-maidine-4-

carbaldehvde (1-177h:

{I-177h)

PESA (2.2g, 1LeT2mumol) was added to a stirred solution of -benvothiazol-a-v]-
S-{d-dimethoxymethyl-pyridin-3-v-imidazolidin-2-one (11774 460mg, 1.2418mmel} in
acetone {20ml.y and water (20mL). The resulting reaction mass was stirred for 48 hours
at oo femperature. The reaction was mongtored by TLO (3% methanol in chioroform).
The reaction misthure was concentrated, the residue was difuted with ce-water, basitied
filtered and the solid collected was dried under reduced pressure. The solid was dissolved
in methanol and chloroform, dricd over Na;SQy and concentrated under reduced pressure
to afford 400mg of the product {99.53% vield).

YHONMR (300 MHz, DMSOY 8§ 9.9 (s, THY, 93 (s, YHL 8.9 (s, 1H), 8.62 (d, 1H).
53¢ 1Y, BH(d, THY, 7.9 (dd, B, 7.654d, TH 43445 (m, 4HD)
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imidazolidin-2-one {1 7743:

Morpholine (1.432ml., 0.3699nmmol} was added 1o a stiveed solution of 3-(3-
Benzethizzol-o-yl-2-nxo-imidazelidin-LoyD-pyridine-d-carbaldehyde (1-177h: 100mg,

3 0.3082mmod) in acetic acikd (2ml) and stirred at ronm temperatare for 4 bows, This was
tollowed by the addiion of NaBH{OAC): (98mg, 0.4624mmoll. The resulting reaction
voass was stirred at room temperature for 24 hours. The reaction was monitored by TLC
{10% methano! in chloreform). The reaction mixtare was concentrated under reduced
pressure, added ice, basified using saturated NaHC O, solution and extracted using ethyvl

10 acetate. The organic laver was washed with water, brine solation, dried over Nap SO, and

concentrated. Purtfication by column chromatography on silica gel (2% methanol in

chloroform) followed by preparative HPLC atforded 25mg of the product {20.6% yield).

HONMR (400 MHz, CDCE): 8 8.9 (s, TH), 8.58-8.5 (m, 2H), 8.34(d, 1H), 8.12(d,
THY 7.7 (dd, TH), 7.54 (d, 1H), 4.2-4 840, 2H) 4.04 (m, 2H), 3.7 {1, 4H), 3.6 (s, 2H),
2444, 4Hy

LOMS: 99.10%, miz = 396.1 (M1}

HPLC: 95.64%

s
12

Example 178

20 Preparation of I-Benzothiozof-n-vl-3-t4-cxdopropylomunomethel-pyeidin: 3-vii-

imidacolidin-2-one (1784}

{1784}
25 1770 100mg, 0.3083mmob) was reacted with NaBH{QACK (98mg, 0.4624mmol},
Cyclopropylamine (0.032mb, (.462mmod) and acetic acikd {53ml.) at room temperatiwe for
{2 hours W atford the crude product. The reaction was monitored by TLC (3% methano}
tr chloroforny). Porification by codumn chvemategraphy on sifica gol (2% methanol in

chitorotorm) followad by preparative HPLC afforded 13mg of the product {11.6% vield).

R
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THONMR (400 MHz, CDCEY: 8 8.9 (s, 1H), 8.6-8.5 {m. 28D, 835{, 1H)L 8.1 ¢d,
PHY, 7.7 {dd, THY 7.5 ¢, THD), 4.2 Om, 2H), 4.05(m, 2H) {8, 2HD, 235205 dm, Y,
4.5-0.3 {m, $H.
LOMS: 98,1 7%, nv'z = 3061 {(M+ D)
HPLC: 93.36%

Example 179

Preparation of 1-Benzoihiccol-0-vI-3-(6-Auoro-d-methvl-pyridin: -y tnidazelidine2-

ene (17944

{179A)

{-Benrothiazol-G-vl-imidazolidin-2-one (1-84b: 150mg, 0.6849mmol) was reacted
with 3-bromo-2-tfluoro-d-methyl-pyridine (130mg, 0.6849mmol), |, 4-dioxanc (Sml.),
copper odide (13mg, Q.0684%mmol), trany -N N -dimethyl-cvelohexane- 1, 2-diamine
{32.3ml, 0.2054mmol) and potassium phosphate (362 9myp, 1.7122mmol) to afford the
crade product. Purification by column chromatography on silica gel (60% cthylacetate in
hexane) atforded 65mg of the product (28.9%% vield).

"HONMR (400 Mz, CDCEY: 8 8.9 (s, TH), 8.34 (d, TH), 8.16-8.1 {m, 2H), 7.68

{dd, TH), 6.9 (d, 1i), 4,16 (m, 2H), 3.95 (m, 2H), 2.4 (s, 3H).

LOMS: 98.93%%, mie = 3289 {M+1)

HPLC: 98.002%

Example 180

K

Preporation of 1-Berzatinazed -0 3-f4-( 2omprpholised-vi-ethoxvl-muridin-3-vij-

imidazolicin-2one {18041

189
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(1804)

Step 1 Preparation of tersediote I-Beazorthiazol-6-vb-3-(4d-chlovo-nyridine3-vli-

fortdazolidin-2-ane (- 180ai:

(1-180a)
Uising the same reachion conditions and work up as described jo Example 1, step-
3, I-benzothiwzoi-6-vl-inmdazohdin-2-one {(1-84b: 8tmg. 3.655mumol) was refluxed with
3-bromo-4-chloro-pyridine (879mg, 4.566mmol), copper iodide (7T0mg, .305mmol),
HY  oyclobexane-12-diamine (123mg, 1.O938mmel), potassium phosphate (2.32g,
13,95 8mmoel) and 1, $Dioxane (SOml.) at 110°C for 12 hours to afford the crude
product, The reaction was monitored by TLC (10% MeOH in chloroftrm). Purification
by column chromatography on silica gel {1.5% methanol in chloroform) afforded 715my
of the product (60% yield}
£4 THONMR (400 MHz, CDCLY 8 8.9 (s, 1H), 8.7 (s, TH), 8.48 (d, 1H), 838 (d, 1H),
RA2GL D, 7.68 (dd, THY, 746 (d, TH), 4.22 -~ 4.14 {m, 2H), 4.06 - 4.0 {m, 2H).
LOMS: 96,70%, miz = 331 (M1}

HPLC: 95.64%,

20 Fmol Siep: Svathests of 1-Benzotiiazol-0-vi-3-F4-¢ 2-morpholin-d-vi-ethoxyvi-pyeidin-3-

vl i-imidazolidine2-one (1884):

FoOmg, 0302 3nmmol) was refluxed with 2-morpholin-d-yl-ethanol (60myg. 0.4534mmeol),

notassium hyvdroxide (A8mge, F.2092mmol), potassiom carbonate (42me, 8.3023mmol),

-
L8

FE-crownscther (Smg, 0.0302mmol) and toluene Gl at 120°C to atford the cvude

10
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product. The reaction was moastored by TLO (1184 MeOH i chlroformy). Purification
by column chronatography on siliea gel {3.5% methanol in chidoroform} followed by
hexane wash aand ether wash afforded 8.5myg of the product {6.6% yvield)

HEONMR (400 MMz, CDCly 8 8.9 s, 1HY, 8.65 (s, TH), 8.54(d, 11}, 83 {5, 1H),

S B D T, THD, 695 (d, THD, 24 2HY, 4.32- 3940m, 4H), 364 () 4H), 2821

2HY, 2.58-2.48 (m, 4H)

LOMS: 94379, mde = 426 (M 1)

HPLC: 91 83%

¢ Example 181

Preparation of 1-RBenzothiocol-6-y{-3-f3-( I -metbvi-pyrrolidin-2-vimethoxvisnridin-g-

vij-imidazelidin--one {181 4);

o
D/\«“
se oy § b
;q i \(«-N\ff,N\{/ R
J\f:»’-*f O ‘:cN
1A
13 {-Benzothiarol-6-yi-3-{4-chloro-pyridin-3~yl-hnidazolidin-2-one {1-180a:

Himg, 0.3023numol) was added to a stivred mixture of KOH (68myg, 12092mmol),

KO0 (42mg, (.3023mmol) and toluene (3mby and the reaction mixture was stirred at

RT for Smins. This was foltowed by the addition of {(1-methyl-pyrrolidin-2-viy-methanol

{82myg, 0.4583dmmeol ) and 18 crown ether (8mg, 0.0302mmeol) and the resulting miture
20 was refloxed for 24hrs. The reaction was monitored by TLC {10% MeOH in CHCL). The
resction mixture was concentrated and the concentrate was partitioned between
vthylaecotate and water, The organic layer was washed with water, brine, dried over
Naz80y and concentrated, Purification by preparative HPLC afforded dmg of the product
(5% vield)

FHEONMR (300 Mz, CDCLY & 8.9 (s, TH)Y, 853 (s, TH), 845 (d, 1H), 8.35 (d,

Tt
k43

HEDL B3 (L TR 7.7 (dd, THD, o9 Gl 1D, 42239 (m, THY, 301 (0 TH, 2.7 {hs, THDY, 245
{s, 3H), 23522 {m, i“) 2.05-1.95 {m, THY | 8517 7 {m, 2
LOMS: 100%:, miz = 418 (M 1}

191
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HPLO 96.12%

Example 182

Freparation of I-Benzothiazol-o-vi-3-f4-[Gamethvl- L pvrazel-3-vlamino b-metdnd ] -

pridin-3-vil-imidazofidin:-Z-one {IR241

g.\__ /“\Q'W}’CHZ
{

{{S \\;r N‘f" M‘*\ ,-E N Nk
N ) ‘f:; 1.
)

o Sy
{182 A‘)

1770 [0mg, {}‘30811'1“}01} was reacted with NaBH( (i}.r‘\{:-}_; (BImg, {1.61 f'imm.oi}, S~
methyl-TH-pyrazol3-viamine (40mg, 8.370mmol) and acetic acid (10mb) o afford the
crixle product. Purification by columun chromatography on stlica gel (5% MeOH in
CHCls). followed by preparative HPLC afforded 4my of the product (7.7% vield).

THONMR (400 MHz, CD:ODY 8 918 (s, TH), 8.64 (s, THY, 8.5 (d, 11, 8.32 (4,
{HD, 8.06 {d, 1H)Y 7.9 (dd, 1H), 7.0 L, tH), 5.5(s, THD), 4.5 (5, 2H), 4.3-4.05 (m, 4H),
215 {8, 3HD

LOMS: 100%, mie = 4059 (M+1)

HPLC: 80.60%

Example 183

Preparation of 1-Beanzothiazol-6-vi-3- 3H-ipddazaf 4. 5-bipvridin-6-vli-imidazofidin 2

one (1834

LR AR RS

{183A)

Step { Synthesis of Intermedicte 6-Bromo-3-1 2-trimethndsilanvi-ethoxemethyl - 3H-

imidazo{d 3-blmridine (1183}
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{1-183a}
{2-Chloromethoxy-cethyi-trimethyl-sitane {308.6myg, 3.0456mmel), catalviic
amount of berzyl tricthvl-ammonium chioride and NaOH {203 .04mg, 3.0760umol) were
added o a solution of 6-bromo-3H-imidazof4d,5-bipyridine (5300mg, 2.538mmeol} in DCM
{10mL} at 0°C. The resulting mixture was stirred room temperatare for 6 hours, The
regetion was monitored by TLC (80% ethylacetate in hexane). The reaction mixture was
partitioned between DOM and water. The organic layer was washed with water, brine,
dried over NapSQy and concentrated. Purtfication by column chromatography on silica
gel (20% cthylacetate in hexane) afforded 120mg of the product {14.4% yvield).
THONMR (400 MMz, CDCL): 8.48 (. 1H), 825 (o, TH), 8.2 (s, 1H), 5.65 (s, 2H),
37384 2H, LO-0.9 ¢ 2HD, -0.09-0.00 (m, 9H).

Nren 2o Svathesis of Infermediate -Bessothiazol-6-vi-3-f 3~ 2-trimethvizilanvi-ethoxy)-

IHN-imidazaf 4 3-8lpmyridin-a-vi{~ipiddacalidin-2-one (1-183b};

s o~

,«;‘" ’\r"‘"ﬂ\ / “‘\
}:\4 i NN ’N\Tf‘ o NQ,.
J\:__ o~ } } -L\q ;ﬁl\\ N,"
NCs

o 'f“*“j
Hal-g
H'\zC ‘CH‘z
(1-183h)

P-Benzothiarol-6-yl-imidarolidin-2-one (1-84h: 80.3mg, .3669mmol) was
1834 120myg, 0.366%9mmol} 1, 4-dioxane (Sml. ), copper jodide (6.9myg, 0.0366%mmol),
trans NN dimethyl-evelohexane-1,2-dwmine (17 3mb, 8.1 100munol) and potasstam
phosphate (194 dmp, .91 72mmod) to atford the orade produet. Parification by cohunun
chromatograpby on siica ged (2% MeOH tn DOM) afforded 100mg of the product

(58.4% vield).
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TENMR (200 MHz CDCL): 8 9.0-8.8 (i, 2H), £.5-8.1 (m, 4H) 7.7, 14, 5.7
{bs, 23, 4.2 {bs, 413, 3.6 (L 2H), 0.95 (L 2H). -1.09-0.00 (m, 9.

Fined Sten: Svuthesis of I-Bensoihicgal-6-vi-3-3 H-amidazof 4. 3-8 pyeidin-t-vi}-

indazolidin-2-one (18341

Lad-Dioxane HCY (3l was adided to T-bensothiarol-6-vi3-0 3402~
trimethylsilanyi-ethoxy)-3H-tmidaro[4,5-blpyridin-6-yi}-imidazolidin-2-one (1-183h:
100n1g, 0.2 14S5mmol) and the resulting mixture was stirred room tomperature for 6 hours.
The reaction was monitored by TLC (10% MeOH in DCM). The reaction mixture was
concentrated and washed with dicthy! ether. Purification by preparative HPLC afforded
2imog of the product {25.4%, vield).

HONMR {400 MHz, DMSO-D): 8 13.2 (s, 0.53H), 12,6 (s, 0.5H3, 9.3 (5, 1H), 8.7
(dd, TH), 8.44 (s, THD), .36 (s, TH) 83 (dd. 1Hy, 8.1, 1HD, 8.0 (dd, 1M, 4.2 (s, 4H)

LOMS: 73,258%, vz = 337 (M)

HPLC: 93.02%

Example 184

Svrthesis of L-Benzothicgel-6-34-3-{4-( L-methnd-piperidin-d-vimethoxvh-pyridis- -] -

iz elidin-2-one (184440

{184}
I-Benzothiarol-6-yl-3-<{d-chloro-pyridin-3-vi-inidarolidin-2-one {{-180a:
{30mg, 0.4534mmol) was reacted with { {-methyl-piperidin-d-yl methano! (88mg,
(L680 mmnd), KOH (101my, .&813&mmad), KO0 {(63my, 04533 mumol) and toluene
(6mb.) to afford vrude product, Purification by column chromatography on silica gel
{10% MeOH in CHOL), tollowed by preparative HPLC afforded 10mg of the product

{5% yield).

