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This invention relates to novel 5-[(hydroxynethyl)aryl]-substituted

pyrrol o[ 2v0-2h{Ja4sz14] tri azi n-4- am nes, to processes forcrhPprepseati on of
such conpounds, to pharnaceutical conpositions containing such conpounds,
and to the use of such conpounds or conpositions for treating angio-
5genesi s-rel ated di sorders, in particul arl -angi ogenesi s-rel ated ocul ar
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caused bysanghoss £RSYkiforder, ﬁgl%l&hﬂ%h og"el?eElk F@ted%ul&rrdls&d&@OVascm arisation or
retinal edena [ Canpochiaro 004 g( Bi ol , Ther. 4: 1395-1402].
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t he western wor rev ncreases wt
age. AMD is @F%mlﬁiﬁ@éisaagd@i‘e@ﬂﬁ%@ftwe(neovascul ar) or dry

(non-neovascul ar). The wet form of the disease is responsible for the npst
severe | ass ©hriovi &uﬁﬂdlsocﬁ&\/s&ﬂﬂdh 201 1BbnsIbRSSr (COMTBRY ommlnﬁmmlhalaﬁ@&mdness

debi litating. r t hi es. i ncl.ude choroi dal. neo rane
(o | cyor i JRORL P B R b o Brad et £8 el PrRhuaR o
macul ar swel hqorr@gqlanemon pettinaadderelthnaniea ERM), BecObiabBi@udked:)139%and2macul ar
hole. I'n CINNM abnormal blood vessels stemming fromthe choroid grow up

through the ggtifale lAYNBLEYy aq;fJaﬁte& (Vﬁghlla&te'é‘%\@/léé@ﬁg ehs &Bﬁ@&s@ﬁgvg 1d1a9@é1!s' ng
bl ood and fluid to pool wthi | ayers of the retina whi ch can
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Several other less common, but nonetheless debilitating retinopathies include choroidal neovas-
20 cular membrane (CNVM), cystoid macular edema (CME, also referred to as macular edema or
macular swelling), epi-retinal membrane (ERM, macular pucker), and macular hole. In CNVM,
abnormal blood vessels stemming from the choroid grow up through the retinal layers. The fragile
new vessels break easily, causing blood and fluid to pool within the layers of the retina. In CME,
which can occur as a result of disease, injury or surgery, fluid collects within the layers of the
25  macula, causing blurred, distorted central vision. ERM (macular pucker) is a cellophane-like mem-

brane that forms over the macula, affecting the central vision by causing blur and distortion.

Also related are disorders like hypertrophic and atrophic changes of the retinal pigment epithelium
(RPE), retinal detachment, choroidal vein occlusion, retinal vein occlusion, comeal angiogenesis
following, for example, keratitis, cornea transplantation or keratoplasty, corneal angiogenesis due
30 to hypoxia {(e.g., as a result of extensive contact lens wearing), pterygium conjunctivae, subretinal

edema, and intraretinal edema.
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(2006), N Engl. J. Med. 355: 1419-1431]. Therefore new anti-angi ogenic
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this famly nmediate their biological activity by ligand binding to a
het er ot et r angirgdiparepcsiebeisapingsetyrng Y- | 15 and type Il serine/threonine
ki nase receptors W and TPRII and accessory type IIl receptors. TGFP as
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(2007), Bk 00511(1]191% 1 Sdrine AvRRnd Rk -recleﬂthRp%t'H}’Rﬁt £ aEJé%Bry%gﬂl receptors.

TGFP as well as the high-affinity ligands BMP9 and BMP10 can activate ALK1 in receptor
complexes with BMPRII or ActRII and type II receptor endoglin [Scharpfenecker (2007}, J. Cell
Sci. 120: 964-972]. Binding of BMP9 to ALK1 in microvascular endothelial cells activates the
Smad1/5/8 pathway [David (2007}, Blood 109 (5); 1953-1961]. It was postulated that BMP9
20  inhibits endothelial cell migration and growth. Most studies, however, find that ALK1 receptor
activation promotes endothelial cell migration, proliferation, and tube formation [Goumans (2002),

EMBO Journal 21 (7): 1743-1753; Wu (2006}, Microvasc. Res. 71: 12-19].

BMP9 and BMP10 activate ALK receptor complexes. In endothelial cells, TGFB can also activate
ALK1 while in most cell types TGFp signals through ALKS. ALKS activation leads to phos-

25 phorylation of Smad2/3 while ALK activation results in phosphorylation of Smad1/5. Each Smad
signalling pathway finally results in regulation of specific sets of target genes: Smad2/3 signalling
induces expression of PAI-1 and repression of Id-1, while Smadl/5 signalling induces Smadé6,
Smad7 and Id-1 expression and reduces PAI-1 expression [Deng (2006), J. Cell Biol. 134: 1563-
1571; Ota (2002}, J. Cell Physiol. 193: 299-318].

30 Type I receptor endoglin plays a role in fine-tuning of ALK1 and ALKS pathways especially in
endothelial cells, regulating ligand receptor interactions [ten Dijke (2008}, Angiogenesis 11: 79-
89]. Endoglin facilitates TGFB/ALK1-interaction but reduces TGFB/ALKS-interaction [David
(2007), Blood 109: 1953-1961].
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distinctive inhibition profiles agail nst
Generally, these compounds were stated to be useful for the treatment of proliferative and/or angio-

genesis-related disorders such as cancer. None of these publications, however, refer to ALK as a

potential target kinase.

Surprisingly, it has now been found that pyrrolo[2,1-f][1,2,4]triazin-4-amine derivatives having a
25 hydroxymethylary] substituent in 5-position exhibit potent and selective inhibition of ALK1 kinase
which renders these compounds particularly useful for the treatment of angiogenesis-related ocular

disorders.

Thus, in one aspect, the present invention relates to 5-[(hydroxymethyl)aryl]-substituted pyrrolo-
[2,1-1][1,2,4 triazin-4-amines of the general formula (T)



a range of protein kinases have been disclosed in, inter alia, WO

00/ 71129- Al , WD 2005/121147- AL WD 2007/ 056170- A2, WD 2007/061882- A2, WO
2007/ 0648806-2013/00¥¥31 2007/ 064931- A2, 20 WD 2007/ 079164- A2 PCWRP2Q0B61380105- A2,
WO 2009/ 136966- Al , and WD 2010/ 126960- Al . Ceneral ly, these conpounds were
stated to be useful for the treatnent of proliferative and/or

angi ogenesi s-rel ated di sorders such as cédncer. None of these publications,
however, refer to ALKl as a potential target kinase. Surprisingly, it has
now been found that pyrrolo[2, 1- ,2,4]triazin-4-amne derivatives having
a 25 hydroxynet hyl aryl substituent -position exhibit potent and

sel ective inhibition of ALKl kip ch renders these conpounds
particularly useful for the treat angi ogenesi s-rel ated ocul ar

di sorders. Thus, in one aspect, ifnvention relates to

5-[ (hydroxynet hyl )aryl] - substituted pyYrol g2, 141[1, 2, 4]tri azi n-4-am nes of

the general formula (1) -4- wherein C-R2, wherein R2represents
hydrogen, fluoro or chloro, 5Rirepres hydiogen, fluoro, chloro, nethyl,
| or (C3-Ca)-cycloal kyl each

et hyl or methoxy, and represents (Cl -
of which may be substituted with hydrexy, or 10Zrgpresents a het er ocyclic
group of the formula

wherein
A is N or C-R?, wherein
R? represents hydrogen, fluoro or chloro,
5 R represents hydrogen, fluoro, chloro, methyl, ethyl or methoxy,
and
Z represents (Ci-Cy)-alkyl or (Cs;-Cs)-cycloalkyl each of which may be substituted with
hydroxy,
or
10 Z represents a heterocyclic group of the formula
* & *
3 /6 R or R?
R N NH
H ° N ’
H

wherein * indicates the point of attachment to the pyrrolotriazine moiety,
and
R? represents hydrogen or hydroxy,

15 with the proviso that when R¥ is hydroxy, this hydroxy is not attached to a ring

carbon atom located adjacent to the ring nitrogen atom,

or



wherein * indicates the point of attachnent to the pyrrolotriazine noiety,
and R3represents hydrogen or hydroxy, 15with the proviso that when R3 is
hydr oxy, wbi2e13mnpassoxy i s not attached to a ring carbon a&ComMPR@eAtBA6

adj acent to the ring nitrogen atom

- 5 - Zrepresents a thiazole group of the fornula wherein * indicates the
poi nt of attachment to the pyrrolotriazi-de moi ety, and R4represents

hydr ogen,
formul a

10

20

met hyl, ethyl, am no or am nonethyl, or represents a group of the
Z represenits a thiazole group of the formula

wherein * indicates the point of attachment to the pyrrolotriazine moiety,

and
R* represents hydrogen, methyl, ethyl, amino or aminomethyl,
or
Z represents a group of the formula
& % *
%
| l | |
CH 3 N/CH2 N,CH2 N/CH2
RS/ \ R RL or
OH Y
wherein * indicates the point of attachment to the pyrrolotriazine moiety,

R’ represents (Cs-Ce)-cycloalkyl, oxetanyl, tetrahydrofuranyl or tetrahydropyranyl,
R® represents hydrogen or hydroxy,
R’ represents hydrogen or hydroxy,

with the proviso that when R’ is hydroxy, this hydroxy is not attached to a ring

carbon atom located adjacent to the ring nitrogen atom,
and
Y is O, NH or NCHs.

The compounds according to this invention can also be present in the form of their salts, solvates

and/or solvates of the salts.

Compounds according to the invention are the compounds of the formula (I) and their salts,

solvates and solvates of the salts, the compounds included in the formula (I) of the formulae



wherein * indicates the point of attachnent to the pyrrolotriazine noiety,
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10Phar naceut '¢a
aci ds, carbomyhmmmd@kds and sul fonic aC|ds, for exanple salts of
hydrochloric acid, hydrobromc acid, sulfuric acid, phosphoric acid,

met hanesypf Oﬂlaﬁn@%n@allv %E(Jaﬁﬁlﬂeséditg QL& 2618 h8hitiReNE %ﬁ%ﬁx@ﬂaf RN GaB6iyHs acids and

t ol uenesul foni ¢ aci d,  napht hal enedi sul fonic acid, acetic _acid, propionic
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solvates, in which the coordination takes place with water. Hydrates are

preferredssokyiah@s tbcdnl@ SRS Lt fireldB8 R 58 Rdse FRMEM theQRdmpounds according

to the invention which form a complex in the solid or liquid state by stoichiometric coordination

with solvent molecules. Hydrates are a specific form of solvates, in which the coordination takes

place with water. Hydrates are preferred solvates in the context of the present invention.

The compounds of this invention may, either by nature of asymmetric centers or by restricted
20  rotation, be present in the form of isomers (enantiomers, diastereomers). Any isomer may be

present in which the asymmetric center is in the (R)-, (S)-, or (R,§)-configuration.

It will also be appreciated that when two or more asymmetric centers are present in the compounds
of the invention, several diastereomers and enantiomers of the exemplified structures will often be
possible, and that pure diastereomers and pure enantiomers represent preferred embodiments. It is
25  intended that pure stereoisomers, pure diastereomers, pure enantiomers, and mixtures thereof, are

within the scope of the invention.

Geometric isomers by nature of substituents about a double bond or a ring may be present in cis
(= Z-) or trans (= E-) form, and both isomeric forms are encompassed within the scope of this

invention.

30 All isomers, whether separated, pure, partially pure, or in racemic mixture, of the compounds of
this invention are encompassed within the scope of this invention. The purification of said isomers

and the separation of said 1someric mixtures may be accomplished by standard techniques known
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(C-CA)-al ky)~.r o ed..hy. ar bon
radi cal havi #%g%ﬁ%@ﬁ%@%E?%a%&a%gﬁg&dﬁgﬁ1Q$§§m?%%ﬁ%§§9%z?%§%?Mgﬂﬁgf%%89
n- propyl , |s@@ﬁbEy@%mﬁH%W@ywdmmgbﬁaﬂywunEéb*bﬂﬁ?MW“@@ﬁért-butyI.
(C3-C6)-cycl oal kyl represents a nonocyclic saturated hydrocarbon radi cal

having 3 to 611r61igﬂ@4t&ﬂ§ ednmako s . thdExeanpl espling] tdais€ ye kiagnd pyzuage YE kwBUL VI |
cycl opentyl, C ohexy %ﬁrou out thlg doc

sinplicity, Prﬁ%mﬁ(g SV u§a|l 6§Ha \rt é%%eagal pean 3? \}181:;1&16 tfhe pluraplanguage if no€ other-

15 wise stated. E.g., the expression "A method of treating a disease in a patient, comprising
administering to a patient an effective amount of a compound of formula (I)" is meant to include
the simultaneous treatment of more than one disease as well as the administration of more than one

compound of formula (I).

In a preferred embodiment, the present invention relates to compounds of general formula (1),

20  wherein

A is C-R?, wherein
R? represents hydrogen or fluoro,
R! represents hydrogen, fluoro, chloro, methyl, ethyl or methoxy,
and
25 Z represents n-propyl, n-butyl or cyclohexyl each of which may be substituted with hydroxy,

or

Z represents a heterocyclic group of the formula



preference over plural |anguage, but is generally nmeant to include the
plural |anguage if not other- 15 wise stated. E. g., the expression "A
nmet hod ofwonrestiomifia di sease in a patient, conprising a®ai/HP2t12/062366t 0 a
patient an effective amobunt of a compound of forrmula (I)" is nmeant to
i nclude the sinultaneous treatnent of nore than one di sease as well as the
admi ni stration of more than one conpound®of forrmula (I). In a
preferred enbodi nent, the present invention relates to conmpounds of general
formula (1), 20wher&in Ais TR2, wherejn R2represents hydrogen or fluoro,
represents hydrogepi_fl uor chl oro, thyl, ethyl or nethoxy, and
25Zr epresents n-pKopy}, Mn-butyl or cl ohexyl each of which may be
substituted with Koxy, O _tgpreseqt s

H - N

H

het erocyclic group of the formula
- 8 - or ’

wherein * indicates the point of attachment to the pyrrolotriazine moiety,
or

zZ represents a thiazole group of the formula

wherein * indicates the point of attachment to the pyrrolotriazine moiety,

and
R* represents methyl, ethyl, amino or aminomethyl,
or
0 Z represents a group of the formula

wherein * indicates the point of attachment to the pyrrolotriazine moiety,
R’ represents cyclopropyl or tetrahydropyran-4-yl,
R® represents hydroxy,

15 and

Y is O.



wherein * indicates the point of attachnent to the pyrrolotriazine noiety,
represents a thiazole group of the formula 5 wherein * indicates the
poi nt of woOtatmesst to the pyrrolotriazine noiety, and Re¢THEPe@2062386 et hyl |
ethyl, am no or am nonethyl, or 10Zrepresents a group of the formula
wherein * indicates the point of attachnent to the pyrrolotriazine noiety,
R5r epresents cycl opropyl or tetrahydropyPan-4-yl, R6represents hydroxy,
15and

In a particularly preferred embodiment, the present invention relates to compounds of general

formula (1), wherein

A is C-R%, wherein

R* represents hiydrogen or fluoro,

5 R! represents hydrogen, fluoro, methyl, ethyl or methoxy,
and
Z represents 4-hydroxybutyl or 4-hydroxycyclohexyl,
or
Z represents a heterocyclic group of the formula
% *
or
N NH
10 H |

wherein * indicates the point of attachment to the pyrrolotriazine moiety,
or
zZ represents a thiazole group of the formula

*
N)ﬁ
h
R’ :
15 wherein * indicates the point of attachment to the pyrrolotriazine moiety,
and
R* represents methyl, ethyl, amino or aminomethyl,

or

z represents a group of the formula



is O -9-

In a particularly preferred enbodi ment, the present invention

relates to conpounds of general foimula (1), wherein Als CR2, wherein
R2r epr esewo=0tsydussgen or fluoro, 5represents hydrogen, PCh@mPR)12/061364]

et hyl or methoxy, and represents 4-hydroxybutyl or 4-hydroxycycl ohexyl,
represents a heterocyclic group of the fornula wherein * indicates the

point of attachment to the pyrrolotriaziHe moiety, or represents a
thi azol e group of the fornula

10

20

|
CH
RS/ \
OH

wherein * indicates the point of attachment to the pyrrolotriazine moiety,
and
R® represents cyclopropyl.

In a distinct embodiment, the present invention relates to compounds of general formula (I), where-

n
A is C-R?%, wherein
R? represents hydrogen or fluoro.

In a farther distinct embodiment, the present invention relates to compounds of general formula (I),

wherein
A is C-R%, wherein
R? represents fluoro,
and
R! represents fluoro.

The definitions of residues indicated specifically in the respective combinations or preferred
combinations of residues are also replaced as desired by definitions of residues of other combi-
nations, irrespective of the particular combinations indicated for the residues. Combinations of two

or more of the abovementioned preferred ranges are particularly preferred.

In another embodiment, the present invention relates to a process for preparing the compounds of

general formula (I}, characterized in that a bromopyrrolotriazine of formula {II)

Br NH,
S \N
\ A A

A D,

O



15wherein * indicates the point of attachment to the pyrrolotriazine

noi ety, and Rdrepresents nethyl, ethyl, am no or am nonethyl, or

repr esentwoaogyougsiof the formula - 10 - OH , wherei nPCTiEPdIICAGBS6 t he
poi nt of attachment to the pyrrolotriazine noiety, and R5represents
cyclopropyl. 5In a distinct enbodi nent, the present invention relates to
conpounds of general fornula (n, mhere lin Al's GR2, wherein R2represents
hydrogen or f| uaoro. a further distinct enbodlnent t he present

i nvention rePQ?%%ZPﬁt%Hﬁﬁﬁﬁ%ﬁﬁaﬁf‘ﬁ@ﬁéral formula (1), 10wher ei n

1s either

[A] coupled with an arylboronic acid or ester of formula (1)

HO
1
R
]
=
B
7Y
R® R (m,
5 wherein A and R have the meanings described above,

and

R® represents hydrogen or (Ci-Cy)-alkyl, or both R® residues are linked together to
forma -(CHz)z-, -C(CH3)2-C(CH3)2-, —(CHz)3- or -CHz-C(CH3)2-CHz- bridge,

m the presence of a suitable palladium catalyst and a base to yield the target compound of

10 formula (T)

(@,
wherein A, Z and R! have the meanings described above,

or

[B] first converted into the corresponding boronic acid or ester derivative of formula (IV)



Als CR2, wherein R2represents fluoro, and represents fluoro. 15The
definitions of residues indicated specifically in the respective
conbi nat iwo0oopssef er red conbi nati ons of residues are 2CT®EPe@Eploszses as
desired by definitions of residues of other conbinations, irrespective of
the particul ar conbinations indicated for the residues. Conbinations of two
or nore of the abovenentioned preferred-tanges are particularly preferred.
I n anot her embodi ment, the present invention relates to a process for
preparing the conpounds of 20general, fatnula (1), characterized in that a
bronopyrrol otriazine of fornula (11 erein Z has the meani ng descri bed
above, is either [A] coupled with ao\qyylbomggic acid or ester of fornula
(1) 5Swherein A and R have the neanyngs descri bed above, and
R8r epresents hydrogen or (Cl-C4)-al kyl /~@ R8 residues are |linked
together to forma -(CH2) 2-, -CXC1-13~€- C}?HZ-. -(CH2) 3- or

\N/

- CH2- C(CH3) 2- Cl 12- bri dge,
Z (IV),

wherein Z has the meaning described above,
and

R’ represents hydrogen or (Ci-Cy)-alkyl, or both R’ residues are linked together to
5 forma -(CHz)z-, -C(CH_})z-C(CH_g)z—, —(CHz)3— or —CHz—C(CH3)2-CH2- bridge,

which 1s then coupled with an aryl bromide of formula (V)
HO
R XA
==
Br V),
wherein A and R! have the meanings described above,

m the presence of a suitable palladium catalyst and a base to also give the target compound

10 of formula (1)

D,

wherein A, Z and R' have the meanings described above,



in the presence of a suitable palladiumcatalyst and a base to yield the
target conpound of 10forrmula (1) wherein A Z and 12' have the neani ngs
descri bedwvalzowao4® [B] first converted into the correspomdireg2loe23e6ni ¢ aci d
or ester derivative of formula (1V) - 12 - RO RO\ \0 0O--NH2 (rvy,
wherein Z has the neani ng descri bed above, and ROrepresents hydrogen or
(Cl-C4)-alkyl, or both RO residues are Fitked together to

optionally followed, where appropriate, by (i) separating the compounds of formula (I} into their
respective enantiomers and/or diastereomers, preferably using chromatographic methods, and/or
(if) converting the compounds of formula (I} into their respective hydrates, solvates, salts and/or

hydrates or solvates of the salts by treatment with the corresponding solvents and/or acids.

5  As outlined above, compounds of formula (I) can be synthesized by a coupling reaction ("Suzuki
coupling”) between the bromopyrrolotriazine (II) and an aryl boronate or boronic acid (IIT). This
coupling is generally carried out at elevated temperature using a palladium catalyst, a base and an
mert solvent. An overview of catalysts and reaction conditions can be found in the literature [see,
for instance, S. Kotha et al., Tetrahedron 2002, 58, 9633-9695; T. E. Barder et al., J. Am. Chem.

10 Soc. 2005, 127, 4685-4696]. The preferred catalyst in this reaction is tetrakis(triphenylphosphine)-
palladium(0). The preferred base is sodium carbonate employed as an aqueous solution. The
reaction is carried out i organic solvents that are inert under the reaction conditions, such as 1,4-
dioxane, acetonitrile, N, N-dimethylformamide (DMF) or dimethylsulfoxide (DMSQ), or in water or
in mixtures of these solvents. Preferably, the reaction is carried out in a mixture of 1,4-dioxane and

15 water or acetonitrile and water. The reaction is generally performed at temperatures between
+100°C and +250°C, preferably at +120°C to +150°C. Heating is preferably effected by a single-
mode microwave device. The reactions are usually run under an inert gas atmosphere, preferably

under argon.

An inverse reactivity of the reaction partners for the Suzuki coupling may sometimes be favorable.
20 For this purpose, the bromopyrrolotriazine (1) is first converted into the corresponding boronate
(IV) and then cross-coupled with an aryl bromide (V) according to one of the methods described
above. The conversion of (IT) to (IV) is achieved by a metal-mediated borylation reaction. The
preferred method is the palladinm-catalyzed "Miyaura borylation” [see, for instance, J. Takagi er
al., J. Am. Chem. Soc. 2002, 124, 8001-8006; T. Ishiyama et al., J. Org. Chem. 1995, 60, 7508-
25 7510; A. L. S. Thompson et al., Synthesis 2005, 547-550]. Procedures, reagents and solvents for
the cross-coupling reaction (IV) + (V) — (I) are chosen from those mentioned in the previous sec-

tion.

Arylboronic acids (IIT) [R® = H] and aryl boronates (III) [R® = alkyl, or both R¥ are linked together
to form a cyclic boronic ester, e.g., a pinacolato ester] are either commercially available, or they
30 can be conveniently prepared from the corresponding aryl halides or aryl triflates using a metal-
mediated borylation reaction (for references, see previous section). Borylation and subsequent
Suzuki coupling may be carried out in two separate steps including isolation and purification of
mtermediate (II1). Alternatively, borylation and cross-coupling may be carried out as a one-pot pro-

cedure using (IIT) directly without isolation and purification.



5forma -(CH2)2-, -C(C-13)2-C(Cl-13)2-, -(CH2)3- or
-Cl-12-C(C1-13)2-C1-12- bridge, which is then coupled with an aryl brom de
of fornmulwoEW3/deesstA (V), wherein A and Rl have the meaminrgs2063366 | bed

above, in the presence of a suitable palladiumcatalyst and a
base to also give the target conpound 10of formula (1) wherein A, Z and R
have the meani ngs described above, - 18!4- optionally foll owed, where

appropriate, by (i%%separating t he conpounds. of formula () into their
respective e KAt OHET & PARYY 7 SCeAndyy @P@%Wﬁ’re@,f"rﬁ]is efbriaby ?/ SV ﬁ‘dhe target com-

chr omat ogr appivadsnetdnaas (1), anek aften(Heibpne€RVeht bergaddiancCanpoy ndsioas ddaibedll a

(I') into thei,r respective drates, . sol vate salts and/ or drates. or

Sof vates of e SIRFEMBYSH I AETr uf APt P Put Butbitd e BV SLRO LSy o
acids. 5As ofitdamedoaboneé,Focompopndscoofenfiarinuahardy ymioanobeinggmubesiczed by a
coupling ceaglj g '@4,%943@ 0991&'19&5&1&%1) ofﬁbmg%ﬁwﬁog&ag}g% J©OLOk Bhazihe ()

and an aryl boronate ‘or boronic aci ﬁé . i's coup is generally
carried out &tFiErEiripetat rgswioytd PELS Ny rAupeIcEEdT afoe gi0an i $ted ke and

?n ige_rt Sﬁl mlemydmg\rfu&u@{ Mitwogﬁling;a&@oy@wn@rshdd f(‘e)@ﬁeﬁﬂe@tﬂfe@,lorﬂgj %ﬁwﬁiﬁﬁg@ be
ound in the literature [see, r_instance .Katha et al., Tetrahedron
2000, 58, 063 H6EHRT TR RN TRpBRIILES ARDT Ster SR OB b gRT o7

4685- 4696] . Mmhgdipe@fleivt @tbrcatal yst in this reaction is

tetraki s(triphenyl phosphine)- palladium0). The preferred base is sodium

car bonat §, enpl QY £t A HBuRMG AR bSQLVld @FeoncbRaliG ACKILQRE dqSeot @&k G0 1 D
organi c solvents that are inert under the reaction conditions, such as 1, 4-

di oxane, acetWRINErFIEN NIXAUH e R IF SPPRIRE He? CORMEYCH SeRIFAFRR IR PS SP gXi%e
(DVBO), or i Aandat edethOds Knbwillin XHelfEBheQfephi@s e f §:0 bMeBtSinteRh@fat aldbibed fdaee
reaction is g‘gnrl I;hie%c(?rrecs);l)'lotndiing freae ag-ir)l(ets léllr a?cogcf)ls g‘f' félr}ngliac%ﬁ)a,'r&?l) a?'nrgiCZV), respectively, or from
other precursor compounds (see section below) is also readily accomplished following general pro-
15 cedures described in the literature [see, for example, T. W. Greene and P. Wuts, Protective Groups

in Organic Synthesis, Wiley, New York, 1999].

The preparation of the compounds of the invention may be illustrated by means of the following

synthesis scheme:



15 water or acetonitrile and water. The reaction is generally perforned at
t enper at ures between +100C and +250C, preferably at +120C to +150C. Heating
i s preferabl2gisgiisset ed by a singl e-node mcrowave devi c@CT/HPROIZB6ISH6 ONS ar e
usually run under an inert gas atnosphere, preferably under argon. An
inverse reactivity of the reaction partners for the Suzuki coupling may
someti mes be favorable. 20 For this purpbse, the bronopyrrolotriazine (11)
is first converted into the correspondi ng boronate (1V) and then

cross-couple@ﬁﬁﬂ%h an aryl bromde (V) according to one of the nethods
descri bed above. The conversi of (Il) to (IV) is achieved by a

net al - nedi ated boryl ation reac
pal | adi um cat al yzed "M yaura_por
al., J. Am Chem Soc. 2002,R
Chem 1995, 60, 7508- 25 7510; h. L S T t aL, Synthesis 2005,
547-550]. Procedures, reagents sol vents f e cross-coupling reaction
(1V) + (V) -> (B) arelehosen from those nentio in Yhe previous section.
Aryl boroni c acid [ R8 :Hﬁyﬁxyqiaryl bor onates 1) [R8 = al kyl, or
both R8 are |ink£ etther 1o forma,cyclic boyonr esNer, e.g., a

pi nacol ato ester\ _age &ither g@g@@&&ially avai | a8l ot they 30 can be
conveniently preparéHN rom t hga&or f espondi ng ary hatNdes or aryl triflates
using a netal-neﬁiated( orylation reaction (for:&efereqﬁes, see previous
section). BorylatioI and subsequent Suzuk# coupling may be carried out in

n. The preferred nethod is the
| ation" [K@ for instance, J. Takagi et
; | shiyama et al., J. Og.

two separate steps ifncluding isolation Qypurification of internediate
(rrr)y. Alternatively, borylation and pling may be carried out as a
one-pot procedure using (111) directfy w,thouf isolation and purification.

- 14 - In cases mhgﬁe a primary or/seconda Ane noiety forns part of the

Z group in theHiGrgelcigonpounds formul a it may often be benefici al
in the boryIﬁQ§£$/§%% coupl i ng £ edtdeiyst. des bed above to use a protected
derivative of *thils gfine as the st%fting pyrr Iok,iazine (11) instead of
the free am ne cBmwdund.Ntor this purpose, ¢ ve Eional t enporary

am no- protecting gr such as 5 acyl groups (e.g., acetyl or
trifluoroacetyl) or banit e-t ype protecting groups (e.g., a Boc-, Cbzor
Fnoc- group), may be\ernpl oyed. Preferably, a trifluoroacetyl or a Boc group
is used. Simlarly, /The Mydroxy function in the coupling conponents (I11)
and (V), respectivaay, mayavgnporarily be bl ocked during the process,

preferably as a silyl ether derivative such as a trinmethylsilyl or

tertbutyldinethylsilyl ether. 10These protecti rou may th b | eaved
of T conson ¢ Ty TG HEAG e HEBRIE R T r PR P daebref)

m Xt ures, or cinlveytnatueedrenpiredo tha cienskilps efiie Atgrous epanait €1y Esaipiesilugtagme USi Ng
st andar d. get h’lgs svaxlg'ug W et %\een b ( eh. %yrﬁ’lge?i?@Jh@ﬁlés?"—'ﬂpﬂ/[fv;ehc%taﬁ&pﬁrgc%ﬁﬁg are

i nt er medi at es descri bed above from'the correspondi ng free amnes or

al cohol s of frorigad] iz the Exherimentpl] Sectipn destbing spessfpaeteimpdity andopcatiply pangitoprile of
precursor coppeuads, (see section below) is also readily acconplished
foll owi ng general pro- 15 cedures described in the literature [see, for

exanpl e, T. G eene and P. ts ot ect.ive u | n ani. t hesi s,
W ey, “New YBFIETE0ST TG (5 BBRPA SHUSTS Fes B ST TS TG Fhds s on
may be il | ustrat @d bbybneants oifpldying of oljloyirdagios patvaesths bsahgmelotriad@ (VI)
2013/ 0045§1P§1—E/ aEtEI%lana?él%g%p ﬁ)rmula (VII) as the key step (scheme 2). This type of reaction ("Sono-

gashira reaction") is usually performed in the presence of a palladium-copper catalyst system and a

base. Several examples of this reaction have been described in the literature [see, for instance, R.
Chinchilla and C. Najera, Chem. Rev. 2007, 107, 874-922]. In the present invention, the preferred
copper source is copper(l) iodide, tetrakis(triphenylphosphine)palladium(0) is used as palladium
15 catalyst, and pyrrolidine serves both as base and solvent. The coupling reaction is advantageously

carried out under concurrent microwave irradiation.



- 15 - Scheme 1 HO The synthetic nethodol ogies that may be used to prepare
the bronmopyrrolotriazines of fornmula (Il1) can be structured according to

t he chenowgpe13af4isme Z group present in (11). Exanpl es PCITEPRe121062366 5 t hese
various routes are given bel ow (see synthesis schenes 2-6). Mire detailed
procedures are provided in the Experinental Section describing specific

i nternedi ate and exanpl e conpounds of th&1invention. For exanple, compounds
of formula (l1) contajning an alkyl or hydroxy aIkyI residue as the Z group
can be obt ai MEdEBY8 rﬂ:B‘V‘E‘fy‘g’ﬁ%) 3 ﬂ%?Blib‘tJ?"F?S @ é%%t‘tcdﬁ Beiies frplqgng @ customary

br omopyr r ol opallbdzh RE p(aMlu)n dAhan dﬁeﬁer;tb@r plaf@lm(Bh| @yines akd ho ﬂtm.thta]y{tV:inld)theaS t he
Koy 7t 2P o, R (LS LIRS, B SACH 8D Cosonoggsliy Rt BataM bl
a base. Seveﬂ&&méﬂanwﬁesmcmﬁqhhsmneamtwmmthaw@eb@emwdegdyﬁbemﬂmnm@henc
literatur € [ ﬁ@tﬁods f@gubkéa§énaﬁgﬁmatﬁn r&bﬁoﬂcﬁéfletja@y 1G1 dl“@lﬂg%%*dl%ﬁﬂydﬁ%\fn

2007, 107, 874-922]. he present invention, preferred copper source
i s copper (1) tbtjtra@me ﬁ‘é‘t“ctealklag (et isprehsHch RoSiHh Pfrﬂél)ﬂBafteldééheu%wylr%otﬁ@@as as

pal | adi um 15ga§ alayss), epbdiv@yrrol i di ne serves both as base and solvent. The
coupling reaction is advantageously carried out under concurrent nicromave
irradiation |ting al VI subj ect

catalyii o nydFoBERarPon Bhsr iyt okt X Eab sty | B e R B aR i

catal yst. Prbﬁedabﬂydmpha@bmwnﬂﬂhwmbﬁﬂda)A%Gm@@ﬁmathhe catalyst and the
reaction is run in acetic acid as the solvent. In sone cases, a m xture of
products 1§ Xy.zandh (X) is obtained by this procedure which, in any event,
can be separated easily by chromat ographic 5 nethods. A subsequent

brom nation reaction, preferably using 1, 3-di bMdgo-5, 5-di net hyl hydant oi n as
the bromne sourceyyin an inert solvent such ag THF or DVF yields the
target pyrrolotriafines (payCadaiip), r t™ely. The preparation of
the starting d M onopyr nol of 2, 1- \Aﬁd]tr|a2|n 4-amne (VI) has
been describ q\pNeyLPus+y-f1ﬂﬂrﬂweﬁ2007/056 70 (Internediate B)].

e

Pd-Cu-catalyst, / /

base

(VD Ho—(CH,), (VIID)
H2
Pd- or Pt-
catalyst
NH, NH,
N\_N /) * N\ _N /)
N N
Ho—(CHy), (X H,c—(CHy), (X
bromination bromination
2
S S—
NN /— N\ _N_ /
Ho—(CH,), (ITb) H,c—(CHy),, (ITa)

[m=0or1,n=1or2].