194
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HONMER (400 MHz, CDCLyy: 8 8.9 (s, THY B.35 (s, THD, 8.45 (4, 11D, 833 (4,
TH), €1, TH) 7.7 (e, THD, 6.9 ¢, THY, 415 {m, 2H), 4.0-3.9 (m, 4H), 2.9 (d, 2H), 2.3
{8, 34, 2.0-1.75 (m, SH)L 15 1 2H),

LOMS: 100%, miz = 4242 (M 1)

HPLC: 98.88%

Example 185

Preparation of 3-03-Benzothiazol-6-vi-2-oxp-tmidazolidin: I -vli-isonicoiinamide {18340

Step b Svathesis of 3-03-HBensoithiazol-6-vi-2-oxo-imidazofidin- I -vi-onicotinic acidd

effnd ester (1-185ai:

{)b\/OCHg_CH:;

(1-185a)

{-Benzothiazol-6-vi-tmidazolidin-2-one (1-84h: 0.25g, 1. mmaod) was reacted with
3-bromo-izonicotinic acid ethy! ester (0.28g, L. 2mmol), 1, d-dioxane (30ml.} coppar
iodide ((L065g, 0.3mmol), trans N N'-dimethyvl-cyelohexane- 1, 2-diaming (0.048g,
€. 3nunol) and potassium phosphate (0.81g, 2. 8mmuol) to atford the erude product,
Purification by column chromatography on silica gel {100% CHCL) afforded 160mg of
the product (38.2% vield),

LO-MS {miz), 61.53%, 369.0 (m+1)

Finad Sten; Svathesis of 3-03-Benzothicsel-G-yi-2-ox0-imidazolidin- { v{-izenicotinamide

R IR0 F

3-(3-Benzothigzol-6-yi-2-oxo-imidazolidin- -y isonotinie scid othyt ester (1
185 0.16g, Sdmmal) in methanolic ammonda (20mL) was taken ina reaction flask and

the flask was heated to 40°C overnight. The reaction was monitored by TLO (10%% MeOH
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in CHOL) The reaction mxture was cooled 1o room temperature and concentrated. The
concentrate was partitioned between DUM and water, The organic laver was washed with
water, bring, dried over Nap My and concentrated. Pasification by cohanp
chromatography on silica gel {10% MeOH in CHCly) afforded 40mg of the product
{28.57% vield),

THONMR (400 MHz, DMSOda): 8 9.3 (s, THL 8.7 (s, HHL 855 (d, TH)L 8.3 (4,
D, 8.1 7.9 (m, SHY 7.0 (s, 1M, 7.5 (d, THD 401 (8, 40,

LOMS: 1009, mfz = 3399 (M+1)

HPLC: 8B4 1%

Exgmyple 186

Preporation of {-Benzoihiazol-6-vl-3-imidazof ] 2-wlprazin-d-vl-imidazolidin-2-one

{*'?\)fii 3 N

S Fro - e N
&N £ LN
}\\‘!‘ mf;?‘ \ et N . N ~ N \”(

Nzzmd 7:{ ! t
G N N{?

{186}

i 3

Cho N_N

!

{I-186a)

NaHCO; (4.215g, S0.173ammol) and IPA (40mlL) were added to a nuxtare of 2-
bromo-1 | -dimethoxy-ethane (6. 37mb. 10.8008nunol), 40% HBr (475ml, 2.3157mmoh
and 2 drops of water proviousty reflaxed for Thr, The reaction mixtare was stirred for
Smins and Hltered. To the Glate was added 6-chloro-pyrazin-2-ylamine {Ig.
7.719%0mmol) and the resulting mixture was reftuxed for overnight, The reaction was
naoatored by TLL (50% ethylacetate iy hexane), The reaction muxture was newtralized
with NaxCOs and partitioped between ethylacetate and water. The organic layer was

washed with water, brine, dried over Nax SOy and concentrated. Purification by column
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chrematography on silica gel {1-2% MeOH 1 CHCH) afforded 300mg of the product
{25.31% viehdy
HONMR (400 Milz, CDCH): 6 9.05 (s, 1H), 7.98 (s, 1HY, 7.92-7.85 (m, 21},
LOMS: 97 858%, myz = 1540 (M D)

L

Final Steps Swnthesis of I-Benzothiazol-fi-vl-3-tmidacef 1, 2-afpvrogin-3vl-imidazolidin:

f-benzothiarol-6-yi-imidazolidine2vone (1-84b: 240me, U945 mmol) was reacted
with S-chloro-inudazo] L 2-a]pyrazane (-1806a: 202myg, 1.3135mmel}, 1, 4-dioxane
0 OBmb). copperwdide (24my), wans N N-dimethvl-cyelohexane~ 1 2-diaming (48my ) and
potassium phosphate (38 Tmg, 2.7364mmed) to affird the crude product. Parification by
column chromatography on sifica gel (2% MeOH in CHOLL followed by preparative
HPLC altorded 3mg of the product (3.33% vield).
FENMR 00 MEz, CDOLY 8 8.9 (s, TH), 8,34 (d, THY. 8.1 (d, TH), 7.95 (. 11D,
15 783 ) 77577 m, 3HD), 45 (0 2D, 400 (L, 2H
LOMS: 100%, nevfz = 337 {M+1)
HPLC: 91.78%

Example 187

20 Prepyration of §-Benzetiiwzol-6a-3-(1 H-pyerolo [ 2 3-Blpvridin-S-yli-imidazolidin 2-

-
- - ; \
AU \\ N " . >,
g 2 N /?\‘\_w*’ e,
N e/ 7 T LY
O ‘Q—N»/'“NH
F87AG

Sters 12 Synthesis of S-Bramuo- L rimethvlsifaond-ethooymetbndi-{ H-poreolof 2. 3+

23 hipvridine (-187a):

Ha

}‘.{"‘ N (‘*‘i(
; i /c’
A A | 1
S A "’\i\ \ (,H
\,‘“(\
f-187a)
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S~bromo-1H-pyrrolo] 2, 3-bipyridine (0.3, | fmumeol} was reacted with (2-
chloromethoxy-ethyli-trimethyl-silane (0.35g, 2. bamol), catalytic amount of berayl
triethyl-anuoonitm chloride and NaOR {0.2g, 3 2mmol) and DOM (20ml) to afford the
crude product. Purtfication by colonn chromatography on silica gel {20% ethylacetate in
hexane} aftorded 0.32g of the product (64.2% yield).

THONMR (G00MHz, CDCI) 8 836 (d, TH), 8.03 {d, 1H), 7.36 (1, 111 6.46 {d,
THY, 5.6 (a0 2H)L 3.5 ¢ 2HD, 0.9 {1, 2, -0.95 {m, 91D

Step 20 Svnthesis of Intermediaie 1-tbenzotbiazol-t-vli-3-{ -0 2~{ivimeiinlsifvii-

10 erhoxvimethll- ] Hepviralad 2 3-Blpvridin-S-vlimidazolidin-2-ope (1-1875};

C

Z “:‘\’ \1/ xé”ﬁ\{ \
D \N/ N0 -~

oy .
L R e ~.
~

“SHCH
(I*i &7h)

15 LOmmol), 1 d-dioxane {15mL), copper iodide ((L052¢, 0,211111101), frans N,N'~dimelhy¥-
cyclohexane-1,2-diamine (0.038g, 0.27mmol) and potassium phosphate ((.65g, 2.2mmol}
to afford the crade product. Purification by column chromatography on silica gel (1.5%
methanel tn DOM) afforded 0.22¢ ot the product (52,394 vield).
HONMR (00MUz CDCh) 8: 8.9 (s, 1H), 848 (d, 1H), 838 (d, 1H), .24 {d,
200 TH) &1 (d, THY, 7.7 (dd, TH), 7.37 (d, 1D, 6.5 (s, THY, 57 (s, 2HD), 401 (5, 4D, 388 (1
2HD 09 L 2H), 095 (5, 9H)

Final Step: Svathesis of 1-Bensothianol6-vl-3-{ 1 H-pyrrolof 2 3-Blovwidin-34d)-

imidazolidiv:-2-one £18741:

2
LA

Fd-Droxane HOH{10mb) was added to T-{thenvothigeob-6-vD-3-{1 {2~
(trimethylsilyh-ethoxy)methyi}- T H-pyreolo2. 3-bpyridin-3-vlimidarolidin-2-one (1-
870 6.07g, 0.1 9munol) and the resulting mixture was heated 1o 110°C for 2 davs. The
reaction was monitored by TLO 20% MeOH s CHOL) The reaction nuxture was

hasified with NaxCO, solution (pH~&), cooled to room temperature, concentrated and the

19y
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concentrate was washed with diethyl ether. Purdication by preparative HPLU afforded
. 7mg of the product {25.6% vield)

TUNMR (300 MHz, CDCLY: 3 8.9 45, 1H), 8.5 (5. 1HL 84 (d, 1THL 83 {5, THY,
S T 7.7 (dd, TR 735 (10 THD, .55 {m, THD, 4.2 (5, 41,

8 LOMS: 97 14%, miz = 336 (M1}
HPLO: 87.78%
Example 188
Svithesis of 3-Bengotbiczol-G-yvi-3 emethvl-4 3 -dilvvdro-3H 3 H-L 1 47 biimidazodl-2-one
£4]

§ l/\\/N ~@ N

", --*::j 'N AAAAA ‘
ch:'
{1 79A)

with S-bromo-} -i°nmhy§» PH-imidazole (121 3my, f)‘?:’é;hnnmi}, 1, $-dioxane {3ml.},
1S copper iodide {12.99myg, 0.0684mmol), rans N, N'-dimethyl-cyclobexane-1 2-diamine
{28, 176mg, (.205mmol) and potassium phosphate (435.01mg, 2.05mmel) to afford the
crude prodact. Purification by column chromatography on sihea gel (2% MeOH in
CHCL) afforded 85myg of the product (41.04% yield).
HENMR G300 MMz, CDCLY 8 8.9 (s, 1), 835 (d, THY, 8.1 (d, 1H), 7.7 (dd, 1H),
200 7574 (brs, TH), 7.0 thes, TRDL AT (4 2D 3.9 (1 2H), 3.6 (5, 3H),
LOMS: 100%, s == 290.8 (M+1)
HPLC: 98.32%

FExample 189

25 Preparation of {-Benzothigzol-6-vi-3-cdomethyi-S-grifhuorometindpyridin- 3143

imidazodidin-2~one trifluoro-geatic acid (I884):

5 T Gy
S i ! -~
\:\ jf 7—" \Fi - N 5 “\7 g '\4 FS
{ i -
N O CFLC0H
({894)
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Step I Svathesiz of 3-8romo-4~-metfrelSyiriffucromethvi-pyridine (- 151

PCT/EP2010/059029

CH,
Br~ 4?4‘\ x,,CFg
J

N g

{I-18%a}

n-Butyl Lithim (1.9ml, 3.044mmad) was added to a solution of DIPA (335.7mg,

-~

LA

3.3 B8 mmol) in THE (bml) at -78°C. The reaction mixture was stirred at -10°C for 10

minates. This was followed by the addition of 3-bromo-S-trifluoromethyl-pyridine

{300mg, 2.2 2mmeol) in THEF Grob) at - H0°C. The reaction mixture was stivred for a

further 15 minutes at -90%C and was followad by the addition of methyl lodide (5337 0mg,

3.924mmel) in THE (Gall) at -787°C wiath stinving over a peviod of 30 minutes, The

1} reaction was monitored by TLO (§% ethy! acetate in hexane). The reaction mixtore was

quenched with aqueous NaHCO(k solution and extracied with ethyl acetate (100ml}. The

argame layer was dried over Nu: SOy and concentrated, Purification by column

chromatography on silica gel (2% cthylacetate in hexane} afforded 95mg of the product

{(17.92% vield). LOMS: miz = 2398 {M+1)

15
Final Step: Synthesis of 1-Benzothiveel 0303 td-methyi-3-irifluorometind-pyridin-3-vii-
fidacolidin-2-one teifluoro-aeetic gcid (18940
t-Benrothiarol-6-yl-imidarolidin-2-one (3-84h: 80mg, 0.363mmaol) was reacted
with 3-bromo-d-methyl-S-riflueromethyi-pyridine (121 8% 90mg, 0.365mmad}y, 1
20 dioxane (Sml), copper iodide (6.95mg, 0.0365mmmol), srans-1.2~diamine C}’Q]Ohﬁxaﬂif

{12.5mg, 01095 mmob and potassium phosphate (232 4myg, 1093 mmoel o afford the

crude prodact. Parification by preparative HPLO afforded Srog of the product {3.6%%

vield)

HNMR (CDCE, 300 MMz 8 9.05-8.65 (m, 3H

A

25 THL TI8-758 (m THY, 4.32-432 (m, 2HD), 412-3.01 (
LOMS purity: 100%, vz = 378.9 (M+1)
HPLAO 93.5%

Example 190

200

1M, 8.25-8.05 {m,
{m, 2H), 249 (3, 3H)
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Propavation of I-Isotfiazol-daels 3-fdemerbivioovridin-3-viimidazolicin-2-one (19045

N
vy ’JQ - K ~
rrrrr s 3 ,,L:»f’
7Ny N
S
3 wend N
{193A)

-{4-Methyl-pyridin-3- vl -imidazolidin-2-one (1- ] 4b: 130mg, 0.847mmol) was

L84

reacted with 4-brome-isothiszele {166mg, LO16mmol), 1, d-dioxane (15ml.), copper
jodide {16.09mg, 0.0847mmol), trans-1,2-diamino cyclohexane (29%mg, 0.2534mmel} and
potassiom phosphate {540mg. 2.541numol} to afford the crude product. Parification by
column chromatography on silica gel (3% MeOH in CHCL) afforded 120mg of the
product (54.54% yield).
i THNMR (CDCH, 300 MHz): 8 8.82 (s, TH), 8.65-8.23 (m, 3H), 7.4-7.1 {m, T
4.20-3.95 {m, 4H), 219 (5, 3HD)

LOMS purity: 97.95%, mfy = 261.0 (M+1)

HPLA: 96.08%

s E.mm_ple 191

.,—-v\\ /f \

S\EJ\\.!"N\K{ N

{1D1A)
I-Benzothiazol-a-yl-imidazolidin-2-one (1-84db: 150mg, 0.6904mmol) was reacted
200 with 2-bromo~-pyridine (99ml., 1.03536mmol), 1, 4-dioxane (10ml.), copper todide
(1omg), trans-1,2-diamine eyclobesane (33mg) and potassiom phosphate (d40mg,
2.07 1 3mmol} to afford the crade product. Parffication by column chromatography on
sitica gel (10% cthylacetate in hexane), followed by prepacative HPLO afforded 37mg of

the product (18.13% yield)

25 HONMR {DMSO-D;, 300 MMz & 9.3 {50 THY 8583 {m, 2H), 8235 (4, 1H)
SA8-8.02 (v, THDL 802279 (v THD, 7882770 {on, TH), 78700 (o, THY, 4.2-4.8 (m,
4H)
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EOME purity: 97.449%, mfz = 2971 (M+1)

HPLO B3 28%

Example 192

Prepararion of I-(4-Methvl-pyeidin 3wl 303 oiftuoremethvlsthiophen-2-y1-

inidarolidin-2-one (19244

XCHBC‘};‘\ J L \‘\\\V {:F3
AT
\ ) N\ ]
N‘.‘.‘.‘.‘.z al
(1924)

t-(d-methyl-pynidin-3-yl-imidazolidin-2-one (J-14h: 100my, 0.5043mmol} was

reacted with 2-bromo-S-rifluoromethyi-thiophene (136.9mg, 0.8 85 mmol), 1, -dinxane
{10mLy, copper jodide (10.753myg, 0.0564mmol), sans-1 2-diamine cyclohexane
{(20.4ml., 0.1693mmol) and potassnun phosphate (360mg, 1.693mmol) fo alford the
erude product, Purification by column chromatography on silica gel (2% MetH in
CHCH) afforded 120myg of the product (63% yield).

THENMR (DMSO-D, 300 MEZ): 8 8.66-8.3 {m, 2HD), 7.65-7.23 Gm, 2H), 6.55 (d,
THY, 4.24-3.90 {m, 4H), 2.26 (5, 3H)

LOMS purity: 96.358%, miz = 3278 (M+1)

HPLC: 95.04%,

Exwmple 193

Frepavation of -Benzothiazol6-vi-3-f4-{ I-hvdroxy-{-metivd et -pyridin- 3]

imidazndidin-2-one (1 934;:

HiG
HO O

(1934,

Step £ Svthesis of Intermediate 2-03-Bromo-pyridin-d-vil-propon-2-0f {1§-183a):
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OM
o o
8r RN

-~
e 3
H }

N
N

(1-193a)

n-Bulyl Lithiom {10.28ml., 16.455mmol) was added to & solution of DIPA
{2.66mb., 18.98mmol} in THEF (23mb.) at -78°C. The reaction mixture was stirred at ~10°C
for t0ming, fellowed by the addition of 3-bromo-pyridine (3wg, 221 2mmol) in THE
{10mL) at -100°C, The reaction mixture was stirred for a fusther 15 minwtes at -90°C and
was followed by the addition of acetone {1.673ml., 22.78mumol) in THE (10mL)y at -78°C
with stirring over a period of fhe, The reaction was monitored by TLC (5% cthylacetate
i hexane). The reaction mixtore was guenched with aqueous NatHHCOy solution and
extracted with ethylacelate. The orgame layver was dried over NaSQy and concentrated.
Purtfication by cohunn chromatography on silica gel {15% cthylacetaw in hexaneg)
afforded 200mg of the product {11% vield).

THNMR {CDCH, 300 MEz): 8 8.7 (s, TED, 8.5 (4, U1, 7.65 ¢, 1H), 1.7 (s, 61D

LOMS purity: 89.57%, m/z = 2159 (M+1)

Final Sten: Synthesis of I-Berzothigsol-6-yi-3-f 3-{{-hydroxy- }-meihvi-cthnd j-pyridine-3-

vl fimicdazolidin-2-one {§934):

{-benzothiazol-6-vi-imidazolidin-2-one (-84b: 123my, 1.57mmol) was reacted
with 2-03-bromo-pyridin-d-y-propan-2-of (122 7mg, 0.3Tmmol}, 1, 4-dioxang (Smil),
copper fodide {10.83my, 0.057mmal), frap- 1.2 -diamine cvelohexane (19.57mg,

0.17 Imumol} and potassium phosphate (362.%mg. 1.7tmmel} to afford the erude product.

THONMR (CDCL, 300 Mz 8 8.68 (5, TH), §.50-8.32 (m, 2H), 7.86 (4. 111,
FAST02 (m, 3HY, 682 (dd, TH), 455442 (o, THDL 432 (0 28D, 3.7-3.6 {m, 2H), 1.74-
.58 {im, 6H)

LOMS purity: 97.84%, mdz = 3549 (M+1)

HPLO 95.61%%

203
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Example 194

Freporation of -08-Medwb-peridine 3li-3-(l-meihvi-thiena 3. 2-Jpvridin-2-vi)-

imidazolidin-2-one (19443

LA

{194A)
Tetrakis {riphenylphosphine) palladivn (33mg, 0.0288mmol) was added to
potassaan carbonate {120mg, 0.8649mmol) previously purged with argon {30 minutes),
The reaction mixture was purged with argon for 15 minutes, followed by the addition of

N

F3-{(-methyl-pyridin-3-yh-imidarolidin-2-one

- 3Es]

{-{d-chioro-thieno| 3, 2-c{pyridin-2-vi
10 {98A: 100mg, 0.2883mmel) and methyl boronic acid (2 hing, 0.34539mmoel). The reaction
nixture was heated to reflux for 6 hours. The reaction was monitored by TLC (10%
MeOH in CHCH). The reaction mixture was concentrated to afford the erude product.
Purtfication by column chromatography on silica gel (3-4%6 MeCOH in CHUL), followed
by preparative HPLC afforded [0mg of the product (16.39% vield).
15 HONMR (CDCT;, 300 MHZ): 8 8.7-835 (m, 2H), $.35-82 d, 1H), 7.5 (4, 1H),
538 (s, 1H), 4439 (my, 4H), 2.79 (5, 3HY, 2.36 (s, 3HD)
LOMS purity: 96.01%, mfz = 324.9 (M)

HPLC 96.32%

20 Example 195

Preparation of I-BenzothiczolG-vl-3-f4-¢ I-hvdroxy-etind b-pvridin- 3l -imidazolidin-2-
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{-Beozothiazol-6-yi-imidazohdin-2-one (1-84b: 150mg, 0.60849mmol) was reacied
with 1-{3-bromoe-pyridin-4-yvl}-ethanol {137.6mg, 0.6849mmel}, 1, 4-dioxane (Smi),
copper fodide {13.04my, 0.00849mumol), trave-1 2-diamino cyclohexane (33.52mg,
(3.205mmol} and potassinm phosphate {435 Tmg, 2.05mmal) o altord the crude prodact.
Purification by column chromatography on silica gel (2% MeOH 1 CHCE), tollowed by
preparative HPLC afforded Ymyg of the product (3.9% vield).

HNMR (CDCL, 300 MHz): 8 8.92 (5, 1H), 8.65-8.54 (m, 21, 8.32 (d, 1H). 8.135
{d, TH), 7.70-7.62 (dd. 11D, 7.6 (4, TH). S3.10-4.96 {m, 1H), $.30-4.12 {m, 3H), 4.02-3.85
{m, TH), 3.75-3.66 (brs, 1H), 160-1.45 (d, 3H)

LOMS purity: 98.20%, mfz = 3409 (M+1)

HPLC: 91 1 5%

Example 196
Svathexis of 1-Bemzothiveol-6-vI-3-(d-ethvi-pyridin-3 vi-imidazolidin-2-one (1964}
Ny =N
¢ 7 P ,z( b
s SN N ,J
L
“’“’“3 CH,CHy

{196A)

1-Benzothiazol-6-yvi-imidazoldin-2-one (1-84b: 600mg, 2.739mmol) was reacted
with 3-bromo-4-ethyl-pyridine (312mg, 2.73%9mmoly, 1, d-dioxase (10ml), copper odide
(53mg, 0.2739mumol), rane-1,2-diamino cyclohexane (94.08mg, 0.82mmol} and
potassivm phosphate (1 74mg, 8. 2mmol) to afford the crade product. Purification by
colunmn chromatography on sifica gel (2% MeQH in CHCLy), followed by preparative
HPLC afforded 30myg of the product (3.75% yield).

THONMR (CD0D, 300 MHz): 8 915 (s, 1), 8.60-8.35 (m, 3H). 8.15-7.95 (m,
PHD, 7.93.7.70 (m, FHD, 7.8 (d, THD, 4.3-3.9 {m, 41D, 2.85-2.65 (g, 2H), 14-1.2 {4, 3HD)

LOMS pority: 99.77%, mdy = 323 LW

HPLC: 93 .03%

Example 197

203
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Preparation of 1-049-8Metbyl-pridin-3-vi-3-03-wrifluoromethivi- | H-indazol -6 vl

El J\’T

{1974}

imidazolidin-2-ane {1974);

S Step 1 Svmthesis of 1-[3-Fluoro-4-€2.2 2-trifluoro-f-hvdroxv-etnd l-pheryi ] -3-14-

wethul-pmricin-3vli-imidazolidin-2-ome (1970

CF,

[ \} Ei I;:/I:\OH

(./.2

{1-197a)
{1.5M solution of tnimethyl-triftuoromethylb-silane in THF (6.68ml., 3.344mmol)
HY  and KzCO; (280mg, 10.82mmol) were added 1o 2-floore-4-|3-(d-methyl-pyridin-3-y{)-2-
oxo-imidazolidin- [-yl]-benzaldehvde (1-121a: 400mg, 1.337mmeol} in dry DMF (3ml)
wnder nitrogen atmosphere. The resulting mixture was stitred at roon temperature
overpight. The reaction was monitored by TLC (8% MeOH in CHCE). The reaction
mixture was quonched with brine solution and the THF laver was concentrated. The
15 aqueous faver was extracted with chlorolorm. The organic fayer was dried over Na, SO,
and concentrated to get the crude produoct. Puritication by column chromatograpby on
sifica gel (2.5% MeOH in CHCL), followed by bexane wash, afforded 32Smg of the
product {63.92% vield),
THONMR {CDCH, 300 MHz): § 8.56-8.00 (m, 2H), 7.75-7.45 (m, 2H), 7.36-7.08
20 {m, 2H), 538 (g, HH), 435424 (br g, TH), 4.20:3.76 (ny, 4H), 2.32 {5, 3HD

Step 20 Synthesis of 1-13-Fluoro-d-i 2, 2 2triffnorosaeetvli-phemd3-3~-(d-methvl-mridin-

I-vl-imidazelidin-2-one {1-]97h):

206
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OF 5
PRSI I S ."’E\‘“@
Y
2 i iy
Bt oot
{1-197b)
MnQ); (336my, 6.165mmol) was added to 1-[3-fluoro-4-(2,2 2-trifluore-1-

hydroxy-ethyli-phenyl]-3-(4-methyl-pyridin-3-vil-imidazolidin-2-one (:197a; 325mg.

8.880mmol) in DOM (20mL) under nitrogen atmosphere. The resulting suspension was

stirred at 30°C overnight. The reaction was monitored by TLC (3% MeOH in DCM). The

reaction mixtore was cocled to room temperature and filtered through celite pad. The

filtrate was washed with CHCH,, dried over Na:SQ; and concentrated. The concentrate

was washed with hexane and dried to afford 240mg of the product (74.53% yield).

HNMR (DMSO-Dy, 300 MHz): 8 §.8-8.2 {m, 2HD), 7.98 (1, 1H), 7.86-7.50 (m,

2HY, 7.46-7.25 (m, TH), 4.40-3.75 {m, 4H). 2.28 {5, 3H)

Final Siep: Svthwsis of I-(d-Methnd-pyridin-30-3-03-wriffuorometini-{ H-indazol -6l

imticdazolidhin-2-one {1974}

Acetic acid (0. Tml, 1.36mmol) and M hydrazine in THEF (dml., 2.72mmol) were
added o 1-{3-fluoro-4-(2 2 2-triflucro-acetyli-phenyl -3 -(4-methyl-pyridin-3-yv)-
imidazolidin-2-one {1-197h: H00mg, 0.272mmol) in dry THF (2mL). The resulting
naxture was stirred at 150°C overnight. The reaction was monitored by TLC (3% MetOH
1 CHCH). The reaction mixture was partitioned between water and chloroform, The
arganic laver was dried over NaySOy and concentrated, Purification by column
chromatograpby on silica gel (4% MeOH m CHCL, followed by preparative HPLC
afforded 23mg of the product (23 .46% yvield).

HNMR (CD0D, 300 MHx): 8 R.57-8.48 (brs, TH), 8.37 (. 1H), 7.86-7.70 {m,
2EH, 770760 O, TH), 742 (d, THYL 4.34-4002 {ny, 2, 4012-3.90 (m, 2HD, 241 (3, 3H)

LOMS purity: 96.14%, miz = 362.0 (M+1)

HPLO: 94.33%;

Example 198

207
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Ereparation of 1-03-Uvclopropyvl-d Hoindogol -850 3 (domethvi-pyridin-3k

Smidazolidin-2-one {1984);

N“\
AL I
o

’}‘*N At

{198A)

L5

Step 1 Svewhesiy of 1-f-{Cyelopropvl-fudroxyv-methyl)-3-uora-phenyvl - 3-i d-methni-

pvridin-3-vii-imidazolidin-2-one (/-1 98qi:

N ,?L & I’A\(}H
. N N
(3,2, LK,
CHy =
(1-1982)

0.5M solution of cyclopropyvl magnesiun bromide o THE 2.4ml, 1. 170mmeol)
10 was added dropwise to 2-fluoro-4-{3-(4-methyvi-pyridin-3-yh-Z-oxo-imidazolidin. -yi}-
benzaldehyde (11218 175mg, 0.585mmol} in dry THE (10mL} at 0°C under pitrogen
atmosphere. The rosulting mixture was stirred at room temperature for 3 bours, The
reaction was monitored by TLC (5% MeOH in CHCL;). The reaction mixtare was
guenched with aqueous NHCH solution and the THE layer was concentrated. The
13 agqueons faver was extracted with ethylacetate, The organic laver was dried over MNap SO;
and concentrated to afford the crude product. Parification by column clromatography on
sifica gel (3% MeOH m CHOL)L followed by hexane wash, afforded 200mg of the
product {99.41% vield).
THONMR (DMSO-D., 300 MEer 8 8.72-8.28 (m, 2H), 7.70-7.48 (m, 2H), 7.42-
200 73S (my, 2HD), 330, TH), 448-4.20 {m, THD, 48382 (my 4H), 232 (s, 3H), 1.2-1.0
{ro, 1, O.7-001 (m, 41
LM purity: 97.38%, wiz = 34235 (M+1)

4

Step 22 Svirhesic of 1-04-Cvclopropanecarbomd-3-fuoro-pheayi-3-(d-methnl-peridin-3-

]

5 viimidazolidin-2-ane (-] 98k

208
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5 8.5386mmel) i DOM (20ml) under nitrogen atmosphere and worked up ma manner
sintdlar t what was deseribed for Example 197 to alford {73mg of the product (60.13%
yield).