10 Schene 2 H3CG-(CH2)m [m=0or 1, n=121o0or 2]. - 17 -

Bronopyrrol otriazine precursors of type (lie) (schene 3) can be prepared by
nmet al at i omoab1sowysound (VI) with a netal such as magnesiPOmEPRORiI06I36&M Or by
hal ogen-met al exchange using an organo-nagnesi um or organo-|ithiumreagent.
The preferred netal is nmagnesiumwhich is introduced into (VlI) by treatnent
wi th isopropyl magnesi um bronide in a sotVent such as THF or 5 diethyl

ether. The internedi ate organo-netal specjes jis then reacted with a

cycl oal kanon& BPPYEERY RFGEPR 0 6E HX(FhIR 3 B By REerrieh Re AP B¥t HeP™t o
forma cyclOﬁhhytvwmnhahﬁﬁm@yﬁh@ahgmhmﬁmﬂg%mmangwwﬁmgﬁ@naﬂkhma@yuamgmho
(XI'la). A complenent %‘r % orr %}J taeo ht%ﬁ‘mllnag ntt Ol"hsee(r:e e eg Ii‘%taf’i sCrr(ljahOesf?lmO\Ihthqg in rlo—a
(XI'l'b) utili Ze8°A NI TSl 8r5'f Fation rPeactt on wher &b

am nopyr r ol otlucemin&/I{ Kt lrkdtmeng thmamfowlmealm broide 1alad®kvyrdesu(hx¢s\/§HP1©r
(schenme 3). Gida &haifi m&r{e@ka@t&%@o maala@@&&nk 't&na?act%x wittbs equent, addi ti on

of an appropriate Gignard reagen %} | kyl or cycloalkyl] in a

sol vent suc hh%%ombaﬂﬁn@ﬁ () & r%/PfEéWéﬁoge Frﬁ%IfW 2 B heticsrestoakyfpslinds
(XI'Ta) and (¥lgde)ne phief aEabl(xssi ng 1, 3-di brono-5, 5-di net hyl hydantoin, in
an inert solvent such as TI-1F or DVF provides the target pyrrolotri azi nes

(I'lc) and (I| respectiyv 5The t f art ound
pyrrol of 2, I’i’l lim aﬂ_ rogtg?eg& glo seconda?&%lF%Of’i olf POrnB\(ﬂ F])EIHD? u§ lizes 'ngneler ?Ep
mylahon reaction whereby ammopynolomazme (XIM) is transformed into the aldehyde (XIV)

10 (scheme 3). Side chain introduction is accomplished by subsequent addition of an appropriate
Grignard reagent (XV) [R" = alkyl or cycloalkyl] in a solvent such as THF or diethyl ether. Finally,
bromination of compounds (XIla} and (XIIb), preferably using 1,3-dibromo-5,5-dimethylhydan-
toin, in an inert solvent such as THF or DMF provides the target pyrrolotriazines (Ilc) and (I1d),

respectively.

15 The preparation of the starting compound pyrrolo[2,1-f][1,2,4]triazin-4-amine (XII) has been
described previously [see WO 2007/056170-A2 (Intermediate A}].



described previously [see WO 2007/ 056170-A2 (Internediate A)]. Schene 3
1 brom nation DVF/ PCCl

WO 2013/004551 PCT/EP2012/062366
S18 -
Scheme 3
NH, NH,
XNy 1 metalation = NN
N\ N\_N.
N\N/) O N

Br 2. R R OH

VI R R’ XHa

(VD XD (XTa)

l bromination

Br NH2
= \N
.y
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Pyrrolotriazines of formula (II) wherein Z is representing an unsubstituted cycloalkyl or carbon-
bonded aza-heterocyclyl group can be prepared by dehydration of a tertiary alcohol of formula
5  (XIlc) to the unsaturated carbo- or heterocycle of formula (XVI), employing customary agents such
as trifluoroacetic acid anhydride, trifluoromethanesulfonic acid anhydride, phosphorus(V) oxide,
sulfuric acid or other strong acids (scheme 4). Subsequent catalytic hydrogenation using a con-
ventional catalyst such as palladium on charcoal yields the saturated analog of formula (XVII). The
hydrogenation step is preferably carried out in a solvent like methanol, ethanol or THF which
10 contains a small amount of aqueous trifluoroacetic acid. Finally, bromination with 1,3-dibromo-

5,5-dimethylhydantoin, as described above, provides the target pyrrolotriazine (Ile).



Pyrrolotriazines of fornmula (I1l) wherein Z is representing an unsubstituted
cycl oal kyl or carbon- bonded aza-heterocyclyl group can be prepared by
dehydr at iwo 20f3/m435e¢rti ary al cohol of fornmula 5 (Xllc) tecCrhPrunsersas at ed
carbo- or heterocycle of forrmula (XVl), enploying customary agents such as
trifluoroacetic acid anhydride, trifluoronethanesul fonic acid anhydride,
phosphorus(V) oxide, sulfuric acid or othetr strong acids (scheme 4).
Subsequent catal ytic hydrogenation using a conventional catalyst such as
pal | adi um on EHAPEY &Y ‘3@10)( femsp A arady Afardy Bt SrheicdorsaPIed frhe
hydr ogenat i ofthgtieeqcf Srepraibestabhyoueardiiagd out in a solvent |ike nethanol,

et hanol or THF which 10contains a small anobunt of aqueous trifluoroacetic
acid, Finally, bromnation with 1,3-dibrono- 5,5-dinethylhydantoin, as
descri bed above, provides the target pyrrolotriazine (He). - 19 - The

al cohol precursors (mh)c) thenmselves are nigadily accessible by the
synthetic route depigcted in schene 3 [cf preparation of conmpound (Xlla)].
Scheme 4 5Pyrro wnes of formnul Nwwherein Z is representing a

1, 3-thi azol - 4- [ oupj canTbe prepargd by petalation of conpound (VI), as
descri bed abgwe,/ T otliowed by—m™eacti on~w tNT chl oroacetyl chloride to give
the i nternedi (XVI11), &A¥ then ndensation with a thioam de or

t hi ourea (Xl [Wth R4 as define ab ve] to yield the precursor conpound
(XX) (scheme By By 6fihati on wi t h DhGydi B¥6ho- 5, 5- di net hyl hydantoi n, as
descri bed above, finally provides the farget pyrrolo- 10triazine (111). -
20 - Scheme 5 C 1

H2
Pd-catalyst

NH,,

< \N

bromination \
Sromem— N\N/

(XVID)

D~¢H,),

[D=e.g. CH, or N-Boc; n=1or2].

5  Pyrrolotriazines of formula (II) wherein Z is representing a 1,3-thiazol-4-yl group can be prepared
by metalation of compound (VI), as described above, followed by reaction with chloroacetyl
chloride to give the intermediate (XVII), and then condensation with a thicamide or thiourea
(XIX) [with R* as defined above] to yield the precursor compound (XX) (scheme 5). Bromination
with 1,3-dibromo-5,5-dimethylhydantoin, as described above, finally provides the target pyrrolo-

10 triazine (IID).



Pyrrolotriazines of fornmula (I1) wherein Z is representing an N-cyclic

am nonet hyl group can be obtained by reacting pyrrolotriazine (XiIl1) with

f or mal dehyoeosni4zsicyclic amne of type (XXI) in 5 an aeCuiEP2ieloyBhné, such
as acetic acid, or in a mxture of an acid with an organic sol vent (schene
6). Brom nation of the resulting product (XXIl) with

1, 3- di brono- 5, 5- di net hyl hydant oi n, as de&tri bed above, then provides the
target pyrrolotriazine (I1g). Schene 6 1 bromnation [G = e.g. CH,
CH(OH), 0 or2¥e%st].  The conpounds of the formulae (V), (VI1), (X),
(XV), (XIX) and (XXlI), are either comrercially ayailable, known fromthe
literature, or can be?’prepared fromreadily avpi’l able starting materials by
S5adapt ati on of met hads.descri bed literature. The conpounds
of the present \n entijon have—valuable p gi cal properties and can
be used for the tion andtreat nent Nt g&ases in humans and ani mal s.
The conpounds @f the presqntth%gg&ion a potent and sel ective inhibitors
of ALKL kinase. Theyrncan theréforé be #Se\fqvithe treatment and/ or
prevention of angi ogenesis-related disordefs, in par-10ticul ar

angi ogenesi s-rel ated ocul ar di sorders. Fof' the present invention, the term
“"treatment” or "treating" includes inhibitinpg dehﬁ%ing, relieving,
mtigating, arresting, reducing or causing the“egression of a disease,

di sorder, condition or state, the devel opnent apd/&fx)progression thereof,
and/ or the synptons thereof, The term "prevehtion"” or "preventing" includes
reducing the risk of hawing, contracting or expgriencing a disease,

gt

== N
bromination N
N

:ﬁ\\ (XX)
S

Pyrrolotriazines of formula (IT) wherein Z is representing an N-cyclic aminomethyl group can be
obtained by reacting pyrrolotriazine (XII) with formaldehyde and a cyclic amine of type (XXI) in
5 an acidic solvent, such as acetic acid, or in a mixture of an acid with an organic solvent (scheme 6).
Bromination of the resulting product {XXII) with 1,3-dibromo-5,5-dimethylhydantoin, as described

above, then provides the target pyrrolotriazine (1ig).



15 disorder, condition or state, the devel opnent and/or progression thereof
and/ or the synptons thereof. The term prevention includes prophyl axis.

Tr eat mentworzovmymt i on of a di sease, disorder, conditi @oT@P26R2AGB6AY be
partial or conmplete. - 22 - diabetic retinopathy, in particular diabetic
macul a edema (DVE), other retinopathies such as choroi dal
neovascul ari sation (CNV), choroidal neovéscul ar nmenbrane (CNVM), cystoid
macul ar edema (CMVE), epi-retinal nenbrane (ERM and macul ar hol e,
hypertrophicS es of the retinal pignment epithelium (RPE), atrophic
changes of the retinal piggent epithelium retinal detachnent, 5 choroida
vei n occl usion, retinal Efm occl usi on, corneal #tgi ogenesis follow ng, for

exanpl e, keratitisy,cornga t qg§ﬂlantation or kekatopl asty, corneal

angi ogenesi s due tp hypoxiaAfe.g., induced ¥ygxtelsi ve contact |ens
wearing), ptersgi Qoniun%tivae,_subretina e and intraretinal edenma.
In the conte \.O th pr%ﬁgmkh%pventi ~ thg terth age-rel ated macul ar
degenerati on NENCONMPAFSES Bot h wg?“? exudati ve, neovascul ar) and dry
(or non-exudative, non-neovascul ar) ni_10f est d*Bhs of AMD. The conpounds
of the present inwention can additionally be used for the treatnment and/or
prevention of inflanmmtory di seases associai:: W t h angi ogenesi s, such as

D

rheumatoid arthritis, psoriasis, contact del mmbirkic®, asthnma, pul nonary
hypertension, nultiple sclerosis, and inflagmatory di seases of the bowel
such as Crohn's disease. Fibrotic diseases, such as fibrosis and cirrhosis,
may 15al so be treated and/or prevented witle the Rdirpounds of the present
invention. By virtue of their activity profi e conmpounds of the
present invention are particularly suitabl th¥ treat ment and/ or
prevention of ocul ar disorders, such as age\v at macul ar degenerati on
(AMD), choroidal neovascul ari sation ( , diabelic retinopathy, and

di abetic macul a edema (DME). 20The djfsor S neg@%Sned above have been well
characterized in humans, but al so eX|s£,ljth a simlar etiology in other
ani mal s, including mammal s, and can be treated in these wth the conpounds
of the presenf =iegvent CE@H). ThidBoche present invention further relates to
the use of the conpounds according to the invention for the treatnent

and/ or prevedtd QRQhd SR H8fSe (€5PaSI Bl Yxof CtiRS. Al ’KSRNih NG mdbagy ders.
25The present invention further relates to the use of the conpounds

accor di ng t o® Rl HeRATPEAheligratyr-op it §repr e EY pyedadlc sSEgg St f or

t he treat Fenidapmdbhor stiey eRhbRReLfibedinsod dehisse. especial ly of the

af orenent i oned di sorders. The present invention further relates to the
use of the c r.di ng. . i I I for e
treat nent an3&%§M%$§$§ﬁ?§8%“%?m%%%%glé%§¥3@s§%§F%@P@“%$%%%%S3%%?%%%%?%oned

di s300r der s. for the pryvention and treatment of diseases in humans and animals.

The compounds of the present invention are potent and selective inhibitors of ALK1 kinase. They
can therefore be used for the treatment and/or prevention of angiogenesis-related disorders, in par-

10 ticular angiogenesis-related ocular disorders.

For the present invention, the term "treatment” or "treating" includes inhibiting, delaying, relieving,
mitigating, arresting, reducing or causing the regression of a disease, disorder, condition or state,
the development and/or progression thereof, and/or the symptoms thereof. The term "prevention”
or "preventing” includes reducing the risk of having, contracting or experiencing a disease,
15 disorder, condition or state, the development and/or progression thereof, and/or the symptoms
thereof. The term prevention includes prophylaxis. Treatment or prevention of a disease, disorder,

condition or state may be partial or complete.

Angiogenesis-related ocular disorders that may be treated and/or prevented with the compounds of

the present invention include, but are not limited to, age-related macular degeneration (AMD),



The present invention further relates to a nethod for the treatnent and/or
prevention of disorders, especially of the aforenentioned disorders, by

usi ng an wbRettiowss1anount of at | east one of the conpoumrd3/ERe@enaidng to t he
i nvention. Conpounds of the present invention nmay be adm nistered as the
sol e pharmaceutical agent or in 5 conbination with one or nore additional

t herapeuti c agents where the conbinati on’causes no unacceptabl e adverse
effects. This caonbi hation therap i hcl udes adm nistration of a sin

phar maceut i cafPHOEAGP G Wuli'a&tcl‘% digpetic e th F4TRS Dy%nﬁb%dﬁtalobﬁ‘hl?soﬁ”%h Fa (1)
az def i ned aboweaial adcthsQMeisOibn ANG), abebidal m@@dscmdﬂ&fe&bﬁbﬁ ((dIN \ag)eaﬁs}i);d IﬁﬁzuMH | as
adm nistratio itiona er apeutic
agent inits C{;m%%l‘g%?ar af e%“ﬁﬁ“ae?}h@‘ée @W&a‘i‘“‘ ‘B%C‘slﬁphe‘”ef &Pe“fP% it Cha“ge%-o“ﬁe ‘5 P
exanpl e, a coepounuthgfunf (BPEr)u kteppliik Yheaged ofithe rﬂ@népgatmt@plagbm rqv@yl dplechment,

admi ni st eg ed 0 LN&iRRLLER rel QIRENSL1dibh, a)réaaﬂa%@gegésﬁlfoﬁ&%@% SQRPOSELI on
such as a tablet or capsule, or each agent may be adm nistered i n separate
dosage f or mulit f8 ransplgyfeion oskeaerp. ESH aZiPERI 08t o dpiROXEr(@2uwdied PBhe
compound of {@inMd @ntdt)endNehri@DEX@Y it P E@juacldhd, i;@fbam thekape Wik eiRoRhs My
be adm ni stered at essenti aIIy the sane tine (i.e., concurrently) 15 or at
(S;gﬁg{)ﬁf']glsyofsl:natﬁg(%%%g otf tl}e presente mvéntlgne gll'elqenr%ll a%e !reya%fd macx*l:g 'é%lngra 100 éAMbancom—

conbi nati on wisteh bpthhichiar oxslatof, ME@icutim)dwétdesd(oamw @@M@Slnsn-HW@wlasmaﬁlor
exanpl e, |ACTR:1QQ3.¢ Afhi bercept, apatinib, axitinib, bevacizunmab,

bevasi rani b, BM5-690514, brivanib, cediranib, CT-322, dovitinib, E7080,
foretinib, 902, linifanib, M3XD- 265, tes S-102, azo ni b,
pegapt ani b, 28 PERPES b PR BT idh 2 @&gﬁ‘t %ﬁﬁﬂ theglg e&‘rﬁ or pre-

SU- 14813, sumntiémnbb jnflb@habdy ndideasesT &sddﬂiﬂﬁ()ﬁu,th bV RRBRE, bsucﬂ&U-rlﬁBmatManﬁﬁxﬁtanl b,
vargatef, vaf %%12%1@' cl?) taQ(Aermanu]SSa%fhm @t\}?ﬁ \r/]ph}tet%llmt O';nsultlo es Erher é%i a?‘nlnlla 0 .

pat hways, su uch as; “f or exanp £429,71arsulrira 700 enr et ni de,
mecanyl am nedlse@ﬁs O@E@@ﬁ%ﬁuc}sas rCm}m rdisgases Blh@peﬁlzqambuchtaahhfesxﬁnd omdosinelay

vol oci xi nab. amu&matmn@/mfy&%ﬂ&rm@&@w&m&s oftﬂre%reeern%%hoﬂ nvention rel ates
to pharmaceutical conpositions com 25 prising at | east one of the

conpounds acgordi n 0 the invention and o nore addition t her apeuti c
coonts for t Revekbhird AR b SUuRers AT B Pirdop el S B TYUBE L he
af or enent i onéd tiditsamde I’aﬁd/or'ﬂﬁﬁelﬁmﬂpbwﬂlﬂs digfrdetsheuch negentiattdmenti demvayioal So
be utilized, I I or as
anal ytical r Af )Stlég(gms 16{1893% rsqg Sgﬁd {E ’I Eﬂlué gg‘ﬁﬁ’a& oa?lﬁ%a%gtgcgrg%fl b e%ﬁma
present invefiN®Bn rel ates to pharnaceutical conpositions conprising at

| east one of the compounds according to the invention together with one or

nore inen, mwldxioeaeiscmenﬂb@a ma@euﬁa&ecwerh yve1$ uhdr@ah@demhmr@nm als@Bdsttvamt he use
t hereof for th remené?oned log I b cﬂ% ggordl ng to
the inventi oﬂm r?“ & 8y e*?ﬂ‘“&aé “lﬁ%i)“&‘?“mf‘?jca&? F%}‘ elf‘&S’P‘e i ew@ €t hey
can be adm npsitérodde prscat iswnt@bl e way such as, for exanple, by the oral,
parenteral, pulnmonary, nasal, |ingual, sublingual buccal , rectal, dermal

transdermal , ThR rlhé*ﬁ‘r@sfeﬁt\{ﬁlenno'ﬁ@Q&Qﬂkﬂé@&@o'&{éﬂss of &f?%b&r(d?@écordﬁ& 'toCtthnvén%H cal
rout es. 5The conpounds according to the invention can be admnistered in
appl i cation fop haE e ap{oppregption of disorders, especially of the aforementioned disorders.

25  The present invention further relates to the use of the compounds according to the invention for

preparing a pharmaceutical composition for the treatment and/or prevention of disorders, especially

of the aforementioned disorders.

The present invention further relates to the use of the compounds according to the invention in a
method for the treatment and/or prevention of disorders, especially of the aforementioned dis-

30 orders.



these adm nistration routes. Suitable for oral adm nistration are
application fornms which function according to the prior art and deliver the
conmpoundswacewmiisg to the invention rapidly and/ or in modiEPR@d/06Es6i ON,
and which contain the conpounds according to the invention in crystalline,
anor phous and/or dissolved form 10 such as, for exanple, tablets (uncoated
or coated tablets, for exanple having en’??e’rl c coatings or coatings which
are insoluble or di ssolve with a delay and control the rel ease of the
conpound accOFdiIHE B KB f‘i“ﬁ?féﬂ?‘f’*sotﬁ)a mef%ﬁf"ét‘@ RAEH 28 iR eP A e Rl y i n
t he mout h, osspécialirsf mmadfet@entibiel ABAHyO phidiigaat B tivecapsitloes 1dae ofk of thRabd- or
soft gel atl n caps accorcﬁ} tOﬁlucr:hwr)mcoat ed tablets, granules, pellets, powders,
enul si ons, spensi on aerosof's or solutions. 15Parenteral administration
can take pI ace W th av0| dance of an absorption step (e.g., intravenous,

i ntraarteri aFymiontds A€ dedroae veipaspl Patdmarsiret wabumetsatymescuigat fechime frusi on

of an abser pédnﬁbﬂlaé&l \Bheh onb BF x&@f%&ﬁﬁ%ﬁﬂhe@b@i@ ULRAREANS thd d&%nfa%d&l ARNLAUS un-

per cut aneous or gt raperitone eat| on for sui tabl e fo[? H|‘?]\ar ent er al
adni ni strat i BHPHPE, Y HESHOGT | T“S ﬁ‘? %ﬁlﬁ?@ Pyt pEEETEN Y e ET B i n
the form of swolidat dens for&ulsmanﬁmhrtsmalmdompmmﬂ of foyrmphil), bs@fies! a!BdSveSatn&l’ohd e

powders. 20Forms S lta l.e for. her adm nis tlon.rout esd | u fa
T. MOTE & ona qeraPeutlc eFts as We I as 1s ratlon of a com onun ormu aﬁ%
exanpl e, phal iTraceutica msg a-*“fation I"ers,

nebul i zer s) , caalagdditicdplopsarestol went@nstsocrwnsppays ,ph'ctﬂablleetcsl @sagcafpjwlae@ ffor
l'ingual , ;gubliRgual cfholidGE &drmad ) RhES (@M&fio gg%ntgmay Bl ARG ed (O ARPIGR -
suppositories, ear and eye preparati onsé drops, ointnents), va |naI
capsul es, aqlPEBiFs s EperE GAREY JoBPPYeE su Hékfahﬁt %C&Rﬂ@?@éf«aﬁh PESHOBH I
suspensi ons,m&hsﬁkdaexn§e§ara1@ﬁ@@ga®ommmhdﬁs pastes, foans, dusting powders, and
trans- 25dermal therapeutic systems (e.g., patches). The corrpounds
accordi ng to\,\;hgrg Sle %}’aenﬁdsa n can, be convecrltt d.into L her )e d pI i.cation
forms in a manner "kKnown per sélauilnsr?fe M ef‘hmpou rt, Orrr]%lna{ Xic, - oo
phar maceut i caddityna thetapdykie agsrie inpy em@mﬂmerbfé egsRigtialhi @nsanci ties| (u@econqurrtrelw) al .,

carriers ke. ga Sefﬂ&&gg&@g@&@%‘gsr@@ g@iugﬂglla@ge | act ose, mannitol), solvents
(e.qg., quuid pol yet hyl ene gl ycol s emJIS|f|ers (e.g., sodi um dodecyl

| f at fact bi t | di t ,
ol yvi nyi pyr PORTEATe SRt e R TPa g q@?@?? R RS SRRy = O
stabilizers {&h glhl,bltambf URGHantisted ungh)gaesls fsath sexfanmplagpleasCOB-bH0S, &bhectlpt,
col orants (ea;%amb 'a%%lg%@va%zz?r{&n? Es?ran%‘%g/rsaﬁg e e 1}3'610&203%898%) and

taste and/ or has genera
advant ageousET§0.aldreiimp: 3@190?0 r%mﬁenﬂe M @ T2 6 5q drpitasdngt, lQitSH@r?} Ialmmlﬁb spegdptagihout

0.001 to,d nﬁéllﬁgumﬂr @Jg@xraﬁpiby ru@@@%&uﬂg Q)laf@n% %{ﬁm@ﬂi Iﬁgmtlrﬁ)(f tgé’cﬁiﬁb W%L@bémt 0

achi eve effective resul adm ni strat an ex rr}tgl ary_dose range

i s about 0. OT"’F%”II(?@U&&’ Y@@detaﬁ‘}l’ef"‘ég?’éﬁ el pnd (3“01184{‘8 W RYPEgot WiE Sifor e

preferably ahoug pQhdayt, ogualﬂasrrgfr Iéganq,ﬁe tmxiwmlcgslutﬁranﬁl‘mmm hehesse, mehial
dosage | evel s an?Fb4 adm ni S t| ve ingredients

ou
in the pharn#ceutica 65% 1r8 ‘fsi Soneéjmz‘fm?ibh%nl 8?1etaii%vgl Clemabe varied so as to

obtain an anmount of the active ingredient which is effec.tl ve to achieve the
desired t her &peut péuthespdndeci.dhe geparviceism aralpde Penriccgistpesictiion cand node

of adm ni>st r gshQ@n 1eM &d@%@{he B&L G Qb Rlink Qo HDBVEREL SRtone értmdﬂ@éﬁd;txt}@dﬁ gfqre be
necessary where appropriate to deviate fromthe stated amunts, in

particul ar ageugc Efgﬁlﬁf:iof @ﬁ tr%flitmeélb@d/m prevention of disorders, especially of the aforementioned dis-
orders.

The compounds of the present invention may also be utilized, as such or in compositions, in

research and diagnostics, or as analytical reference standards and the like.

30 In another aspect, the present invention relates to pharmaceutical compositions comprising at least
one of the compounds according to the invention together with one or more inert, non-toxic,

pharmaceutically suitable excipients, and to the use thereof for the aforementioned purposes.



10 gender, body weight, diet and general health status of the patient,
route of adm nistration, individual response to the active ingredient,
nat ur e ofwohel3moeysar ati on, and tine or interval over whiPCh/ERANM2/062366 at i on
takes place. Thus, it may be satisfactory in some cases to nanage with |ess
t han the aforenenti oned m ni nrum anount, whereas in other cases the stated
upper limt nust be exceeded. It may in- the event of administration of

| arger anmounts be advi sable to djvide these into 15nultiple indjvidual
doses spread GVEFPPYIES HEYINEy e FECO{PBER RETY SRR éﬁla“%?ré\’félrlﬁ F8h 5 PUBEN! ar

di sorders, asedesotidedsiabbve sultalile wp;r etiessr @textaplt &y Hielor aaqimf’emrslt lemmcn@yt he

corrpounds of the.invention 1 ca | at. the evye, or }/ IP ul ar
1 1 1 1 Lt 1 t 1
el Tvery. systeih "tafs anufPel ShBE Fh be b IRoRE, e 20 ARAREIDD

conmpounds of mtrhetrqglretsemomcuiv@mu on that is suitable for such purposes.
20Del ivery to areas within the eye can be acconplished by injection,

enpl oyi ngsa ¢RNEHAIS ac@d}@ih%"%rthé V@S HY 8in 0L Vil68is AR 8 OB Hcalith foHﬁsrs‘a%%efor
precisely nmetered anmounts desired formulation to a particul ar

conpart ment OFCATRENENRR P°Hh the eye (e.g., posterior chanber or retina).
An intraocular injection may be into the vitreous (intravitreal), under the
conj uncti va §suabebnpuhsimivadalon adpedpplvdtidnHerme yaich figt o bedobiang)to the ptiey att el

sclera, or upger tﬂéﬁefqﬁg@faﬁyﬁc@omg oe@@mvén%epr %@%A/m N aFRY tRSod, Dndwiioh depot

form O her 1 ntraocu rout es o adm ni stratron an in ection sites and
fornms are al sWiaEdht Cmpruteycatier Qitke Wcrton it vhellgeoperbeusppkorididyrd oM. The

conmpounds ac&ek éi, g e&@nﬁmeble@\(eebmrbrrxaafedb@olétp rfmaxﬁﬁ&ahdv&geme@@mﬁngk pown to
those skilled i.n the art sgwb%s to qgive adﬁ‘guate dellver he back of the

eye, which nEUHS WP AEGIIAP CHESIHYYe Yillch day Wdt"ﬂm@y&ed?l&aﬁ%" OF “BYPUY ng a
delivery sysieming t@nheexne:nﬁ@mttalﬂéti eﬂilch elisv@sene spidly ASths howh 36T Blheases, of

t he conpound th ventiopn. Preferred ocul ar fornul ations for
t he conmpoun di 1l ? oplﬁfjsa@:g’ cay sultes ?e r‘ﬁirhadl c())rnqol éc 15 %apsaulelﬁfl E%w coa{ed_tz%?exs ﬁranules
suspensi ons mﬂetg@be’de@ﬁ eftuﬂe@e SEPRPOUR ARl omen@r@r m of drops of liquid,

| i qui d washes, sprays, ointnents or gels, in adm xture with excipients

S iJi tabl e 1§ olr Pdr mﬁmmmq@egnug ean&?ne Iﬁe&e wath a8di@hiceaRh iabsorptior? ﬁepb (e%atiﬂtﬁ{?bng&[ s ]
Alternatively, the ¢ nds of . the res ion e applied to the
Cvevia || pollEE i U Betpi GuRrTRRY ayShants Phal 4 RDRA- FiFet e
art. Appropr natcelad csagendoey ehisacamyrolse paettarcmisned inpypeainyeaduipplzhénmethod
known to Onesu%tla%lé lfo?gar!ar{tlergl Qﬁministration are, inter al., preparations for injection and infusion in the

form of solutions, suspensions, emulsions, lyophilisates or sterile powders.

20  Forms suitable for other administration routes include, for example, pharmaceutical forms for inha-
lation (e.g., powder inhalers, nebulizers), nasal drops, solutions or sprays, tablets or capsules for
lingual, sublingual or buccal administration (e.g., troches, lozenges), suppositories, ear and eye
preparations (e.g., drops, ointments), vaginal capsules, aqueous suspensions (lotions, shaking mix-
tures), lipophilic suspensions, ointments, creams, milk, pastes, foams, dusting powders, and trans-

25  dermal therapeutic systems (e.g., patches).

The compounds according to the invention can be converted into the recited application forms in a
manner known per se by mixing with inert, non-toxic, pharmaceutically suitable excipients. These
excipients include, inter ai., carriers (e.g., microcrystalline cellulose, lactose, mannitol), solvents
(e.g., liquid polyethylene glycols), emulsifiers (e.g., sodium dodecyl sulfate), surfactants (e.g.,
30 polyoxysorbitan oleate), dispersants (e.g., polyvinylpyrrolidone), synthetic and natural polymers
(e.g., albumin), stabilizers (e.g., antioxidants such as, for example, ascorbic acid), colorants (e.g.,

norganic pigments such as, for example, iron oxides), and taste and/or odour masking agents.



art of treating eye diseases. Preferably, the active substance is

adm nistered at a frequency of 1 to 4 5 tinmes per day for topical

adm ni st re0i2018/00¢8511 ess often if a drug delivery systemPCS/ER3@d/062Bgpi cal |y,
an ocular fornulation intended for topical application contains the active
ingredient in a concentration range of about 0.001%to 10% The follow ng
exenpl ary enbodi ments illustrate the invéhtion. The invention is not
restricted to the exanples. 10The percentages in the followi ng tests and
exanpl es ar el EBEEY FrHUFOYVBIHEI RSB RR PY AT FAPINE T HioR A0 R gt

Sol vent rati asql wdil lngtdgopreferatly aisuancl ©orraants attoonsecipi@posichec dfdttive results.

b oot ore SRR AL SRR I v iy GO LSS
Boct ert - but ooy20 artkerpil mbre piyfandedy abduHONNVRI Gsihgliread{ podBbwidnzy | oxycar bonyl
Celite(r)registered trademark of Celite Corp. brand of diatonmaceous earth

conc. concent Kakeghi&LCh dial 8%ige TR hi&R I mel O ZRbdQRistlaldB) of the active ingredients in the
pharmaceutical compositions of the invention may be varied so as to obtain an amount of the active

ingredient which is effective to achieve the desired therapeutic response for a particular patient,

composition and mode of administration, without being toxic to the patient. It may therefore be

necessary where appropriate to deviate from the stated amounts, in particular as a function of age,

10 gender, body weight, diet and general health status of the patient, route of administration,

mdividual response to the active tngredient, nature of the preparation, and time or interval over

which administration takes place. Thus, it may be satisfactory in some cases to manage with less

than the aforementioned minimum amount, whereas in other cases the stated upper limit must be

exceeded. It may in the event of administration of larger amounts be advisable to divide these into

15 multiple individual doses spread over the day.