HONMR (DMSO-Dg, 300 MHz): 8 8.56 (5, 1TH). 841 (d, 1), 7.82 (1, 1), 7.76~
.65 (m, THY, 7.60-7.47 (m, HH), 7.37 (4, TH), 4.22-3.82 (m, 4H), 2.80-2.00 (my, HH),
10 229 ¢, 3H)L 118093 {m, 41D
LOMS purity: 98.34%, miz = 3397 (M+1)

Final Step: Synthesis of 1-13-Cyclopropyl-1 He-indazol-o-v1i-3-{dmethvl-pyridin: 3-vii-

imidazolidin-2-one (1984}

i3 {-{4-Cyclopropanecarbonyvi-3-fluoro-phenyl)-3-(4-methyl-pyridin-3-yh)-
mmidarolidin-2-one (1-198b: 175mg, 0.3 {6mmol) in bydrazive hvdrate solution (10ml.)}
was taken in a reaction flask. The flask was refhuxed at 120°C overnight. The reaction
was monitored by TLC {$% MeOH in CHCLy). The reachion sxtare was cooled 1o room
temperature and partitioned between tee water and chlovotorm. The organic layer was
20 dried over NaxSO), and concentrated. Parification by cohumn cleomatography on sibica
pel (4% MeQH in CHCL), followed by hesane and ether wash, afforded 33mg of the
praduct (31.97% yield),
YHONMR (DMSO-Dg, 300 Mz 8 12,42 (s, 1HD), 8.55 (3, TH), 839 (d, 1H), 7.85-
7.28 (ny, 4HD)L 4.28-3.80 {m, 48, 2.6-201 (my, 4H), 104088 (m, 4H}
LOMS purity: 100.00%, mdz = 3338 (M1
HPLC: 94.27%

b
L

Example 199

Preparation of 1-0i-Methlpvridin- 3= quinolin-T-vl-imidazolidin-2-one {19944

249
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{N«: “‘Ni N’EA«I;

Oy bord

{1994}
{d-Methyb-pyridin-3-vlimidazolidin-2-one (- 14h: 1 16mg, 0.6554nmmol) was

regcted with 7-brome-quinohine (180mg, 0.72098mmol), 1, d-dioxane (S0ml.), copper
S iodide (12 4mg, D.00554dmmol), frans- 12-diamino cyelobexane (22.53my, 0.19638mmod)
and potassium phosphate (347 3¢, 1.6363mmol) to alford the crude product, Purification
by column chromatography on silica gel (2% MeOH in CHCL) affbrded 130mg of the
product {65.3% vield).
HNMR (DMSO-Dy, 300 MHz): 8 8.95-8.76 (m, 1H), 8.6 (s, 1H), $.48-8.22 (m,
10 3H), B.06-7.82 (., 2H), 7.50-7.32 (m, 2H), 4.32-4.12 {m, 2H), 4.10-3.90 {my, 2H), 2.31
{s, 3H)
LOUMS purity: 99.57%, mdz = 3050 (M+1)

HPLC: 93.16%

15 Example 200

Svrthesis of 3-Berpothiaeal-6-vi-d d-dimethyl- i -(danethvl-pyvridin- 3 D-imidazolidin- 2~

one (20043

{Z00A)
20 Nep I Svadhesiz of Imermadiate 3-Chioro-2. 2-dimetind-propiony] chioride (1-208ai;

0
M

.

o > e
MG CH,

{1-200a}

SOCH (5.22g, 44.23mmol) was added dropwise 10 a stirred solution of 3-chiorn-

2. 2-dimethvl-propionie acid (Sg, 36.76mmed) in DOM {30mlL) at 0°C over a period of
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Seuins, This was followed by the addition of DMF (0. 1ml) and the resulting mixture was
heated 1o 60°C for 3 hours, The reaction was monitored by TLC (5% MeOH in CHCL )
The reaction mixture was concentrated and the crude product {(6g) was nsed 1 the next

step without further purification.

Step 20 Svathesic of mermediaie 3-Chlorn-2 2-dimethvi-propdomed azide (820065

(1-200b)

Sodiom azide {4.64g, 71 38mol) was added to a solution of 3-chloro-2,2-

10 dimethylpropionyt chloride (1-200a: 6g. 33 7Tmol) o 1 d-dioxane (15ml.} and water
{15ml.}. The resulting nuxture was stirred at room temperature for 2 hours. The reaction
was monitored by TLC (3% ethvlacetste in hexane). The reaction muxture was extracied
with diethyl ether and the organic laver was dried over NaxS{ to afford 3.5g of the

product (61.40% yvield).

-
(¥4

Siep 3 Svathesis pf -Chioro-2-isocyvanaio-2-methyvl-propane (1-200c):
- NCO
cI O
HC CHj
{1-200c)

g

1-Uhiore-2-isecvanato-2-methyvl-propanc (1-200b: 3.3, 20mimnl) in toluene

20 (35ml) was taken a reaction Tlask and tlask was heated 10 85°C for 1.30hr, The reaction
was monitored by TLC (5% ethylacetate in hexane). The crude prodoct (3m) was used

i the next step without further purification.

Step ;. Symthesiy of 1-(2-Chlore- 1 -dimethvl-cthn Dy 3-(d-methvi-pyricdin: 3vl-urea (8
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(1-200d)
d-Methvl-pyridin-3-ylamine (1.98g, 18,33 mmal) was scbded o solution of 1-
chloro-2-iseoyvanato-2-methylbpropase (J-300¢ 3g, 20 40mmal) in toluene OOl The

resudting mixture was stiveed at voorn femperature for 3 days. The reaction was montlored

5 by TLO (8% MeOH o CHCRY The reaction nuxture was fillered and the residue was
dried to afford 4.3g of the prodact (87.75% vield).
THONMR (CDCE, 300 MHzE 8 .70 s, THD), 8.3 ¢s, TR 712 (s, THD, 6.39 (5,
PHY, 4.9 (s, TH), 3.87 (s, 2H), 2.30 (s, 3H), 1.4 (s, 6H)
LUMS purity: 76.36%, mfz = 242.0 (M)
10
Step 5 Svathesis of iruermediare 4.4 Dimetbyl-{ (4d-methd-pyridin: 3-vii-imidazolidhan-2-
LI
i}
hd NJ’\!NH
CH4 H3C7/\ CH,
-200¢
5 1-(2-Chloro-1, | -dimethyl-ethyD-3-(4-methyl-pyridin-3-yl-urea (1-:2004: te

4. 149 numod) indey THE {(Smll) was added dropwise to a stivred yixtare of NaH (’298mg\
6. 208mmol) v dry THE (10mb) under argon atmwosphere over a period of 10 minates st
0°C. The resulting reachon mixture was stirred for 2hrs. The reaction was monitored by
TLC (5% MeOH in CHUOE). The reachion mixture was partitioned between water and

20 ethylacetate. The organic laver was dried over Nap 5O, and concentrated to afford 800mg

of the product (94.33%; vield).
THNMR (DMSO, 300 MHz): 8 8.4 (s, TH), 8.3 ¢d, TH), 7.30(d, 1H), 7.0 (s, 1H),

353 (s, 2HY, 2222 {5, 3H ), L3 (5, 60D

LOMS purity: 100%, miz = 205.7 (M+1}

o]
(el

Finad Step: Nyehesis of 3-Beszothigzol-0-vi-d d-dimetind- { -¢dometfnd-pyrvidine3-vii-

imtichasofidia-2-one {2004);
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4.4 »'I.‘}ime‘it*i}-'h F-{d-m 'cih); F-pyridin "S‘yi}ni midarolidin-2-one ({1630 {50mg,
diexane (ImL}, copper fodide (3mg, 0.0682nmol). trans] ,Z«diamino ﬂ:}f‘cimhexam
{31mg, 0.218mmeol) and potassiun phosphate (387mg, 1.825mmol) 1o afford the crude
product. Purification by column chromatography on silica gel (1% MeOH in CHCL)
afforded 30mg of the product {12, 14% vield).

HONMR (CDL0D, 300 Mz 8 932 (s 1HY 5.51 (s, TH), 835 (d, 1H), 8.0-8.2
{m, 2H), 7.60 (L TH), 7.40{d, 1H), 390 (s, 2H), 245 {5, 3H), 1.5 (s, 61

LUMS purity: 94.0%%, miz = 3391 (M+1)

HPLC: 891 1%

Example 201
Prenaration of 1-Benzothiarol-0-vl-4 d-dimetlnd-3-poridin- 3-vi-imidazolidin-2-ane

(2014)

N\ L5 o

i ; { St
\S*’J\\\\Q/ \N”Q\ 7N
A N""'\\\‘ i
- Nt
e,
I“gg‘: >
(Z01A)

Siepr 10 Svnthests of Imtermediate | -Beazothiazol-6-vi-3-02-chloro-1 ~dimetinvl-etind -

wregt (R 2010:

H H
o N N ' N -~ Q\,«&
HiC CH,0 \ﬁ\g;&}f
{{-201a)

Benzothiazel-6-ylamine (1.8g, 12.00mmul) was added portion wise to solution of
t-chloro-2-isocyanato-2-methyl-propane (2z, 13.60mmol) in ohwese (Chmbovera
period of § minutes. The resulting mixture was stirred at roow temperature for 2 % days.
The reaction was monitered by TLC {3% MeOH in CHCL). The reaction mixture was
concentrated and extracted with ethylacetate. The crganic laver was dried over Nap SOy
and concentrated. Purification by eolump chromatography on silica gel (1% MeOH in

CHOE)Y afforded 630 mg of the product (16.57% vield).

£
(Y
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FENMR (CDCE, 300 MHzy 8 5.85 {0 THY, 823 (L 13, 8.0 d, 1+, 7.20-7.158
(e, TED, 703 (o) THL 3,10 (o, THY 389 (s, 2H)L 149 (s, 6D
LOMS purily: 98.84%, wiz = 2839 (M+ 1)

Step 2. Swarhesis of mtermediare {-Bensoibiczol-6-vi-4 d-dimerind-imidazofidin-2-ong

)

(L The resutting reaction mixture was stirred af room temperatuve for 45 mimutes. The
reaction was monttored by TLO (8% MeOH i CHCOHL). The reaction mixture was
partitioned between chilled water and ethylacetate, The organic layer was dried over
NayS(0),; and concentrated to afford 410 my of the product (77.35% yvield).

THNMR (CDCE, 300 MHz): § 8.90 (s, 11D, 8.31 (d, 1H), 8.09 (d, 1H), 7.69-7.58
{dd, 1H), 5.0 ¢hrs, THY 373 (5, 2HD, 149 (5, oD

LOMS purity: 99.16%, miz = 247.8 (M+1)

Finad Step: Swthesis of I-Bensothiaood-6-vi-d d-dimetfvl-3-pyrichin-3-vi-imidacolichin-2~

one (20148

t-Benzothiazol-6-vi-4 4-dimethylimidazohdin-2-one {(1-201h: 100mg,
0. 4048 mmoly was reacted with 3-bromo~pyridine {R3mg, 0.525mmaod), 1, d-dioxane
{ HimL), copper iodide (Frog, 1.030mmol), frans-1 2-diawming cyclohexane (17mg, 0,119
munol) and potassiun phosphate (214mg, 1.00Y numol) to atford the crude prodoct.
Parification by colums chromatography on sifica gel (1% MeOH in CHCL) attforded
Pimyg of the prodoct (TEHA45% yiedd).

THONMR {CDCE, 300 ME2Z): 8 8.90 (s, DD, 8.7-8.5 {brs, 2H), 835 (d, 1H), 812
(d, PR 777760 G, 2HD, 75274 dmy THD, 3.9 03, 2H), 1.49 (s, 61}

214
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LOMS purity: 00%, vz = 3231 (M1
HPLLO 95.40%

Example 202

Preparation of -Bensothiaood-6-vi-d d-dimetind-3-fd-meibvlpyridin-3vi-tnddasolidia-

Dot £2012 LR

N ~ x‘/‘ l (.}H 3@
):‘.‘.‘.‘:’

7 \>
5 7
n_m z‘N .\\_ N

{2024)

I -Benzothiazol-6-vI-4 4-dimethymidazolidhn-2-one (1-281h: 100mg.
0.4048mmol) was reacted with 3aedo-damethylbopyndine €1 3mg, 0.523nwuol), 1L 4+
dioxane (10ml, copper odide (Twg, GO368mmal), rrans-1.2-diamino cyelobexane
{1&mg, 0.1 1Y7mmol) and potassim phosphate (2 tdmy, 1.00%mmal) to aftord the orade
prochuct, Purification by column chromatography on silica gel (199 MeOH in CHCLy
afforded dmg of the product (4.8%6 vield).

THONMR {CDCT, 300 MHz): 8 830 (d, TH), 8,05 (d, U1, 7.7-7.6 {dd, 1H), 3.8
is, 2, 2.72 {5, 3H) F49 (s  0HD)

LOMS purity: $322%, miz = 3391 (M )

HPLC: 86.98%

Example 203

HyC
o, o )
A WY CHa
N 4 i
1 I \-.r‘" N N
i\ i TNy
> O if !
” . ,_f;}
N
HEAY

Sten £: Svathesis of wtcrmediate 3« Benzothiaol-fovlaminoi-hugvric aold (- 203ah
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PPN N ,,»Es\ijQOH
H
}-203a)

3-Amino-butyric acid ethyt ester (22, 153,27 numol), 6-indo-benzothiazole (3.98g,
15.27pwuol) and potassium carbonate (5.27g, 38,1 8mmol) were dissolved in DMFE

{30ml) and the reaction mixture was purged with argon for 10 mmutes, This was

WA

followed by the addition of copper lodide (290mg, 1.327mmol) and the resudting mixture
was heated o DI overmghl. The reaction was monitored by TLC (10% MeQH in
CHCL ) which showed the presence of starting material, The reaction mixtare was heated
to 120°0 for a further 24 hours. The reaction mixtare was concentrated and adjusted the
Y pH e § using acetic acid. The reaction mwixtare was partitioned between water and
ethylacetate, The organic layer was dried over Nap 8O, and concentrated. Purification by
column chromatography on silica gel (190 MeOH tn CHOY) afforded 80ihmg of the
product {22.22% vicld).
THONMR (DIMSO, 300 MMz 8 12.2 (" FHY 8.9 (s, THY 775 (d, 1, 7135 (d
15 1HD, e85 Gdd, THD, 5.90-5.80 (m, 1H), 3.90-3.80 (m, 1H), 2.60-2.50 {m, 1H), 2.25-2.35
{m, 1H}, 1.20(d, 3H)
LOMS purity: 61.65%, miz = 237.0 (M+ 1)

Sep 2 Svwhesis of I-Benzothiczol-6-vi-S-metind-inuduzolidin-2-one (12035}

H 3_(;

507
24 8 5

{1203
Triethylamine (1.129g, V1 1 8mmol) was sdded to 3 mixture of 3-{benzothiazol-6-
vianuoo-butyrie soid (152034 800mg, 3.39 mmol) in tolnene (30mb) and the reaction
mixture was purged with argon for 10 mimues. This was foellowed by the addition of
25 DPPA796g, 101 Tnunol} and the resulting mixture was heated 1o 100°C overnight.
The reaction was monitored by THO (10% MeOH fn CHCL)Y which showed the presence

of starling material. The reaction mixtare svas heated w 120°C for the next 24 howrs, The
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reaction mixiure was partitioned between water amd othylacetaie, The organic layer was

gel 2% MeOH in CHCL)Y affiwded 600 myg of the product {75.95% yield),
TFENMR (DMSO, 300 MHzyx 8 925 (s, THy, 822 (d, S, 8.0 ¢d, 18, 7.7 (dd,
S THD 7.0 ¢, THD 4048 dm, THDO 3.6 (1 THL 3.0 (my THY, L2 31D

LOUMS purityv: 8180, myz = 2340 (W1

Final Siep: Svuthesis of 3-Benzotinazol-S-vi-d-methvi- I -id-mothnd-mriddive- 3-vli-

imidacolicin-2-one (20344

~

H) I-Benrothiavol-f-vi-S-methyl-imidazolidin-2-one (1-203h: 1308mg, 8.644mmel}
was reacted with 3-odo-d-methyl-pyridine (140,99 me, 0.644mmol}, 1, d-dioxang
{10mL), copper todide (12.27mg, 0.064dmmol), reans-1.2-diamine ovelobexane
(27 43mg, 0. 193mmoeh and potassium phosphate Gdimg. LoTmmaed) to afford the erude
product. Puritication by colwmn chromatography on sthica gel (1,59 MeOH in DOMY

15 afforded S0mg of the product (24.15%, \-‘!'t‘id_)‘

NMR (CDCH. 300 MHa: 8 8.95 (s, T, 8.55 (s, 1HY, 8.43 (d, HHD), 8.26 (4.
PHL 8IS {d, TH, 755 Gdd, THD, 725 @ THDL 47806 m, THDL 4.2-40 1 (m, THDL 3.0-3.5
{m HH), 2.4 (s, 3H), 1.5¢d, 3H)

LOMS purity: 95.66%, miz = 325.0 (M+1}

280 HIPLC 9632%

PHARMACOLOGICAL TESTING
The abbreviations histed below and used o the preparations below have the

vorresponding meanings.

24 CYP {Cytochrome P43
CPM Counts per ninute
Cyt b Cyvtochrome h3
DMSO Dimethyl salfonade
DHEA Dehvdroepiandrosterone
30 NADPH Nieotinanude adenine dinucleonde phosphate

v and var -Cytochrome PO, 1720 frase
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{3 Oviochrome PA30, 17220 fvaxe (CYP 17 Jvasel arsay develomooit ysise recopidbing

humean CYPIT engvme and 1 7-o-hvdroxy pregnenclone (21310 as the substrate,

Cytochrome PA30, 1 T-a-Hydroxylase, 17-30 Ivase {CYPT7) 18 o mudit functional
enzyme that plays a key role in the biosynthesis of sterotd hormones. 1t calalyses both
conventional hydroxylation and also the carbon-carbon bond eleavage reactions (Peter
Lee-Robichaud et al, Bieches.t, {1997} 321, 83763 In the hydroxylation reaction, it
converts progesterone and pregnenolone to the corresponding hivdroxyiated products 17-
a-hydroxy progesterone and {7-a-hydroxy pregnencione. In the tyase reaction, it
catalyzes the conversion of these hydroxylated substrates 1o Androstenedione aad
Dehydroepiandrosterone (DHEA) respectively, In the Cyplt7 lyase assay described heve,
ﬂze conversion of 17-g- hydroxy pregnenolone to Debvdroepiandrosterone and acetic
acid is buing monttored.,

The hydroxylation and cleavage activities are catalyzed sequentially at the
common gctive site of Cypl 7 and proceed throagh transter of two electrons from
NADPH via its redox partner, eylochrome P43¢0 redoctase (CPR). The reaction
mechanism for each activity is thought to involve formation of distinet irop-oxygen
complexes. Cytochromehd sefectively stimuldates the Ivase activity and has vo significant
effect on is hydrogylase activity. Lyvase activity 1 stimudated by evitochrome bS up to 10-
fold in reconstifuted assays with insignificant stimolation of the hydroxylase activity
(MK Akthar el al, Jowranad of Esedoerisology (20038) 187, 267-274 and Katapini M et al,
Biaphvsical Research Campnonvatins (1982) 108, 379-384},

Assay method was adopted from a poblished protocnl with some modifications to
sudt our reqoirements {Dmttry N Grigorvey et sl dnoelivicdd Blochenistry, (19993 267,

A Sl
!

319-330). The conversion of PT-a-hydroxy pregnencione to Delvdroepandrosterone is
accompanied by the release ot acetic acid. In the Cypl7 lvase assay, 17-g-hydroxy
pregnercione labeled with tritinm (3H) st position 21 18 used as the substrate. Chloroform
extraction removes the radioactive sterolds and acetiv acid is taken into agueous layer,
The tritiated acetic acid released in the assay thus extracted s guantified to delermune the
enzyme activity.

{nttial buffer conditions were, 30 mM Phosphate boffer, pH 7.5 ways used as the

starting i for Cypl 7 byase svtivity hased on the data published in US patent
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publication Mo, USZ004/0198773 AL This buffer was {found to be sudtable for regular
Cypl7 yvase assay. Human Cyp 17 gene was cloned and expressed in Adenoviral
expression system in A9 cell lines. The purified cell membrane preparations were used
as the souree for Human CYPIY cryme. Total protein concentration: 8 mgfmi.,

To wentify the appropriate concentration of the enzyime required for the assay,

7
f

conventration dependent enzymie activity was determined at a substrate (1 7-0-
hydroxypregnenolone {21-3H]) concentration of 0.5 pM (Vincent €O, Nijur, et al., J
Med Chem, (1998) 41, 902-912). The protein activity was found 1o be in the Hinear rague
up 10 20 pg, the highest concentration tested. Based on the enzyme concentration curve
and stock concentration, 135 pg was selected for the assay. At this protein concentration,
the $/N ratio was 30, with a good signal window {CPMp o~ CPMapy = 1630)

Km (Michaelis Menton constant) is a measure of the binding affinity of substrate
to the enrymie. § 7-a-hvdroxy pregnenolone [21-3H] is a sebstrate for 17,20 lyase
enevime. K for this substrate was determined by monitoring the trittated acetic acid
release as a function of substrate concentration. Concentration of § T-a-hyvdroxy-
pregaenolone {21-3H] was varied from 0.03123 uM o 1 pML For the K dotermination,
the data was it 1o a hyperbolic equation {Graphpad Prism® software IV). The Ky, was
estimated as 0.25 pM, close to the reported value, (Dmitry N Grigoryev et al, Anadvtical
Riochemistry (19991 207, 319-3303

For routine sereening, the assay was set ap with 16 wg of enzvme in 50 pl.
reaction volume. 1 7o~ hydroxy pregnenclone {21-3H} was added to a final concentration
of 0.25 uM. NADPH is used at a finad concentration of 4.2 mM. Total reaction volume
was made up to 30 pll with SO mM Phosphate butter pH 7.5, The reaction mixture was
incubated al room temperature for 90 minutes with gentle shaking, The reaction was
stopped by the addition of 100 gl of bufier, 300 gl of 5% freshly prepared activated
charcoal was added o the solution and mixed well by vortexing. The samples were
centrifuged at 17568 x g for 3 minotes. (14000 rpm). The supematant was carefully
transferred to fresh tube and 1.3 mb of scimtillation fhuid was added, mixed by vortexing.

The radioactivity was measured 10 a 1450 MicroBeta Trilax™ seintillation
counter from Waltac-Perkin Elmer®, USA, The measuwrements were carried out in 2.0

mb eppendortt™ wbes, Bach tube was counted for T numae. The amount of tritiated

P2

1%
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scetic actd released is proportional {0 the Tyase activity, Percent lyase activity m presence
of inhibitor was caloulated using the formula given below.

UPM ntany
o Lvase atlivily 5 e x K}

Sample: Enzyrae reaction in presence of inhibitor,
Positive control: Euzyvme reaction without inhibitor but containing DMSQO at 19 final
concentration,
Blank- Contains all reagents except enyyme.
Yo Inhibition = 100% — % Lyase activity

For 1Cs, determination, the % inhibition was plotted as g function of inhibitor
concentration. The data was fitted to sigmoidal equation using Graphpad Prism®
software TV to generate 15, values.

Dose-response studies by standard conpounds Abiraterone and Ketoconazote
were carried out as part of assay optimization,

For the rar OYP 17 fvave moded -

The same procedure described above was used but using ral {estes microsomes as

the source and with 3 substrate concentration of 0.5 uM,

The results for the compounds tested from the Examples above using the assay
above are listed in Table | below.

Table

R
" Lyaselc sy | TOYPVT
Example T e : Lyase
Final compounds oM : R
N, Human /Rat Yolnh G
' o 196 oM
SN thalen-2-vI-R-npvridin-3- ) ) .
1a | aphthalen yl-Spyndined- gy s g g4%
yvi-imidazolidin-2-one
24 {-{1-Ethyl-1H-mndol-5-¥13-3- 2354
pyridin-3-yl-imudazolidin-2-ong
L-{-Methoxy-naphthalen-2-y -
3A S-pyridin-3-ylmidazotidin-2- e 319%%
(NIe

220
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$A 'i~.‘(§{t;@2{}1‘hiaz}x§}§~t3~}='l~3~g,>}-'r.§diﬁ«f3u T - 599,
vi-imidazolidin-2-one
[-Ethvi-6-{2-0x0-3 m-‘!'idin&-}-’%n
SA unidazolstin- 1-vh-3 4-dihydro- e 51%
___________ iiﬁ{gm;mhn 2-ome
Lo SePlnoro~3-methyi-
6A benvolb duophen-2-y 3. ES7 oM 31%%
pyridin-3-vi-imtdazolidin2-one ¢ 4
A I-Benzolbithiophen-Sovi3- 1B oM 7%,
pyvridin 3. vi-imidavol ;d in-2-one
2 i ~I?}’3'iai mw vi-3-guinolin-6-yl- e 485
imidazohdin2-one
X 1-Renzothiaszol-3-y1-3-pyridin-3- ) "
YA ) i 18%
_yi~m'ndam>iidm- 2-one
I-Naphthalen-2-y1-3-pyridin-3- ,. .
A o RN SN 1%
vi-tetrahydro-pyrinudin-2-one
-(2~Chlore-4-methyl~quinohn-
11A 6-v1)-3-pyridin-3-yl- {97 M $9%
tmui.mshdm*, ORE
1-(1- !i\dmx imino-indan-S-vl}-
12A 3-pyridin-3-ylamidazolidin-2- - F 7%
N A
| Bcnm[h;t iophen-S-yi-3- ‘
13A pyridin-3-vitetrahvdro- e G
pyrimidin-2-one 1
F-{4-M \m\i pyridin-s~ \i
14A naphthaie.n-w}.E u.md.amhdmuo 17 nMEZ oM 2%
one
e(d-Methyb-pyridin-3-y13-3-(3-
18A methyl-th 10‘;)&1@1‘1—-?-4:‘3 B 1) - -
imidazohidin-2-one 1
-Benzothiazolh-6-yi-3-{4-
16A methyl-pyadin-3-y1- & NS M A48
midazolidin-2-¢
L-Fhyla-{3-(bmethyl-pyridin
17A Joyhi-2-ono-imidazoltidin- -yl ~{21 uM R3%
3 4-dihydro-H-qunolin-2-one
U-{deFhioro-pheny-3-{4-
18A methvipyridin-3-vl)- 76 a2 oM S¥%%
nidazobidin-2-one
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12A

L-Biphenybd-vl-3-{4-methyl-
pyridin-3~y-imidacotidin-2-one
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-~ M

2084

{-Ethyl-4-methyi-o-{ 3-(4-
methyvbpyridin-2-y 2-axo-
imdaraiidin: Ly Hquinolin-
2-one

56 nM

[-{2-Chioro-4-motivt ~quinolin- ‘

O-v1)-3-{demethyvi-pyridin-3-vl)-
inudazohidin-2-one

8%

4-Methyl-6-[3-(4-methyl-
pyridin-3-yh-2-0x0-
inmidazohidin- -y} TH-quanelin-
2-one

T-(4-Methyl-pyridin-3-vD-3-
guinolin-2-vi-imdasohidin-2-one

--{ 200 nNl

e
85

F-(d-Methyl-pyridin-3-y13-3-
ginolin-3-vl-imidazolidin-2-one

T2 1 -

98%%

1+ {3—Methax_\;'--r{z.iphtha}cn~33~y¥}~
3-¢d-methyi-pyridin-3-vl-

897

I0A

methyl-pyridin-3-y1)-
midazolidin-2-one

18 nhi~~

100%%

274

i-Benzo{bjthiophen-5-yE-3-(4-
methyl-pyridin-3-yl)-
imidazolidin-2-one

Hit%

O H-Indazol- 50304

i methyl-pyridin-3-yl)-
Vimidazohidin-2-one

I9A

-G -Methyl-benesduran-S-v1)-3-

(d-methyl-pyridin-3-yl
inudazohidin-2-one

98%

RUEN

J-{&-Fluore-pyridin-3v-3-{4-
methvipyridin-3-y1-
imidazolidin-2-one

.
%%

P-(d-Methyvlb-pyridin-3-vi}-3-
thiophen-3-yl-imidazolidin-2-

(83316

108 nhi--

{4-methyl-pyridins3-s3-
inndazodidin-2-one

2300}

R
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i
[
e

Fo{ S-Fhuoro-3-methyl-

- benzolbithiophen-2-yH-3-(4-

- methyl-pyridin-3-y1)- ;

iidazolidin-2-one
2-Chloro-pyrimsdin-S-viy-3-

34A {4-methyl-pyndine3-yly- wfons
indazolidin-2-one
f-{4-Methyl-pyridin-3-yD-3-

ISA {{H-pyrazol-4-yh-mmidazolidite- i -~
Jone

364 ‘i~{4~M&lhyi“pj;-“.ridin~$~y‘i}»3~ i B

! ihiazol-2-yi-inddazelidin-2-onc ‘

I{d-Methoxy-phenyh-3-(4-

37A .

methyl-pyridin-3-y1-
imidazolidin-2-one

38A

1-{4-Chloro-phenyi}-3-{4-
methybpyadin-3-y-
mnidazolidin-2-one

70 nd - -

39A

4-{3-(4-Methyl-pyridin-3-y1)-2-
oxo-imidarolidin- -y}~

benzonitrile
L-Benzooxazel-2-y1-3-(4-
40A methvi-pyridin-3-yi)- worfon -

imidarolidin-2-one

$1A

§-(5-Chloro-thiophen-2-yi)-3-(4-
methyl-pyridin3-yh-
imddazohdin-2-one

O aM3 nM .

i -{d-Methyl-pyridin-3-y)-3-

$2A thiophen-2-vh-imidazohdin-2- i -
one
P-{6-Hydroxy-pyridin-3-yl}-3-{4-
43A methyvl-pyridin-3-vi)- N
inndarzodidin-2-one
N-Methyl-4-13-(4-methyl-
44 pyridin-3-yH-2-ox0- N -

imidazolidin-t-yi}-benzamide

{-(3.4-Diftuoro-phenyl)-3-(4-
methyl-pyridin-3-yli-
imidazolidin-2-one

36

-{3-Chloro-4-fluoro-phenyi}-3-
{4-methybpyridin-3-yl)-
imidazolidin-2-one

47A

I-Benrothiazol-2ovl-3-{4-
methyl-pyridin-3-yi)-

imidarolidin-2-one
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48A

P H-Indod-5-y-3-(d-methyl-
pyvridin-3-viimidazolidin-Z-one

494

i~(2.3-Dihydro-

benzof L4 ldioxin-6-y1 - 3-{4-
methyl-pyridin-3-yi)
inddazohdin-2-one

RIETHY T e

1-{4-Mothyl-pyridin-3-yh-3-(4-
{rifluoromethyvi-phenyl)-
inidazobidin-2-one

RIS THY T

~

1-{2,3-Dihvdro-benzoturan-3-
vir3-{d-methybpyridin-3-yi}-
imdarolidin-2-one

4 ndie- —

I-(4-Methy-pyridin-3-yi3-3.
gquinelin-6-yl-imidazolidin-Z-one

9H S nM

7%,

-{3-Fluoro-4-methoxy-phenyh- |
D i-(demethybpyaidin-3-yl-

midazolidin-2~one

136 oM/~ .

}-{4-Chloro-3-fluoro-phenyl)-3-
{4-methyb-pyridia-3-yi)-
imidazolidin-2-one

£5 oo -

f-(4-Methybpyridin-3-y}3-m-
tolyi-inidazolidin-2-one

2 10T oM .