For the treatment and/or prevention of ocular disorders, as described above, the preferred route for
administering the compounds of the invention is topically at the eve or by an ocular drug delivery
system. Intraocular injections are another way to administer the compounds of the present inven-

tion that is suitable for such purposes.

20  Delivery to areas within the eye can be accomplished by injection, employing a cannula or another
invasive device designed to introduce precisely metered amounts of a desired formulation to a par-
ticular compartment or tissue within the eye (e.g., posterior chamber or retina). An intraocular in-
jection may be into the vitreous (intravitreal), under the conjunctiva (subconjunctival}, behind the
eyve (retrobulbar), into the sclera, or under the Capsule of Tenon (sub-Tenon), and may be in a

25 depot form. Other intraocular routes of administration and injection sites and forms are also con-

templated and are within the scope of the invention.

The compounds according to the invention may be formulated in a manner known to those skilled
i the art so as to give adequate delivery to the back of the eye, which may be by regular dosing,
such as with eye drops, or by using a delivery system to give a controlled release, such as slow

30 release, of the compounds according to the invention.

Preferred ocular formulations for the compounds of the present invention include aqueous solu-
tions, suspensions or gels of these compounds in the form of drops of liquid, liquid washes, sprays,

ointments or gels, in admixture with excipients suitable for the manufacture and use of such appli-



DCMWi chl or oret hane DIVFN, AT-di net hyl f or mami de DMSCQdi net hyl sul f oxi de
e.e.enantioneric excess Elelectron inpact ionization (MS) entenantioner,
enant i omewpealdop433ur e eq. equi val ent (s) ESTel ect r o- spr ay PCOMP2@Rio6236¢ VS)

Et et hyl Et OAcet hyl acetate Fnoc(9H fl uoren-9-yl nmet hoxy) car bonyl GC/ Msgas
chr omat ogr aphy- coupl ed nmass spectroscopy hour(s) |-Tal hal ogen 1H NVMRpr ot on
nucl ear magnetic resonance spectroscopy-HPLChi gh performance |iquid

chromat ography LC/ MBSl i qui d chr onmat ogr aphy- coupl ed nmass spectrosco
9 pca'ion forms. Altgmatively, the compou%ds (g” ﬂ}{e presene nvention may bepapplied to the %}/e via

liposomes or other ocular delivery systems that are known in the art.

Appropriate dosage levels may be determined by any suitable method known to one skilled in the
art of treating eve diseases. Preferably, the active substance is administered at a frequency of 1 to 4
5  times per day for topical administration, or less often if a drug delivery system is used. Typically,
an ocular formulation intended for topical application contains the active ingredient in a concen-

tration range of about 0.001% to 10%.

The following exemplary embodiments illustrate the invention. The invention is not restricted to

the examples.

10 The percentages in the following tests and examples are, unless stated otherwise, by weight; parts
are by weight. Solvent ratios, dilution ratios and concentrations reported for liquid/liquid solutions

are each based on volume.



Menet hyl MeOHnet hanol m nm nute(s) MsSmass spectroscopy of th.of theory
(chem cal yield)

PdC12( dPRED2pB/00dss ( di phenyl phosphi no) f err ocene] di chl or epalHPadi20636¢
Phphenyl racracem c, racemate - 28 - RITLC retention factor rtroom
tenperature retention tinme (HPLC) satd, saturated TBAFtetrabutyl amoni um
fluoride tButert-butyl ten ttertiary -27-

A, Examples

Abbreviations and Acronvms:

Ac acetyl

aq. aqueous (solution)

Boc tert-butoxycarbonyl

br. broad ("H NMR signal)

Chbz benzyloxycarbonyl

Celite®™ registered trademark of Celite Corp. brand of diatomaceous earth
coIlC. concentrated

DI direct chemical ionization (MS)

DCM dichloromethane

DMF N, N-dimethylformamide

DMSO dimethylsulfoxide

e.e. enantiomeric excess

EIl electron impact ionization (MS)

ent enantiomer, enantiomerically pure

€q. equivalent(s)

ESI electro-spray ionization (MS)

Et ethyl

EtOAc ethyl acetate

Fmoc (9H-fluoren-9-ylmethoxy)carbonyl

GC/MS gas chromatography-coupled mass spectroscopy
h hour(s)

Hal halogen

'H NMR proton nuclear magnetic resonance spectroscopy
HPLC high performance liquid chromatography
LC/MS liquid chromatography-coupled mass spectroscopy
Me methyl

MeOH methanol

min minute(s)

MS mass spectroscopy

of th. of theory (chemical yield)

PdCly(dppf) [1,1-bis(diphenylphosphino)ferrocene]dichloropalladium(II)
Ph phenyl

rac racemic, racemate



TFAtrifluoroacetic acid TFAAtrifluoroacetic acid anhydride

Tl -1 Ftetrahydrofuran TLCthin | ayer chromat ography Preparative HPLC

puri fi catworromsaisds: Met hod 1: Devi ce: G | son Abi ne@CHRPE)12/062386 y punp
system colum: ReproSil C18, 250 nmx 30 mm 5eluent A: water / 1%

ammoni a, eluent B: acetonitrile; gradient: 0-3 mn 10%B, 5.01-31 mn 95%
B, 31 min 95%B; flowrate: 50 m./nmin; tRPdetection: 210 nm Method 2:
Device: G 1sgn Abined HPLC, binary punp system colum: Kromasil-100A C18,
5 um 250 mri% 30 mm el uent “ACIREEPCYT 00 05- 0. 5% TFA, el uent B:
acetonitrileit gradient: O-5rodifeny¥alBe 5. 01- 1010 min 10% B, 10.01-20 mn
40% B, 20.01327 mn 50%B, 27 01-40 (%)60% B, 40.01-45 mn 90% B, 45.01-60
mn 100% B; %{1 ow rate: 15- 60 MM n; detection: 210 nm Method 3:

Devi ce: G | sefi Abi med HPLC, sdbirm@r y punp system columm: G omSil-120

ODS- 4HE, 250ty x 30 mm el pe oAl emoglouent B: acetonitrile; gradient:
0-3 mn 10%B, 3,01-35 mn 98% 1535.01-40 min 98%B; flow rate: 50

m./ mn; UV détection: 210 nffiet hod 4: Device: G |son Abimed HPLC, binary
punp systen gol um: G om Siehiad20 ODS-41-1E, 250 nmx 30 mm el uent A
water / O. S%H%g’rmni a, eluent. B: acetonitrile; gradient: 0-3 min 10% B,

3.01- 35 min 98% B, 35.01-40HYREEHE: flow rate: 50 nml/min: W detection:

210 nm TFAA trifluoroacetic acid anhydride
THF tetrahydrofuran
TLC thin layer chromatography

Preparative HPLC purification methods:

Method 1:

Device: Gilson Abimed HPLC, binary pump system; column: ReproSil C18, 250 mm x 30 mm;
5  ecluent A: water / 1% ammonia, eluent B: acetonitrile; gradient: 0-3 min 10% B, 5.01-31 min 95%

B, 31 min 95% B; flow rate: 50 mL/min; UV detection: 210 nm.

Method 2:

Device: Gilson Abimed HPLC, binary pump system; column: Kromasil-100A C18, 5 um, 250 mm
x 30 mm; eluent A: water / 0.05-0.5% TFA, eluent B: acetonitrile; gradient: 0-5 min 5% B, 5.01-

10 10 min 10% B, 10.01-20 min 40% B, 20.01-27 min 50% B, 27.01-40 min 60% B, 40.01-45 min
90% B, 45.01-60 min 100% B; flow rate: 15-60 mL/min; UV detection: 210 nm.

Method 3:

Device: Gilson Abimed HPLC, binary pump system; column: Grom-Sil-120 ODS-4HE, 250 mm x
30 mm; eluent A: water, eluent B: acetonitrile; gradient: 0-3 min 10% B, 3.01-35 min 98% B,

15 35.01-40 min 98% B; flow rate: 50 mI/min; UV detection: 210 nm.

Method 4:

Device: Gilson Abimed HPLC, binary pump system; column: Grom-Sil-120 ODS-4HE, 250 mm x
30 mm; eluent A: water / 0.5% ammonia, eluent B: acetonitrile; gradient: 0-3 min 10% B, 3.01-

35 min 98% B, 35.01-40 min 98% B; flow rate: 50 mL/min; UV detection: 210 nm.



- 29 - Method 5: Device: Glson Abined HPLC, binary punp system col um,;
Chromatorex C18 10 um 250 mmx 30 mm eluent A water, eluent B:

acet oni t rwbepgoatsient: 0-3 min 10% B, 5.01-31 min 90% BCTP20m210813%6 B; f| ow
rate: 50 nL/mn; UV detection: 210 nm 5Method 6: Device: G Ilson Abined

| -1PLC, binary punp system colum: Chromatorex C18 10 um 250 mm x 30 nm
eluent A: water / 0.5% TFA, eluent B: ac®tonitrile; gradient: 0-3 min 10%
B. 5.01-31 min 90%B, 31 min 90%B; flowrate: 50 nL/mn; UV detection: 210
nm Met hod 7%V| ce: G lson Abined HPLC bi nary punp system col um:

Repr oSi | C18 10 u el uent el u :
acet oni t ri | ePSgFad8h ?‘ 91%%%6%11%g)%u§p q‘faSteﬁllC(i;fim %ﬁmg’%t%eé,%?%iﬁi’ﬁn 988, B;
flow rate: 580w/ pliemf AUVadeteletti B meet@idi@lenpradivitt (o chiB10% B, P8-S tmin W4 Bon

Abi med HPLC, ;0i,Aaby, BOHRP 8Y $¢ Gni ShVUHRoReRbAxl | C18 10 um 250 mm x 1530
mm eluent A: water, eluent B: acetonitrile; gradient: 0-3 min 10%B

5,01-31 mn 95%B6 31 mn 95% B; flow rate: 50 nLimn; UV detection: 210
nm Method 9MethodO:payice: G I son Abi ned HPLC, binary punp system col um:

\a/_\g;te :)?" tS Il:lll’lr Ief)eevwce:lgﬂgém Bbl%d %?EC %}f umf gys lem; ccgﬁ}% gﬁ\m{flgtor&i C’l%gdl ri’,tSO % e B

flowrate: 2% Imlgl ¢ivont AL)N(Atfdéﬂ.é%ﬂiF@n clu@l B: quptpnitrile; gradient: 0-3 min 10% B, 5. 01 -31 min
90% B, 31 min 90% B; flow rate: 50 mI/min; UV detection: 210 nm.
Method 7:

10 Device: Gilson Abimed HPLC, binary pump system; column: ReproSil C18 10 pm, 250 mm x
40 mm; eluent A: water, eluent B: acetonitrile; gradient; 0-3 min 10% B, 5.01-31 min 95% B

31 min 95% B; flow rate: 50 mL/min; UV detection: 210 nm.

Method 8:

Device: Gilson Abimed HPLC, binary pump system; column: ReproSil C18 10 pm, 250 mm x
15 30 mm; eluent A: water, eluent B: acetonitrile; gradient: 0-3 min 10% B, 5.01-31 min 95% B,
31 min 95% B; flow rate: 50 mL/min; UV detection: 210 nm.

Method 9:

Device: Gilson Abimed HPLC, binary pump system; column: Waters Sunfire C18 5 ym, 250 mm x
20 mm; eluent A: water, eluent B: acetonitrile; gradient: 0 min 20% B, 15 min 60% B, 15.01-
20 19 min 20% B; flow rate: 25 mL/min; UV detection: 210 nm.

Analvtical HPLC, LC/MS and GC/MS methods:

Method 1 (HPLC):

Instrument: Agilent 1100 with DAD detection; columm: Agilent Zorbax Eclipse XDB-C8 4.6, 150
mm x 5 mm; eluent A: 0.01% TFA in water, eluent B; 0.01% TFA in acetonitrile; gradient: 0-1 min

25 10% B, 4-5 min 90% B, 5.5 min 10% B; flow rate: 2.0 mL/min; temperature: 30°C; UV detection:
210 nm.

Method 2 (HPLC):

Instrument: HP 1100 with DAD detection; column: Kromasil 100 RP-18, 60 mm x 2.1 mm, 3.5

pm; eluent A: 5 mL perchloric acid (70%) / L water, eluent B: acetonitrile; gradient: 0 min 2% B



Anal ytical HPLC, LC/Ms and GO/ M5 nethods: Method 1 (HPLC): Instrunent:

Agi l ent 1100 with DAD detection; colum: Agilent Zorbax Eclipse XDB-C8 4.6,
150 mm x wormm3/mkisent A 0,01% TFA in water, eluent B: OCUEXRNEM6I366
acetonitrile; gradient: 0-1 mn 2510%B, 4-5 min 90%B, 5.5 mn 10%B; flow
rate: 2.0 mUm n; tenperature: 30C, UV detection: 210 nm Method 2 (HPLC):

- 30 - 05mn2%B 45m1190%B 65m°’QT90%B 6.7 mn 2%B, 7.5 mn 2%
B, flowrate; t enper at ur UV detection; 210 nm Method 3
(HPLO): I nsf? u%%{ iix B TG At 1&3}&[9%‘?»&1 rnahM@oVér?ﬂn 2l rfigei e b

RP- 18, 60 nmnk/nin;lenipiiatud: 50°6; UMetelistlento . 5 mL perchloric acid (70%9 / L
wat er, eluent B: acetonitrile. gradient: O mn 2%B, 0.5 mn 2%B, 4.5 mn

90% B, 9 m nMg%%ﬁqugg% mn 2% B. 10 mn 2% B; flowrate: 0.75 niJm n.
: e

t enper at ur e: tection: 210 nm Method 4 (LC MS): Instrument:
M cromass Pl ﬁa%tfl@f(em HE4 190 M@h ﬂReré@tlohemunihlﬁQmﬁﬁf LE®SRP- %3'69'% x THeEAD 5
Hypersil 10 GOLD 3u 20 water + 0. rrL50%formc

acid, el uént"g: elupny A:opl Bﬁfbckﬂcta&‘d 470@?”5%?@%6%‘?‘& ACLonigEs: &rad’ﬁ'i“a@i“éh?t Bo.0o mm
100% A -> 0. @5 midr 18096 Ain-99%2A, 9 nii %%@%Anmz%aa,lo AP BYUoA rate: 0575imhin; 10%
A; tenperat U{em rgure 30&%&%&?& 808 m./mn; WV detection: 210 nm Method 5
(L M5): 15 E?rument cromas’s favmth I-IPLC Waters Alliance 2795 / HP

1100; col umm: Phenomenex
Method 4 (LC/MS):

Instrument: Micromass Platform LCZ with HPLC Agilent 1100 Series; column: Thermo Hypersil

10 GOLD 3y, 20 mm x 4 mm; eluent A: 1 L water + 0.5 mL 50% formic acid, eluent B: 1 L aceto-
nitrile + 0.5 mL 50% formic acid; gradient: 0.0 min 100% A — 0.2 min 100% A — 2.9 min 30% A
- 3.1 min 10% A — 5.5 min 10% A; temperature: 50°C; flow rate: 0.8 mL/min; UV detection:
210 nm.

Method 5 (LC/MS):

15 Instrument: Micromass ZQ with HPLC Waters Alliance 2795 / HP 1100; column: Phenomenex
Synergi 2.541 MAX-RP 100A Mercury, 20 mm x 4 mm; eluent A: 1 L water + 0.5 mL 50% formic
acid, eluent B: 1 L acetonitrile + 0.5 mL 50% formic acid; gradient: 0.0 min 90% A — 2.5 min
30% A — 3.0 min 5% A — 4.0 min 5% A; flow rate: 2 mL/min; temperature: 50°C; UV detection:
210 nm.

20 Method 6 (LC/MS):

Instrument: Micromass Quattro Premier with Waters UPLC Acquity; column: Thermo Hypersil
GOLD 1.9y, 50 mm x 1 mm; eluent A: 1 L water + 0.5 mL 50% formic acid, eluent B: 1 L aceto-
nitrile + 0.5 ml 50% formic acid; gradient: 0.0 min 90% A — 0.1 min 90% A — 1.5 min 10% A —

2.2 min 10% A; temperature: 50°C; flow rate: 0.33 mL/min; UV detection: 210 nm.

25 Method 7 (LC/MS):

Instrument: Micromass ZQ with HPLC Waters Alliance 2795; column: Phenomenex Synergi 2.5u

MAX-RP 100A Mercury, 20 mm x 4 mm; eluent A: 1 L water + 0.5 mL 50% formic acid, eluent B:

1 L acetonitrile + 0.5 mL 50% formic acid; gradient: 0.0 min 90% A — 0.1 min 90% A — 3.0 min

5% A — 4.0 min 5% A — 4.01 min 90% A; flow rate: 2 mL/min; temperature: 50°C; UV detec-
30 tiom: 210 nm.



Synergi 2.41 MAX-RP 100A Mercury, 20 nrmx 4 nm eluent A- 1 L water + 0.5
m. 50% formc acid, eluent B 1 L acetonitrile + 0.5 nL 50% form c acid,

gr adi ent :w0.20131i0#5590% A -> 2.5 min 30% A -> 3.0 m n 5% RCTEPA010/0m366% A;
flowrate: 2 nmi/mn; tenperature: 50C, WV detection: 210 nm 20Method 6
(LG M5): Instrunent: Mcromass Quattro Premer with Waters UPLC Acquity.
col um: Thernmo Hypersil GOLD 1.9u, 50 mmXx 1 nm eluent A® 1 L water + 0.5
m. 50% formc acid, eluent B: 1 L acetonitrite + 0.5 m 50%formc acid,
gradi ent: 0. BCeBPdSGKIMAL S 0 1 nin 90%A -> 1.5 nin 10%A -> 2.2 mn 10% A;

tenperature: 50C. flowrate;. O. Um.n. e iLon 210 nm 2 t hod 7
(Lo ve: ¥ P PR E Sints Coot e e RSP S T e 7685 B8l
Phenonenex Symengiflo®?.wid A RBE hE0AnMrecU0SG; 12@: MHOTXK ghdieng 7@CUBAC/ A -1 L
water + 0.5 -20% formc.acid, eluent B 1 L acetonitrile + 0.5 nL 50%
formc acid;g"&iglfeé ﬁ’r%ﬁ% mn 90%A -> 0.1 nm90%A -> 3.0 nmin 5%A -> 4.0
mn 5%A ->4.01L mn 90% A, flowrate: 2 nL/mn; tenperature: 50C W

det ec- 30fi oMethod hUBEC): - 31 - Method 8 (GC/MS): Instrunment: M cromass

GCT, GC6890; colum: Restek RTX-35, 15 mx 200 p.mx Q.3 cqQnst ant
flow with heP“F‘EH‘FF“OA%“Wﬁ%i”ﬁ;])égéiﬁ@t%é?ﬁpﬁl Ig‘fr.gk @g@@?ﬁhggpg%{ @?’:8%‘@,"

300 m n -> 310G; ¢keep: §.01% Bk AYid inSMed hodnt®B: aEHRInGYE; grddivat D uiiestt B, Agiient
1100 wi th DAR.dgtect i.on:. 60l unmn: 1 r | i, ko O Mm x 5 nm
el uent A 0. 1€f T%%Eﬁfg%g’éﬁgw%ﬁm\%g eén%}éet%}gﬁﬁy erus gt@??ﬁ%ﬁ? 1l é?l%gr adient: O
mn 5%B, 2.5 mn 95%B, 3 mn9%B;, flowrate: 5.0 nL/mn; tenperature:
40C, WV det eMehehl0 B4 5m Method 10 (LC/ MS): 10l nstrument: Waters Acquity

SQ@ UPLC System colum: Wate ity UPLC HSS T3 1.8u, 50 mm

el uent A1 &St\Wg{e@r k@teﬁf %L‘mg@%’ﬁgrﬁt&ma‘@%@“ gia}.?@ Capty T:’E};SII‘_C gg%ﬁéﬁigt”ri le +
0.25 nL 99% fommixCl @ej dijenigh:adi emtr + @2 0mPs 7OMcAcid elibntB: MInackboidle 0.2 0 m n
5% A, tenpera . 50C . flowr .. 0,40 mL/mn. UV, det ectign: 208-400 nm
General synt ﬁ’}é? :’9%0 f?rre 1?1%:51 ’ %agyi%'gf]gﬁW%oc°oﬁﬁ i 'ﬁgm ¢ % CPLE S A; %mperamre'

5- br onopyr r obG{ 2ok thie] 1402014ty UVHZetpiod @03-¥Wtimves Wit h ary, | boronic acids
or

General svnthetic method 1:

15 Suzuki coupling of 5-bromopyrrolo[2,1-f][1,2,4]triazine derivatives with arylboronic acids or

esters:
HO
Br NH2
1
~ X +R | Np  Pd(PPhy), Na,CO, -
\ N\Nél Z water / 1,4-dioxane
7 B 140°C
HO” ~OH

A B

A S5-bromopyrrolo[2,1-f][1,2,4]triazine A (about 0.5 mmol}, arylboronic acid B (1.2 equivalents) or
a corresponding boronic ester, e.g., a dimethyl boronate or pinacolato boronate, and tetrakis(tri-
20 phenylphosphine)palladium(0) (0.1 equivalents) are dissolved in a mixture of 1,4-dioxane (about
4.0 mL) and 2 M aqueous sodium carbonate solution (1.5 mL) in a microwave reactor vial. The
reaction vessel is crimp-capped, and the mixture is heated to 140°C for 1 h in a single-mode micro-
wave device. After cooling, the reaction mixture is filtered over a pad of Celite which is rinsed with
1,4-dioxane to elute all organic material. The combined filtrate is evaporated to dryness under

25 reduced pressure, and the residue is purified by preparative HPLC to give the target compound C.



esters: A 5-bronmopyrrolo[2,1-f][1,2,4]triazine A (about 0.5 nmmol),

aryl boronic acid B (1.2 equivalents) or a correspondi ng boronic ester,
e.g., a dwvoeotsuosiser onate or pinacol ato boronate, and teCraiPe&iRsi3es 20
phenyl phosphi ne) pal | adi un(0) (0.1 equivalents) are dissolved in a mxture
of 1,4-dioxane (about 4.0 nL) and 2 M aqueous sodi um carbonate sol ution
(1.5 mL) in a nmicrowave reactor vial. Th&Teaction vessel is crinp-capped,
and the mxture is heated to_140C for 1 h in a single-nbode m crowave

devi ce. Aft ebereppyitigticmedhod&action nixture is filtered over a pad of
Celite which is rinsed with 1,4-dioxane to elute all organic material. The
conbi ned fi | Borghéon & evapoidet @d suipedeptfzgsd ungéng 2B éducedyrpie’ stiile,4land

t he residue get conpound C.
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Boryl ati on of arylbronldes and subsequent Suzuki coupling wth

5- br onopyrrol o[ 2, 1- f]&ﬂ r|a2|ne derivatives wthout isolation of the

i nternedi ate aryl boro % Gr ester: HO Pd012(dppf), KOAcPd(PPh,),,

Na, CO, DMFwater! 1, 4- dlomqngo
B
I

2

O HO ~
HO \ N
H3C
1
R XA H C CH
o PdCl,(dppf), KOAc Pd(PPh,),, Na,CO,
DMF water / 1,4-dioxane
Br 130°C 140°C
D B

5  Arylbromide D (about 0.5 mimol) is dissolved in DMF (3 mL) in a microwave reactor vessel, argon
is bubbled through the solution for 5 min, and [1,1'-bis(diphenylphosphino}ferrocene]dichloro-
palladium(IT}-dichloromethane complex (0.1 equivalents), potassium acetate (3 equivalents) and
bis(pinacolato)diboron (1.2 equivalents) are added. The vessel is crimp-capped, and the mixture is
heated to 130°C for 60 min in a single-mode microwave device. Then, the suspension is filtered,

10 the filtrate is transferred to another microwave process vial, and tetrakis(triphenylphosphine)-
palladium(0) (0.1 equivalents), 2 M aqueous sodium carbonate solution (4 equivalents) and the
5-bromopyrrolo[2,1-f][1,2,4]triazine A (1 equivalent} are added. The vial is crimp-capped, and the
mixture is heated to 140°C for 1 h in a single-mode microwave device. The crude reaction mixture
thus obtained is directly injected onto a preparative HPLC column for separation and purification

15 of the target compound C.



130CHOOH140C 5Aryl brom de D (about 0.5 mml) is dissolved in DM (3 L) in
a mcrowave reactor vessel, argon is bubbled through the solution for 5

m n, and WO 2013/004551 PCT/EP2012/062366

[ 1, r-Dbi s(di phenyl phosphi no) ferrocene] di chl oropal | adi un{11)-di chl or onet hane
conplex (0.1 equival ents), potassium acetate (3 equival ents) and

bi s(pi nacol at o) di boron (1.2 equi val ent s)3%re added. The vessel is

crinp- capped and the m xture is _heated to 130C for 60 mn in a single-node
m crowave dew - fils angd Ing ionis filtered, 10 the filtrate is
transferred to another m crowave process vial, and

tetraki s(tri phegmedipleasphi ne) - pal | adiun(0) (0.1 equivalents), 2 M agueous
sodi um car bonate solution (4 equival ents) and the

oS- brO”Dpyrr0th&ﬂ&n$hk44?S%LEQ&QAHGQcﬁm@%wﬁﬂ#iM%h&@F%a@&%,added The vi al
is crinp-capped, and the mxture is heated to 140Cfor 1 h in a single-node
m crowave device. The crude reaction mxture thus obtained is directly
injected onto a preparative HPLC col ump’for separation and purification
150f the target conpound C. - 33 - Sfartipg Materials and Internediates:

I nternedi ate 1A
[2,6-Difluoro-4-(4,4,5,5-tetranet - di oxabor ol an- 2-yl ) phenyl ] net hano
| OH 5(4-Brono-2, 6-difluorophenyl) | (1.03 g, 4.62 mml) was

di ssolved in dry 1, 4-dioxane (10 nL). Argon was bubbl ed t hrough the
solution, then [1, 1" -bis(di phenyl phosphi o) ferrocene] -

di chl oropal | adi um di chl or onet hane conpl \%@02 ng, 0.37 nmmol, 0.08 eq.),
anhydr ous potassium acetate (907 ng, 9. 2 eq.) and

bi s(pi nacol at o) di boron (1.23 g, 4.85 05°eq.) were added, and the

m xture was heated to 130C for 1 h idié’scﬂ Fb node m crowave deV|ce Upon
10 cooling, the mxture was filtered, and the sol vent was renoved under
reduced pressure. Cycl ohexane (200 nL) was added to the residue, and the

m xture was Viigorodsidylugopiendindhgrol 300hrizn 4. cUndicds ohsvédoivat ar dral L. Anéiskaphen
removed by fj ]bML?tAQEh WEMbQM&h%%%%m %@tn Ib@ i@k dyiphaReind)RElRSI due
was purified b chr omat ogr aphy over s

(di chl or onet ﬁ%@P@B@MﬁWH?Wﬂ %Eﬁ%lﬁx)(”zlf?gaet’? B‘H@l E8hER) MGGt uct
wer e conbi ne@l:eﬁtaqdwﬂ\wgogaahﬁdl 2¥@¢artdlbﬁst@aae@m@1uadn 15G ey 8 ahhbiz €d5 eq.) were

0%
spont aneous| deg , al?'d e mxx 1'11% I‘\!vas Pea eg to Yio@& (iior 1 h m a sin 6—1%086 mlcrowa\)e “device. Upon

10 cooling, the mixture was filtered, and the solvent was removed under reduced pressure. Cyclo-

hexane (200 mL) was added to the residue, and the mixture was vigorously stirred for 30 min.
Undissolved material was then removed by filtration, the cyclohexane was distilled off, and the
residue was purified by flash chromatography over silica gel {dichloromethane/acetonitrile gra-
dient). Fractions containing the product were combined and evaporated. The title compound

15 crystallized spontaneously as a brownish solid. Yield: 790 mg (63% of th.).
GC-MS (method 8): Re = 5.36 min; MS (EI): m/z (%) = 270.3 (15) [M]".

Intermediate 2A

[3,5-Difluoro-4-(thydroxymethyljphenyl]boronic acid



GC-Ms (method 8): R =5.36 min; M5 (Et): mz (% = 270.3 (15) [M'.
Internmedi ate 2A [3,5-Di fl uoro-4-(hydroxynet hyl ) phenyl ] horonic acid - 34 -
OH HO [ w0 20eyao4But vl (di met hyDsi | yl ] oxyl met hyl ) - 3, 5- di PCu@Po@bemak¢ bor oni ¢
acid (19.3 g, 63.9 mmol; crude material, prepared by the nethod of Hattori,
Bi oorg. Med. Chem 2006, 14, 3258-3262) was dissolved in 400 nL aqueous
acetic acid (66% and stirred at 40C for3% h. The solution was then 5
evapor at ed under reduced pressure, and tggl residue was purified by flash
chr omat ogr aphy over silica gel (gradien lution from0%to 2% net hanol in
di chl oronethane) to give 3.46 g (25% of\th. ,r LGM5 purity 87% of the title
conpound. LC-M5 (nethod 7): R = 0.50 mp. W5 (ESIpos): mz (%= 171.2 (100)
[MOFI] , M5 (ESIneg): mz (%= 187F [MH . 10Internedi ate 3A

(4- Brono- 2- chl or ophenyl ) met hanol OH

HO

[4-({[tert-Butyl{dimethyl)silyljoxy } methy])-3,5-difluorophenyl|boronic acid (19.3 g, 63.9 mmol;
crude material, prepared by the method of Hattori, Bioorg. Med. Chem. 2006, 14, 3258-3262) was
dissolved in 400 mL aqueous acetic acid (66%) and stirred at 40°C for 5 h. The solution was then

5  evaporated under reduced pressure, and the residue was purified by flash chromatography over
silica gel (gradient elution from 0% to 2% methanol in dichloromethane) to give 3.46 g (25% of
th., LC-MS purity 87%) of the title compound.

LC-MS (method 7): R = 0.50 min; MS (ESIpos): m/z (%)= 171.2 (100} [M-OH]", MS (ESIneg):
m/z (%) = 187.3 (100) [M-HJ".

10 Intermediate 3A

(4-Bromo-2-chlorophenylymethanol

CH
Cl

Br

The title compound was prepared according to the procedure described in WO 2004/074270-A2
[Example A(147), step 1].

15 'H NMR (400 MHz, CDCls): & (ppm) = 2.00 (br, 1H), 4.74 (s, 2H), 7.38 (d, 1H), 7.43 (dd, 1H),
7.53 (d, 1H).

Intermediate 4A

(4-Bromo-2-methylphenylymethanol



The title conmpound was prepared according to the procedure described in WO
2004/ 074270- A2 [ Exampl e A(147), step 1]. 1511-1 NWR (400 MHz, CDC13):

(ppm = 2v0Qo(3ao4ssiH), 4.74 (s, 2H), 7.38 (d, 1H), 7.43prCadpP2diRAbd366 7. 53
(d, 1H). Internedi ate 4A (4-Bronp-2-nethyl phenyl) net hanol The title
conpound was prepared according to the procedure described in EP 1 544
208- Al (Reference Exanple 14). NME {400 MHz, CDC13): 6 (ppm) = 1.62
(t, 314), 2.32 (s, 3H), 4.64 (d, 2H, 7,23 (d, 1I- I) 7.32 5(s, 11-1). 7.33
(d, 111). Intermedi ate 5A (5-Bronopyri gPR- 2- yl')methanol OH Methyl

5- bronopyri di ne- 2- carboxyl ate (2.00 g,\ 9. 2¢mol ) was di ssolved in ethanol
(20.0 nmL). 10 Sodi um borohydride (1.05)g 38 nmol ) was added at 0C, and
the m xture was stirred at roomtenpe e for 18 h. The m xture was then
concentrated under reduced pressure, § zhed with 1 N hydrochloric acid,
neutralized wth solid potassium car bonafe and extracted with

di chl oronet hane. The organic | ayer was drg,ed over nmagnesium sul fate and
evaporated to give 1.57 g (90% of th.) of the title conpound. 15LC- M5
(method 6): R=0.56 mn; M5 (ESIpos): mz (% = 188.0 (100) [MI1-1]*.

| nt er medi at eTBA]egcqumpendoxgpmemyed) Jsgardiod i e yilrjchbrroAsseribagiigl EP 1544 208-Al

(Reference Example 14).

'H NMR (400 MHz, CDCls): & (ppm) = 1.62 (1, 3H), 2.32 (s, 3H), 4.64 (d, 21, 7.23 (d, 1H), 7.32
5 (s, 1H), 7.33 (d, 1HD).

Intermediate SA

(5-Bromopyridin-2-yljmethanol

OH

=N
W

Br

Methyl 5-bromopyridine-2-carboxylate (2.00 g, 9.27 mmol) was dissolved in ethanol (20.0 mL).
10 Sodium borohydride (1.05 g, 27.8 mmol) was added at 0°C, and the mixture was stirred at room
temperature for 18 h. The mixture was then concentrated under reduced pressure, quenched with
I N hydrochloric acid, neutralized with solid potassium carbonate and extracted with dichloro-
methane, The organic layer was dried over magnesium sulfate and evaporated to give 1.57 g (90%

of th.) of the title compound.
15  LC-MS (method 6): R¢ = 0.56 min; MS (ESIpos): m/z (%) = 188.0 (100) [M+H]".

Intermediate 6A

[6-(HydroxymethyDpyridin-3-yljboronic acid



- 36 - OH HO To a solution of Internediate 5A (1.50 g, 7.98 mmol) and

bi s(pi nacol at o) di boron (2.23 g, 8.28 nmmol) in degassed DMF (120 nlL) was
added und®o 2ars/@ugFon at nosphere 1, 1' - bi s(di phenyl - PCT/EP2012/062366
phosphi no)ferrocene-pal l adiun(11) chloride (292 ng, 0.40 mvol) and

pot assi um acetate (2.35 g, 5 23.9 mmol). The m xture was heated to 80C for
18 h and then cooled to roon1tenperature%5The suspension was filtered, and
t he resi due was washed w th di oxane. Th§ conbined filtrates were
concentrated under reduced pressure, the oily residue was taken up in
50 nL ethyl acetate and 50 nlL cycl oheXxane and allowed to stand at room
tenperature overnight. The resulting pkegipitate was coll ected by
filtration and discarded. The filtrat€ wa§ evaporated, and the residue was
di s- 10 solved again in 100 nL ethyl Wcejpdte and extracted twice with 50 nL
wat er. The aqueous | ayer was concentra to give 690 ng (56% of th.) of
the title conpound which was used w t houty f8 ther purification. LC M
(method 6): R =0.18 mn; M (ESIpos): 6ﬂ|z % = 154.0 (100) [M+l-1f.

I nternediate 7A 153-(4-Aninopyrro|o[2 4][1 2,4]triazin-7-yl)prop-2-yn-1-ol
HO The starting material 7-bronopyrrolo[2,1-f][1,2,4]triazin-4-am ne was
synt hesi zed a@a@mdhmgﬁﬂmmﬁhﬁmpﬁﬁqedmge7ﬁbmnmmbmﬂmﬁpmMﬁm@@ﬂiﬁﬁSBl?@

Ell gtgemf“) at 1210?2 in SF%aZse(?éﬁJgppl%g éﬁl OxLa% a%%%] %é&rza JY&(%I %Elbsgﬁ Al‘e "ilmc}ﬂs‘%dlgﬁlenxg g,
tetrak|s(trlﬁﬁ@ﬁy@ﬁﬁﬁ§ﬁhwW@ﬁp@ﬂDaﬁbuﬁi@?2F%A@“hﬁﬁmbamWWﬁ%%Wna@mwi@QSF wer e

fﬂarged ;9502ﬁ9H&ﬁﬁOM@%ﬁm&€%%£Hﬁm&hﬂ&w@@g1§%Qﬁyﬁ&§gxkﬁﬂo%mﬁta&ﬁﬁﬂ&?%&?' Was
en vente Xx\fqpenswn was filtered, and the residue was washed with dioxane. The combined filtrates were

concentrated under reduced pressure, and the oily residue was taken up in 50 mL ethyl acetate and
50 mL cyclohexane and allowed to stand at room temperature overnight. The resulting precipitate
was collected by filtration and discarded. The filtrate was evaporated, and the residue was dis-
10 solved again in 100 mL ethyl acetate and extracted twice with 50 mL water. The aqueous layer was
concentrated to give 690 mg (56% of th.) of the title compound which was used without further

purification.
LC-MS (method 6): R = 0.18 min; MS (ESIpos): m/z (%) = 154.0 (100) [M+H]".

Intermediate 7TA

15 3-(4-Aminopyrrolo[2,1-f][1,2,4 Jtriazin-7-y)prop-2-yn-1-ol

The starting material 7-bromopyrrolo[2,1-f][1,2,4 Jtriazin-4-amine was synthesized according to the

procedure described in WO 2007/056170-A2 (Intermediate B).

7-Bromopyrrolo[2,1-f]1,2,4 Jtriazin-4-amine (1.0 g, 4.69 mmol), copper(l) iodide (89 mg, 0.47
20 mmol, 0.1 eq.) and tetrakis(triphenylphosphine)palladium(0) (542 mg, 0.47 mmol, 0.1 eq.) were

charged into a microwave reactor vial and evacuated for 1 h. The vessel was then vented with



- 37 - argon, pyrrolidine (15 nm) and 2-propyn-1-ol (2.63 g, 47 mmol, 10
eq.) were added, and the vessel was crinp-capped and heated to 85C for 120
mn in awonglxomsde m crowave device. After cooling, tIR€TEPACRI06236611 Xt Ur €
was poured into 120 nmL of concentrated aqueous anmoni um chl ori de sol ution
whi ch was extracted twice with ethyl acetate. The conbi ned organic | ayers
were dried 5 over anhydrous sodium sul fat® and evapor at ed, and t he residue
was purified by flash chronatography (Bi.otage silica col um,

acetate). Th¥{eBHH{RY ! pPGUTE p(“?‘?‘?lﬁb()z 63 gpearedt ar éwﬁﬁa‘iﬁjﬁd K’i@ %i‘ﬁ’e”f%%d 6)
and was USEdelg)tfrmfpl-,U’af)ﬂ‘&&I’and hans florsrat foons mHPhG (igd-had @}riowd2, deFe AF0r m n;
Egl- ﬁel(’ xélhg%dooﬁ@p\thg F]e’ ctio on 1x%ure e, was (ﬁourl\g R(ol':éb RO o} concentzratgd@queous ammomugnlc%%)dd«l M+H] )
3-(4- Anlnopymmnnm®@@hkaﬂpqm@mMW@mnaﬁu%bﬁay$Wpﬂbpamwmw®b%an@byﬂsWem<kwd

7 Propylpyr T glep L&f,&o&s] o il Anazemor%fea%@aewt&?dﬂb%as purted B @EEAALE. 7A

(444 ny, di ssolved in acetic acid un er an argon
at m)sphere w@wl(ﬁwm wca@@ > i) apipte) Ol e gesHivDS proawb@Z 2) anRagcRiEet, and
the m xture pasM/(i@A6OShywstukddri@dudief radsthmations.oom t enper at ure under an
at nosphere of hydrogen at anbient pressure. The catal yst was then renoved
by f||trat|0ﬂPL(§QethO % gnt, was. distilled off, and the resi due was subjected
to flash chro rap ZB“otage silica colunn cycl ohexane/ et hyl acetate
gradient). 20The I ntermnedi ates 8AE%185 , 1@6of t h. g and 9A (170 ny, 41%
of th.) wer eLopfimseed DR e Sdnis Edlrehr vatiroyt*aphl ®) Mdbt i ons:
I nt er nedi at e 8A:

10 Intermediate 8A and Intermediate 9A

3-(4-Aminopyrrolo[2,1-f][1,2.4 Jtriazin-7-yDpropan-1-o0l
and

7-Propylpyrrolo[2,1-f][1,2,4 [triazin-4-amine

NH, NH,
\ and \
N = N =
N N
HO H,C

15 Intermediate 7A (444 mg, 2.36 mmol) was dissolved in acetic acid (18 ml) under an argon
atmosphere. Platinum(I'V) oxide (40 mg, 0.18 mmol, 0.08 eq.) was added, and the mixture was
vigorously stirred for 3 h at room temperature under an atmosphere of hydrogen at ambient
pressure. The catalyst was then removed by filtration, the solvent was distilled off, and the residue
was subjected to flash chromatography (Biotage silica column, cyclohexane/ethyl acetate gradient).

20  The Intermediates 8A (185 mg, 41% of th.) and 9A (170 mg, 41% of th.) were obtained in two

distinct chromatographic fractions:
Intermediate 8A:
HPLC (method 2): R = 2.68 miu;

LC-MS (method 4): R, = 0.83 min; MS (ESIpos): m/z (%) =193.1 (100) [M+H]", MS (ESIneg):
25 w/z(%)=191.1 (100) [M-HJ".



HPLC (nmethod 2): R=2.68 min; LGM (nmethod 4): R = 0.83 mn; M (ESIpos):
mz (% = 193.1 (100) [MH ', M5 (ESlneg): - 38 - NMVR (400 MHz,

d6- DVB0) :wo 20pepsst 1.80 (m 2H), 2.86 (t, J= 7.7 Hz, 2PCI/EP2613/062366 2H) ,
4.49 (t. J=5.1 Hz, 1H), 6.41 (d. J= 4.2 Hz, 1H), 6.69 (d, J= 4.2 Hz, 1H),
7.50 (br. s, 2H), 7.78 (s, 1H). Internmediate 9A: 5HPLC (nethod 1): R =
3.22 nin; LGM (method 4): R = 1.23 nin?¥\B (ESI pos) m z (%_ 177.1 (100)

[ MtHr I\/B(E eq): inlz 175.2 (30 er nedi at e

S At ro. 5 TR SIRSBY BT o SMECH T 00! o] 8% Izt b 21 ik 2 02 KPR 10

I nt er medi at e4.8A, (J1=051 ny,1HE 6535 (qymel4) }wasmda ss@l xed2 Ha, 1H)-196 (4:8s, Z5), miz3 (sand

cooled to Zﬁg , 3- Di brono-5, 5-di net hyl hydantoin (78.1 ng, 0.5 eqg.) was

added, and t mxture was stirred at -20C for 1 h. The reaction was then

quenched with O. 5. mL concentrated aqueous sodiumdithionite sol ution,
iprpesiplediat ure and partiti oned between ethyl acetate and water.

The organic 15phase was dried over anhydrous sodium sul fate, and the

sol vent was #pst ithdied 10Rf= 32@@@ 145 ng (98?/0 of th.). HPLC (method 1): R

= 2.96 min; HPLC (nethod 2): R = 2.95 mn;

LC-MS (method 4): Ry = 1.23 min; MS (ESIpos): m/z (%) =177.1 (100) [M+H]", MS (ESIneg):
m/z (%) = 175.2 (30) [IM-HJ".

Intermediate 10A

3-(4-Amino-5-bromopyrrolo{2,1-f][1,2,4 triazin-7-y)propan-1-ol

Br NH,
NN - N
S

HO
10
Intermediate 8A (105 mg, 0.55 mmol) was dissolved in THF (8.75 mL) and cooled to -20°C. 1,3-
Dibromo-5,5-dimethylhydantoin (78.1 mg, 0.5 eq.} was added, and the mixture was stirred at -20°C
for 1 h. The reaction was then quenched with 0.5 mL concentrated aqueous sodium dithionite
solution, warmed to room temperature and partitioned between ethyl acetate and water. The organic

15 phase was dried over anhydrous sodium sulfate, and the solvent was distilled off. Yield: 145 mg

(98% of th.).
HPLC (method 1): R = 2.96 mun; HPLC {method 2): R, = 2.95 min;

LC-MS (method 5): R, = 1.03 min; MS (ESIpos): m/z (%) = 271.0 (100) and 273.0 (100) [M+H]",
MS (ESIneg): m/z (%) = 269.0 (99) and 271.0 (100) [M-HJ".

20 'H NMR (400 MHz, ds-DMSO): 3 (ppm) = 1.75 (m, 2H), 2.83 (t, J = 8.1 Hz, 2H), 3.43 (m, 2H),
450 (t,J=5.4 Hz, 1H), 6.62 (s, 1H), 7.81 (s, 1H).

Intermediate 11A

5-Bromo-7-propylpyrrolo[2,1-f][1,2,4 triazin-4-amine



LC-Ms (nethod 5): R=1.03 mn; M5 (ESIpos): mz (%= 271.0 (100) and 273.0
(100) [MtH, M5 (ESIneg): nilz (/o) = 269.0 (99) and 271.0 (100) [MH.

2011 -1 NMWRO(4OQoMsz, do-DVSO): 6 (ppm = 1.75 (m 21-1) PCR/EP301Q1062386 = 8. 1
Hz, 2H), 3.43 (m 214), 4.50 (t, J = 5.4 Hz, 1H), 6.62 (s, 1H), 7.81 (s,
111). Internediate 11A 5-Brono-7-propyl pyrrolo[2,1-f][1,2,4]triazin-4-am ne
- 39 - Internediate 9A (110 ny, 0.62 ) was dissolved in TlI-IF (4.44
m.) and cooled to -20C. 1, 3- Dibrono-5, 5-dinmethyl hydantoin (89 ng, 0.5 eq.)
was added, and the m xture was stirred for 1 h. The reaction was

t hen quenched with 0.5 nL concentrated agueous _sodiumdithionite 5
solution, warnmed to roomtenperature an titNoned between et hyl acetate
and water, The organi c phase was dried eI an%idrous sodi um sul fate, and
the solvent was distilled off. Yieg my~N85% pure, 82%of th.). I-1PLC
(method 1): R=3.78 mn; LCM (neé 7): R =1.55 nmn; M5 (ESIpos): niz
(99 = 255.0 (99) and 257.2 (100) [MtH]. 10NWR (400 MHz, do-DMSO): 6 (ppm =
0.91 (t, J= 7.3 Hz, 314), 1.65 (m 21-1). 2.79 (t, J= 7.6 Hz, 2H), 3.31 (s,
2H). 6.63 (Sgntelrpﬁdjateﬁﬁg@ngg, (ﬁ_%ngmqlhwﬁrd,ipé&dife&ti@ﬂiﬁﬂ.M ml) and cooled to -20°C. 1,3-

4- (4- Ami nopy bRl s2s-dimbd{ilyd2atdih {901 AZ 0By Whe P BrafRe dhix@le was stirred at -20°C

for 1 h. The reaction was then quenched with 0.5 mL concentrated aqueous sodium dithionite

15

5  solution, warmed to room temperature and partitioned between ethyl acetate and water. The organic
phase was dried over anhydrous sodium sulfate, and the solvent was distilled off. Yield: 154 mg

(85% pure, 82% of th.).
HPLC (method 1): R =3.78 min;
LC-MS (method 7): Ry = 1.55 min; MS (ESIpos): m/z (Yo) = 255.0 (99) and 257.2 (100) [M+H]".

10 H NMR (400 MHz, ds-DMSO): 3 (ppm) = 0.91 (t, J = 7.3 Hz, 3H), 1.65 (m, 2H), 2.79 (t, J= 7.6
Hz, 2H), 3.31 (s, 2H), 6.63 (s, 1H), 7.95 (s, 1H).

Intermediate 12A

4-(4-Aminopyrrolo[2,1-f][1,2,4 triazin-7-y])but-3-yn-1-ol

NH,
.y

/I

HO

15 7-Bromopyrrolo[2,1-f][1,2,4]triazin-4-amine (1.0 g, 4.69 mmol), copper(l) iodide (89 mg, 0.47
mmol, 0.1 eq.} and tetrakis(triphenylphosphine)palladium(0} (542 mg, 0.47 mmol, 0.1 eq.) were
charged into a microwave reactor vial and evacuated for 1 h. The vessel was then vented with
argon, pyrrolidine (15 mL) and 3-butyn-1-o0l (3.36 g, 47 mmol, 10 eq.) were added, and the vessel
was crimp-capped and heated to 85°C for 120 min in a single-mode microwave device. After

20 cooling, the reaction mixture was poured into 120 mL of concentrated aqueous ammonium chloride
solution and extracted twice with ethyl acetate. The combined organic layers were dried over

anhydrous sodium sulfate and evaporated, and the residue was purified by flash chromatography



NH2 157-Bronopyrrolo[2,1-f][1,2,4]triazin-4-amne (1.0 g, 4.69 mol),
copper (1) iodide (89 ng, 0.47 mmol, 0.1 eq.) and

t et r aki s(woizptsanyisphosphi ne) pal | adi um(0) (542 ng, 0.47 RODIEP2@2061B66 ) wer e
charged into a m crowave reactor vial and evacuated for 1 h. The vessel was
then vented with argon, pyrrolidine (15 nL) and 3-butyn-l-ol (3.36 g, 47
mml, 10 eq.) were added, and the vessel 4%as cri np- capped and heated to 85C
for 120 nin in a si ngl e- mode ni crowave device. After 20 cogl i ng, th

reaction mi xﬁj‘?‘%ﬁe\ﬂél%a Pouted™y! At oG Asuigne ReeeRt Y Bpeys AYleoys P&Iﬁﬁ@rﬁ um
chl ori de sol t HET)asndurextifaactedidow ce with ethyl acetate. The conbi ned
organi c Iayers were dried over anhydrous sodium sul fate and evaporated, and
t he residue d b sh chromat ography - 40 - (Biotage silica
col um, ethy é%&?? Th%7i%§ultlng product (735 ng) was suff|C|entIy
pure (66%)by HPL for further transformations. HPLC % )

mi n; LC- MeMShwtetist 44 R =R 96 miy \6% (Biines): 08 (sPpbs " %%*H(]cyd\):g @é‘?}?@ﬁ (100)
[I\/H—I], MBs ( ESkmeg) 2015mi@) (4= 201.1 (100) [MH . Internediate 13A

4- (4- Aminopyrrolo[2,1-f][1,2,4]triazin-7-yflbutan-1-ol I nternedi ate 12A
(607 ny, 3'Oﬂnmnw5&wwgi dlssolved in acetic acid (64 nL), and platinum1V)

4-(4-Aminopyrrolo[2,1-f][1,2.4 triaziu-7-yl)butan-1-o0l

NH,
== S, N
HO \ N\N/)

Intermediate 12A (607 mg, 3.00 mmol} was dissolved in acetic acid (64 mL), and platinum(f'V)
10 oxide (50 mg, 0.22 mmol, 0.07 eq.) was added. The mixture was stirred under an atmosphere of
hydrogen at ambient pressure for 15 h. The catalyst was then removed by filtration, the filtrate was
evaporated under reduced pressure, and the residue was purified by flash chromatography (Biotage

silica column, ethyl acetate). Yield: 350 mg (57% of th.).
HPLC (method 2): R = 2.92 min;

15 LC-MS (method 4): R, = 0.94 min; MS (ESIpos): m/z (%) =207.1 (100) [M+H]", MS (ESIneg):
m/z (%) = 205.3 (100) [M-HJ".

Intermediate 14A

4-(4- Amino-5-bromopyrrolo[2,1-f][1,2,4 Jtriazin-7-yhbutan-1-ol

20 Intermediate 13A (330 mg, 1.60 mmol) was dissolved in THF (26 mL}) at -20°C, and 1,3-dibromo-
5,5-dimethylhydantoin (229 mg, 0.80 mmol} was added. The mixture was stirred at -20°C for 1 h.



10 oxide (50 ng, 0.22 mmol, 0.07 eq.) was added. The m xture was stirred
under an at nosphere of hydrogen at anbient pressure for 15 h. The catal yst
was t hen werrowam4isy filtration, the filtrate was evapor atedrandes23seduced
pressure, and the residue was purified by flash chromatography (Biotage
silica colum, ethyl acetate). Yield: 350 ng (57%of th.). HPLC (nethod 2):
R=2.92 mn; 15LC M5 (rrethod 4) R = 0:9% nin; I\/B (ESIpos) mz (%= 207.1
(100) [ MIH, M (ESIneq): 0/}()1: 205. 3 (100) nt er nedi ate 14A

4- (4- Am no- 5- }Efrr?ﬁ%‘ﬁwars &GBE%“‘%I?G‘F WK "026‘3&]“[“?‘1 @E?OHS s?d’fz“ln)sblﬁieéﬂ“‘i‘mé? S N Bl -
- The react i anawass hdied tgunohedyswhdseponer aid tad @Qan&qmﬁﬂlﬁs &dobus it | te
separated. - anineny St CORErURE BF P EFuulr B SR e S S oo
evapor at ed. mfﬁeflmﬂﬂd@gp&WdUdt)mtlguMquntly pur| f| ed by preparative HPLC
(method 2) giving 175 ng (84% of th.) of the title conpound. 5HPLC (et hod
1)1 R = 3513upidimeifert VOR(FBINQE. 5): R = 1.23 mn; M5 (ESIpos): mz (% =
285.0 (98) and 2%} (100) [l\/HrH] M5 (ESI neg): m z (%9 = 283.0 (100) and

28,0 (98) [ M Yidhrngq o VR 6400, M HSLONDO (P 20100 Bt i,

(br. s, 111)MS@E®iegfsvz (1/011%)283 (7(18@ a6 285DHY8) [MOTInt er nedi at e 15A
4- Am nopyrrol o[ 2,14][1, 2,4]triazine-7-carbal dehyde

'H-NMR (400 MHz, ds-DMSO): & (ppm) = 1.39-1.48 (m, 2H), 1.60-1.69 (m, 2IT), 3.31 (t, J= 7.3
Hz, 2H), 3.40 (m, 2H), 4.46 (br. s, 1H), 6.61 (s, 111), 7.82 (s, 1H).

10 Intermediate 15A

4-Aminopyrrolo[2,1-f][1,2,4 [triazine-7-carbaldehyde

The starting material pyrrolo[2,1-f]{1,2,4]triazin-4-amine was synthesized according to the pro-

cedure described in WO 2007/056170-A2 (Intermediate A).

15 Pyrrolo[2,1-f][1,2,4]triazin-4-amine (20.5 g, 152 mmol) was dissolved in 150 mL DMF. Under ice
cooling, phosphoryl chloride (31.3 mL, 336 mmol) was added dropwise at such a rate that the
mternal temperature did not rise above 30°C. The mixture was then heated for 2 days at 50°C.
After cooling, another portion of phosphoryl chloride (14.2 mL, 152 mmiol) was added, and stirring
was continued for another 24 h at 50°C. After cooling, the reaction batch was slowly poured into a

20 mixture of 2.0 L saturated aqueous sodium bicarbonate solution and 2.0 L ethyl acetate. Solid
sodium bicarbonate was added until gas evolution stopped. The layers were separated, the aqueous
layer was extracted with 0.5 L ethyl acetate, and the combined organic phases were dried over
sodium sulfate and concentrated. The residue was suspended in 100 mL diisopropyl ether, stirred at
room temperature for 10 min and then filtered. The dried residue was stirred in 6 N hydrochloric

25 acid (500 mL) for 1 h at 50°C and then poured into an ice/water mixture (1000 mL). The mixture

was carefully neutralized with solid sodium bicarbonate, stirred for 30 min at room temperature and



The starting material pyrrolo[2,14][1,2,4]triazin-4-am ne was synthesi zed
according to the procedure described in WO 2007/ 056170-A2 (Internediate A).
15Pyrr ol ov020t3fdofss12, 4] tri azin-4-amne (20.5 g, 152 molPLTwER201dioss6é ved in
150 nL DMF. Under ice cooling, phosphoryl chloride (31.3 niL, 336 mmol) was
added dropwi se at such a rate that the internal tenperature did not rise
above 30C. The nixture was then heated ft¥- 2 days at 50C. After cooling,
anot her portion_of phaosphoryl chloride (14.2 nLT 152 nnbg% was added, and
stirring wasTEbRETHEEH™113F THAGT Hervagud Wit asored ligetdp YEaP g 53 Ak'P 8Act i on
bat ch was sl ewkeyrpaum@dh vai@sed i@e Mxxddprethaf fi2th@ phriGatiatr at ed aqueous sodi um
bi carbonate solution and 2.0 L ethyl acetate. Solid sodi um bi carbonate was
added unti | A fon stopped. The | ayers were separated, the aqueous

| ayer was exﬂﬂaﬂgXl&qEAh 0.5 L ethyl acetate, and the conbi ned organic
phases were dried over sodium sulfate and concentrated. The residue was
suspended i n*POWONL IR BRP BRIl éf érine-dreipadtiydst room temperature for 10
mn and then filtered. The dried residue was stirred in 6 N hydrochloric
25acid (500 m.) for 1 h at 50C and thgnh pouNed into an ice/water mxture
(1000 nmL). The m xture was carefully ngutrallized with solid sodi um

bi carbonate, stirred for 30 mn at roog ture and - 42 - then
filtered again. The residue was washe ter and ligrointo yield 20.6
g (83%of th.) of white crystals which NBN ed in the next step w thout
further purification. Internedi ate 16A/4- Am no-5-bronopyrrolo [2,1-f]
[1,2,4]triazine-7-carbal dehyde NH2 € ernmedi ate 15A (20.6 g, 127 mmol)
was di ssobved in 525 nL DMF. At OC, 1,3THibrono-5,5- di met hyl hydant oi n
(21.8 g, 76.2 mmol) was added, and the m xture was stirred for 1 h under

i ce cooling anrgnddake fsurher, R7Mnadl) vaamstierpesad ureMA e op@Sil-dibiiigo-5,5-

suspensi on s filtered, and e resi due, was shed with. d di et hyl
ctherThe T TrePubuEHEE 0 2bddur i e Pl Neb Rurtiny 0 are
crystal s wer epotlrg &d forofugliev @ 120 .r@ngte(mbSYouof ThHehresultiBQ Sospansipt wadbijitekddl @ tbf t he

oy U i Mg L ULl ML 53 ! O

| nt er medilft ehardty soluble crystals were dried to give 20.0 g (65% of th., 80% purity by HPLC) of the title

compound. This material was used without further purification.
"H NMR (400 MHz, ds-DMSO): & (ppm) = 7.42 (s, 1H), 8.12 (s, 1H), 10.22 (s, 1H).

Intermediate 17A

(4-Amino-5-bromopyrrolo[2,1-f][1,2,4 |triazin-7-y1} cyclopropylymethanol

Br NH2

o \N

.
HO

15

Intermediate 16A (500 mg, 1.66 mmol} was suspended in dry THF (30 mL). At 0°C, a 0.5 M
solution of cyclopropyl magnesium bromide in diethyl ether (10 mL, 5.0 mmol) was added. The
mixture was stirred at room temperature for 1 h. Then, another portion of the Grignard solution (6.6
mlL, 3.3 mmol) was added. After further stirring for 30 min at room temperature, the reaction was
20 quenched with saturated aqueous ammmonium chloride solution and extracted with ethyl acetate (2 x

20 mL). The combined organic layers were washed with brine, dried over magnesium sulfate and



(4- Am no-5-bronopyrrolo [2,1- f] [1,2,4 ]Jtriazin-7-yl1)( cycl opropyHnmet hanol
NH2 HO 15 Internediate 16A (500 ng, 1.66 mmpl) was suspended in dry THF (30
m.). At OWp 201300%5M sol ution of cycl opropyl nagnesi um biPCFiE®Re012/06236€t hy|
ether (10 nL, 5.0 mmol) was added. The m xture was stirred at room
tenperature for 1 h. Then, another portion of the Gignard solution (6.6
m., 3.3 mmol) was added. After further stirring for 30 mmat room
tenperature, the reaction was 20quenched with saturated agueous amopnium

chloride sol tA'FGH&hd" "e??f‘f“&c‘t’aéd’”’@\ﬁ"eﬁlt?yéﬁlf?ff‘“‘éc[ﬂ)tl“gt @l - 26 R4 g'lfh9e/° of

conbi ned organi c | ayers were washed with brine, dried over magnesi um

sulfate and - 43 - concentrated. The residue was purified by preparative
HPLC t hod ' -6): R =0.75
min W E% Loags oL st Wf%%% £>“m)zh/°“f8'¥§£‘%f%"‘+?§oo)m do- DN
6 (ppm = 0. 35 1.28 ( 6 (d,

o PPE) 75 (o DN adt gy a DA ot i Db B 0. £58 i, 423 i

(4- Ami no- 5- bs.osmpyn;: @5k, 2nL7fsk [s1112), 4] tri azi n-7-y1) (t et rahydr o- 2H pyran- 4-yO
met hanol NH2 HO In a 50 nlL three-necked flask equi pped with a condenser, a

t her nomet er ﬁlqgm%dig{qugi ng funnel,

(4-Amino-5-bromopyrrolo[2,1-f][1,2,4 triazin-7-y1}(tetrahydro-2 H-pyran-4-ylymethanol

Br

- \N

\_n~.

N
HO

O

In a 50 mL three-necked flask equipped with a condenser, a thermometer and a dropping funnel,
10 which was purged with argon, a Grignard reagent was prepared from magnesium turnings (484 mg,
19.9 mmol) and 4-chlorotetrahydropyrane (2.4 g, 19.9 mmol) in dry THF (14 mL). To this solution
was added at 0°C a suspension of Intermediate 16A (1.2 g, 3.98 mmol) in THF (20 mL), and the
reaction mixture was allowed to stir for 1 h at room temperature. It was then quenched with
saturated aqueous ammonium chloride solution and extracted with ethyl acetate (2 x 50 mL). The
15 organic layer was washed with brine, dried over magnesium sulfate and concentrated. The residue

was purified by preparative HPLC (method 3). Yield: 0.5 g (38% of th.).

LC-MS (method 6): R, = 0.66 min; MS (ESIpos): m/z (%) =327.0 (100) [M+H]", MS (ESIneg):
m/z (%) = 325.1 (100) [M-HJ".

Intermediate 19A

20 8-(4-Aminopyrrolo[2,1-f][1,2,4triazin-7-y1)-1,4-dioxaspiro[4.5 Jdecan-8-ol



10 which was purged with argon, a Gignard reagent was prepared from
magnesi um turni ngs (484 ng, 19.9 nmol) and 4-chl orotetrahydropyrane (2.4 g,
19. 9 mmolwoin13doyssTHF (14 nl). To this solution was addedTaPr2Q@062366
suspension of Internediate 16A (1.2 g, 3.98 mml) in TI-1F (20 nL), and the
reaction mxture was allowed to stir for 1 h at roomtenperature. It was

t hen quenched with saturated aqueous amrﬂ)‘h um chl ori de sol ution and
extracted with ethyl acetate (2 x 50 ni). ﬁ 150rgani c | ayer was washed
with brine, dried over magnesium sul fate and Honcentrated. The residue was
purified by preparative HPLC (nmethod 3), 0.5 g (38%of th.). LC M
(et hod 6): R-066 mn; M5 (ESIpos): : = 327.0 (100) [M+H , M5
(ESIneg): mz (9 3251(100) [ M1- 1\ nt egnedi ate 19A

208- (4- Am nopyrr ol o[ 2,1-f]1[ 1,2, 4] tritaxi p- 7- Y47 - 1, 4- di oxaspi r o[ 4. 5] decan- 8- 0
| - 44 - The starting material 7-br ohppyrrol o[ 2,141[ 1, 2, 4] tri azi n-4-am ne
was synt hesi zed according to the prg e described in WO 2007/ 056170- A2
(Internmediate B). 7-Bronopyrrolof 2, ,2,4]triazin-4-amne (9.20 g,
35.41 mml) was dissolved in TI-IF &5 nlL) 5 under argon at room
tenperature. Chlorotrinethylsilane|(9.88 nL, 7.77 g, 70.82 nmol, 2 eq.) was
added, and the m xture was stirred roomtenperature for 3 h. It was then
cooled to 0C, and 2- propyl magnesi umchloride (74 nL of a 2.0 M sol ution
in THF, 149 nmmol, 4. was added. The m xture was stirred for further 3
h while war ni[lixfgstaﬁﬁlgfrgtep%grhrqwgflﬁg,l ikl Zﬁﬁgﬁn -4-amine was synthesized according to the

1, 4- di oxaspi pofedurblidetannm8vone7(086138-Ag (InkducZierByDl , 1.5 eq.) was added, and
stirring was continued for another 10 16 h. The reaction was guenched Wit h
a 1:1 mxtur t AN I jce
until the pH?\]?golfmtﬁ)g inthi fﬁtﬂ%g%{%ﬁxtur ek%?s&gé%%%%s%\%d%t[%(la@%ldrt| ons
of ethyl écetlral?reargoaratiromnéer@e%ren@@lor@ﬁwﬁmﬂaeit9r0§émls T\ié e€70che ingepl.gvegp was

anhydr ous Somd%&ﬂh@&&ﬂ&@w%@n&pﬁ %&ttéﬁﬁe@ﬂxré Q)r gllimrﬂ evassmenm@le& {otd-€, s@npound
was crystallized fromdiethyl ether. Yie % of th.), 15HPLC

(method 1): RoRIDaggsipp Hﬂmtdeﬂﬂzsﬂ( HELhd: G(ét)tmn iHZTHF ?‘6) %Olfﬁ na )I\‘?@S (sl pos) -
Mz (9% =291. 2ix(2O0)s ditvbcHoFfurthds S(IESflln@@)mmgﬂerto(r%m—teﬂﬁ&dtdre('ﬂl@ﬂ)l A Mx]asrﬂ.r]y— )
I[ Qt Sr Z.]e?: ia;gﬁ%?db\ca?—g(—one éS 38%, 9%% Pl [5 eq. ?Wlis a%ged an% tn‘rmg )asp%r t[;n(aleé)fo[ ario%lh

10 16 h. The reaction was quenched with a 1:1 mixture of concentrated aqueous ammonium chloride

solution and ice until the pH value reached 6-7. The mixture was extracted with two portions of
ethyl acetate, and the combined organic extracts were dried over anhydrous sodium carbonate and
concentrated to dryness. The title compound was crystallized from diethyl ether. Yield: 6.05 g
(58% of th.),

15 HPLC (method 1): R = 2.89 min;

LC-MS (method 6): R = 0.38 min; MS (ESIpos): m/z (%) =291.2 (100) [M+H]", MS (ESIneg):
m/z (Yo) = 289.4 (100) [M-HJ".