56A

1-(3-Methoxy-phenyi}-3-(4-
methylbpyndin-3-yli-
imidazolidin-2-one

1-{4-Methyl-pyridin-3-yl)-3-
{4,5.6,7-tetrabydro-thicno{ 2,3~
¢lpveidin-2-yl-imidazolidin-2-
[ RN

1-{2-Chloro-pyridin-4- yi}-3-(4-
methyl-pyridin-3-y1)-
imidazolidin-2-one

27 nhMi-- -

t-{(4-Fhuoro-3-methyl-phenyi)-3-
{d-methylpyndin-3-yh-
inidazohidin-2-one

17 ndi-- -~

60A

1-{5-Chloro-2-fluaro-phenyy-3-
{4-methyl-pyridin-3-yh-

imidazolidin-2-one
1-(2 4-Dithuwsro-phey-3-{4~
GIA methybpyridin-3-vi) - —

- inudazohidin-2-one

224
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t-Benzothiazol-5-y1-3-(4-
62A methyl-pyridin-3-vi)- 426 nddi-- o
imidazedidin-Z-ong
o1 3-{4-Methybpyndin-3.¢1)-2-
63A axo~tmtdarolidine toyl-3 4- e -
dilivdro-1H-guinohn-2-one
1-{2.3-Difluoro-
i .§;Ei1;<1iji ,3}&‘)1&}\:(3}.-‘5_-»}’i}-ﬁ.’\.-{&%_ 15 Mo
mothyl-pyridin-3-yij-
anidazolidin-2-one
F-{3-(d-Methyl-pyridin-3-y-2-
65A oxe-imidazolidin- -yi§-3,4- o -
dibydro-1 H-~gquinolin-2-one
Nef 3-[3-{4-Methyl-pyridin-3-
GHA yi-2-oxo-tmidazolidin-1-yi}- mni's .
phenyl}-acetamide
{-{d-Methyl-pyridin-3-y13-3-(3~
67TA methyl-thiophen-2-vij- e -
inidazolidin-2-one
{-{4-Methyl-pyndin-3-v13-3-{2~
68A methyl-quinolin-o-yi- i e
imidazolidin-2-one
GIA L(fig’\-‘kfﬂgf -;‘>_\:‘-‘r§{*1’%né£§u}fi )‘»3-- 24 e i
phenvi-inndazolidin-2-one
L-{d-Methyb-pyridin-3-v1-3-(3-
TOA trifluoromethyl-phenyl)- .5 nM/2 oM -
Uinidazohidin-2-one
(1 -Isopropyl-TH-pyrazal-4-yl-
T1A 3-{4-methyl-pyridin-3-y1)- e
midazolidin-2-one
- 2-Methoxy-pyridinedoyh-3-
TZA {4-methvi-pyridin-3-y)~ G4 nMA0 M -
inudazolidin-2-one
f-Iddazof 1 2-ajpyridin-7-yE3-
73A {4-methyl-pyridin-3-vl- 109 nMy~-
umdazolidin-2-one
{-{4-Flooro-3-methoxy~phenyl -
T4A 3-{d-methylbpyridin-3-yi- 76 nhtee -
inidavolidin-2-one
N-{3-[3-(4-Methylpwridin-3-
T8A yi-2-oxo-imidazolidin-1-yl}- > 10 uM
pyridin-2-vit-acetanude
-2~ Anmino-pyridin-d-yi3-(4-
ThA methyi-pyridin-3-yh- $92 niddien e
umidarohidin-2-one

235
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Po{d-Methyl-pyridin- 3133~
guinoxalin-G-yvi-imidazolidin-2-

§Oone

$95 ndli--

78A

L -{3-Difluoromethyl-thiophen- 3~
Cyh3-(demethyl-pyndin- -yl
i mtdarolidin-2-one, triffuore-

aceiic acid

2.3 nidd -

7oA

{-Naphthalen-2-y1-3-(5-
trifluoromethyl-pyridin-3-vi}-
imidazolhidin-2-one

80A

{S-Chioro-pyaidin-3-y1)-3-
naphthalen-2-vi-imidarolidin-2-
ong

8§1A

F-{53-Fhuoro-pyridin-3-y1)-3-
naphthalen-2-vl-imidazolidin.2-
one

e

824

fo{ S~Methoxy-pyridin-3-y{)-3«
naphthalen-2-yl-imidazohidin-2-
Qe

83A

S 3-Naphthalen-2-v1-2-0x0~
mmdarolidin-tey]-mcotinic acid
methvl aster

S44

t-Benzothiazol-6-yi-3-(4-chioro~
pyridin-3-vi-imidazelidin-2-ong

85 nM/ -

85A

t-{4-Methyl-pyridin-3-y-3-02-
pyrrohidin-t-yl-pyridin-d-yi)-
imidarzobidin-2-one

1,263 nM/--

864

1-(3-Chioro-2-fluoro-phenyl 3«
{4-methyl-pyridin-3-yl)-
imidazolidin-2-one

1200 oM/ -

87A

I -Fluovo-biphenyl-d-yh-3-(4-
methyl-pyridin-3-vl)-
imidazohidin-2-one

255 b -

88A

1-{3-Chloro-phenyi-3-(4-
mathyl-pyridin-3-vh)-
tridazeiilin-2-one

12 nd

894

1-{4-Chloro-2-mpethyl-phenyl-3-
{#-methyl-pyridin-3-yvi)-
imidazolidin-2-one

326 Y -

B8A

-(4-Fhwra-3-riftooronethyl
phereD-3-(4-methyl-pyridin-3-
sh-imidazolidin-2-one

SMi-

1A

F-(3-Difluoromethyi-4-fluoro-
phenvi-3-{d-methyl-pyridin3-
vh-imidarolidin-2-one

430/ -

226



WO 2010/149755

PCT/EP2010/059029

9B

{-(-Diftuoromethyl-4-thworo-
phenyi}-3-(d-methyl-pynidin-3-
vi-1 3-dihvdro-imidazol-2-one

2: ﬂ\’f ."'. -

92A

{-{4-Methybpyridin-3-y1)-3-(5-
methyl-thiophen-3-vi3-1,3-
dihvdro-imidarol-2-one

21 o -~

ny

I-{4-Methvl-pyridin-3-y113(5-
methyl-thiophen-3-ylk
imidazolidin-2~one

20M /7 -~

93A

-(2-Methvi-benzooxazol-S-yi)-
FI-{d-methyl-pynidin-3-41 4
unidazolidin-2-one

> H} uMi-

A

I-Imidazo] | 2-a]pyridin-6-¥1-3-
{4-methyl-pyridin-3-y1)-
imidazolidin-2-one

PO M fen

935A

U 3-Methyl- tH-indazol-5-v13-3-
| {4-methyvl-pyridin-3-yi)-

mudarohidin-2-one

HHY oM Fee

96.A

Ne{d3-d-Methyb-pyridin-3-
yvlR2-oxo-imidarolidin-{-vl}-
pyridin-2-yil-acetanide

> 10 M-

97A

F-{4-Methoxy-thieno]3.2-
clpyridin-2-vi-3~(4-methyl-
pyridin-3-vh-inidazolidin-2-ong

356 nM /-

9BA

t-{4-Chioro-thieno}3,2-
¢ipyridin-2-yi-3-(d-methyl-
pyridin-3-vl-imidazolidin-2-ong

I8 nM 4

994

-{-Chloro-thienof3,2-
eipyridin-3-v13-3-{4-methyl-
pyridin-3-vi-hmidazolidin-2-one

22 e

100A

T-{d-Methyl-pyridin-3-yh-3-{2-
methyl-pyridin-g-yl)-
imidazolidin-2-one

46 nd F--

A

L 3-Methyl-benzofd isoxazol-S-
vi}3~-{d-methyl-pyridin-3-y{)-
inidazolidin-2-one

46 ndd e

102A

I-{3-Methyl-1H-indazol-6-y1)-3-
{d-methyl-pyridin-3-vi
tnuidazolidin-2-one,
trifluorcacetic acid

T.5 od/S M

H3A

2-Fluore-3-[3-¢4-methyt-pyridin-
3-vl-2-oxo-imidazodidin- vl

| benzonitrife

19 nhi~

H4A

1-(2-Mothyl-imidazof 1,2+
alpyridin-6~yip-3-{d-methyl-

pyridin-3-viimidazolidin-2-one

P E nhd Ao

o
P
B
.,\'3
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105A

{-(2-Methybbenzothiazol-6-v1)
3-{d-methyl-pyridin-3-yi)-
imidarolidin-2-one

$,469 oM /-

oA

3-13-(4-Methyb-pyridin-3-yi)-2-
oxo-imidazolidin- -yl
hewzonttrile, tnflnormacetic acid

35 50 fen

1H7A

- T H-Indol-3-y1-3-(d-methyl-
pyridin-3-yh-imidazolidin-2-one

334 nM/--

1084

T-{ TH-Benzomidarol-3-y13-3-{4~
methyl-pyridin-3-yi)-
imidarolidin-2-ong

363 oM /-

109A

1-Benzolbithiophen-3-yl-3-(4-
methyl-pyridin-3-yi}-
imidarolidin-2-one

1538 nM i

110A

{-{($-Methoxy-thieno{3,2-
] ;w;'idinn“\m\f »3-{4-methyl-
p\rndm -yh-imidazolidin 2 -ong

> 1 ud--

111A

, {J*.\Iﬁ,ﬂl}i ~benroldiisoxazol-6-
yi)-3-(dmethyl-pyridin-3-yi-
imidazobidin-2~one

106 nbY -

1124

2L oro-d-[3-{4-methyl-
pyridin-3-yl-2-0x0-
imidazolidin-1-vi}- bmmmiiriie

113A

I-Benzo{disoxazol-8-y1-3-(4-
methvl-pyridin-3-y)-

{imidazolidin-2-one

1144

A -Mudhyl- THindazol-5-¢1)-3-

{d~methyl-pyridin-3-yD-
mmidarolidin-2-one

f~(1-Methyl-1H-indol-3-v1-3-

{4-methyl-pyridin-3-yl3-
mdarolidin-2-one,
rifluoroacetic acid

73 M/

116A

F-{1-Methyl- 1 H-benzobmdarol-
Sy 3-(demethyb-pyridin-3-¢1 -
imidazolidin-2-one,
frifluoroacetic acid

> 10 V-

S-P3-(d-Methyl-pyridin-3-yD-2-

oxo-imidazolidin. b-yi]-1.2-
ditwdro-indarol-3-one

G4 nM -

118A

G3-Amino-1 Heindazol-Swv -3~
{$-methyi-pyrdin-3-vi)-
imidarolidin-2-one

17 adl ~-

NN

LA at)
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119A

P-Imidazel . 2-aipyridin-3-y1-3-
td-methyl-pyridin-3-y)-

- unidazolidin-2-one

LI98 nM /o

128A

F(d-Methyl-pyridin- 33~
thieno] 3, 2-clpyridin-2~vi-~
mudazohidin-2-one

4 pMi-

T-{1H-Indarol-6-y13-3-(4-
methyl-pyridin-3-vi)-
imidazohidin-2-one

25nM /-

L-3H-Imidazol4.S-bipyridin-b-
yh-3-(d-methyl-pyridin-3-v1)-
imidarolidin-2-one,
trittuoroacetic acid

2

s
o]

I oM -

e

1-{3-Amino-1H-indazol-6-y13-3-
{(d-methyl-pyridin-3-vh-
imidazolidin-2-one

FEAR TG

1244

{-Benzothiazol-6-yl-3-(4-
methoxy-pyridin-3-yi}
imidazolidin-2-one

b2

3 aM/ 12 nM

125A

{-Benzothiazol-6-yl-3-(4-
difluoromethyl-pyridin-3-y -
midazolidin-2-one

P7 oM/~

120A

-Benzothiazol-6-v1-3-(4-
hyvdroxymethyl-pynidin-3-vi}-
midarolidin-2-one

25 by -

127A

I-Benzothiarol-6-vi-3-{6-
methyvi-pyridin-3-yl)-
unidazohidin-2-one

R LRI AN

128A

-Benzothiazol-6-yl-3-{4-
trifhuoromethyl-pyridin-3-yli-
imydazohdin-2-one

44 M -

1294

3-{3-Benzothiazol-6-v1-2-ox0-
inndazohidine {-y1)-
isonicotinonitrile

207 nhi--

-{4-Methylbpyndin-3-yI3-3-
naphthalen-2-v-imadazohdin-2~
ans

> 10 M/ -~

fom-Tolvl-3-($anfluoromethyl-
pyridue3-vinudazehdin-2-ong

T3 aM /-

132A

-{2-Methyl-2Hindazol-S-y13-3-
{4-methyl-pyndin-3-y1)-
imidazolidin-2-one

> 10 pM

1334

F-(d-Methylb-pyridin-3-yH)-3~
paphithalen-1-yhimidazotdin 2~

(e

1,970 M/

272G
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134A

P -Methyl-THindol-3-y13-3-
{d-metiyb-pyridin-3~yiy-
imidazohdin-2-one
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930l f -

1354

O~ 3(d-Mathyl mm%m 3-yi¥-2-
exe-ymidasolidin bylj-1.2-
dibhydro-mduzol-3-on

150 oM fen

K\
IEE! \Iuhxi -pyridin-3
mrmo{ 2-¢lpynidin-3-
z;mdamixdm—mmc

)
vi-

SO0 nMY -

137A

F-(3-Chloro-T-methyi- T Huandol-
3-vh-3-{(4-methyvl-pyridin3-yh-
indazolidin-2-one

£.5354 nM f -

138A

{-Indan-S-yi-3-(4-methyl-
pyridin- 3 Hmidarzolidin-2-one

E3 nMY -

139A

{-Benzofbfthophen-5-vi-3-{4-
methyb-pyridin-3-yi-1 3~
dibvdro-tmidazol-2-one

83 ol

FELIEN

L 2-Fhuovo-d-| 3-(d-methyl-pyridio-

Iy h-2-ono-wnidazohdins v
begzonitrile

141A

F-( 1 H-Benrotriazol-5-y1)-3-(4-
methyl-pyridin-3-y1)-
mmidazolidin-2-one,
hvdrochloride

13 aM/--

L-Bensothiacol-0-v1-3-{4-
methvl-pyridin-3-y1)-1, §-
dibvdro-inidazel-2-one

21 nhfe-

FH43A

-(3-Amino~T~methyl-1H-
indazol-6-v-3-[d~methyis
pyridin-3-vhamidazolidin-2-ome

116 .-

1444

P~ T H-Indob-0-v - 3-{4-methvl-
pridin-3vhamidazolidin:2-one

S THY HA

{-(3-Chioro-imidazo] 1,2-
ajpyridin-7-yi-3-(4-methyl-
pyridin-3-vD-tmmdazolidin-2-one

oA

{-Methy-3-[3-(4-methyl-

fpsridin-3-vli-2-ox0-

pnidazolihns v~ tHandele-4-
carbonitrife

147A

-Hydroxyowthyl-3,3-dimethvl-
S{3~{d-methyl-pyridin-3-vi-2-
oxo-imidarolidin-tyii- 13-
dihvdro-indob2-one

230
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-(d-Methybpyndin-3-¥13-3-(2-
f48A | mifluoromethylpyridin-dovi- 28 ndy-- -
pnidazolidin-2~one
L-Benzothiazod-6-y1-3-{4-
1494 | dimethoxymcethyl-pyndin-3-yi)- 37 nMie e
imidazolidin-2-one

N33 -Benzothiazol-o-yi-2-
150A | oxo-unsdazohdin-T-vipyridin- 496 n\/-- -
$-vif-acetamide
F-Benzotharol-6-yi-3-(3~chloro-
151A | dmethyvlpyridin-3-vi)- 13,3 nM/f-~- -~
yrdazohidin-2-one
f-{4-Amino-pyridin-3-y1)-3-
152A | benzothiazol-6-yl-imidazolidin- 7 nh foe
2-one hydrochloride
t-(benwo{dijthiazol-6-y1}-3-(4-
methyl-S-

183A | (triflooromethylpyridin-3- 280 oM -~
yhimidazelidin-2-one,
trifluoroacetic acid sal
1-(isothiazol-d-yD-3-(4-
1344 methylpyridin-3-vhimidazohdine 89 nM o
2-one
{-{(d-methylpyridin-3-y-3-{5-

v
1834 | (rifluoromethyhithiophen-2
viimidazolidin-2-one
-(henzoldithiazol-6-y-3-(4-(2-
156A hydroxypropan-2-yhpyridin-3- = pM -
i vDimidarolidin-2-one

U -(demethyipyridin-3-y1)-3-(4-
137A | methvlthieno3 2-¢clpyridin 2~ 21 oM -
yhimidazolidin-2-one
F-{benzofdthiazol-6-vI)-3-{4 41~
158A | hvdroxvethypyridin-3- 38 oM
vhimitdazolidin-2-one
f~(benzo{djthiazol-6~vi}-3~(4-
159A | ethylpyridin-3-yIimidazolidin-2- 3.4 nM ~
one
{-{domethylpyridin-3-yH-3-{3-
160A | (trifluoromethyl- T H-indazel-6- 34 nM
yhimidazolidin-2-one
-{3-cvelopropyi-TH-indavol-6-
1614 | yh-3-(damethyipyridin-3- 82 nM -
Lyhimidazohidin-2-one

3
Lk
s
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1HIA

P-{d-methyipyridin-3-y3-
{guimolin-7-vBimidazohdin-2-
one

163A

3-Benzothiazol-6-yi-4,4-
dimethyl-1-{4-methyl-pyridin-3~
virimidarolidin-2-one

= 10 M -

1644

-Benzothiazol-o-yi-d, 4~
dimethyi-3-pyridin-3-yl-

{imidazolidin-2-one

T nd - .