Intermediate 20A

7-(1,4-Dioxaspiro[4.5 dec-7-en-8-yDpyrrolo[2,1-f][1,2.4 Jtriazin-4-amine



- 45 - Internediate 19A (2.81 g, 60%purity, 5.82 mmol) was dissolved in
pyridine (18 nL) at OC. Trifluoroacetic anhydride (2.46 nm., 3.66 g, 17.45
nol , 3 ewo)Rowzw4smdded sl owl y, and the reaction m xturePEREPMR06366 at

anbi ent tenperature for 16 h. The solvent was distilled off, and the
residue 5 was partitioned between water and ethyl acetate. The organic
extract was dried over sodium sul fate antf evaporated. The residue was
triturated with diethyl ether at 0OCto yield 2.95 g (92% pure by HPLC, 99%
of th.) of the title conpound. HPLC (nethod )2 R = 4.55 mn; LC M5
(method 5): 121 = 2.28 mn; M5 (ESIpos): m %= 369.1 (100) [M¥l-1], M5
(ESlneg): 10mz (9= 367.1 (100) [MF1)/~/T= nt eNmedi ate 21A

7- (1, 4-Di oxaspiro [4.5] dec-8-yfl pyrrol \[2N1 -//fJ] [1,2,4]triazin-4-am ne NH2
| ntermedi ate 20A (2.95 g, 10.8 mmol) wag di 380l ved in nethanol (1.07 L)
under argon. Pall adi um 150n char coal % 400 ng) was added, and the

m xture was vigorously stirred for nder an at nosphere of hydrogen at
anbi ent pressure and room tenperatu e catal yst was renoved by - 46 -

Intermediate 19A (2.81 g, 60% purity, 5.82 mmol) was dissolved in pyridine (18 mL) at 0°C.
Trifluoroacetic anhydride (2.46 mL, 3.66 g, 17.45 mmol, 3 eq.) was added slowly, and the reaction
mixture was stirred at ambient temperature for 16 h. The solvent was distilled off, and the residue

5  was partitioned between water and ethyl acetate. The organic extract was dried over sodium sulfate
and evaporated. The residue was triturated with diethyl ether at 0°C to yield 2.95 g (92% pure by
HPLC, 99% of th.) of the title compound.

HPLC (method 1): R =4.55 min;

LC-MS (method 5): R, = 2.28 min; MS (ESIpos): m/z (%)= 369.1 (100) [M+H]", MS (ESIneg):
10 m/z(%)=367.1(100) [M-HT".

Intermediate 21A

7-(1,4-Dioxaspiro[4.5|dec-8-yDpyrrolo[2,1-f][1,2,4 Jtriazin-4-amine

NH,
- AN N
I

0O

|\/o

Intermediate 20A (2.95 g, 10.8 mmol) was dissolved in methanol (1.07 L) under argon. Palladium
15 on charcoal (10%, 400 mg) was added, and the mixture was vigorously stirred for 24 h under an

atmosphere of hydrogen at ambient pressure and room temperature. The catalyst was removed by



filtration, and the solvent was distilled off under reduced pressure to
give 2.11 g (71%of th.) of the title conpound. HPLC (nethod 1): R = 3.14
m n; wa2MB/esthod 6): R, = 0.68 nmin; M5 (ESIpos): mCI/EP¥12/66366. 3
(100) [M+H] . 5Internedi ate 22A

4- (4- Ami nopyrrol o[ 2, 1411, 2, 4] tri azi n-7-ypcycl ohexanone Internediate 21A
(2.11 g, 7.69 mmol) was d| ssol ved in a nf%ture of 1 M hydrochloric aC|d (23
nm.) and met hanol (6.80 at 0C and stirred under ice caooli ng for

Then, the pkﬁ\‘fatroeieani&le\ﬁ%%ée“éﬁi%%@ Afignger g aﬁﬁfﬁﬁeut%‘%”&dﬁbéﬁitﬁf’%ﬂ
aqueous sodi timdoinpanbonat e sol ution. The m xture was extracted with three
portions of dichloronethane, and the conbi ned organic extracts were dried

over anhydr oys Ifate,filtered and evaporated. The residue (923
ngy, 52% of tﬁ Ifé\i\&‘%&s%gg)zg\ ﬁﬁgﬁlt further purifi cati on in the next synthetic

step. HPLC (nethod mn; 15LC M5 1\% = 1.02 mn; M
(ESI pos) : %C%\%(mﬂ%@ Ii—((’l@e’)m Mow s IPoNE £ £ n@éf UQQ Moy = 229.2 (100)
[M1-1]-. NVR (400 MHz, d6-DVBO): 6 (ppm) = 1.86 (ddd, 21-1), 2.25-2.36

(m 411), 52. b@erddidte 224- 1), 3.59 (m 11-1), 6.45 (d, 111), 6.82 (d, 111),
7.60 (br. s. 1H), 7.82 (s. 1H). Internediate 23A - 47 - z.:

4-(4-Aminopyrrolo[2,1-f][1,2,4 Jtriazin-7-y)cyclohexanone

NH2
- \N
1)

O

Intermediate 21A (2.11 g, 7.69 mmol} was dissolved in a mixture of 1 M hydrochloric acid
(23 mL) and methanol (6.80 mL) at 0°C and stirred under ice cooling for 3 h. Then, the pH value
10 was adjusted to 6-7 by addition of concentrated aqueous sodium bicarbonate solution. The mixture
was extracted with three portions of dichloromethane, and the combined organic extracts were
dried over anhydrous sodium sulfate, filtered and evaporated. The residue (923 mg, 52% of th.)

was used without further purification in the next synthetic step.
HPLC (method 2): R = 3.06 min;

15  LC-MS (method 4): R, = 1.02 min; MS (ESIpos): m/z (%)= 231.1 (100) [M+H]", MS (ESIneg):
m/z (%) = 229.2 (100) [M-HT".

'H NMR (400 MHz, ds-DMSO): & (ppm) = 1.86 (ddd, 2H), 2.25-2.36 (m, 411), 2.59 (ddd, 21), 3.59
(m, 1H), 6.45 (d, 110, 6.82 (d, 1H), 7.60 (br. s, 1H), 7.82 (s, 1H).

Intermediate 23A

20 trans-4-(4-Aminopyrrolo[2,1-f][1,2,4]triazin-7-y1)}cyclohexanol



HO I nternedi ate 22A (452 ng, 1.96 mmol) was dissolved in THF (15 nL), and
the solution was cooled to OC. Lithium alum nium hydride solution (1 Min
THF, 2. 94woi20130851nmol ) was added dropwi se. Subsequent PgT/HPR@ 2961366 | on was
stirred at OC for 10 mn and then quenched by addition 5 of concentrated
aqueous ammoni um chl ori de solution. The m xture was extracted with 3
portions of dichloronethane, and the conbined organic extracts were dried
over anhydrous sodiumsulfate, filtered and ’ﬁéaporat ed. The residue (360
ng, 77%purity, 61%of th.) was used in the'fhext synthetic step w thout
further purification. I-1PLC (nethod 1); R 3A2.62 nm 10LC- M5 (nethod 6):

R =0.29 mn; M5 (ESIpos): tn/z (% = 00) [MrHr. tH NMR (400 IVHz,
do-DVS0): 6 (ppm = 1.30 (m 211), 1.4% . 214), 1.91 (m 214), 1.99 (m
21-1). 2.97 (tt, 11-1). 3.45 (m 11-1).)y4.6W7{d. 111), 6.39 (d, 11-1). 6.79
(d. 11-1), 7.53 (br. s, 21-1), 7.80 1H). Internmedi ate 24A

15t rans- 4- (4- Am no- 5- br onopyrrol of 2 1,2,4]triazin-7-yl)cycl ohexanol
NH2 HO - 48 - stirred at -20C for § then 0.5 nL concentrated aqueous
sodi um di t hionite sol uti on was added,. and the m xture was extracted with
ethyl acetate. The organic extract s dried over anhydrous sodium sulfate,
filtered and evaporated. The crude product (463 ngy, 66% purity, 83% of th.)
was used in the next synthetic step without further purification. 5HPLC
(rret hod 1): Rterm@liaR2224 352 @ M (mebhed dipolvddtin THF1(19 3l and INMSoUESH pes) :
311 20/0( 48 ;Ll ﬁoﬁ@% @é%l@lll&éﬁ%lﬂl[)%bﬁﬂde Mﬁut(og%l NEeQYir @9@ n(L/QZ 94 %Ql%l) Zaf 2Q3q and

dropwise. Subsequently, the solution was stirred at 0°C for 10 min and then quenched by addition
5  of concentrated aqueous ammonium chloride solution. The mixture was extracted with 3 portions
of dichloromethane, and the combined organic extracts were dried over anhydrous sodium sulfate,
filtered and evaporated. The residue (360 mg, 77% purity, 61% of th.) was used in the next syn-

thetic step without further purification.
HPLC (method 1): R = 2.62 min;
10 LC-MS (method 6): Ry = 0.29 min; MS (ESIpos): m/z (%) =233.2 (100) [M+H]".

"H NMR (400 MHz, ds-DMSO): 3 (ppm) = 1.30 (m, 2H), 1.42 (m, 2H), 1.91 (m, 2H), 1.99 (m,
2H), 2.97 (it, 1H), 3.45 (m, 1H), 4.60 (d, 1H), 6.39 (d, 1H), 6.79 (d, 1H), 7.53 (br. s, 2H), 7.80 (s,
1H).

Intermediate 24A

15 trans-4-(4-Amino-5-bromopyrrolo[2,1-f][1,2,4triazin-7-yl)cyclohexanol

Br NH2
—_ \N
N\_N_ ~
HO

Intermediate 23A (360 mg, 85% purity, 1.19 mmol} was dissolved in THF (8 mL) at -20°C, and
1,3-dibromo-5,5-dimethylhydantoin (188 mg, 0.66 mmol, 0.55 eq.) was added. The mixture was



I nternmedi ate 25A tert-Butyl

3-(4-am nopyrrolo[2,1-f][1,2,4]triazin-7-yl)-3-hydroxypi peri di ne-1-car boxyl
ate NH2 woOThs/®#siti ng materi al PCT/EP2012/062366
7-bronopyrrolo[2,1-f][1,2,4]triazin-4-am ne was synthesi zed according to

t he procedure described in WO 2007/ 056170-A2 (Internmedi ate B).

7-Bromopyrrol of 2, 1- f][l 2,4]triazin-4-anffre (17.29 g, 81 mvl) was

di ssolved in THF ( under_argon at roomtenperatu

Chl or ot ri met HyES F“i %918 ffrz D g5 >, g Fongirged adgePupRgfum ézth@a“@) sofHe 1% ifded,

and t he m xt adehaastusd W:lisl’eedaoﬂsﬂ Wity eRper AtcUdrenfcakirdt kas dR@pyeriabhyd@ss

cool o0 10 ool hFETRRY AINSRLE LAl RIS L0 IOl 2,20, M SR 1 o
h whi |l e war msagindp reg sydichr ttermpdreatiuther pulthenon.t ert - butyI

3- oxopi peridine-1-carboxylate (25.00 g, 121 nmmol, 1.5 eq.) was added, and
stirring waspusonthdteed) Ror s angyhher 16 h. The reactl on was quenched vmth a
1:1 m xture of concentrated aqueous 20 ammnl um chl oride solution and ice
until the p d t t tions
of et hyl acg‘%aal ngne{ 99)“2{ cg |mﬁré§? We%???agrlsian 3(?glgl\rl(\fo%)td]1\{[5?/ r’m}ér
anhydr ous so(ﬁsmafg)carzbkah-az@.za(smamaemma\tféﬁ.to dryness. The title conpound
crystallized upon trituration of the residue with diethyl ether (50 ni).
The crystal SiELSavashed with diethyl ether and dried to give 17.20 g (64%

of th.). 79 - HPLT (e thd2) R = 3.53 mn; LC—NB(rrethodS) R =136
i n; I\/B(ESIP Dhipt Tk = 334 1, (100) [, MB (ESLneg): iz (10)= 332.0
(100) [ M I1] %7 E! ART20 Nz, THB2OVISE) Y b Eridas T q o iy 914),

1.72-1.88 (m 214), 238246(m 5114), 3.02-3.20 (m 1H), 3.44-3.96 (m
4H), 6.58 (d. 114), 6.81 (d, 114). 7.82 (sNH114).

H,C

10

The starting material 7-bromopyrrolo{2,1-f][1,2,4 Jtriazin-4-amine was synthesized according to the

procedure described in WO 2007/056170-A2 (Intermediate B).

7-Bromopyrrolo[2,1-f][1,2,4 Jtriazin-4-amine (17.29 g, 81 mmol) was dissolved in THF (214 mL)
under argon at room temperature. Chlorotrimethylsilane (20.60 mL, 17.63 g, 162 mmol, 2 eq.) was

15  added, and the mixture was stirred at room temperature for 3 h. Then, it was cooled to 0°C, and
2-propyl magnesium chloride (170 mL of a 2.0 M solution in THF, 340 mmol, 4.2 eq.) was added.
The mixture was stirred for further 3 h while warming up to room temperature. Then, fert-butyl
3-oxopiperidine-1-carboxylate (25.00 g, 121 mimol, 1.5 eq.) was added, and stirring was continued
for another 16 h. The reaction was quenched with a 1:1 mixture of concentrated aqueous

20 ammonium chloride solution and ice until the pH value reached 6-7. The mixture was extracted
with two portions of ethyl acetate, and the combined organic extracts were dried over anhydrous
sodium carbonate and concentrated to dryness. The title compound crystallized upon trituration of
the residue with diethyl ether (50 mL). The crystals were washed with diethyl ether and dried to
give 17.20 g (64% of th.).



I ntermedi ate 26A rac-tert-Butyl

344-am no-5-bronopyrrol o[ 2,14][1,2,4]triazin-7-yl)-3-hydroxypi peri di ne-1-
car boxyl awe 2013/@5mt er medi at e 25A (120 ng, 0.36 Mol ) WRETHIPGIQI09Ed6 | N
TI-1F (6.0 nm.) at -20C, and 1, 3-di brono- 5, 5-di nmet hyl hydantoin (51 ng, O0.18
mmol, 0.5 eq.) was added. The m xture was stirred at -20C for 2 h and then
quenched wi th concentrated aqueous sodi uffsulfite solution (0.5 n). Ethyl
acetate was added, the aqueous |ayer was separated, and the organic extract
was dried ovEPLSBRATGAS BT At End evapor ated. The title conpound (148 ny,
95% of th.) was obtained as a light yellow 15solid. HPLC (nethod 1): R =
4.03 mn; LCLOBIY rethhdd): B) = 1R6 mid O (HSilpvs): MB ((ESI3poE Y L00ONMHIAMS ESRe: (90)
and 414.0 (109)0/ Nﬁzzo#k’oﬁg?llﬁjzs' neg): mz (% = 410.0 (100) and 412.0 (85)

EM Hr . Interrre i’at @ t-Butyl 5-
[4-[(trifluoroacet %&amn rolo[ZlfL triazin-7-y
- 3, 6-di hydr oﬁWM&é Mlg oAt é-1 11:4@@?1 i hte! 5. (2§) 328y;402m, 95

rTmD|) was s di §1$0b. medzo@h Py, B diBee (d 16), Bisy (@inPEs1 @r irf)l uer@aegt i ¢ anhydri de
(8.81 nm, 13.10 g, 62.36 mmol, 2.5 eq.) was added slowy, and the reaction

m xture was ftlrrid q% anbi ent tenperature for 16 h. Then, it was cool ed
again to 0C, of di et hyl

rac-tert-Butyl 3-(4-amino-5-bromopyrrolo[2,1-f][1,2,4triazin-7-y1)-3-hydroxypiperidine-1-

carboxylate

H,C

10 Intermediate 25A (120 mg, 0.36 mmol) was dissolved in THF (6.0 mL) at -20°C, and 1,3-dibromo-
5,5-dimethythydantoin (51 mg, 0.18 mmol, 0.5 eq.) was added. The mixture was stirred at -20°C
for 2 h and then quenched with concentrated aqueous sodium sulfite solution (0.5 mL). Ethyl
acetate was added, the aqueous layer was separated, and the organic extract was dried over sodium
sulfate and evaporated. The title compound (148 mg, 95% of th.} was obtained as a light yellow

15 solid.

HPLC (method 1): R = 4.03 min;

LC-MS (method 5): R, = 1.99 min; MS (ESIpos): m/z (%) = 412.0 (90) and 414.0 (100) [M+H]",
MS (ESIneg): m/z (%) = 410.0 (100) and 412.0 (85) [M-H]".

Intermediate 27A

20 fert-Butyl 5-{4-[(trifluoroacetyDamino [pyrrolo[2,1-]{1,2,4 triazin-7-y1} -3,6-dihydropyridine-
1{2H)-carboxylate



5 ether were added. The m xture was stirred at OC while the title conpound
slowy precipitated. The product was finally filtered off and washed with
di et hyl ewbeni13/obkssifiltrate was evaporated in -vacua, aRdTiEPROIRZ@si3dee was
triturated with diethyl ether at 0C giving a second crop of the title
conpound after washing with diethyl ether. The two crops were conbined to
yield 7.80 g (92% pure by HPLC, 76%of tH9) of the title conpound as yellow
crystals. 10HPLC (method 1): R=3.91 mn; LCM (nmethod 7): R = 2.45 mn;
M5 (ESIpos): mz (%= 412.2 (100) [MtH, MS §ESIneg): mlz (%= 410.2 (100)
[MH. NVR (400 MHz, d6-DMS0O): 6 (ppm) =A.48 (s, 9H), 1.92 (m 2H),
3.58 (m 2H), 6.90 (d, 1H), 7.30 (d, 1H),H'8. 03C8.10 (m 1H), 8.42 (s, 1H).
15 nternedi ate 28A rac-tert-Butyl
3-(4-am nopyrrol o[ 2,141[1, 2, 4] tri azi
Internediate 27A (7.80 g, 92%purit
(400 mL). Tri- fluoroacetic acid (6.
(3.16 nmL, 175 mmol, 10 eq.) and 10%

T MPNperi di ne- 1- car boxyl ate
54/ ) was dissolved in nethanol
SN10.0 g, 88 mmol, 5 eq.), water
al | adi um on charcoal (30 ng) were
for 24 h at room5 tenperature and
anbi ent pressure. The catal yst wa removed by filtration, and the
sol vent was evaporated in vacuo, The-dgude product (8.79 g, 75% pure,
guantitative yield) was used in the ne nt ic step without further
purification. FIPLC (nethod 1): R = 3. 84 m ji LC-Ms (nethod 7): 12, =
1.26 nin; M5 (ESIpos): mz (%= 318.3 (10Q) [MHt1]', M5 (ESIneg): 10m z
(%9 = 316.4 (100) [M1-1]-, Internediate 29A 7-[(3R)-Piperidin-3-yl]pyrrolo
[2,1-f] [1,2,4]triazin-4-amne trifluoroacetate NH2 The starting
mat eri al benkydrmediate 25A (8.32 g, 24.95 mmol) was dissolved in pyridine (116 mL) at 0°C. Trifluoroacetic
(R) - 3-(4-am nes b fomny 5 o Ol2sdmfbl 45 g%)‘l\lésra&kﬁé El%lﬁ,’za)ﬁ@me R&LA iR 8ard was
15car boxyl at e Kas been described in WD 2007/ 056170- I nt er medi at e DDD) ,

stirred at ambient temperature for 16 h. Then, it was cooled again to 0°C, and 150 mL of diethyl

5  ether were added. The mixture was stirred at 0°C while the title compound slowly precipitated. The

product was finally filtered off and washed with diethyl ether. The filtrate was evaporated in vacuo,

and the residue was triturated with diethyl ether at 0°C giving a second crop of the title compound

after washing with diethyl ether. The two crops were combined to yield 7.80 g (92% pure by

HPLC, 76% of th.) of the title compound as yellow crystals.
10 HPLC (method 1): Ri=3.91 min;

LC-MS (method 7): Ry = 2.45 min; MS (ESIpos): m/z (%) =412.2 (100) [M+H]", MS (ESIneg):
m/z (%) = 410.2 (100) [M-HJ".

'H NMR (400 MHz, ds-DMSO): & (ppm) = 1.48 (s, 9H), 1.92 (m, 2H), 3.58 (m, 2H), 6.90 (d, 1H),
7.30 (d, 1H), 8.03-8.10 (m, 1H), 8.42 (s, 1H).

15 Intermediate 28A

rac-tert-Butyl 3-(4-aminopyrrolo[2,1-f]{1,2,4 Jtriazin-7-yl)piperidine- 1-carboxylate



- 52 - and trifluoroacetic acid (2.70 nmL). Subsequently, the catal yst was
renoved by filtration, and all volatiles were evaporated in vacuo to give
1.10 g (9s&20f3/00i55)1 of the title conpound. HPLC (et hodP2Y/EPR12/0£238¢@ mi n;
LC-MS (nethod 6): 12, = 0.17 min; M (ESIpos): nmz (%= 218 (100) [ Mr11] +.
511-1 NWMR (400 MHz, d6-DVBS0): 6 (ppm =1.75 (m 2H), 1.92 (m 1H), 2.05
(m 111), 2.93 (m 1I-1), 3.06 (m 1H),-3.31 (d, 1H), 3.50 (d, 1H), 3.57
(m 1H, 6.78 (d, 1H, 7.20 (m 1H, 8.10 (s, 1H, 8.63 (m 111), 8,82 (m
1H), 9.02 (br. s, 1H). Internmediate 30A te T'ZButyI
(3R)-3-(4-am nopyrrol o[ 2,141[ 1, 2, 4] triazi -yfl pi peridine- 1 -carboxylate
NH2 10 CH3 CH3 Internediate 29A (1/10~ ,\5.N06 nmol ) was suspended in
di chl oronet hane (6.60 L), triethyla 'neN(l&E‘S m., 1.13 g, 11.14 mol, 2.20
eq.) was added, and the mixture was sfirred” for 30 min until the starting
material was conpletely dissol ved. n, di-tert-butyl dicarbonate (1.22 g,
5.57 mol, 1.1 eq.) was added, and/ the\Nreaction m xture was stirred for 16
h. Subsequently, 5% aqueous citri & 15aCid was added, the phases were
separated, and the organic |ayer wa ({N}/ﬁcboveéHsodi um sul fate and

3

3

Intermediate 27A (7.80 g, 92% purity, 17.54 mmol) was dissolved in methanol (400 mL). Tri-
fluoroacetic acid (6.76 mL, 10.0 g, 88 mmol, 5 eq.), water (3.16 mL, 175 mmol, 10 eq.) and 10%
palladium on charcoal (30 mg) were added, and the mixture was hydrogenated for 24 h at room
5  temperature and ambient pressure. The catalyst was then removed by filtration, and the solvent was
evaporated in vacuo. The crude product (8.79 g, 75% pure, quantitative yield) was used in the next

synthetic step without further purification.
HPLC (method 1): R = 3.64 min;

LC-MS (method 7): R = 1.26 min; MS (ESIpos): m/z (%) =318.3 (100) [M+H]", MS (ESIneg):
10 m/z(%)=3164 (100) [M-HT".

Intermediate 29A

7-[(3R)-Piperidin-3-yljpyrrolo[2,1-f][1,2,4 Jtriazin-4-amine trifluoroacetate

NH2
S NN
.
x CF,COOH

The starting material benzyl (R)-3-(4-amino-5-bromopyrrolo[2,1-1][1,2,4 Jtriazin-7-yDpiperidine-1-
15 carboxylate has been described in WO 2007/056170-A2 (Intermediate DDD).

1.50 g (3.49 mmol) of this material were hydrogenated for 16 h at room temperature and ambient

pressure in the presence of 10% palladium on charcoal (30 mg) in a mixture of methanol (50 mL)



evaporated. The residue was purified by preparative HPLC (nethod 2). Yield:
595 ng (37%of th.). HPLC (nethod 2): R=4.01 mn; LCM (nethod 5): 121 =
1.54 m n;WhBI(HEBk0s): mz (%= 318.1 (100) [M+H], M5 ( EEITmEPg)12/063386 (%) =
316.1 (100) [MH-. 20NWR (400 MHz, d6-DMSO): 6 (ppm) = 1.38 (s, 9H), 1.45
(m 2H. 1.72 (m 2H), 2.02 (m 214), 2.90 (m 11-1), 3.17 (m 1H), 3.85
(m 11-1), 4.08 (m 1H) 6.47 (d, 114),-&8480 (d, 11- I) 7.58 (br. s, 1H),
.81 (s, 1H). nternedi ate 31A rac-tert-Buty

(4 am no- 5- H}ddﬂ%‘ﬁiﬁa\’%‘f’ 6‘?@ (217011TL)[ §”"2‘3q&j:“[ﬂ?1 59 FaRlyeL y Eﬁplieﬂ%Y@FléPiy rflé‘railo%é?%@kyl ate
NH2 CH3 CH3 {dutiess edicadpera8 A (8w 28zi¢:, 1. 105%0 pu bl th.y of te4it3Bompsodd was di ssol ved
in THF (222 nL) at -20C, and 5 1, 3-di brono-5, 5-di net hyl hydantoin (2.06 g,
7.19 mol ad The m xture was stirred at -20C for 2 h and
t hen quenchegﬁ@?%&hgggcgntggﬂga aqueous sodiumsul fite solution (0.5 ni).

Et hyl acetate was added he aqueous | ayer was separ at ed, and the organic
extract was H‘F%%(“ﬁ%‘i%%d” WA M S ES e a(abor &l W) IMHE - ti t | e compound
(6.30 g, 86%of th.) was obtained as a |light yellow solid. 10LC- M5 (et hod
5): R = 2527'HNNMR (B YHS| £208)S0)n8 2pedg-. 739(61 OHY 80) (anidl).3905. @, (HPQ)93 [(M-H]

MBS (ESI
d6- é3'\/50)neg) ppi) fod (%1512%‘% lﬁ)3 1. 4%81 44 qg 57%4(“%17 71 0((??1%1#@81 98
(m 1H, 2. 95H)($ﬁﬁ(1qﬂ)i)sézg@lgxwogmfs 1h75 (m 11- |) 400 (m 1M, 6. 67
(s, 1H), 7.86 (s, 1H.

Intermediate 30A

tert-Butyl (3R)-3-(4-aminopyrrolo[2,1-f][1,2,4 Jtriazin-7-y)piperidine-1-carboxylate

NH,

" H,C ¢
Intermediate 29A (1.10 g, 5.06 mmol) was suspended in dichloromethane (6.60 mL), triethylamine
(1.55 mL, 1.13 g, 11.14 mmol, 2.20 eq.) was added, and the mixture was stirred for 30 min until
the starting material was completely dissolved. Then, di-fers-butyl dicarbonate (1.22 g, 5.57 mmol,
1.1 eq.) was added, and the reaction mixture was stirred for 16 h. Subsequently, 5% aqueous citric
15 acid was added, the phases were separated, and the organic layer was dried over sodium sulfate and

evaporated. The residue was purified by preparative HPLC (method 2). Yield: 595 mg (37% of th.).
HPLC (method 2): R = 4.01 min;

LC-MS (method 5): R = 1.54 min; MS (ESIpos): m/z (%)= 318.1 (100) [M+H]", MS (ESIneg):
m/z (%) = 316.1 (100 [M-HJ".

20 'H NMR (400 MHz, ds-DMSO): & (ppm) = 1.38 (s, 9H), 1.45 (m, 2H), 1.72 (m, 2H), 2.02 (m, 2H),
2.90 (m, 1), 3.17 (m, 1H), 3.85 (m, 1H), 4.08 (m, 1H), 6.47 (d, 1I1), 6.80 (d, 111), 7.58 (br. s, 11D),
7.81 (s, 1H).



I nt er nedi at e 32A 15tert-Butyl
(3R)-3-(4-am no-5-bronmopyrrolo[2,1-f][1,2,4]triazin-7-yl)piperidine- 1

- car boxy weate13/Ds1ti t| e conpound was prepared in the saoe/Brayi2a623bhe
racem c mxture (Internmediate 31A), starting fromlntermnmedi ate 30A.

Anal ytical data were identical to those shown for Internediate 31A

5 nt er nedi at e 33A -53-

1- (4- Am no-5-bromppyrrolo[2,1-f][1,2,4]triazin-7-yl)-2-chl oroethanone NH2
Cl The conpolfigmsdiatedidnared according to the procedure described in WO
2007/ 056170-A2 (Internediate N, step 1). 10HPLC (nethod 1): R = 4.27 mn;
LC M5B ( net hodicBy-BiRy13-(2-amioFibngmolyB (| &ESI 01018), 4 trintia-7(yPPiper B86-1@arb@G)ateand 290. 9
(100) [ MtFW Ms (ESIneg): mz (%= 287.0 (75) and 288.9 (100) [MI].

I nt er nedi at e 34A

5- Br omo- 7- ( 2- met hyl - 1, 3- t hi azol - 4- yI5"
- 55 - Internediate 33A (100 ng, 0.3
mol, 1.15 eq.) were dis- solved in
reaction vial. The vial was crinp-cap

NH
yrrolof 2, 1-1][1, 2, 4] tri azi n- 4- ani ne
and t hi oacetam de (30 ng, 0.40
ioxane (3.0 nL) in a mcrowave
~ t he

Intermediate 28A (8.28 g, 75% purity, 14.39 mmol) was dissolved in THF (222 mL) at -20°C, and
5 1,3-dibromo-5,5-dimethylhydantoin (2.06 g, 7.19 mmol, 0.5 eq.) was added. The mixture was
stirred at -20°C for 2 h and then quenched with concentrated aqueous sodium sulfite solution
(0.5 mL}. Ethyl acetate was added, the aqueous layer was separated, and the organic extract was
dried over sodium sulfate and evaporated. The title compound (6.30 g, 86% of th.) was obtained as

a light yellow solid.

10 LC-MS (method 5): R = 2.27 min; MS (ESIpos): m/z (%) = 396.0 (80) and 397.9 (100) [M+H]",
MS (ESIneg): m/z (%) = 394.0 (90) and 396.0 (100) [M-H]".

'H NMR (400 MHz, ds-DMSO): 5 (ppm) = 1.35 (s, 9H), 1.40-1.44 (m, 2H), 1.71 (m, 1), 1.98 (m,
1H), 2.95 (m, 1H), 3.20 (m, 1H), 3.75 (m, 1H), 4.00 (m, 1H), 6.67 (s, 1H), 7.86 (s, 1H).

Intermediate 32A

15 tert-Butyl (3R)-3-(4-amino-5-bromopyrrolo[2,1-f][1,2,4 triazin-7-y)piperidine- 1-carboxylate



m xture was heated to 130C for 60 mn in a single-node m crowave devi ce.
After cooling, the 5solvent was distilled off, and the residue was
trituratesowntdnoassetonitrile and filtered. The filtrat epaagprdiizoeasded. The
title conpound was isolated as crystalline solid. Yield: 99 ng (92% of
th.). HPLC (nmethod 1): R=4.00 mn; LCM (nmethod 6): R = 1.05 mn; M
(ESlpos): mz (% = 310.0 (90) and 312 (300) [M11-1] NVR (400 MHz,
d6-DVB0): 6 (ppm 2.71 (s, 3H, 7.20 (s, AH, 8.02 (s, 1H), 8.28 (s, 1H
10l nt er nedi ate 35A 5- Bronp- 7-( 2-etHyI-1,3N hiazol-4-yl)pyrro lo [2,1-f]
[1,2,4]triazin-4-am ne Internediate 0 ng, 0.35 mol ) and
t hi opr opi onam de (32 ng, 0.36 mmol, ¥ eq. N were refluxed in ethanol (3.0
m.) over a period of 4.5 h. After coO\i ng, ;ﬂe m xture was partitioned 15
bet ween et hyl acetate and aqueous sodyum DNCar bonate sol ution. The organic
| ayer was dried over anhydrous sodi sul fate, and the sol vent was
distilled off. The product was dri der vacuumto give 91 ng (0.28 mol,
81% of th.) of the title conpound’\gs off- mhite solid. HPLC (nethod 1): R=
4.30 min; LGM (nethod 7): R = 1. MS (ESlpos): mz (/0) 324.2
(100) and 325.8 (98) [MHf. - 56 - Int & 36A 7-( 2- Ami no- 1 3
-thiazol -4-y1)-5 -bronopyrrolo [2, 1-f] ém;a2|n 4-am ne NH2

HC

The title compound was prepared in the same way as the racemic mixture (Intermediate 31A),
starting from Intermediate 30A. Analytical data were identical to those shown for Intermediate
31A.

5 Intermediate 33A

1-(4-Amino-5-bromopyrrolo[2,1-f][1,2,4 triazin-7-y1)-2-chloroethanone

Br NH2
e \N
\ N A
cl N
0]

The compound was prepared according to the procedure described in WO 2007/056170-A2 (Inter-
mediate N, step 1).

10 HPLC (method 1): Re=4.27 min;

LC-MS (method 5): Re = 1.70 min; MS (ESIpos): m/z (%) = 289.0 (75) and 290.9 (100) [M+HT,
MS (ESIneg): m/z (%) = 287.0 (75) and 288.9 (100) [M-HJ".

Intermediate 34A

5-Bromo-7-(2-methyl-1,3-thiazol-4-yDpyrrolo[2,1-f][1,2,4 triazin-4-amine



N\ yl _ss H2N Internedi ate 33A (100 ng, 0.35 mml) and thiourea (32 ny,
0.41 mmol, 1.2 eq.) were suspended 5 in 1,4-dioxane (3 nL) in a mcrowave
reacti on woabiwoussh was t hen cri np-capped. The m xt ure wra3/Hre@oc3e© 120C
for 60 M in a single-node mcrowave device. Upon cooling, water was added,
and the resulting precipitate was collected by filtration and washed with
di oxane, The off-white solid was dried ufttter vacuumto give 98 ng (91% of
th.) of the title conmpound. I-1PLC (nmethod 1): R = 3.19 mn; 10LC M5
(method 5): R=1,25 mn; M (ESIpos): Bz (9 H, 310. 9 (95) and 312.9 (100)
[ MtH, M5 (ESIneg): mz 0/0= 309.0 (100)\and 0.9 (70) [MF-1]-. "HNWR
(400 MHz, d6-DWVS0): 6 (ppm = 7.17 (s, 2 (s, 1H), 8.07 (s, 1 H.

I nternmedi ate 37A 1- Ne =
14-[ (4- Ami no-5-bronopyrrol o[ 2, 1-f][ 1, 2, 4T ri a®i n- 7- yHret hyl ] pi perazin- 1
-y11-2,2,2-trifluorol5et hanone - 57 - nternedi ate 38A

5- Br ono- 7- ( nor phol i n- 4-yl net hyl ) pyr r ofjo , 141 [1,2,4]triazin-4-amne NH2
The conpound was prepared accordi ng t8.tHe procedure described in WO
2007/ 064931- A2 (Inter-5nediate C) H,C~  °

A

Intermediate 33A (100 mg, 0.35 mmol) and thicacetamide (30 mg, 0.40 mmol, 1.15 eq.) were dis-
solved in 1,4-dioxane (3.0 mL) in a microwave reaction vial. The vial was crimp-capped, and the
mixture was heated to 130°C for 60 min in a single-mode microwave device. After cooling, the
5  solvent was distilled off, and the residue was triturated with acetonitrile and filtered. The filtrate

was discarded. The title compound was isolated as crystalline solid. Yield: 99 mg (92% of th.).
HPLC (method 1): R = 4.00 min;

LC-MS (method 6): R¢= 1.05 min; MS (ESIpos): m/z (%) = 310.0 (90) and 312 (100) [M+H]".
"H NMR (400 MHz, ds-DMSO): 8 (ppm) = 2.71 (s, 3H), 7.20 (s, 1H), 8.02 (s, 1H), 8.28 (s, 1H).

10 Intermediate 35A

5-Bromo-7-(2-ethyl-1,3-thiazol-4-yl)pyrrolo[2,1-f][1,2,4 ]triazin-4-amine

Br NH,
-~ \N
\_N_ -~

Intermediate 33A (100 mg, 0.35 mmol) and thiopropionamide (32 mg, 0.36 mmol, 1.05 eq.) were
refluxed in ethanol (3.0 mL) over a period of 4.5 h. After cooling, the mixture was partitioned
15 between ethyl acetate and aqueous sodium bicarbonate solution. The organic layer was dried over
anhydrous sodium sulfate, and the solvent was distilled off. The product was dried under vacuum

to give 91 mg (0.28 mmol, 81% of th.) of the title compound as off-white solid.
HPLC (method 1): R = 4.30 min;

LC-MS (method 7): R¢= 1.84 min; MS (ESIpos): m/z (%) = 324.2 (100) and 325.8 (98) [M+H]".



I nt er nedi ate 39A

7- (Morpholin-4-ylnmethyl)-5-(4,4,5,5-tetranet hyl-1, 3, 2-di oxabor ol an-2-yl) pyr
rol o[ 2, 1-WP[2013204§1 tri azin-4-am ne 10To a sol ution of PChiEPRORO6ZbE€ 38A
(5.59 g, 17.9 mmol) and bi s(pi nacol ato)di boron (10.0 g, 39.4 mol) in
degassed DVF (120 nL) was added under an argon atnosphere

1, 1' - bi s(di phenyl phosphi no) f err ocene- pat #&di um(11) chloride (786 ng, 1.07
nmmol ) and potassium acetate (7.03 g, 71.6 nmmol). The m xture was heated to
80C for 5 h igmedakbdoled to roomtenperature. tert-Butyl nethyl ether
(100 m.) was added, and the suspension was filtered. The filtrate was
evapor at ed t &(Z5mupytekiszolifdBs-breduced [pi-Esisitieaziandminhe resi due was
purified by flash chromat ography over silica gel (gradient elution from 2%
to 5% net hanol in dichloronmethane) to give 1.3Q. g (20% of th.) of the title
conpound cont ai ni ng sone of the corres di ng| boronic acid derivative. This
product was used wi thout further purificatd o ,CGM (nmethod 6): R = 0.73
mn; M5 (ESIpos): mz (%9 = 360.3 (30) | . -158 - Internediate 40A 5
-[4-( { AN /)

[tert-Butyl (di nethyl)silyl]oxylnmethyl)-3 5-dimluorophenyl]-?-(nDrphoIin-4-y
| methyl)- pyrrolo[2,1-f][1,2,4]triazig am ne 5The title conpound was
obt ai ned by general synthetic nethod/JLj m | nt er nedi ate 38A (200 ngy, 0.64
mol ) and [4-( )
{[tert-butyl(dinethyl)siIyI]oxyInﬁ%%yl)-S,S-difluorophenyIThoronic acid
(314 nmg, 0.77 mmol, 74%purity; prepared by the nmethod of Hattori, Bioorg.

R T

carried out by preparative HPLC od . . ]
LC- M5 pur Pt yingogioxanqyp @i a(ige Heyg r@ytion Riamwliichygas ghep crinyseapped) Pegyixturpvgs (09 =
ﬁg -1 (30) [ Muthio Mo BSEORY) in alnZle (fiemA@Bad (ARO)UpbM:doling, whidt @4nmagidat e

and the resulting precipitate was collected by filtration and washed with dioxane. The off-white

solid was dried under vacuum to give 98 mg (91% of th.) of the title compound.
HPLC (method 1): R =3.19 min;

10 LC-MS (method 5). R. = 1.25 min; MS (ESIpos): m/z (%) = 310.9 (95) and 312.9 (100) [M+H],
MS (ESIneg): m/z (%) =309.0 (100) and 310.9 (70) [M-H]".

'H NMR (400 MHz, ds-DMSO): & (ppm) = 7.17 (s, 1H), 7.52 (s, 1H), 8.07 (s, 1H).

Intermediate 37A

1-{4-[(4-Amino-S5-bromopyrrolo[2,1-f][1,2.4]triazin-7-yymethyl|piperazin-1-yl}-2,2,2-trifluoro-

15 ethanone

Br NH,
e \N
\ NP

The compound was prepared according to the procedure described in WO 2007/056170-A2
(Example 416, step 6).



Met hyl
444-am no- 7- (nor phol i n-4-yl met hyl )pyrrolo[ 2, 1-f][1,2,4]triazin-5-yl1]-2-fluo
robenzoatwo 2013®4551 The title conpound was obtai ned by gemarad12eyisbhet i c
method 1 fromlInternediate 38A (200 ng, 0.64 mmol) and

[ 3-fl uoro- 4- (net hoxycar bonyl ) phenyl ] boronic acid (139 ng, 0.71 mmol),
Purification of the crude product was caftied out by preparative HPLC
(method 3). Yield: 80 ng (32% of 5th.). LCM (nethod 6): R = 0.66 mn; M
(ESI pos): i ntgepediagdBArl (80) [M+H] Internedi ate 42A

444- Am no- 7- (nor phol i n-4-yl met hyl ) pyrrol o[ 2,1-f][1, 2,4]triazin-5-yl]benzald
ehyde 10To &Bswoiotit-(n@rpholin-4-pitnethpiipdiralbl@, 138 A2.¢ BOQinsgpmi@®. 96 mMmol ) in degassed
DMF (9.0 nlL) was added (4-fornyl phenyl)boronic acid (216 ng, 1.44 nmmol),
tetraki s(triphenyl phosphi ne) pal | adi um(0). (111 %0. 1 nmmol) and 2 M aqueous
sodi um car bonate solution (2.4 nL). The™g xtur s heated to 90C under
argon for 17 h, then cooled to roomtenpe ,qnd directly purified by
preparative HPLC (nethod 3), Yield: 150 W46% f th.). 15LC- M5 (nethod
6): R=0.44 min; M5 (ESIpos): mz (%= N2 ) [MtH. - 60 -

| nt er nedi at e 43A 5- Brono- 6- net hyl - nmor phol i n*4-yl nmet hyl ) pyrrolo [2, 141
[1,2,4]triazin-4-am ne NH2 N

N

The compound was prepared according to the procedure described in WO 2007/064931-A2 (Inter-

5  mediate C).

Intermediate 39A

7-(Morpholin-4-ylmethyl}-5-{4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrrolo[ 2,1-{][1,2,4]-

H.C
H,C 3 CH,

triazin-4-amine

/
O\B NH2
< \N
\ - A

10 To a solution of Intermediate 38A (5.59 g, 17.9 mmol) and bis(pinacolato)diboron (10.0 g, 39.4
mmolj in degassed DMF (120 mL) was added under an argon atmosphere 1,1'-bis(diphenylphos-
phino)ferrocene-palladium(Il} chloride (786 mg, 1.07 mmol} and potassium acetate (7.03 g, 71.6
mmol}. The mixture was heated to 80°C for 5 h and then cooled to room temperature. rert-Butyl
methyl ether (100 mL) was added, and the suspension was filtered. The filtrate was evaporated to

15 dryness under reduced pressure, and the residue was purified by flash chromatography over silica
gel (gradient elution from 2% to 5% methanol in dichloromethane) to give 1.30 g (20% of th.} of
the title compound containing some of the corresponding boronic acid derivative. This product was

used without further purification.

LC-MS (method 6): R = 0.73 min; MS (ESIpos): m/z (%) = 360.3 (30) [M+H]".



The conpound was prepared according to the procedure described in WO

2007/ 056170-A2 (Inter-5nediate 0). Internediate 44A 1- [(4-Am nopyrrolo
[2,1 -f] WO.2213400855Lazi n- 7-y Hret hyl ] pi peridi n-4-o0l NH2 PCT/EP2012/062366
4-1-1ydroxypi peridine (3.62 g, 35.8 nmol) and 37% formalin solution (2.9 g,
35.8 mmol) were dis- 10 solved in acetic acid (150 nL) and stirred at room
tenperature for 1 h. To this solution was®added a sol ution of
pyrrolo[2,1-f][1,2,4]triazin-4-amine (2.0 g, 14.9 muol; prepared according
to the proce £ 4bed in WD 2007/056170-A2, Internediate A) in acetic
acid (150 nL), and the m xture was stirred at 60C for 2 h. The sol vent was
t hen evapor at-€d({[ranButyhigmetigdsitillexyasthtlak ediflupropian2PD(nmiphofin-4-ylmethyl)-

hal f - concent 16146, of assi um bi carbonate solution and extracted with
200 nmL 15 di@ﬁ%gg%ﬁgpﬁgﬁg?ﬂ¥%%§%%ganic | ayer was washed with water (2 x 50
m.) and di scarded. The conbi ned ggyeous | ayers were evaporated to dryness,
and the residue was treated withH 10CH, m xture of dichl oronet hane and

met hanol (2 x 100 nl). The orgad iL@ﬁﬁs wer e evaporated, and the
residue was purified by preparatjye HRL ¢method 4) to give 1.16 g (15% of
th.) of the title compound. -61°% |FOT™R (400 MHz, d6-DVSO): 6 (ppm =
1.35 (br. m 2H), 1.67 (br. m 2H), 2.07 H, 2.70 (hr. m 2H), 3.38
(br. m 111), 3.75 (s. 2H), 4.51 (br,g 6.52 (d, 11-1), 6.84 (d, 114),
7.62 (br, 214), 7.82 (s, 1H). Interned ‘

51-[ (4- Am no-5-bronopyrrolo[2,1-f][1, 2
NH2 HO

5  The title compound was obtained by general synthetic method 1 from Intermediate 38A (200 mg,
0.64 mmol) and [4-({[fers-butyl(dimethyl)silyljoxy} methyl}-3,5-difluorophenyl|boronic acid (314
mg, 0.77 mmol, 74% purity; prepared by the method of Hattori, Bioorg. Med. Chem. 2006, 14,
3258-3262). Purification of the crude product was carried out by preparative HPLC (method 3).
Yield: 110 mg (32% of th., LC-MS purity 92%).

10 LC-MS (method 6): R, = 1.18 min; MS (ESIpos): m/z (%) = 490.1 (30) [M+H]", MS (ESIneg): m/z
(%) =488.3 (100} [M-HJ".

Intermediate 41 A

Methyl 4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,1-f][1,2,4 triazin-5-y1]-2-fluorobenzoate



I nternediate 44A (1.10 g, 4.45 mml) was dissolved in DVF (16.5 nL) and
cooled to -20C. 1, 3- Dibrono-5, 5-di net hyl hydantoin (636 ng, 2,22 mmol) was
added evew9 20/a04351i n about 100 ng portions. Subsequent PZT/HPR@2/062866r € was
stirred at roomtenperature for a further hour and was then 10directly
purified by preparative HPLC (method 4). Yield: 0 61 g (42% of th.). LC M
(method 4): R=0.75 min; M5 (ESIpos): e (% = 326.0 (30) [MtH, M
(ESIlneg): mz (%9 = 324.0 (100) [MH. NVR (400 MHz, d6-DMSO): 6 (ppm =
1.35 (hr. m 211), 1.67 (br. m 214k) ®8 (t, 211). 2.68 (hr. m 2H), 3.39
(hr. m 1H), 3.74 (s. 2H), 4.51 QQE ), 669 (s, 1H), 7.86 (s, 1H

151 nt er nedi ate 46A
1-[ (4- Ami nopyrrol o[ 2,1-1][1, 2,4]tri azi | ) met hyl ] pyrrolidin-3-o0l NH2
3-Pyrrolidinol (1.56 g, 17.9 mmol) and sforgglin solution (1.45 g, 17.9
mmol ) were dissolved in acetic acid (75™™.) ang stirred at roomtenperature
for 10 mn. To this solution was added a 'ISO i on of
pyrrolo[2,1-f][1,2,4]triazin-4-amine (2.9 G;714.°9 nmol) in acetic acid (75
m.), and the - 62 - m xture was stlrred at_p0CHor 4 h. After evaporation,
the residue was taken up in 200 nL 1 N aqueNus pot assi um car bonat e
solution and extracted with ethyl ace ¢ (3 x 200 nm.), The conbi ned
organic | ayers were washed with bdj ne,/ dried over magnesi um sul fate and
concentrat ed under reduced pressure—The residue was purified by
preparative HPLC (nethod 4) to give 390 ng (11% 50f th.) of the title

d. L : : (%o T 2 (20
v (e Cgﬁbéﬁn& VI&%@% obRﬁxi%Q ge?ir s?n {Jh}@ﬂéﬁ!ﬁz’?‘& PRSh Int%%dlﬁi%8 a%g?%ﬂ( )
d6- DVS0) : 6 Q%mno& and @glu()ﬁ)ﬁ (mghoxyeprbony higgny jproniq 49id (139 3y, Qa]dmmp];.bpunfé 44
(dd, 1H). 2.6 the c;tih@l)rodu%t \ng chieheld odﬂflﬁrepa&n%‘l{mme%wé Yl@ld]-@?&%@l”? bt 1),

4.65 (d, 111), 6.52 (d. IH, 6.83 (d, 10114), 7.61 (br, 214)
114) . ).

LC-MS (method 6): R, = 0.66 min; MS (ESIpos): m/z (%) = 386.1 (80) [M+H]".

Intermediate 42A

4-[4- Amino-7-(morpholin-4-ylmethyl)pyrrolo[2,1-f][1,2,4 triazin-5-yl]benzaldehyde

O
H
NH2
o — N
@

[y
-

10 To a solution of Intermediate 38A (300 mg, 0.96 mmol) in degassed DMF (9.0 mL) was added
(4-formylphenyDboronic acid (216 mg, 1.44 mmol), tetrakis(triphenylphosphine)palladium(0)
(111 mg, 0.1 mmol) and 2 M aqueous sodium carbonate solution (2.4 mL). The mixture was heated
to 90°C under argon for 17 h, then cooled to room temperature and directly purified by preparative

HPLC (method 3). Yield: 150 mg (46% of th.).

15  LC-MS (method 6): R = 0.44 min; MS (ESIpos): m/z (%) = 338.2 (30) [M+H]".



Internediate 47A |- [(4-Am no-5-bronmopyrrolo [2,1-f] [1,2,4]triazin-7-yl)m
ethyl]pyrrolidin-3 -ol NH2 Internediate 46A (0.9 g, 3.86 mmvl) was

di ssol vedwDreoDB43514. 2 nL) and cooled to -20C. 1, 3- 1 5PCT/EP2012/062366

Di brono- 5, 5-di met hyl hydantoin (606 ng, 2.12 nmol) was added every 10 min in
about 100 ng portions, and stirring was continued at roomtenperature for 1
h. The mixture was partitioned between 1% aqueous potassi um bi car bonat e
solution (50 nmL) and ethyl acetate (100 nlL), The aqueous |ayer was
extracted wi IBerBRdaRASA o1 tjon of ethyl acetate (100 nl) and then with

di chl oronet hane (100 nlL). The conbi ned organic |ayers were dried over
magnesi um sub-Bate-andhgvdpopbelin26tedhyandld hée-ff €54 ]diaen-wasinpur i fi ed by
preparative HPLC (nethod 4). Yield: 0 44 g (37% of th.). LCGMs (nethod 6):
R, =0.21 min; M5 (ESIpos): mz (% 3140(];@.@2) [I\/HrFI] NVR (400 MHz,
d6-DMS0): 6 (ppm) = 1.50 (br. m 114) Pros ( 2.34 (dd, 114), 2.45
(m IH, 2.60 (m 114), 2.70 (dd, 114), 3 214) 4.15 (br. 114),
4.65 (d, 111), 6.71 (s, 114), 7.86 (_|sC ) mj I nt er redi at e 48A
14( 4- Am nopy-rrol o [ 2, 14] [124]tr|a2|n- \) hyl ] pi peri di n-3-0l NH2
The title conpound was prepared i al o N'nt er nedi at e 46A with

3- hydr oxypi peri di ne N

The compound was prepared according to the procedure described in WO 2007/056170-A2 (Inter-
5  mediate O).

Intermediate 44A

1-[(4-Aminopyrrolo]2,1-f][1,2,4 |triazin-7-yymethyljpiperidin-4-ol

NH2
~I . N
@

4-Hydroxypiperidine (3.62 g, 35.8 mmol) and 37% formalin solution (2.9 g, 35.8 mmol) were dis-

10 solved in acetic acid (150 mL) and stirred at room temperature for 1 h. To this solution was added a
solution of pyrrolo[2,1-f][1,2,4]triazin-4-amine (2.0 g, 14.9 mimol; prepared according to the pro-
cedure described in WO 2007/056170-A2, Intermediate A) i acetic acid (150 mL), and the mix-
ture was stirred at 60°C for 2 h. The solvent was then evaporated, and the residue was taken up in
200 mL of half-concentrated aqueous potassium bicarbonate solution and extracted with 200 mL

15 dichloromethane. The organic layer was washed with water (2 x 50 mL) and discarded. The com-
bined aqueous layers were evaporated to dryness, and the residue was treated with a 10:1 mixture
of dichloromethane and methanol (2 x 100 mL}. The organic extracts were evaporated, and the
residue was purified by preparative HPLC (method 4) to give 1.16 g (15% of th.) of the title com-
pound.

20 LC-MS (method 7): Re = 0.18 min; MS (ESIpos): m/z (%) = 248.3 (30) [M+H]", MS (ESIneg): m/z
(%) =246.5 (100) [M-H]".



5 (1.80 g, 17.9 mml ) as starting material, After concentration of the
reaction mxture, the residue was taken up in saturated aqueous potassium
car bonat eweabustdogssiand extracted with 300 nl di chl or onerharP2012I062366 gani
| ayer was washed with brine, dried over magnesi um sul fate and concentrated
under reduced pressure. The residue was purified by preparative HPLC
(et hod 4) to glve 650 ng (18% of th.) o?lthe title compound. 10LC-MB
(et hod 6): ES| pos) : 0 = 248, 2 (60
(300 Mz, a6 DVEE) OGP ATy SabTh LR 7. (i ) 500 553 m
1H, 1.74 (nwrai4n)33888IﬁU}DIF%(szHﬁasqbﬁ,ﬂ{g652uhﬁJU2ﬂa3d0Hn7fudmrﬂﬁﬂ,
3.41 (br. %fp 78 (dd 2H), 4.54 (d, 1H), 6.52 (d. 1H), 6.84 (d. 1H
7.61 (br, Fﬁ I nt er redi at e 49A
1514( 4- Am no- 5- bronnpyrrolo[2,1-f][1,2,4]triazin-7-y|)nethy|]piperidin-3-o|
NH2 | n anal obyermadiptedShr eparati on of Internediate 47A, the title conpound
was prepared fromliInternedi ate 48A (690 ng, 179 nmmol) to give 348 ngy (93%
LC- M5 pur kt yi-[(36%ifs5-bbmppyablol2herpp adtietn-af nefhy Dpipdrilinciadli on by preparative
HPLC (method 4). - 64 - LC-MS (nmethod 4): R=0.85 mn; M5 (ESIpos): niz
(%= 226.0 (100) [MtH , M (ESIneg): mz (% = .9 (70) [MH. 114
NVR (400 MHz, d6-DMBSO): 6 (ppm 0.99 (P 1H), 11237 (m 1H), 1.57 (br. m
1H, 1.74 (m 2H), 1.89 (m 114), 2.66 (br. , 2.81 (br. m 114),
3.41 (hr. m 1H), 3.77 (dd, 214), 4.54 (d, \I‘) .70 (s, 1H), 7.86 (s,
114). Internedi ate 50A 1-( {4- Am no-5444 { yl (di met hyl ) silyl]oxy}
nmet hyl ) - 3, 5-di f| uor ophenyl ] pyrrol o[ 2 1,2,4!triazin-7-y||

was obt ai ned by general

nmet hyl ) pi peridin-3-01 10The title
synthetic nethod 1 from I ntermagh (200 ng, 0.61 mml) and [44

| Itert-butyl (di methyl)silyl]oxylnmeth - 3, 5-di fl uor ophenyl Thoronic acid
(222 ng, 0.74 mmol; prepared by the nmethod of Hattori, Bioorg. Med. Chem

2006, 14, 32&%11%@%@4%)44&111&@{9404@%5&3) M s dtsme@ﬁmF@rmgg a8 183 hhedgut by
preparative HPLC (nethod 3 Yi el 50% of th.). 15LC-MS (nethod

7): 12, = 1. g%)rorlﬁoh‘i 3- %et&mﬁgdﬁt&@? .(63ﬁ.[n%g g% mmo Ovs fdd(e(ieﬁ)’y t m]m about %OO mg

portions. Subsequently, the mixture was stirred at room temperature for a further hour and was then

10 directly purified by preparative HPLC (method 4). Yield: 0.61 g (42% of th.).

LC-MS (method 4): R, = 0.75 min; MS (ESIpos): m/z (%) = 326.0 (30) [M+H]", MS (ESIneg): m/z
(%) =324.0 (100) [M-HT".

'H NMR (400 MHz, ds-DMSO): & (ppm) = 1.35 (br. m, 2H), 1.67 (br. m, 2H), 2.08 (t, 2H), 2.68
(br. m, 2H), 3.39 (br. m, 1), 3.74 (s, 2H), 4.51 (br, 1H), 6.69 (s, 1H), 7.86 (s, 1H).

15 Intermediate 46A

1-[(4-Aminopyrrolo[2,1-T][1,2,4 triazin-7-ylymethyl jpyrrolidin-3-ol

NH2
I - N
.9

HO
O
3-Pyrrolidinol (1.56 g, 17.9 mmol) and 37% formalin solution (1.45 g, 17.9 mmol) were dissolved

in acetic acid (75 mL) and stirred at room temperature for 10 min. To this solution was added a

20 solution of pyrrolo[2,1-f][1,2,4]triazin-4-amine (2.0 g, 14.9 mmol) in acetic acid (75 mL), and the



114 NVR (400 MHz, d6-DVS0): 6 (ppnm) = 0.11 (s, 614), 0.86 (s, 9H), 1.01 (m
114), 1.40 (hr. m 1H. 1.59 (hr. m 114). 1.77 (m 214), 1.94 (m 114).
2.72 (hr.wopoBly5512. 87 (hr. m 1H), 3.43 (m 114), 3. 8PC{aub012/02366l. 55 (d,
1H), 4.74 (s, 214), 6.75 (s, 1H), 7.18 (dd, 214), 7.95 (s, 1H).
Internediate 51A - 65 - OH The preparation of the starting materi al
tert-butyl 3-(4-anino-5-bronopyrrolo[2,1%1{1,2,4]triazin7-yl)pyrrolidine-1
-carboxyl ate has been described in WO 2007/ 056170- A2 (Internegiate I%{

This conpounB™{E0™#g e 8 6" hrith ) M wils™ YERpIEY NgcesiHe i AfeB U &neP A1 ¥ynt het i ¢
met hod 1 wi t imqubdunp@isiied icab@at Aol atipxtr&ted Fitheml 1, acelatd(3@Q0) mLT e @mbtlel
product was purifjed by pr rative HPLC (nethod. 2 ive 67 84% of
Phoy ot the DHElES S MRt Ve hish o5 Mg wife i Srehd™ bihoc
7): R = 1. 66dwehpredBe.(IESkpds) wasmphziic(dy predatgive HPLO OhethioNivio, ¢iwB 9¢ ESKHeq) :
mz (%= g1440§h_§g{Q1QA)ﬁﬂLM“§ﬂOand. 1011-1 NWMR (400 MHz, d6-DVBO): 6 (ppm = 1.39
(s, 914), 2.10 (m 1H, 2.33 (m 1H), 3.37 (m 2H), 3.46 (m 1H), 3.70-3.89

(m 2H), 4.51 (s, 2H), 6.80 (s, 1H), 7.15 2H), 8.03 (s, 1H). .

[t er et ai oF69R ALK 87 R gl Tt gu ) 2 b 50 T e

- di f1 uor o- 4- (chydnexymet wh)yphenyl ] pyrrolo [2,1-f] [1,2,4]triazin-7- yl 1 -3
- hydr oxypi peridine- 1 -carboxylate OH

'H NMR (400 MHz, ds-DMSO): 3 (ppm) = 1.50 (br. m, 11), 1.94 (m, 1H), 2.34 (dd, 1H), 2.44 (dd,
1), 2.60 (dd, 1H), 2.71 (dd, 110, 3.84 (dd, 2H), 4.15 (br, 1H), 4.65 (d, 1H), 6.52 (d, 1H), 6.83 (d,
10 1H), 7.61 (br, 2H), 7.82 (s, 1H).

Intermediate 47A

1-[{4-Amino-5-bromopyrrolo[2,1-f]{1,2,4]triazin-7-ylymethyl pyrrolidin-3-o0l

Br NH,
<= \N
L

HO
\GN
Intermediate 46A (0.9 g, 3.86 mmol) was dissolved in DMF (14.2 mL) and cooled to -20°C. 1,3~
15 Dibromo-5,5-dimethylhydantoin (606 mg, 2.12 mmol) was added every 10 min in about 100 mg
portions, and stirring was continued at room temperature for 1 h. The mixture was partitioned
between 10% aqueous potassium bicarbonate solution (50 mL) and ethyl acetate (100 mL). The
aqueous layer was extracted with another portion of ethyl acetate (100 mL) and then with dichloro-

methane (100 mL). The combined organic layers were dried over magnesium sulfate and evapora-

20 ted, and the residue was purified by preparative HPLC (method 4). Yield: 0.44 g (37% of th.).
LC-MS (method 6): R¢= 0.21 min; MS (ESIpos): m/z (%) = 314.0 (100) [M+H]".

'H NMR (400 MHz, ds-DMSO): & (ppm) = 1.50 (br. m, 111), 1.95 (m, 1H), 2.34 (dd, 1T1), 2.45 (m,
1H), 2.60 (m, 1H), 2.70 (dd, 1H), 3.84 (dd, 2H0), 4.15 (br, 1H), 4.65 (d, 1H), 6.71 (s, 1H), 7.86 (s,
1H).



I nt ermedi ate 26A (148 ng, 0.35 mml) and

(4- brono- 2, 6-di fl uorophenyl ) net hanol (75 ng, 0.34 mml) were coupl ed
accor di ngvoaogenessal synthetic method 2. Purification ofCriP2enrodsepr oduct
was carried out using preparative HPLC (nmethod 2). Yield: 46 ng (28% of
th.). 5HPLC (nmethod 3): R =3.90 min; LCM (nethod 7): 12, = 1.56 mn; M
(ESlpos): mz (%= 476.2 (100) [MH], MSP{ESIneg): mz (%= 474.2 (100)
[MH . 11-1 _NI\/R£400 MHz, d6-DMSO): 6 (ppm = 1.22-1.58 (m 10H),
1,80 (m 2H)Inteymedia 1H), 3.48 (m 111), 3.62 (m 1H), 3.74 (m 1H), 4.00
(m 1H), 4.52 (m 214). 5.39 (t. 1H), 6.78 (s, 11-1), 7.10 10(m 2H), 7.94
(s, 1H). I nt &fERdiiaperdFAlHEr1.4]Batiyd7-ylymethyl]piperidin-3-ol

4-14- am no- 544- ( hydr oxynet hyf | phenylipyrrolo[2,1-f][1,2,4]triazin-7-yll

pi peridine- 1 - carboxylate - 67 - OH The stay4ing material tert-butyl

4- (4- ani no-5- bromopyrrol o[ 2, 1-11[ 1, 2, 4] tri azi n-[7-yppi peri di ne- 1-

carboxyl ate was prepared according to the e described in WO

2007/ 056170- A2 (Exanple 1, step 3). 5Thi oungd (400 ngy, 1.01 mml) was
then reacted wi th 4-(hydroxynet hy ) phenyl {czacid (184 ng, 1.21 nmol,

1.2 eq.) according to general synt C hod N. The crude product was
purified by preparative HPLC (nethpd 2)N
=4

gi ve 326 mg (76% of th.) of the
title conpound. HPLC (nethod 2): 07 mn;

The title compound was prepared in analogy to Intermediate 46A with 3-hydroxypiperidine
5 (1.80g, 17.9 mmol} as starting material. After concentration of the reaction mixture, the residue
was taken up in saturated aqueous potassium carbonate solution and extracted with 300 mL
dichloromethane. The organic layer was washed with brine, dried over magnesium sulfate and
concentrated under reduced pressure. The residue was purified by preparative HPLC (method 4) to

give 650 mg (18% of th.) of the title compound.
10 LC-MS (method 6): R = 0.16 min; MS (ESIpos): m/z (%) = 248.2 (60) [M+H]".

'H NMR (400 MHz, d;-DMSO): & (ppm) = 0.99 (m, 1H), 1.37 (br. m, 1H), 1.57 (br. m, 1H), 1.74
(m, 2H), 1.88 (t, 1H), 2.68 (br. m, 1H), 2.83 (br. dd, 1H), 3.41 (br. m, 1H), 3.78 (dd, 2H), 4.54 (d,
1H), 6.52 (d, 1H), 6.84 (d, 1H), 7.61 (br, 2H), 7.82 (s, 1H).

Intermediate 49A

15 1-[(4-Amino-5-bromopyrrolo[2,1-f][1,2,4 triazin-7-yD)methyl jpiperidin-3-ol

Br NH,
o N N
HO \ N

In analogy to the preparation of Intermediate 47A, the title compound was prepared from Inter-
mediate 48A (690 mg, 2.79 mmol) to give 348 mg (93% LC-MS purity, 36% of th.) of the product
after purification by preparative HPLC (method 4).