1684

i 1-Benzothiazol-t-vl-4 4~

dimethyl-3-(4-methyl-pyridin-3-
yh-insdazohdin-2-one

L1353 n-- -

1o6A

3-Benzothiazol-6-vl-4-methvi-1- |

{4-methyi-pyndin-3-yi)-
imidazolidin-2-one

32 ol e

167A

F-Benzothiazol-6-vi-d-methy -3~
{d-methyl-pyridin-3-y)-
mmdazolidin-2-one

38 b/ - -

168A

{-Benzothiazol-6-vi-d-othyl-3-
{4-methyl-pyridin-3-y1)}-1 3~
dihydro~-imidazoel-2-one

384 nhd/-- -

1694

{-Benzothiazol-6- vi-4-ethyl-3-
pyridin-3-yi-1,3-dihydro-

imidazol-2-one
1-Benzothiazol-6-yi-3-pyridin-3-
179A yi-d-rifluoromethyl- e em -
imidazolidin-2-ong
I-Benzothiazol-6-yI-3-{4-
171A | methylpyridin-3-y1-1,3- i -~

dihvdro-hbenzotmidazol-2-one

1724

I-Benzothiazol-6-yl-damethyl-3-
{4-methyl-pyridin-3-y1}-

unidazolidin-2~one

326 nMY/-- -

I-Benzothiazol-6-vl-L-pyndin-3-

1738 | yhd-trifluoromethyl- ~nfon -
inidazolidin-2~one
P -Benzothiavol-0-vi-3-{4-

{744 methvl-pyridin-3-yi)-4- 3 i

triflucromethyl-imidarolidin-2-
one

t-Benrothiarol-6-vi-4,5-

- dimethyl-3-(d-methylb-pyridio-3-
- vi-imidarolidin-2-one

335 M .~

2]
]
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-~

{-Benzothiaad-6- yi-3-(4-

£76A | pyrrolidin- | yvimethvl-pyridin-3- 39 A -
vivimidazolidin-Z-one -+
i-Benzothinzol- ~~yl-3 ENEN

1774 | morphoho-d-vimethyl-pyridin:3- 32 oM/~ -~
vh-imidarolidin-2-one
{~Benzothisrol-6-y1-3-(4-
178&4 | cyclopropy !ammumﬂiwi TG A
pw;dm 3-vhamidazolidin-2-one
F-Benzothiazel-6- yi-3-(6-fluoro-
1794A d-methyl-pyrsdin-3-vh- e -
inidazolidin-2-ong
I-Benvothiacol-6-41-3-{4-2-
1804 | morpholin-4-yvl-ethoxy »-pyridin- -
S-vi-imidarolidin-2-one
-Bemzothiazol-H-yl-3-{4-(1-
I81A muh\'! pwmlidin—’.-’~\-'inwt!‘mx'\’)~ 3064 oM/ -~

i Bmxmhmzn] - \i—w-d I(M
methyl-HH-pyracol-3-vianuno)-
methyl-pyridin-3-vii-
‘imidazpii.s;lin—'.}“rmc
I-Benzothiazol-f-y1-3-(3H-
1834 | imidavold.5-blpyridin-6-y1)- > 10 ph /- =
midarolidin-2-one
}-Benzothiarol-6-y1-3-{4-(1-
I84A methyl-piperidin-d-vimethoxy)- 30 uM A
pyndin-3-vi-imudazolidin-2-one
3-(3-Benzothiazol-6-y - 2-0xo-
83 | inudazohidm-1ovl)- ERLERTLY A e
isomicotinanide
-Benzothiazobb-yi-3-
186A midazo] 1. 2-ajpyrazin-S-yi o uM e
intdarobidin-2-one
-Benzothiazol-6-vE301H-
I87A pyrrofo[2. 3-bipyridineS-vi)- 2 M e -
________ nmdamhdm» 2-0Ne
3-Benzothiazol-o-yi-3-methyl-
i88A -.,J dihydro-3H.3'H- FOS nM - -
L Thiimdarolyl-2-one
{-Benrothazol-0-y1-3-(4-
1894 nethvl-3 imhxomtm‘ihxi R0 M B
puridin-3-yh-imidazobidin-2-one
frifiucro-acetic acid

182A
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54 nM/

P-Benrothiarol-6-vi-3-pyridin-2-
vi-imidazohidin-2-one

=10 M e

E-{d-Methyl- p_\,-i?‘iii‘m*s» 305
triftuoromethyl-thiophen-2-y1-
inidazolidin-2-one

2.7 ndes

{-Benzothiazol-o-y- 3441+
hydroxy-1-methyl-ethyl)-
pyridin-3-vij-imidazolidin-2-one

=30 aM -

f{d-Methvl-pyridin- 3oy 344~
methyi-thieno{3 2-clpyridin.2-

1 yh-imidarolidin-2-one

f-Benzethinzol-6-vE-3-[4-( -
hydroxy-ethyl}-pyridin-3-vii-
iidazolidin-2-one

1-Benzothiazol-0-vi-3-(d-ethyi-

dimethyl-3-{d-methyvil-pyridin:3-
yi-imdarolidin-2-one

pyridin-3-yh-imidazolidin-2-one -
1-(4-Methyl-pyridin- 3 13-3-{3-

197A | wrifluoromethyl-HH-indarol-6- LN hY I

_____ y-tmidazolidin-2-ome

t-(3-Cyclopropyl-1 H-indazol-6-

198A | v)-3-(d-methyl-pyridin-3-yl} B2 M/ -
imidaeolidin-2-one 40

1994 | EMethybpynidinedylpde b,
guinolin-7-yl-imidarolidin-2-one
3-Benzothiazol-6-yi-4 4+

208A | dimethyvl1-(d-methyvbpyridin-3- 10 M -
vi-unidazolidin-2-one
F-Benzothiazol-6-vl-4.4-

201A dimethyl-3-pydin-3-vi- FRCRSHY A -
imidazoiidin-2-one
1-Benzothiazol-6-vi-4,4

02A FEA3 M- .

{d-methyvl-pyridin-3-yi¥-
inidazetidin-2-one

3-Benzothiazol-6-yl-d-methyl-1-

33 M-
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The compounds of present invention in {ree Form or ju salt form, exhutat valuable
pharmacological properties, ¢y inhibition of CYPIT lvase, e.p. as indicated o the in
vigre tests provided above and are therefore asetud for therapy wediated by suchy
infubition. For example, the compounds of the present invention ave useful in the

5 treatment of inflanymation and cancer (in particulay, prostate cancer) 1y a mamimal

{preferably, a human).

Thus, as a {orther crrbodiment, the present ivention provides the use of a

compownd of the present invention in therapy. In a further embodinment, the therapy is

selected from a discase mediated by the regalation of 1 7u-hyvdresovlase/Cyyae-tyase.
10 In another embodiment, the invention provides a method of treating a discase

which is treated by the regulation of 7a-hydroxylase/ ¢y se-lvase comprising

administration of a therapeutically acceptable arsount of a compound of the present

invention,  In a further embodinnent, the disease 18 prostate cancer,
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Claims

1. Acompound of Formula (la) or (Ib)

R51

)Lﬁ )UC(

\/ R*); X L--ljl ’

(R54)q (Ta) . (b)

wherein:

nis1,2,0r3;
R is

(i) a phenyl optionally substituted with 1 to 2 substituents each independently selected from flucro, chloro,
methyl, methoxy, triflucromethyl, diflucromethyl. or cyano;

(iiy a bipheny};

(iify a fused phenyl selected from naphthalen-2-vl, quinolin-6-yl, 3,4-dihydro-2-oxo-quinolin-6-yl, benzo{bjthi-
ophen-5-yi, benzo[dlisoxazol-5-yl, 1H-indazol-8-yi, 1H-indazol-5-yl, benzothiazol-8-yl, 1,2-dihydro-3-oxo-
indazol-6-y, indan-5-yl, 1H-benzotriazol-5-yi, kenzofuran-5-yl, 2,3-dihydro-benzo(1,4]dioxin-6-yl, 2,3-dihy-
dro-benzafuran-5-yl, or benzo{1,3]dioxol-5-yl where said fused phenyl is optionally substituted with 1 {0 2
substituents each independently selected from chloro, fiuoro, methyl, ethy!, diflucromethyt, triffuaromethyl,
cyclopropyl, cyano, or amino;

(iv) a 5- to 6-membered hetcroaryl selected from isothiazol-4-yl, thiophen-2-yl, thiophen-3-yl, or pyridin-4-
yl, where said isothiazol-4-yl, said thiophen-2-yi, said thiophen-3-yi, and said pyridin-4-yi are optionally
substituted with fluoro, chlora, methyl, trifiucromethyl, difluoromethyt, or methoxy; or

(v) a fused heteroaryl selected from thienof3,2-c]pyridin-2-yl, thieno[3,2-c]pyridin-3-yl, thieno[3,2-c]pyridin-
2-yl, imidazof1,2-a}pyridin-7-yl, or benzo[b]thiophen-2-yl, where said fused heteroaryl is optionally substi-
tuted with 1 to 2 substituents each independently sefected from fiuoro, chioro, metny!, difluoromethyl, trif-
lucromethyl, cyclopropy!, or amino;

R84 is (C,-Cyalkyl, hato-substituted (C4-Cylalkyl, or -CH,OH;

pis0, 1, 2,0r3;

Ggis 0, 1or2;

R50, R51 and R52 are each independently H, halo, -CH, -CN, (C,-C,)alkyl, halo-substituted(C,-C,)alkyl, hydroxy-
substituted (C4-Cglalkyl, -(CH,)-O(C-Cplalkyl, - (CHy)-CH(O(C4-Cylakyly, -NH, -NH(C4-Cgalkyl,
“N{(C4-Cplalkyl)y, -NHC({O)-(C;-Cpalkyl, -C(O)NH,, -C{O)-NH(C;-Cyalkyl, -C(O)}-N{(C4-Cqlalkyl),, or
-C{0)-O(C4-Cyalkyl;

ris0, 1or2;

with the proviso that when R0, R%1, and R52 are H and R53 js phenyl, R5® is not unsubstituted or substituted
with halogen or CFj;

or a pharmaceutically acceptable salt thereof,

2. The compound of Claim 1 wherein said compaund is a compound of Farmula (la); or a pharmaceutically acceptable
salt thereof.

3. The compound of Claim 2 where g is 0; or a pharmaceutically accepiable salt thereof.

4. The compound of Claim 1 wherein said compound is a compound of Formula (Ib); or a pharmaceutically acceptable
sait thereof.

5. The compound of Claim 4 wherein R™ is -CHg or CFg; or a pharmaceutically acceptable salt thereof,

6. The compound of Claim 4 or 5§ wherein n is 1; or a pharmaceutically acceptable salt thereof.

237




7.

10.

11.

12,

13.

14,

The compound of Claim 1, 2, 3, 4, 5 or 6 wherein R5? is M or methyl; R51is H, halo, methy|, trifluoromethyi, methoxy,
or -C{OYOCH4: and R52 is halo, -CN, methyl, ethyl, methoxy, hydroxymethyl, 1-hydroxyethyl, 2-hydroxypropan-2-
yl, difluoromethyl, triflucromethyl, dimethoxymethyl, -NH,, or NHC({Q)CHy; or a pharmaceutically acceptable sait
thereof.

The compeund of Claim 1, 2, 3, 4, 5, 6 ar 7, wherein R33 is phenyi, 4-chlora-3-fluoro-phenyl, m-tolyl, 3-methoxy-
phenyt, 3-chlore-4-flucro-phenyi, 4-flucro-3-methyl-phenyl, 3-triftuoramethyl-phenyt, 3-chlcro-ghenyl, 4-fluoro-3-tri-
fluoromethyl-pheny!, 3-difluoromethyl-4-fluoro-phenyl, 3-cyano-4-flucrophenyl, 3-cyanophenyl, 3-chloro-4-cyano-
phenyl. 3,4-diflucro-phenyl, 4-trifluoromethyl-phenyl;

or a pharmaceutically acceptable salt thereof.

The compound of claim 1, 2, 3, 4, 5, 6 or 7, wherein R53 is naphthalen-2-y), benzo[bjthiophen-5-y), 3-methyl-ben-
zofdlisoxazol-5-yi, 1H-indazol-5-yl, 1-methyl-1H-indazol-5-yl, 3-amino-1H-indazol-5-yl, 1H-indazol-6-yl, 3-amino-
1H-indazol-6-yl, 3-methyl-1H-indazol-6-y), 3-trifluoromethyl-1H-indazol-6-yl, benzothiazol-8-yl, 1,2-dihydro-3-oxo-
indazol-6-yl, indan-5-yl, 1H-benzotriazol-5-yl, 3-methyl-benzofuran-5-yl, 2,3-dihydro-benzo[1,4]dioxin-6-yl, 2,3-di-
hydro-benzofuran-5-yl, or 2,2-diflucro-benzo[1,3]dioxol-5-yt;

or a pharmaceutically acceptable salt thereof.

The compound of Claim & wherein R53 is benzothiazol-8-yi, 3-methyl-henzofuran-5-vi, 1H-indazol-8-yl, 3-methyl
1H-indazol-6-yl, or 3-trifluoromethyl-1H-indazol-6-yl;
or a pharmaceutically acceptable sall thereof.