LC-M5 (nmethod 6): R = 1.06 nin; M5 (ESIpos): mz (%= 424.3 (100) [MH",
MS (ESIneg): 10//viz (%= 4223 (100) [MH -. 114 NVR (400 Mz, d6-DMVBSO): 6
(ppm) = IWD20W/@E5(m 211), 1.92-2.00 (m 2H), 2.89 (br PCEEP2M4)62386 10 (m
1H). 3.28-3.37 (m 2H). 4.06 (d, 2H), 4.60 (s, 214), 6.68 (s, 114), 7.47
(

s, 514), 8.02 (s, 114). Internediate MA rac-tert- Butyl 3-14-am no-5
[3,5 - dlfluoro4(hydroxyrrethyl)phenyl]@‘ﬁnrolo[2 1-f] [1,2,4]triazin-7- 1
5yl 1 piperidine- - car boxyl a r medi_at e

n 0 ng, 0.39
mmol ) and |n%%%%@?e&%‘%&t(f%%M%(%SiPOFﬁT@rZ(@ §°6e%(1)00M%1 Ir McESHee):
accor di ng t omgener al3.sgynthetj.c nethod 1 yielding 130 ng (72% of th.) of the
title conpound after purification by preparative HPLC (nmethod 2). 5HPLC

t hod 3 : th 1 iR, NS I :
E%} el (?bléﬁ“ﬁ[( ﬁfﬂb df\)%ﬁ(sgiﬁﬁ”e %96&“(3%8 %@T’%H{pﬁ%)(br'[ﬁll%ﬁ]l%s&”’
(400 WVHz, d62IDVBEH (m, BHY, pparjbr.om, 1HBA.8( sb,r 9 1HY, 3.41 (A48n,(1hy), 3277 19d, 21D, .44 @mID211) ,
2.93 (m ;11g7o(§ @g 7(g51( h9 3.85 (m4.11 (m H), 4,53 (s, 2H), 6.78 (s,
1i-1), 7.12 1H). 10Internedi ate 55A tert-Butyl
3R34amn05435dfl oro4 hydr oxynmet hyl ) phenyl rrolo[2,1-f][1,2,4
](tr|)a2| E\? yllgéﬁ—g’éﬁi%—%l- lu-car boiy?/at eXyO-l e yiipy | I

1-({4- Amino-5-[4-( {[tert-butyl(dimethyl}silyljoxy} methyl)-3,5-difluorophenyl jpyrrolof2,1-f]-
[1,2,4]triazin-7-yl} methylpiperidin-3-ol

10 The title compound was obtained by general synthetic method 1 from Intermediate 49A (200 mg,
0.61 mimol) and [4-({[tert-butyl{dimethyl)silyljoxy}methyl}-3,5-difluorophenyl|boronic acid (222
mg, 0.74 mmol; prepared by the method of Hattori, Bioorg. Med. Chem. 2006, 14, 3258-3262).
Purification of the crude product was carried out by preparative HPLC (method 3). Yield: 153 mg
(50% of th.).

15  LC-MS (method 7): R, = 1.55 min; MS (ESIpos): m/z (%) = 504.1 (100) [M+H]".

'H NMR (400 MHz, ds-DMSO): & (ppm) = 0.11 (s, 6H), 0.86 (s, 9H), 1.01 (m, 1H), 1.40 (br. m,
1H), 1.59 (br. m, 1H), 1.77 (m, 2H), 1.94 (m, 1H), 2.72 (br. m, 1H), 2.87 (br. m, 1H), 3.43 (m, 1H),
3.82 (dd, 2H), 4.55 (d, 1H), 4.74 (s, 2H), 6.75 (s, 1), 7.18 (dd, 2H), 7.95 (s, 11).

Intermediate S1A

20 rac-tert-Butyl 3-{4-amino-5-[3,5-difluoro-4-(hydroxymethyl)phenylipyrrolo[2,1-f]{1,2,4]triazin-7-
yl}pyrrolidine-1-carboxylate



The enantionerically pure R-isonmer was synthesized by coupling Internediate

32A (115 ng, 0.28 mml) with (4-brono-2, 6-difluorophenyl)nethanol (76 ng,

0. 33 mMmmolwo2oB/mess) according to general synthetic net hedTXP20d2zebzdse 48 ny

(38% of th.). HbAlternatively, the title conpound was obtai ned by separation

of the racem c conpound from I nternedi ate 54A (40 ng) using preparative

chiral HPLC [colum: chiral silica gel pfhase based on the sel ector

pol y( N- net haeryl oyl -L-1 euei ne-tert-butylam de), 250 mm x 20 nmm el uent:

et hyl acetate/isohexane 4:1; flow rate: 20%"L/ nin; UV detection: 260 nm .

Yield: 20 ng (R-isoner). Anal ytical chyral pHPLC [colum: chiral silica

gel phase based on the sel ector

pol y( N- net hacryl oyl 10L-1 euei ne-tert-bb

et hyl acetate/isohexane 4:1; flow rate: 1}
5.68 mn; e.e. >99.5. HPLC (nethod 3):
1.17 mm WM (ESIpos): mz (%= 460.1 (100)

e), 250 mmx 4 mm eluent:

in; detection: 260 nnj: R
= ymn, LCM (nmethod 6): R
= ], M5 (ESIneg): tn/lz (%
= 458.1 (100) [MH . 15NVR (400 MHz, d6-DWVSO)™T6 (pPpm = 1.39 (s, 911),
1.48 (m 211), 1.74 (m 2H), 2.93 (m 111),\3.% 1H), 3.85 (m 1H),
4.11 (m 1H), 4.53 (s, 2H), 6.78 (s, 114), 7712 N7 2H), 8.02 (s, 11-1).

I nt erredi ate 56A COH

H.C

ey Y

The preparation of the starting material fert-butyl 3-(4-amino-5-bromopyrrolof2,1-f][1,2,4 Jtriazin-
7-yDpyrrolidine-1-carboxylate has been described in WO 2007/056170-A2 (Intermediate T).

This compound (60 mg, 0.16 mmol) was coupled according to general synthetic method 1 with
5  Intermediate 2A (47 mg, 0.17 mmol, 1.1 eq.). The crude product was purified by preparative HPLC
(method 2) to give 67 mg (84% of th.) of the title compound.

HPLC (method 2): R = 4.08 min;

LC-MS (method 7): R = 1.66 min; MS (ESIpos): m/z (%) = 446.2 (100) [M+H]", MS (ESIneg):
m/z (Yo) = 444.3 (100) [M-H]J".

10 '"H NMR (400 MHz, ds-DMSO): § (ppm) = 1.39 (s, 9I), 2.10 (m, 1H), 2.33 (m, 1), 3.37 (m, 2H),
3.46 (m, 1H), 3.70-3.89 (m, 2H), 4.51 (s, 2H), 6.80 (s, 1H), 7.15 (m, 2H), 8.03 (s, 1H).

Intermediate 52A

rac-tert-Butyl 3-{4-amino-5-[3,5-difluoro-4-(hydroxymethylyphenylipyrrolo{2,1-f]{1,2.4]triazin-7-
vl -3-hydroxypiperidine-1-carboxylate



The enantionerically pure S-isonmer was obtained by separation of the

racem c conpound fromlInternedi ate 54A (40 ng) using preparative chiral
HPLC as owecnidmedssior | nternmedi ate 55A. Yield: 19 ng ( SPCI@EPRE1R/062366

SAnal ytical chiral HPLC [colum: chiral silica gel phase based on the

sel ector poly(N-nethacryloyl- L-leucine-tert-butylamde), 250 mMm x 4 mm
eluent: ethyl acetate/isohexane 4:1; floWrate: 1 nml/min; UV detection: 260
nm: R=7.87 mn; e.e. >99.5. HPLC (pethod 3): R = 4.23 mn; LC MS
(method 6): 121 = 1.17 min; M5 (ESlIpgs): mz (%9 = 460.1 (100) [ M+H, M5
(ESIneg): 10mz (9% = 458.1 (100) [ F NVR (400 MHz, d6-DMVBS0O): 6
(ppm = 1.39 (s. 911), 1.48 (m 21- Y. 74 (m 211), 2.93 (m 1I-1), 3.22
(m 1H), 3.85 (m 1H), 4.11 (m A% 53 (s. 2H), 6.78 (s, 114), 7,12 (m
214), 8,02 (s. 111). Internedi ate 5
[ 2- Fl uoro-6-nethyl -4-(4, 4,5, 5-tetranethyl- 1N§'22 di oxabor ol an- 2-yl ) phenyl ] ne
thanol 0 0 H3C H3CCH3 (4 Br onp- 2- f | udro- 6-Et hyl phenyl ) net hanol (2.0 g,
9.13 mmol ) was dissolved in 1, 4-di oxang 0.3"‘1‘11) in a mcrowave reactor
vial, and the solution was flushed w t¥\ a gons Then, bi s(pi na-

col ato) di boron (2.43 g, 9.59 muol) ,HO N

1, 1' - bi s(di phenyl phosphi no)ferrocene-pql | adiun(11) chloride 5 (298 ng, 0.37
nmol ) and potassium acetate (1.34 g/ 13N7 mmol) were added, the reaction
vessel was crinp-capped, and the m ¢ was heated to 130C for 1 hin a

si ngl e-node m crowave device, After the reacti on m xture was
filtered and the filtrate was evaporated Tﬁ Ebi due was treated with

cycl ohexane (100 nL) and stirred for 10 ann. @Hsol ution was filtered
again, the filtrate was evaporated, and théi.fesi diie was purified by

chr omat ogr aphy (B| otage 25Msilica car- 10 tri dge di chl oronet hane at 15
m/mn flowrate Fracti ons cont ai ni n he ti conmpound. wer e_conbi ned
and evapor at BT 19d 111 e BORPULHE PSEaf DiirraBNe LGS ead

yel | ow sol i dmndl) ¥8re@oup@A%ocoiidink I deneral synthetic method 2. Purification of the crude product was
carried out using preparative HPLC (method 2). Yield: 46 mg (28% of th.).

5  HPLC (method 3): R, = 3.90 min;

LC-MS (method 7): Ry = 1.56 min; MS (ESIpos): m/z (%) =476.2 (100) [M+H]", MS (ESIneg):
m/z (%) = 474.2 (100) [M-H]".

'H NMR (400 MHz, ds-DMSO): 8 (ppm) = 1.22-1.58 (m, 10H), 1.80 (m, 2H), 3.19 (m, 1H), 3.48
(m, 1H), 3.62 (m, 1H), 3.74 (m, 1H), 4.00 (m, 1H), 4.52 (m, 2H), 5.39 (t, 1H), 6.78 (s, 1H), 7.10
10 (m, 2H), 7.94 (s, 1H).

Intermediate S3A

tert-Butyl 4-{4-amino-5-[4-(hydroxymethyDphenylipyrrolo[2,1-f][1,2,4 Jtriazin-7-yl} piperidine-1-

carboxylate



11-1 NMR (400 MHz, DVMBO-d6): 6 (ppm) = 1.30 (s, 12H), 2.39 (s, 314). 4.51
(m 211), 5.01 (t, 1H), 7.14 (d, 111), 7.31 (s, 111). 15Intermedi ate 58A

[ 2- Et hyl -wof2bismoess4- (4, 4,5, 5-tetranet hyl-1, 3, 2- di oxabor eCarer2e2iossheny! | net
hanol OH 0"0 H3 C eCH3 H3CCH 3 - 72 - The title conpound was

synt hesi zed and purified in analogy to Intermedi ate 57A using

(4- br ono2- et hyl - 6- f | uor ophenyl ) met hanol -¢%2. 00 g, 8.58 mmol ),

bi s( pi nacol at o) di boron (2.29 g, 9.01 mmol ),

1, 1' - bi s(di phenyl phosphi no) f err ocene- pal di um(l'l1) chloride (280 ng, 0.34
mol ) and potassium acetate (1.26 g, 1287 mmol) in 1, 4-dioxane (20 nl).
Yield: 2.16 g (90% of th.) as yellow cr 501-1 NMR (400 MHz,

DMSO-d6): 6 (ppm = 1.17 (t, 3H). 1.30 2.76 (q, 2H. 4.50 (m
211), 5.03 (t, 11-1), 7.14 (d. 11-1), -1). Internediate 59A [2-F
| uor o- 6-met ho xy-4-(4,4,5,5 -tetranet hyl=] ® xab orol an-2-y henyl ] net
hanol OH ,0 H3C

The starting material tert-butyl 4-(4-amino-S-bromopyrrolo[2,1-f][1,2,4]triazin-7-y1l)piperidine-1-
carboxylate was prepared according to the procedure described in WO 2007/056170-A2 (Example
1, step 3).

5  This compound (400 mg, 1.01 mmol) was then reacted with 4-(hydroxymethyl)phenylboronic acid
(184 mg, 1.21 mmol, 1.2 eq.) according to general synthetic method 1. The crude product was puri-
fied by preparative HPLC (method 2) to give 326 mg (76% of th.) of the title compound.

HPLC (method 2): R, = 4.07 min;

LC-MS (method 6): R, = 1.06 min; MS (ESIpos): m/z (%) =424.3 (100) [M+H]", MS (ESIneg):
10 m/z (%)=422.3 (100) [M-HJ".

"H NMR (400 MHz, ds-DMSO): 8 (ppm) = 1.52-1.65 (m, 2H), 1.92-2.00 (m, 2), 2.89 (br. s, 2H),
3.10 (m, 1H), 3.28-3.37 (m, 2H), 4.06 (d, 2H), 4.60 (s, 2H), 6.68 (s, 1H), 7.47 (s, SH), 8.02 (s, 1H).

Intermediate S4A

rac-tert-Butyl 3-{4-amino-5-[3,5-difluoro-4-(hydroxymethylyphenyllpyrrolo[2,1-f][1,2.4]triazin-7-
15 yl}piperidine-1-carboxylate



0 0 H3CCH3 H3CCH3 10The title conpound was synthesized and purified in

anal ogy to Internediate 57A using (4-brono-

2- met hoxywo-2bioussphenyl ) net hanol (2.00 g, 8.51 mmol ), PCT/EP2012/062366

bi s( pi nacol at o) di boron (2.27 g, 8,90 mmol),

1, 1' - bi s(di phenyl phosphi no) ferrocene-pal | adium(H) chloride (278 ng, 0.34
mmol ) and potassium acetate (1.25 g, 12:% mol) in 1, 4-di oxane (20 ml).
Yield: 1.81 g (75% of th.) as yellow ¢grystals. 151HNVR (400 MHz, DMSO- d6):
6 (ppm = 1.30 (s, 121-1), 3.83 (s, 2H), 4.47 (m 214), 4.86 (t, 1H, 6.97
(d, 11-1), 7.02 (s, 11-1). Internedi\ate GOA

1-(4- Am nopyrrolo[2,1-f][1,2,4]triazpa-27-yl)cycl ohexanol - 73 -
7-Bronopyn-ol o[ 2,1-f][ 1, 2,4]tri az+n yine (1.20 g, 5.63 mml) was

di ssolved in THF (25 nlL) under argo r oo enperat ure.
Chlorotrinethylsilane (1.43 nL, 11. s added, and the m xture was
stirred at roomtenperature for 3 h. T i _was cooled to 0C, 2-propyl
magnesium 5 chloride (11.8 nL of a 2. /N €0l 0N on i n THF, 23.7 mmol) was
added, and stirring was maintained forN\anQthes) 3 h while the reaction
mxture was allowed to warmto room tenperanire. Then, cycl ohexanone (0. 88
m., 8.45 nmmol) was added, and stirripg{was continued for 16 h. The reaction
was quenched with a mxture (1:1) of colRcentrated aqueous anmoni um chl ori de
solution and ice until the pH reached 6/7. The m xture was extracted with
two portions of ethyl acetate, and tt N, cgnbi ned organi c extracts were
dri ed over anhydrous sodi um carbonate ang/ co ftsated to dryness. The
product thus obtained was used w thout fairther>purification (purity -68% by
HPLC). Yield: 1.87 g (97%of th.). LC-Ms (tk€hod 5): R = 1.10 min; M
(ESlpos): mz (%9 = 233 (100) [M+FIr, MS (ESIneg): mz (% = 231 (100)

[ M Hr.

Intermediate 31A (200 mg, 0.39 mmol) and Intermediate 2A (138 mg, 0.51 mmol, 1.3 eq.} were
reacted according to general synthetic method 1 yielding 130 mg (72% of th.) of the title compound
after purification by preparative HPLC (method 2).

5  HPLC (method 3): R =4.23 min;

LC-MS (method 6): R, = 1.17 min; MS (ESIpos): m/z (%) =460.1 (100) [M+H]", MS (ESIneg):
m/z (%) = 458.1 (100) [M-HJ".

'H NMR (400 MHz, ds-DMSO): & (ppm) = 1.39 (s, 9H), 1.48 (m, 2H), 1.74 (m, 2H), 2.93 (m, 1H),
3.22 (m, 1H), 3.85 (m, 1H), 4.11 (m, 1H), 4.53 (s, 2H), 6.78 (s, 1H), 7.12 (m, 2H), 8.02 (s, 1H).

10 Intermediate S5A

tert-Butyl (3R)-3- {4-amino-5-[3,5-difluoro-4-(hydroxymethyDphenyl pyrrolo[2,1-][1,2,4 triazin-
7-y1} piperidine-1-carboxylate



1511-1 NWR (400 MHz, DMSO-c16): 6 (ppm) = 1.28-1.33 (m 114), 1.42-1.50 (m
2H), 1.58-1.63 (m 111), 1.67-1.78 (m 41-1), 2.13-2.23 (m 214), 6.69 (d,
1H), 7.20Ww0ap1310635518. 02 (s, 1H), 8.58 (br. s, 1H), 9. 00P(ChEP2612/081366 ) .

I nt er nedi ate 61A

1- (4- Am no-5-bronopyrrolo[2,1-f][1,2,4]triazin-7-yl)cycl ohexanol NH2 HO -
74 - Intermedi ate 60A (80 ng, 0.34 nmol)®was dissolved in THF (5.0 nL), and
the m xture was cooled to -20C. 1,3-E$Brono-5,5-dinethylhydantoin (49 ny,
0.17 nmml) was added at once, and stjrting was continued for 1 h. The
reaction was quenched with conc. aqugous gsodiumdithionite solution (0.5
m.), and the m xture was extracted h/et hyl acetate. The organic extract
was washed with 5Sbrine, dried ovie Am sul fate, and the sol vent was
distilled off to give 98 ng (91% of ofz\%e title conpound. LC- M5
(method 4): R=1.90 min; M5 (ESIpos)—nz = 311 (95) [M+H], M5
(ESIlneg): mz (%9= 309 (90) [MH-. 114 NVR (400 MHz,
DMb0-d6): 6 (ppm = 1.20-1.33 (m 1H). T=2- T2 (m 214), 1.58-1.78 (m
105H), 2.15-2.23 (m 2H), 5.01 (br. s,\21L, .63 (s, 1H), 7.82 (s, 114).

I nternedi ate 62A tert-Butyl N

1[ 4- (4- am no- 5- bronopyrrolo[ 2, 1-f][1
hyl | carbamate 151 nternedi ate 33A (
(2-am no- 2-t hi oxoet hyl ) car bamat e (

4]triazin-7-yl)-1, 3-thiazol - 2-yl ] net
iy, 0.38 mml ) and tert-butyl

The enantiomerically pure R-isomer was synthesized by coupling Intermediate 32A (115 mg,
0.28 mmol} with (4-bromo-2,6-difluorophenylymethanol (76 mg, 0.33 mmol, 1.2 eq.) according to
general synthetic method 2. Yield: 48 mg (38% of th.).

5  Alternatively, the title compound was obtained by separation of the racemic compound from
Intermediate 54A (40 mg) using preparative chiral HPLC [column: chiral silica gel phase based on
the selector poly(N-methacryloyl-L-leucine-rerr-butylamide), 250 mm x 20 mm; eluent: ethyl

acetate/isohexane 4:1; flow rate: 20 mL/min; UV detection: 260 nm]. Yield: 20 mg (R-isomer).

Analytical chiral HPLC [column: chiral silica gel phase based on the selector poly(N-methacryloyl-
10 L-leucine-tert-butylamide), 250 mm x 4 mm; eluent: ethyl acetate/isohexane 4:1; flow rate: 1

ml/min; UV detection: 260 nm]: R, = 5.68 min; e.e. >99.5.
HPLC (method 3): R =4.23 min;

LC-MS (method 6): R, = 1.17 min; MS (ESIpos): m/z (%) =460.1 (100) [M+H]", MS (ESIneg):
m/z (%) = 458.1 (100} [M-HJ".

15 'H NMR (400 MHz, ds-DMSO):  (ppm) = 1.39 (s, 9H), 1.48 (m, 2H), 1.74 (m, 2H), 2.93 (m, 11I),
3.22 (m, 1H), 3.85 (m, 110), 4.11 (m, 1), 4.53 (s, 2H), 6.78 (s, 111), 7.12 (m, 2H), 8.02 (s, 1H).

Intermediate S6A

tert-Butyl (35)-3-{4-amino-5-[3,5-difluoro-4-(hydroxymethyDphenyllpyrrolo[2,1-f]{1,2.,4 Jtriazin-
7-yl}piperidine-1-carboxylate



0.41 mmol) were dissolved in ethanol (6.5 nL). The m xture was heated to
reflux for 20 h. The m xture was then filtered, and the filtrate was
evapor at el 20130831 due was triturated with acetonitril @CT®EPIINRA6BE6 Ny (42%
of th.) of the title conpound as a browni sh-grey crystalline solid.

LC-MS (nethod 7): R=1.81 mn; M (ESI pos): mz (% 425 (80) and 427
(100) [MtH], MsS 20(ESIneg): nmz (% 42%0(50) and 425 (100) [MH -

I nternmedi ate 63A tert-Butyl

3- 14- ani no- 543- f | uor o- 4- ( hydr oxynet hyPY- 5- net hoxyphenyl ] pyrrol o [2, 1-f]
[1,2,4]- triazin-7-yllpiperidine- 1%Ycarkoxylate - 75 - COH I nt er nedi at e
¢ 59A (104 ny, 0.36 mmol) were

m crowave reactor vial and flushed

di ssolved in acetonitrile (2.0 nfE
wi th argon. Tetrakis(triphenyl- pho§ adium(0) (35 ng, 0.03 mmol)
and 2.0 M aq. sodium carbonate sol utio ) 5 were added, and the

m xture was heated to 150C for 1 h in a_si e-node m crowave device. After
cooling, the mxture was filtered, ang g fi Nrate was evaporated. The

di chl oronet hane + 2-5?/0 net hanol, fl oW rarei 10 m./mn) to give 51 ny (36%

of th.) of the title conpound. M5 (nmethod 6): R=1.16 nm M5
(ESIpos): nmiz (% = 472 (100) [MH 1], (ESIneg): mz 10C40 = 470 (100)

[ M Hr. NVR (400 MHz, DMSO- d6): (ppf) = 1.31-2.10 (m 1311). 2.88-2.91
(m 2H), 3.19-3.27 (m 211). 3.87 (s—11) 4 12 (m 1H) 4.50 (m 1H),
4.82 (t, 111), 6.68 (s, 1H). 6.83 (d. 1 Ct*s 7.92 (s, 1H).

I nt er redi at e 64A %

The enantiomerically pure S-isomer was obtained by separation of the racemic compound from
Intermediate 54A (40 mg) using preparative chiral HPLC as described for Intermediate 55A. Yield:

19 mg (S-isomer).

5 Analytical chiral HPLC [column: chiral silica gel phase based on the selector poly(N-methacryloyl-
L-leucine-tert-butylamide), 250 mim x 4 mm; eluent: ethyl acetate/isohexane 4:1; flow rate: 1

mL/min; UV detection: 260 nm]; R = 7.87 min; e.e. >99.5.
HPLC (method 3): R =4.23 min;

LC-MS (method 6): R = 1.17 min; MS (ESIpos): m/z (%) =460.1 (100) [M+H]", MS (ESIheg):
10 m/z (%) =458.1 (100) [M-HJ".

'H NMR (400 MHz, ds-DMSO): & (ppm) = 1.39 (s, 9H), 1.48 (m, 2H), 1.74 (m, 2H), 2.93 (m, 1H),
3.22 (m, 1H), 3.85 (m, 1H), 4.11 (m, 1H), 4.53 (s, 2H), 6.78 (s, 1H), 7.12 (m, 2IT), 8.02 (s, 1H).

Intermediate S7TA

[2-Fluoro-6-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl jmethanol



15t ert - Butyl

3-14- am no- 543-f | uor o- 4- (hydr oxynet hyl ) - 5- net hyl phenyl ] pyrrolo[2,1-1][1,2,4
]triazi n-wo-29i3oogisperi di ne- 1 -carboxylate - 76 - OH PCIrmpeommeisat e 31A
(120 nmg, 0.30 nmmol) and Internediate 57A (97 ng, 0.36 mmol) were dissol ved
in acetonitrile (2.0 nm.) in a mcrowave reactor vial and flushed with
argon. Tetrakis(triphenyl- phosphine) paladi un{0) (35 ng, 0.03 nmol) and
2.0 M aqg. sodiumcarbonate solution (0.5 m_c)) 5 were added, and the m xture
was heated to 150C for 1 h in a single-nod Hi crowave device. After
cooling, the mxture was filtered, and the filtrate was evaporated. The
residue was purified by flash chrothfegre EBi otage 25M silica cartridge,
di chl oronet hane + 2-5% net hanol, fl ow r|p
of th.) of the title compound. LCN\E ethod 4): It, = 2.03 mn; M
(ESIpos): mz (% = 456 (100) [MtH, MS (JESIneg): mz 10C40 = 454 (100)
[MH. '"14 NVR (400 MHz, DVSO-c/6): (ppm = 1.31-2.11 (m 13H), 2.42 (s.
3H), 2.88-2.91 (m 214), 3.17-3.30 (m 4o 3.80 (m 1H), 4.54 (m 114),
4.82 (t, 114), 6.64 (s, 114), 7.04 Hgb%ﬂ)_eﬁﬂg (s, H), 7.93 (s, 114).

I nt ermedi ate 65A 15tert-Butyl 3-

[ 4- ami no- 543-f | uor o- 4- (hydr oxynet hyl Ys6- net &k phenyl ] pyrrol o[ 2,1-f][ 1, 2, 4]t
riazin- 7-yl; pyrrolidine-1 -c arboxylate

(4-Bromo-2-fluoro-6-methylphenylymethanol (2.0 g, 9.13 mmol) was dissolved in 1,4-dioxane
(20.0 ml) in a microwave reactor vial, and the solution was flushed with argon. Then, bis(pina-
colato)diboron (2.43 g, 9.59 mmol), 1,1-bis(diphenylphosphino)ferrocene-palladium(Il) chloride
5 (298 mg, 0.37 mmol) and potassium acetate (1.34 g, 13.7 mmol) were added, the reaction vessel
was crimp-capped, and the mixture was heated to 130°C for 1 h in a single-mode microwave
device. After cooling, the reaction mixture was filtered and the filtrate was evaporated. The residue
was treated with cyclohexane (100 mL) and stirred for 10 min. The solution was filtered again, the
filtrate was evaporated, and the residue was purified by chromatography (Biotage 25M silica car-
10 tridge, dichloromethane at 15 ml/min flow rate). Fractions containing the title compound were
combined and evaporated, and the title compound crystallized spontaneously as a yellow solid

(2.18 g, 90% of th.).

'H NMR (400 MHz, DMSO-ds): & (ppm) = 1.30 (s, 12H), 2.39 (s, 3H), 4.51 (m, 2H), 5.01 (¢, 1H),
7.14 (d, 1H), 7.31 (s, 1H).

15 Intermediate S8A

[2-Ethyl-6-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl jmethanol

OH

H,C

H,C CH



- 77 - OH The starting material tert-Butyl

3-(4-am no-5-brornopyrrolo[2,1-f][1,2,4]triazin-7-yl)pyrrolidine-1lcarboxyla
te was sywohesimetfiaccording to the procedure descri bedPCH/EAD12/062366

2007/ 056170-A2 (Internmediate |I). 5tert-Butyl

3-(4-am no-5-bronopyrrolo[2,1-f][1,2,4]triazin-7-yppyrrolidine-1-carboxyl at
e (120 ng, 0.31 nmol) was dissolved in abetonitrile (2.2 nL) in a mcrowave
reactor vial_and flushed with argon. Internediate 57A‘%ﬁ80 ng, 0.38 nmol),
tetrakis(tri E*P’Fe‘ﬁ&?ICW§%W?fé¥‘H%qSV%{bﬁnﬁﬁflﬁ36d(%%‘alﬁ@/ OgEetiHor > G (DO aqg.
sodi um car bomaﬂhﬁ eslottphd@il)h@haBolnt-Po yarse n&dﬁEﬁh(plﬁz&dlatob‘lﬁ)omn)@ wg 9mamneat ed
to 150C for e-node m crowa ev Af t

mixturs vas 1yt ERh AT RS FRAVRLE RO @Bl S il tretiie was
purified by iwleashl Uhg, oréit ogelaphy-dBriot(AgeL 25 Mds2. 16 g@O%@f thr)ladxgaélpw crystals.

di chl oronet hane + 2-5% net hanol, flowrate 10 nL/mn) to give 91 ny (54%of
th.) of the titl@ @omaeynlisd-G: I{rrﬁeﬂtlhlqch M, 1R &, 122}@0275‘(@,2} s(o%%l:n?

mz (% 442 [ M+ VS neg) z (W= 440 (100) [

NMVR (400 WSO%@&% ‘Féﬁt 66?-:%5 D121 (m 914), 2.00-2.48 (m 214)
3.29-3.53 (m 314), 3.71-3.90 (m 2H), 4.55 (m 2H), 4.99 (t, 1H), 6.63 (s,
1H), 7.06 (dIntkhediatés9®2 (s, 1H), 7.92 (s, 1H). Internedi ate 66A
rac-tert-Butyl 3-

{4- am no-5- [ BaldpubaBnblunro:sh CRNRIORYTRLAYLMRRERY bRYfiRbgle. 1- 1]
[1,2,4]- triazin-7-yllpyrrolidine- 1 -carboxylate - - The starting
material tert-Butyl
3-(4-am no-5-bronopyrrolo[2,1-f][1,2,4]trig PH-7- yl)pyrrolidine-1lcarboxyl at
e was synt hesi zed according to the pr ocedu e described in WO 2007/ 056170- A2
(I nternediate I) Stert-Butyl 3-(4; ar efiopyrrol o [2, 1-1]

[1,2,4]triazin-7-yl)pyrrolidine- 1Hé rb e (111 nyg,
B
Q" To
H,C CH,
H,C CH,

10 The title compound was synthesized and purified in analogy to Intermediate 57A using (4-bromo-
2-methoxy-6-fluorophenylymethanol (2.00 g, 8.51 mmol), bis(pinacolato)diboron (2.27 g, 8.90
mmol}, 1,1'-bis(diphenylphosphino)ferrocene-palladium(Il} chloride (278 mg, 0.34 mmol) and
potassium acetate (1.25 g, 12.76 mmol) n 1,4-dioxane (20 mL). Yield: 1.81 g (75% of th.) as

yellow crystals.

15  'HNMR (400 Mz, DMSO-ds): & (ppm) = 1.30 (s, 121), 3.83 (s, 31), 4.47 (m, 2I), 4.86 (1, 11I),
6.97 (d, 1H), 7.02 (s, 1H).

Intermediate 60A

1-(4-Aminopyrrolo[2,1-f][1,2,4 Jtriazin-7-y)cyclohexanol



0.29 mml ), Internediate 58A (98 ng, 0.35 mmol) and

tetraki s(tri phenyl phosphi ne) pal | adi un{0) (17 ng, 0.015 mmvol) were dissol ved
in a mxtwoeosfooazset onitrile (2.3 nmL) and 2 M aqueous sedirEreaanbtsnat e
solution (0.53 nL) in a mcrowave reactor vial. After degassing for 5 mn
usi ng argon, the reaction vessel was CI’I % capped, and the m xture was
heated to 150C for 1 h in a single- m crowave device. After cooling
to roomtenperature, saturated aqueous sodi bi car bonat e sol uti on was
added, and the m xture was extracted with etjhyl acetate. The conbi ned
organic layers were dried over sodium syl fa filtered and concentrat ed.

The residue was purified by preparativg Hf C\( thod 5), Yield: 83 ng (63%
R= 1.61 nin;\15kGC (

of th.). HPLC (nmethod 9): method 10): R = 1.02 mn;
M5 (ESIpos): mz (9% =456.4 (100) [Vw® Ineg): mz (%= 454.4 (100)
EM Hr . NVR (400 MHz, d6-DMSO): 6 = 1.22 (t, 311), 1.41 (s, 91-1).
2.1 (m 111), 2.80 (q, 214), 3.30-3 21-1), 3.44-3.51 (m H). 3.78
(m 1H), 4.55 (d, 2H), 5.00 (t, 11- .68 (s, 1H), 7.09 (d. 111), 7.15
(s, 114), 7.95 (s, 1H). 20Internedi 7A rac-tert-Butyl 3-

[ 4- am no- 5[ 3-et hyl-5-fl uoro-4- (hydroxynet hyl ) phenyl ] pyrrolo[2,1-1] [1, 2, 4]-

triazin-7-yl ] . r 2
0 20 ol ) | e 1 SRR B e TR TV & RN AL AP 1D,

phenyl phos phiHE) 3520 |a*afa?r{ar?(“®§rat(ﬂfﬂlﬂ%jotﬂ@etbyi%la?ﬁ%b|43 ekl 7 gIrwdoray aed gndghe
m xt ure of a&&h@entvisl’qldr@i 4t 2o0th teﬂqaermafo% M B@uaous saek tumcg arﬂa@@alh@nesainut i on

(0. 67 m‘) r{g'e gl I%V\BIYOf 22 on U?JF HE, %g 2 ar':’moz)nw dlq ?(ﬂd% (gs[tlrrm ma1 tam c! ng

ar gon, the r% n vessel np-capp fed to
150C for 1 hior pna@hesi3ng Méﬂmthdeeanmomrrom\“ﬁewueaﬂiowei toAfdrerto cooh mgemt@rer 6hﬁm

tenmperature, . SREULALEH s%%te@% m?h%ﬂ wmdm& é\{dt%ﬁx@l_r% @a@c%t%!ec%r 1as tadded,, and

the m xture vas extracted acet e conbi ned ;fglanl c | ayers
were dried OW&Q%@H?%W%@W‘M%Q 119 P %Oé?eéaateair?du@%%@mnruat @¢pridripiuntiop aiddee was

purified by Rl pRarpat ﬂeééﬁed"ﬁ%—@“h@ @Eitﬂ@dva5):xtra¥bcﬂv mjeq{brtf&gs fk@ﬂ{q @fetateNand, thel OHPLC
(rrethod9 R=:L 1 mn; LGCM

(ESI gog) C mz
(% = 4701 ne ﬁﬁg@ﬁnc eﬁsacts E@r% Sd. OW fnl %ous._s%%xgl Qlarltm?:%? atx ?lﬂcqntr ted to
dryness The product thus obtained was used without further purification (purity ~68% by HPLC).
Yield: 1.87 g (97% of th.).