The compound of claims 1, 2, 3, 4, 5, 6 or 7, wherein RS3 js 5-methyl-thiophen-2-yl, 5-chloro-thiophen-2-yl, 5-
trifluoromethyl-thiophen-2-yl, 5-difluoromethyl-thiophen-3-yi, 5-methyi-thiophen-3-yl, 2-methyl-pyridin-4-yl, 2-trif-
luoromethyi-pyridin-4-yl, 2-chloro-pyridin-4-yl, or 2-methoxy-pyridin-4-yl;

or a pharmaceutically acceptable salt thereof,

The compound of claims 1, 2, 3, 4, 5, 6 or 7, wherein R53 is 4-chloro-thieno|3,2-¢clpyridin-2-yl, 4-chloro-thieno[3,2-
clpyridin-3-yl, thieno[3,2-¢]pyridin-2-yl, 3-chloro-imidazo[1,2-a)pyridin-7-y!, benzo[blthiophen-2-yl, or 4-methylth-
ienof3,2-c]pyridin-2-yl;

or a pharmaceutically acceptable salt thereof.

A compound of claim 1, selected from the group consisting of
1-Benzothiazol-6-yl-3-(4-methyl-pyridin-3-yl}-imidazolidin-2-one;
1-(2-Chloro-pyridin-4-yi)-3-{(4-methyl-pyridin-3-yl)-imidazolidin-2-one;
1-{4-Chlore-thieno(3,2-clpyridin-2-yi}-3-{(4-methyl-pyridin-3-y))-imidazolidin-2-one;
1-(1H-Indazol-6-y!)-3-(4-methyl-pyridin-3-yl}-imidazolidin-2-one;
1-{3-Difluoromethyi-4-fluoro-phenyi)-3-(4-methyl-pyridin-3-yi)-1,3-dihydro-imidazol-2-one;
1-(4-Methyi-pyridin-3-yl}-3-(5-methyl-thiophen-3-yi)-1,3-dihydro-imidazol-2-one;
1-(3-Methyl- 1H-indazaol-6-yl)-3-(4-methyl-pyridin-3-yl}-imidazolidin-2-one;
1-Benzothiazol-6-yl-4-methyl-3-(4-methyl-pyridin-3-yl)-imidazolidin-2-one;
1-Benzo[bjthiophen-5-yi-3-(4-methyl-pyridin-3-yi)-1,3-dihydro-imidazol-2-one; and
1-Benzothiazol-6-yi-3-(4-methyl-pyridin-3-yi}- 1,3-dihydro-imidazol-2-one;

or a pharmaceutically acceptable salt thereof.

A compound of claim 1 selected from the group consisiing of
1-Naphthalen-2-yi-3-pyridin-3-yl-imidazolidin-2-one;
1-Benzo[blihiophen-5-yl-3-pyridin-3-yl-imidazolidin-2-one;
1-(4-Methyl-pyridin-3-yl)-3-naphthalen-2-yl-imidazolidin-2-one;

1-(4-Methyl-pyridin-3-yl}-3-(5-methyl-thiophen-2-yi)-imidazolidin-2-one;
1-Benzothiazol-6-yl-3-(4-methyl-pyridin-3-yi)-imidazolidin-2-one;
1-Benzofblthiaphen-5-yi-3-(4-methyl-pyridin-3-yl}-imidazolidin-2-one;
1-{1H-Indazol-5-yl)-3-(4-methyl-pyridin-3-yl)-imidazolidin-2-ane;
1-(3-Methyl-benzofuran-5-y1)-3-{4-methyl-pyridin-3-yl)-imidazolidin-2-one;
1-(5-Chloro-thiophen-2-yl)-3-(4-methyl-pyridin-3-yl}-imidazolidin-2-one;
1-(3,4-Difiuoro-phenyi)-3-(4-methyl-pyridin-3-yi)-imidazolidin-2-one;
1-(3-Chloro-4-fluoro-phenyl)-3-(4-methyl-pyridin-3-yl)-imidazolidin-2-one;
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1+(2,3-Dihydro-benzo[1,4]dioxin-6-yl)-3-(4-methyl-pyridin-3-yl)-imidazalidin-2-ane;
1-(2,3-Dihydro-benzofuran-5-yl)-3-(4-methyl-pyridin-3-y!}- midazolidin-2-one;
1-(4-Chlore-3-flucro-phenyl)-3-(4-methyl-pyridin-3-yl)-imidazolidin-2-one;
1-(4-Methyhpyridin-3-y1}-3-m-tolyl-imidazolidin-2-one;
1-(3-Methoxy-phenyi)-3-(4-methyi-pyridin-3-yl)-imidazolidin-2-one;
1-(2-Chloro-pyridin-4-yi}-3-(4-methyi-pyridin-3-yl)-imidazoidin-2-one;
1-(4-Fluoro-3-methyl-phenyl)-3-(4-methyl-pyridin-3-yl}-imidazolidin-2-one;
1-(2,2-Difluoro-benzo[1,3]}dioxol-5-y[}-3-(4-methyl-pyridin-3-yl)-imidazolidin-2-one;
1-(4-Methyl-pyridin-3-yi}-3-phenylk-imidazolidin-2-one;
1-(4-Methyl-pyridin-3-yi)-3-(3-trifluoromethyl-phenyl)-imidazolidin-2-one;
1-(2-Methoxy-pyridin-4-yl)-3-(4-methyl-pyridin-3-yl}-imidazolidin-2-one;
1-(5-Diflucromethyl-thiophen-3-yl)-3-(4-methyl-pyridin-3-y }-imidazolidin-2-one;
1-(3-Chlora-phenyl}-3-(4-methyi-pyridin-3-yl}-imidazolidin-2-one;
1-(4-Fluoro-3-rifluoromethyt-phenyl)-3-(4-methyl-pyridin-3-yl)-imidazolidin-2-one;
1-(3-Diflucromethyi-4-flucro-phenyl)-3-(4-methyl-pyridin-3-yt}-imidazolidin-2-one;
1-{4-Methyl-pyridin-3-y1}-3-(5-methyl-thiophen-3-yl)-imidazofidin-2-one;
1-{4-Chloro-thieno[3,2-cjpyridin-2-y1}-3-(4-methyl-pyridin-3-yl)-imidazolidin-2-one;
1-(4-Chloro-thieno[3,2-c]pyridin-3-y1)-3-(4-methyl-pyridin-3-yl)-imidazolidin-2~one;

1-{4-Methyl-oyridin-3-y1)-3.(2-methyl-pyridin 4-y!)-imidazeiidin-2-one;

1- (3-Methyl-benzo[d]|soxazol-5-yl) -3-(4-methyl-pyridin-3-yi)-imidazolidin-2-one;
1-(3-Methyl-1H-indazol-6-yl}-3-(4-methyl-pyridin-3-yl}-imidazolidin-2-one;
2-Fluora-5-[3-(4-methyl-pyridin-3-yl)-2-oxa-imidazolidin-1-yl}-benzonitrile;
3-[3-(4-Methyl-pyridin-3-yl)-2-oxo-imidazolidin-1-yl]-benzonitrile;
2-Chloro-4-(3-(4-methyl-pyridin-3-yl}-2-oxo-imidazolidin-1-yl]-benzonitrile;
1-(1-Methyl- 1H-indazol-5-y1}-3-(4-methyl-pyridin-3-y(}-imicazolidin-2-one;
1-(3-Amino-1H-indazol-5-y1)-3-(4-methyl-pyridin-3-yi)-imidazolidin-2-one;
1-(4-Methyl-pyridin-3-yl}-3-thieno[3,2-clpyridin-2-yl-imidazolidin-2-one;
1-(1H-Indazoi-6-y!)-3-(4-methy|-pyridin-3-yl}-imidazolidin-2-one;
1-(3-Amino-1H-indazol-8-y1)-3-(4-methyl-pyridin-3-yl)-imidazolidin-2-one;
1-Benzothiazol-6-yl-3-(4-methoxy-pyridin-3-yl)-imidazolidin-2-one;
1-Benzothiazol-8-yl-3-(4-difluoromethyl-pyridin-3-yi)-imidazolidin-2-one;
1-Benzathiazal-8-yl-3-(4-hydroxymethyl-pyridin-3-yl}-imidazolidin-2-one;
1-Benzothiazol-6-yl-3-(4-trifluoromethyl-pyridin-3-y!}-imidazolidin-2-one;
1-Indan-5-yl-3-(4-methyl-pyridin-3-yl)-imidazolidin-2-one;
1-(1H-Benzotriazol-5-yl)-3-(4-methyi-pyridin-3-yl)-imidazoiidin-2-one;
1-(3-Chioro-imidazo[1,2-a)pyridin-7-yl)-3-(4-methy!-pyridir-3-y[)-imidazolidin-2-one;
1-(4-Methyl-pyridin-3-yi)-3-(2-triftuoromethyl-pyridin-4-y!}-imidazolidin-2-one;
1-Benzothiazol-8-yl-3-(4-dimethoxymethyl-pyridin-3-yl)-imidazolidin-2-one;
1-Benzothiazol-6-yl-3-(5-chloro-4-methyl-pyridin-3-yi}-imicazolidin-2-one;
1-(4-Methylpyridin-3-yl}-3-(5-(triftuoromethyhthiophen-2-yliimidazolidin-2-one;
1-(4-MethyIpyridin-3-yl}-3-(4-methylthieno[3,2-c]pyridin-2-yl)imidazolidin-2-one;
1-(Benzo[d]thiazol-6-yl}-3-(4-( 1-hydraxyethyl) pyridin-3-yl}imidazelidin-2-one;
1-{Benzol[d]thiazol-6-yl)-3-(4-ethylpyridin-3-yl)imidazolidin-2-one;
1-(4-Methy|pyridin-3-yl)-3-(3-{triffucromethyl)- 1H-indazol-6-yllimidazolidin-2-one;
1-Benzothiazol-6-yl-4-methyl-3-(4-methyl-pyridin-3-yl)-imidazolidin-2-one;
1-Benzothiazol-6-yl-4-ethyl-3-(4-methyl-pyridin-3-y1)-1,3-dihydro-imidazol-2-one;
1-Benzothiazol-6-yl-4-ethyl-3-pyridin-3-yi-1,3-dihydre-imidazol-2-one;
1-Benzothiazol-6-yl-3-pyridin-3-yl-4-triflucromethyl-imidazolidin-2-one;
1-Benzothiazol-8-yl-3-(4-methyl-pyridin-3-y!}-1,3-dihydro-benzoimidazol-2-one;
1-Benzothiazol-6-yl-4-methyl-3-(4-methyl-pyridin-3-yl)-imidazolidin-2-one;
3-Benzothiazol-6-yl-1-pyridin-3-yl-4-triflucromethyl-imidazoligin-2-one;
1-Benzothiazol-6-yl-3-(4-methyl-pyridin-3-yl)-4-trifluoromethyl-imidazolidin-2-one;
1-Benzothiazol-6-yl-4,5-dimethyl-3-(4-methyl-pyridin-3-yl)-imidazolidin-2-one;
1-Benzothiazoi-6-yl-3-(6-fluoro-4-methyl-pyridin-3-yl)-imidazolidin-2-one;
3-(3-Benzothiazol-6-yl-2-oxo-imidazolidin-1-yi)-isonicotinamide;
1-Benzothiazol-6-yl-3-(4-methyl-5-trifluaromethyl-pyridin-3-yl)-imidazolidin-2-one;
1-Isothiazol-4-y|-3-(4-methyl-pyridin-3-yl)-imidazolidin-2-one;
1-(4-Methyl-pyridin-3-yl)-3-(5-triflusromethyl-thiophen-2-yl)-imidazolidin-2-one;
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15.

16.

17.

18.

19.

20.

21.

22.

23.

1-Benzothiazol-6-yl-3-[4-(1-hydroxy-1-methyl-ethy!)-pyridin-3-yi)-imidazolidin-2-one;
1-{(4-Methyl-pyridin-3-yl)-3-(4-methyl-thieno[3,2-clpyridin-2-yl)-imidazolidin-2-one;
1-Benzothiazol-6-yl-3-[4-(1-hydroxy-ethyl)-pyridin-3-yi)-imidazolidin-2-one;
1-Benzothiazol-6-yl-3-{4-ethyl-pyridin-3-yi)-imidazolidin-2-one;
1-(4-Methyl-pyridin-3-y1)-3-(3-trifluoromethyl-1H-indazol-5-yl)-imidazolidin-2-one;
1-(3-Cyclopropyi-1H-indazol-6-y)-3-(4-methyl-pyridin-3-vi}-imidazolidin-2-one;
3-Benzothiazol-6-yl-4,4-dimethyl-1-(4-methyl-pyridin-3-y )-imidazolidin-2-one;
1-Benzothiazol-6-yl-4 4-dimethyl-3-pyridin-3-yl-imidazolidin-2-one;
1-Benzothiazol-6-yl-4,4-dimethy!l-3-(4-methyl-pyridin-3-y }-imidazolidin-2-one;
3-Benzothiazol-6-yl-4-methy!l-1-{4-methyl-pyridin-3-yl}-imidazolidin-2-one;
1-Benzothiazol-6-yi-4-methyl-3-{4-methyl-pyridin-3-yi)-imidazolidin-2-one;
1-Benzothiazol-6-yl-4,5-dimethyl-3-(4-methyl-pyridin-3-y)-imidazolidin-2-one;
1-Benzothiazol-8-yl-4,4-dimethyl-3-pyridin-3-yi-imidazolidin-2-one; and
3-Benzothiazol-6-yi-4-methyl-1-{4-methyl-pyridin-3-yl)-imidazolidin-2-one;

or a pharmaceutically acceptabie salt thereof,

A compound of claim 1 which is 1-(2-chloro-pyridin-4-yI}-3-(4-methyl-pyridin-3-yl)-imidazolidin-2-one having the
structure:

CHy

or a pharmaceutically acceptable salt thereof.

A pharmaceutical composition comprising a compound of any one of Claims 1 to 15, or a pharmaceuticaily acceptable
salt thereof, and a pharmaceutically acceptable carrier ar excipient,

The pharmaceutical compesition of Claim 16 further comprising at least one additional pharmaceutical agent wherein
said at ieast one additicnal pharmaceutical agent is an anticancer agent, chemotherapy agent, or antiproliferative
compound.

The use of a compound according to any one of Claims 1 to 15, or a pharmaceutically acceptable salt thereof, for
the manufacture of a medicament for the treatment of a disease, disorder, or syndrome mediated by Cyp17 inhibition.

A compound according to any one of claims 1 to 15 for use in medicine.

A compound according to claim 19 for use in the treatment of a disease, disorder, or syndrome mediated by Cyp17
inhibition.

A compound according to claim 20, or use according to claim 18, wherein the disease, disorder, or syndrome
mediatecd by Cyp17 inhibition is inflammation or cancer.

A compound according to claim 21, or use according to claim 21, wherein the cancer is prostate cancer.

The pharmaceutical composition of claim 17 for use in the ireatment of cancer, wherein the additional pharmaceutical
agent which is an anticancer agent, chemotherapy agent, or antiproliferative compound, is administered simultane-
ously with the compound of any one of claims 1-15, or the additional pharmaceutical agent which is an anticancer
agent, chemotherapy agent, or antiproliferative compound and the compound of any one of claims 1-15 are admin-
istered seguentially in any order.
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