LC-MS (method 5): R, = 1.10 min; MS (ESIpos): m/z (%) = 233 (100) [M+H]", MS (ESIneg): m/z
(%) =231 (100) [M-HJ".

15 'HNMR (400 MHz, DMSO-ds): & (ppm) = 1.28-1.33 (m, 1), 1.42-1.50 (m, 21), 1.58-1.63 (m,
1H), 1.67-1.78 (m, 4H), 2.13-2.23 (m, 2H), 6.69 (d, 1H), 7.20 (d, 1H), 8.02 (s, 1H), 8.58 (br. s,
1H), 9.00 (br. s, 1H).

Intermediate 61 A

1-(4-Amino-5-bromopyrrolo[2,1-f][1,2,4 Jtriazin-7-yl)cyclohexanol

20



NVR (400 MHz, d6-DVBO): 6 (ppm = 1.22 (t, 311), 1.38 (s, 911), 1.50 (m
111), 1.65-1.90 (m 211), 2.06 (m 111), 2.80 (q, 21-1), 2.98 (m

111), 3. 0008043 21-0, 3.8 (m 1H), 4.08 (m 111), 4PETI/EP3(1d/06B8d), 5.02
(t, 1H), 6.65 (s, 11-1), 7.07 (d, 11-0, 7.13 (s, 111), 7.93 (s, 1H).

I nt er redi at e 68A rac- Met hyl 4-

{4-am no-7-[ cycl opropyl (hydroxy) met hyl ] pYtrol o[ 2, 141[ 1, 2, 4] tri azi n-5-yl |

-2- met hoxybenzoate - Internediate 17A (250 0.88 nmml),

[ 3- met hoxy- 4“(6%%%&@66{?0018%9&3)46}%‘&99@ BsvohT & (80('%@%‘6 mﬂf‘“@%w?ﬁfﬁ‘lﬂid and

t et raki s(triphenyl phosphio®)- ma\lethxﬁdydamrélﬁx@(rﬂg)ﬁ 1mgl,moQ va8&idemm bopceytl eumng

di ssol ved in g‘s cr(])ﬂ'nt)l(nugc[ %ipg ’Eﬁer dCthH as que(nSheé wit aorﬁ qtueoas so%gl ec? t'ljx fn’l?e solu, 1011

car bonat e sol'titi’on gon ‘an or 16
h. After thi#),5 mhothighe Ipmum w e@ﬁaCteéwtakihsl(acmtp Hényigphosphit m@9 padhdadhittum( 0)
(102 ng, 0. Oﬁ%emh )Svey\@)%luﬁ'ldsm?ge AN REAL Wil diWaRq 6@ mélﬁ%%gf O BHBB befe 24
After cooling to roomtenperature, the reaction mxture was filtered, the
filtrate wastU&sAeeNtfat ed, and the residue was purified by preparative HPLC
(method 7). Yield: 130 ng (80% purity, 32%of th.). 10LC-MS (nmethod 10): R
= 0. 80 m n; MSMESlepos ) RMF 2.9 %in; MS3E1p3s) (/A0 Q%) § Nl (9D M+ NB, MERESIRG): :m/AM Z
(/0) 367 30; SQQ W NVR (400 MHz, d6-DMBSO): 6 (ppm) = 0.41 (m 3H),
0.49 (m 1H V199 y, 3.81 (s, 3H), 4.68 (d, 1H), 6.92 (s, 114), 7.13
(dd, 1H), 7.22 (d, 1H), 7.77 (d, 1H), 8.05 (s, 1H). Internedi ate 69A
157- (Prop- 1- éhNIZR;(FQOpMHZ dPEP2-da-§ {pph) 2 1294188 &ri HDAL-&ni . fle(m, 2H), 1.58-1.78 (m,

10 5H), 2.15-2.23 (m, 2H), 5.01 (br. s, 2H), 6.63 (s, 1H), 7.82 (s, 1H).

Intermediate 62A

tert-Butyl {[4-(4-amino-5-bromopyrrolo[2,1-f][1,2,4]triazin-7-y1)-1,3-thiazol-2-yl|methyl} -

carbamate

15 Intermediate 33A (109 mg, 0.38 mmol) and rerr-butyl (2-amino-2-thioxoethyljcarbamate (79 mg,
0.41 mmol) were dissolved in ethanol (6.5 mL). The mixture was heated to reflux for 20 h. The
mixture was then filtered, and the filtrate was evaporated. The residue was triturated with aceto-

nitrile to give 67 mg (42% of th.) of the title compound as a brownish-grey crystalline solid.

LC-MS (method 7): R, = 1.81 min; MS (ESIpos): m/z (%) =425 (80) and 427 (100) [M+H]", MS
20 (ESIneg): m/z (%) =423 (50) and 425 (100} [M-HJ".

Intermediate 63A

tert-Butyl 3-{4-amino-5-[3-fluoro-4-(hydroxymethyl}-5-methoxyphenyljpyrrolo[2,1-{][1,2,4]-

triazin-7-yl} piperidine-1-carboxylate



-81 - Under an argon atnosphere,

7-bromopyrrolo[2,1-f][1,2,4]triazin-4-amne (426 ng, 2 mol) and

4, 4,5, 5- twonarmsaoysi- 2- (prop- 1-en-2-y1) -1, 3, 2- di oxabor ol 20@/RP4@0/06366 2. 5
mmol ) were dissolved in a mxture of 1,2-dinmethoxyethane (10 nL) and
aqueous sodi um carbonate solution (2 M 4 nL). The reaction m xture was
degassed, and 1, 1'-bi s(di phenyl phosphi noJ¥errocenepal | adium(11) 5 chloride
(73 mg, 0.1 mml) was added. After stirring at 90C overnight, the reaction
m xture was diluted with ethyl acetate 0 m.), water (10 nL) was added,

and the |ayers were separated. The aqyeousgl ayer was extracted wi th ethyl
acetate (2 x 40 nL), and the conbi ned )rgdnic |ayers were dried over sodi um
sulfate, filtered and concentrate
chromat ogr aphy (puriFlash, Int&@€him ,aneethyl acetate 1:1 to 100%
ethyl acetate 1l0gradient) to yield the oroduct as a slightly yell ow
solid. Yield: 304 myg (81%of th.). HPLC fnethad 10): R, = 0.83 mn; LC M
(method 10): R = 0.57 min; MS (ESIpos): M2 (WY 175.1 (100) [MH . 11-1
NVR (400 MHz, d6-DMVSO): 6 (ppm = 2.15 3H) ,..15.22 (m 111), 6.30 (m

1H), 6.73 (d, 1H), 6.91 (d, 111), 7.69 (J 1My, 7.91 (s, 111).

151 nternmedi ate 70A 7-1sopropyl pyrrolo -f][1,2,4]triazin-4-am ne

I nternmedi ate 69A (149 ng, 0.86 mmol) di ssolved in a m xture of ethanol
and ethyl acetate (1:1, 40 nL) under . Pal l adi um on charcoal (10% 9.1
ng) was added, and the m xture was 20 vigeroysly stirred for 16 h under an
at nosphere of hydrogen at anbi ent pressureffan tenperature. After

this, the catalyst was renoved by filtratioon, i he solvent was distilled
of f under reduced pressure to give 131 ng (88% of th.) of the title
conpound as a colorless solid. This product was used in the next synthetic
step without further purification. HPLC thaod 10): R _= 0.81 mn; 25LCMS
(met hod 10) : "MM2edeiesg A 70 mavs 3 BEP aY) nierge "“‘6(5/8‘@%1?‘}’71%()03(61%‘)1) TR fsotved

in acetonitrile (2.0 mL) in a microwave reactor vial and flushed with argon. Tetrakis(triphenyl-

phosphinejpalladium(0) (35 mg, 0.03 mmol) and 2.0 M aq. sodium carbonate solution (0.5 mL)
5  were added, and the mixture was heated to 150°C for 1 h in a single-mode microwave device. After
cooling, the mixture was filtered, and the filtrate was evaporated. The residue was purified by flash
chromatography (Biotage 25M silica cartridge, dichloromethane + 2-5% methanol, flow rate

10 mL/min) to give 51 mg (36% of th.) of the title compound.

LC-MS (method 6): R, = 1.16 min; MS (ESIpos): m/z (%) =472 (100) [M+H]", MS (ESIneg): m/z
10 (%)=470 (100) [M-HJ".

"H NMR (400 MHz, DMSO-ds): 8 (ppm) = 1.31-2.10 (m, 13H), 2.88-2.91 (m, 2H), 3.19-3.27 (m,
2H), 3.87 (s, 1H), 4.12 (m, 1H), 4.50 (m, 1H), 4.82 (¢, 1H), 6.68 (s, 1H), 6.83 (d, 1H), 6.90 (s, 1H),
7.92 (s, 1H).

Intermediate 64A

15 tert-Butyl 3-{4-amino-5-[3-fluoro-4-(hydroxymethyl)-5-methylphenyljpyrrolo[2,1-1][1,2,4 ]triazin-
7-yl}piperidine-1-carboxylate



- 82 - NVR (400 MHz, d6-DMVMS0O): 6 (ppm) = 1.27 (d, 6H), 3.36 (m 1H), 6.41
(d, 1H), 6.80 (d, 1H), 7.48-7.59 (m 21-1). 7.80 (s, 1H). Internediate 70A
(125 ny, wo2diymowdsy was dissolved in dry TI-1F (21 nl) a@od/Eroakecd3te - 78C.
1, 3- Di brono-5, 5-di net hyl hydantoin (81 ng, 0.28 mml) was added in two equal
portions. The reaction mxture was stirred at -78C for 1 h and then all owed
to warmto roomtenperature overnight. After addition of water (20 nL) and
further stirring for 20 mn, the precipitated solid was 10col | ected by
filtration and dried in vacuo. The crudé product thus obtained (209 ny,
>100% of th.) was used in the next synt heqzlc step w thout further
purification. HPLC (nmethod 9): R = 1.%8 n. LGM (nmethod 10): R = 0.91
mn; M5 (ESIpos): mz (9% = 257. 8,G4C I nt er medi ate 72A

15rac- 1- (4- Am no- 5- br onmopyrrol of 2, 1- riazin-7-yl)ethanol

I nternedi ate 16A (500 ng, 1.66 mmol) pended in TI-1F (10 m.) and
cooled to OC. Methyl magnesi um brom de ¢ 'n (3 Nin diethylether, 1.7
m.) was added, and the reaction mxture < stitred for 30 mn. Then,

sat urat ed aqueous amoni um chl ori de solNti oy gs added, and the 20m xture
was extracted with ethyl acetate (2 x 20 m_)N The conbl ned organic |ayers
were dried over - 83 - magnesiumsulfa{e, filtered and concentrated to
yield 235 ng (46% of th.) of the titfe pyoduct which was used in the next
synthetic step without further puriffcation. LC M (rrethod 5: R=0.73
mn; M5 (ESIpos): mz (%= 259.1 (100 1101] M5 (ESIneg): mz (%=

257.1 (100) [MI1].

3

Intermediate 31A (120 mg, 0.30 mmol) and Intermediate 57A (97 mg, 0.36 mmol) were dissolved
in acetonitrile (2.0 mL) in a microwave reactor vial and flushed with argon. Tetrakis(triphenyl-
phosphinejpalladium(0) (35 mg, 0.03 mmol) and 2.0 M aq. sodium carbonate solution (0.5 mL)
5  were added, and the mixture was heated to 150°C for 1 h in a single-mode microwave device. After
cooling, the mixture was filtered, and the filtrate was evaporated. The residue was purified by flash
chromatography (Biotage 25M silica cartridge, dichloromethane + 2-5% methanol, flow rate

10 mL/min) to give 110 mg (71% of th.) of the title compound.

LC-MS (method 4): R, = 2.03 min; MS (ESIpos): m/z (%) = 456 (100) [M+H]", MS (ESIneg): m/z
10 (%)=454(100y [M-HJ".

'H NMR (400 MHz, DMSO-dq): & (ppm) = 1.31-2.11 (m, 13H), 2.42 (s, 3H), 2.88-2.91 (m, 2H),
3.17-3.30 (m, 21, 3.80 (m, 1), 4.54 (m, 110), 4.82 (t, 1H), 6.64 (s, 1T), 7.04 (d, 1H), 7.12 (s,
1), 7.93 (s, 11).

Intermediate 65A

15 tert-Butyl 3-{4-amino-5-[3-fluoro-4-(hydroxymethyl)-5-methylphenyljpyrrolo[2,1-f][1,2,4 ]triazin-
7-yl}pyrrolidine-1-carboxylate



51l NWVR (400 M-1z, d6-DVsO): 6 (ppm = 1,41 (d, 311), 5.16 (m 1H), 5.30
(m 1H), 6.70 (s. 1H), 7.85 (s, 1H. - 84 - Preparation Exanples: Exanple
1 [4-(4-woin/0n43nopyl pyrrolo[2,1-f][1, 2, 4] tri azi n- 5- yiPLpEeayi2joasséanol OH
5The title conpound was obtained by general synthetic nmethod 1 from

I nternediate 11A (100 ng, 0.39 nmol) and 4-(hydroxynet hyl ) phenyl boronic
acid (60 ng, 0.39 mmol). Purification of7the crude product was carried out
by preparative HPLC (nmethod 2). Yield: ng (30% of th.). HPLC (nethod 1):
R = 3.47 min; HPLC (nmethod 2): R= 3.7 in; LCGM (nethod 4): R=0.91

mn; M5 (ESIpos): rnfz (%= 283.2 ( . 10" 11 NWR (400 MHz,

d6-DMS0): 6 (ppm) = 0.97 (t, J= 7.4 Fl), 1.71 (m 2H), 3.31 (s. 21-1),
4.52 (s, 21-1), 6.54 (s, 1H), 7.L«s . 7.89 (s, 11-1). Exanple 2

[ 4-(4- Ami no-7-propyl pyrrolo[2,1-f][1,R, 4xri aﬁhn-S-yl) -2,6-di fluorophenyl]m

et hanol

Do N N
\
N CH,
}\o CH,
O

The starting material rerr-Butyl 3-(4-amino-5-bromopyrrolo[2,1-f][1,2,4Jtriazin-7-y])pyrrolidine-1-
carboxylate was synthesized according to the procedure described in WO 2007/056170-A2 (Inter-

mediate T).

5  tert-Butyl 3-(4-amino-5-bromopyrrolo[2,1-f][1,2,4 triazin-7-yDpyrrolidine-1-carboxylate (120 mg,
0.31 mimol} was dissolved in acetonitrile (2.2 mL) in a microwave reactor vial and flushed with
argon. Intermediate 57A (100 mg, 0.38 mmol), tetrakis(triphenylphosphine)palladium(0) (36 mg,
0.03 mmol) and 2.0 M aq. sodium carbonate solution (0.5 mL) were added, and the mixture was
heated to 150°C for 1 h in a single-mode microwave device. After cooling, the mixture was fil-

10 tered, and the filtrate was evaporated. The residue was purified by flash chromatography (Biotage
25M silica cartridge, dichloromethane + 2-3% methanol, flow rate 10 mL/min}) to give 91 mg (54%
of th.} of the title compound.

LC-MS (method 5): R = 2.00 min; MS (ESIpos): m/z (%) = 442 (100) [M+H]", MS (ESIneg): m/z
(%) =440 (100) [M-HJ".

15 'HNMR (400 MHz, DMSO-ds): & (ppm) = 1.41 (m, 9II), 2.00-2.48 (m, 21, 3.29-3.53 (m, 310),
3.71-3.90 (m, 2H), 4.55 (m, 2H), 4.99 (1, 1), 6.63 (s, 1H), 7.06 (d, 1H), 7.12 (s, 1H), 7.92 (s, 1H).

Intermediate 66A

rac-tert-Butyl 3-{4-amino-5-[3-ethyl-5-fluoro-4-(hydroxymethyl)phenyl|pyrrolo[2,1-f][1,2,4]-

triazin-7-yl} pyrrolidine-1-carboxylate



OH - 85 - The title conmpound was obtai ned by general synthetic nethod 2
fromlInternediate 11A (118 ng, 0.46 mmol) and

(4- br ono-wp@eth/dokisor ophenyl ) met hanol (108 ng, 0.49 nmol PCTRRPRORI06EH6 on Of
the crude product was carried out by preparative HPLC (nmethod 2). Yield: 59
ng (40% of th.). HPLC (nethod 2): R =3.94 mn; 5LCM (nethod 7): R = 1.47
mn; M5 (ESIpos): mz (%= 319.3 (100) fMH , M5 (ESlneg): mz (,/0) =
317.3 (100) [M1-1]-. "1-1 NWR (400 Wk?’ d6-DVs0): 6 (ppm = 0.95 (t, 314),
1.71 (m 214), 4.52 (m 211), 5.26 (t, 1), 6.64 (s, IH), 7.10 (m 2H)
7.91 (s, 11-1). Exanmple 3

103- 14- Ani no- 544- (hydr oxymet hyf | phenyd-ig 111
[1,2,4]triazin-7-yllpropan- 1 -ol OH jitl e conpound was obtai ned
fromlInternediate 10A (100 ng, 0.37 mol ) d 4-NHyydroxy-

met hyl ) phenyl boronic acid (67 ng, 0.44 mmol
synt hetic net hod 1. r” NN

The starting material zerr-Butyl 3-(4-amino-5-bromopyrrolo[2,1-f][1,2,4]triazin-7-yl)pyrrolidine-1-
carboxylate was synthesized according to the procedure described in WO 2007/056170-A2 (Inter-

mediate ).

5  tert-Butyl 3-(4-amino-5-bromopyrrolo[2,1-f][1,2,4]triazin-7-yD)pyrrolidine-1-carboxylate (111 mg,
0.29 mmol), Intermediate 58A (98 mg, 0.35 mmol} and tetrakis(triphenylphosphine)palladium(0)

(17 mg, 0.015 mmol) were dissolved in a mixture of acetonitrile (2.3 mL) and 2 M aqueous sodium
carbonate solution (0.53 mL) in a microwave reactor vial. After degassing for 5 min using argon,

the reaction vessel was crimp-capped, and the mixture was heated to 150°C for 1 h in a single-

10 mode microwave device. After cooling to room temperature, saturated aqueous sodium bicarbonate
solution was added, and the mixture was extracted with ethyl acetate. The combined organic layers

were dried over sodium sulfate, filtered and concentrated. The residue was purified by preparative

HPLC (method 5). Yield: 83 mg (63% of th.).
HPLC (method 9): R=1.61 min;

15 LC-MS (method 10): R, = 1.02 min; MS (ESlIpos): m/z (%) = 456.4 (100) [M+H]", MS (ESIneg):
m/z (%) = 454.4 (100) [M-HJ".

'H NMR (400 MHz, ds-DMSO): 8 (ppm) = 1.22 (t, 3H), 1.41 (s, 9H), 2.1 (m, 1I), 2.80 (q, 2H),
3.30-3.43 (m, 2H), 3.44-3.51 (m, 1H), 3.78 (m, 1H), 4.55 (d, 2H), 5.00 (t, 1), 6.68 (s, 1H), 7.09
(d, 1H), 7.15 (s, 110, 7.95 (s, 1H).

20 Intermediate 67A

rac-tert-Butyl 3-{4-amino-5-[3-ethyl-5-fluoro-4-(hydroxymethyl)phenyl|pyrrolo[2,1-f][1,2,4]-

triazin-7-yl} piperidine-1-carboxylate



The crude product was purified by preparative HPLC (nethod 2) to give 73 ng
(66% of th.) of the 15title conmpound as colorless solid. HPLC (nmethod 1): R
= 2. 91 mwo 2pBlG4sMet hod 2): R = 3.14 min; LC M5 (et ho@CHEP2R2/062366 60 i n;
M5 (ESIpos): mz (%9 = 299.3 (100) [MfHI, M5 (ESIneg): mz (% = 297,4
(100) [M1-1]-. | FI. NWVR 5400 MHz, d6-DMS0): 6 (ppnm) = 1.84
(m 211), 2.95 (t, J= 7.6 Hz, 211), 3.507{m 214), 204.58 (s, 214), 6.67
(s, 111), 7.41 (s, 4H), 8.03 (s, . |H . Exanple 4

4- 14- Am no- 544- (hydr oxymet hyf | phEI pyrrolo[2,14][1, 2,4]triazin-7-yllbutan
-1-ol - 86 - OH The title conpound @t ai ned by general synthetic
method 1 fromlInternedi ate 14A (Fa pg;—q. 26 mmmol ) and

4- (hydr oxynet hyl ) phenyl bor oni c acid\(48 0.32 mml ). Purification of the
crude product was carried out by prepagati vilHGPLC (nethod 2). Yield: 66 ngy
(80%of th.). 5HPLC (nethod 2): R = 3. ir; LCGM (nethod 6): 12, = 0.68
mn; M5 (ESIpos): mz (%9 = 313.3 (100 AHESNMS (ESIneg): mz (%9 = 311.2
(100) [M1-1]-. NVR (400 MHz, d6-DVBR): 16 (/ppn) = 1.48-1.51 (m 211).
1.67-1.70 (m 21-1), 2.91 (t, : §HN 3.42 (t, J= 6.4 Hz, 21-1),
4.58 (s, 21-1), 6.67 (s, 111), 7.42 (sf/ 414), 8.03 (s, 1H. 10 Exanple 5
14- Am no- 5[ 3, 5-di f | uor o- 4- (hydr oxyng ) phenyl ] pyrrol o [ 2, 14]
[1,2,4]triazin-7-y1 (cycl opropyl) I

o~
1

\‘

(o]

Intermediate 31A (148 mg, 0.29 mmol), Intermediate S8A (98 mg, 0.35 mmol) and tetrakis(tri-
phenylphosphine)palladium(0) (17 mg, 0.015 mmol) were dissolved in a mixture of acetonitrile
(2.3 mL) and 2 M aqueous sodium carbonate solution (0.67 mL) in a microwave reactor vial. After
5  degassing for 5 min using argon, the reaction vessel was crimp-capped, and the mixture was heated
to 150°C for 1 h in a single-mode microwave device. After cooling to room temperature, saturated
aqueous sodium bicarbonate solution was added, and the mixture was extracted with ethyl acetate.
The combined organic layers were dried over sodium sulfate, filtered and concentrated. The residue

was purified by preparative HPLC (method 5). Yield: 105 mg (76% of th.).
10 HPLC (method 9): Re=1.71 min;

LC-MS (method 10): R = 1.08 min; MS (ESIpos): m/z (%) = 470.4 (100) [M+H]", MS (ESIneg):
m/z (%) = 468.4 (75) [IM-H]".

H NMR (400 Mz, ds-DMSO): & (ppm) = 1.22 (t, 3H), 1.38 (s, 9H), 1.50 (m, 1H), 1.65-1.90 (m,
2H), 2.06 (m, 1H), 2.80 (q, 21), 2.98 (m, 1H), 3.20-3.43 (m, 2H), 3.8 (m, 11), 4.08 (m, 1H), 4.55
15 (d, 2H), 5.02 (t, 1H), 6.65 (s, 1H), 7.07 (d, 1), 7.13 (s, 1H), 7.93 (s, 1H).

Intermediate 68A

rac-Methyl 4-{4-amino-7-[cyclopropyl(hydroxy)ymethyl]pyrrolo[2,1-f][1,2,4 triazin-5-y1}-2-

methoxybenzoate



OH - 87 - The title conmpound was obtained fromiInternediate 17A (125 ny,
0.44 mmol ) and Internediate 2A (114 ng, 0.53 mmol) by general synthetic
met hod 1.wOheiiowsse product was purified by preparativePEPIER2¢12061366 3) .
Yield: 73 ng (48%of th.). LC-Ms (nethod 7): R=1.09 mn; M (ESIpos):
mz (%9 = 347.3 (100) [M+H], M5 (ESIneg): 5mz (% = 345.3 (100) [MH . 114
NVR (400 MHz. d6-DVBO): 6 (ppnm) = 0.39 (#- 3H), 0.48 (m 1H), 1.35 (m 1H),
4.54 (d, 2H), 4.67 (m 1H), 5.26 (m 2142), 6.80 (s, 114), 7.14 (m 214),
7.92 (s, 114). Exanple 6 0

{4- Am no- 543, 5-di f | uor o- 4- ( hydr og_y th )ph%nyl ] pyrrol o[ 2, 141
[1,2,4]triazin-7-y1 (tetrahydrol02F pyran- 4-yT§het hanol OH The title
conpound was obtai ned from I nternedi at A (200 ng, 0.61 mmol) and
Internediate 2A (158 ng, 0.73 Mol ) b e ynthetic nmethod 1. The
crude product was purified by preparati FI PLC'{ met hod 3). Yield: 125 ng
(52% of th.). 15LCG-Ms (nethod 5): ft, = 1129 pdn; MS (ESIpos): mz (9=
391.1 (100) [M+14r, Ms (ESIneg): mz C/ 0# 738 o 100) [MH . 11-1 NWR (400
MHz, d6-DVBO): 6 (ppm) = 1.24 (br. d, 1HN K36.4m 2H), 1.68 (br. d, 114),
2.03 (m 114), 2.60 (t. 2H), 3.82 (m 2H) (s, 2H), 4.95 (br. d, 114),
5.28 (hr, 1H), 5.33 (br, 1H), 6.73 (§o-1K ). 7.14 (m 214). 7.93 (s, 114).
20 Exanple 7 trans-4-

14- Ami no- 543, 5-di f | uor o- 4- (hydr oxynet hyl )p yl]pyrrolo[2,14][1,2,4]triazin
-7-yll - cycl ohexanol

Intermediate 17A (250 mg, 0.88 mmol), [3-methoxy-4-(methoxycarbonyl)phenyljboronic acid
(223 mg, 1.06 mmol) and tetrakis(triphenylphosphine)palladium(0) (102 mg, 0.088 mmol) were
dissolved in a mixture of 1,4-dioxane (5.5 mL) and 2 M aqueous sodium carbonate solution

5 (1.32 mL) under argon and heated under reflux for 16 h. After this, another portion of tetrakis(tri-
phenylphosphine)palladium(0) (102 mg, 0.088 mmol) was added, and heating was continued for
further 24 h. After cooling to room temperature, the reaction mixture was filtered, the filtrate was
concentrated, and the residue was purified by preparative HPLC (method 7). Yield: 130 mg (80%
purity, 32% of th.).

10 LC-MS (method 10): R = 0.80 min; MS (ESIpos): m/z (%) = 369.3 (100) [M+H]", MS (ESIneg):
m/z (%) = 367.3 (75) [M-H]".

'H NMR (400 MHz, ds;-DMSO): & (ppm) = 0.41 (m, 3H), 0.49 (m, 11), 1.37 (m, 1), 3.81 (s, 3H),
4.68 (d, 1H), 6.92 (s, 1H), 7.13 (dd, 1H), 7.22 (d, 1H), 7.77 (d, 1H), 8.05 (s, 1H).

Intermediate 69A

15 7-(Prop-l-en-2-ylpyrrolo[2,1-f][1,2,4 |triazin-4-amine

NH2
— N N
\ NP

The starting material 7-bromopyrrolo[2,1-f]{1,2,4 ltriazin-4-amine was synthesized according to the

procedure described in WO 2007/056170-A2 (Intermediate B).



- 88 - OH Ho The title conpound was obtai ned by general synthetic nethod 1
fromiInternedi ate 24A (323 ny, 85% purity, 0.88 mmol) and Internediate |IA
(286 ngy, woQ613mewdsy 1.2 eq.). Purification of the crudePprarpact2/06mss fir st
carried out by flash chronmat ography (Biotage silica packed cartridge,

el uent 5di chl or onet hane/ et hanol 95:5). Further purification was perforned
by preparative HPLC (method 2). Yield: 78 mg (21%of th.). HPLC (nethod 2):

R=3.37 nin; LGCM (method 7); mi 09 =375. 3

1l 7 12 , = 1.01 mn; MS (ESIpos): rﬂz&
(100) [ M+H], VRS CESERYPOSPITS mr o @y releoldF Il (lree - 43R (+20 NV 66 Mz,
d6- DVS0) : 6 £ ppadctrEmdihd2-(piwp-12kp,y1)A1, 50di(abordide, (42114, ,2.53mBdl) (b disdd)ed i3. 47
(m 11-1), 4,51 _.}1)%4.6%%2 1-4?)(1, 5.26 (t. 1 214) . , 1H).
1.98 (m 21 13 ’mlxéér%bf ,gs' ’gl ﬁhﬁ)ﬁye 2-11 . 10(1%]}) - f uet)lhs] soéluﬂ] cartgn’ate Sc])'lutlorl (Z M?]ﬂr II(LS)

The reaction mixture was degassed, and 1,1-bis(diphenylphosphino)ferrocenepalladium(Il)

5  chloride (73 mg, 0.1 mmol) was added. After stirring at 90°C overnight, the reaction mixture was

diluted with ethyl acetate (40 mL), water (10 mL) was added, and the layers were separated. The

aqueous layer was extracted with ethyl acetate (2 x 40 mL), and the combined organic layers were

dried over sodium sulfate, filtered and concentrated. The residue was purified by flash

chromatography (puriFlash, Interchim, cyclohexane/ethyl acetate 1:1 to 100% ethyl acetate

10 gradient) to yield the title product as a slightly yellow solid. Yield: 304 mg (81% of th.).
HPLC (method 10): R, = 0.83 min;
LC-MS (method 10): R = 0.57 min; MS (ESIpos): m/z (%) = 175.1 (100) [M+H]".

"H NMR (400 MHz, ds-DMSO): 8 (ppm) = 2.15 (s, 3H), 5.22 (m, 1H), 6.30 (m, 1), 6.73 (d, 1H),
6.91 (d, 1H), 7.69 (m, 1H), 7.91 (s, 1H).

15 Intermediate 70A

7-Isopropylpyrrolo[2,1-f][1,2,4 Jtriazin-4-amine

NH2
S \N
)

Intermediate 69A (149 mg, 0.86 mmol) was dissolved in a mixture of ethanol and ethyl acetate
(1:1, 40 mL) under argon. Palladium on charcoal (10%, 9.1 mg) was added, and the mixture was
20 vigorously stirred for 16 h under an atmosphere of hydrogen at ambient pressure and room tem-
perature. After this, the catalyst was removed by filtration, and the solvent was distilled off under
reduced pressure to give 131 mg (80% of th.) of the title compound as a colorless solid. This pro-

duct was used in the next synthetic step without further purification.
HPLC (method 10): R, = 0.81 min;

25 LC-MS (method 10): R, = 0.56 min; MS (ESIpos): m/z (%) = 177.0 (100) [M+H]".



Exarrple 8 rac- {4-[4-Amino-7 -(pyrr olidin-3 -yl)pyrrol 0[2 1-1]
[1,2,4]triazin-5-yl]-2,6-difluorophenyl nethanol - 89 OH Internedi ate
51A (67 My 20131B43mmol ) was di ssolved in a 30% sol ution GtTmPlztillzmmacetl C
acid in dichloronethane (6 nL) at 0OC. The reaction mixture was stirred at
this tenperature for 20 mn, then all volatiles were renoved under reduced
pressure. The residue was purlfled by préparati ve 5 HPLC (net hod 2) The
product thus, obtai ned was dissolved in ethyl acetate and vvashed

saturated aqg JERME <éQ9deﬁ%ndeQMﬁ8hét<ep@m Wi GO @y YEnb-&! (dalidr o Wa@ ]CH)I ed

over anhydr ouss-sedinuoHsaké at #)). and t he sol vent was distilled off to give 21
ng (41%of th.) of the title conpound. HPLC (nethod 2): R = 2.96 m n;

LC- M5 (netho = .34 mn; M5 (ESIpos): nilz 0/0= 346.1 (20) [MIFI]-
teHedi

M5 (ESI neg): = 344.2 (100) [M11]-. 11-1 NWR (400 MHz, d6- DVBO):
6 =1.94 (m m 1H). 3.00-3.16 (m 211),
3. Elgp?)m 2%053@(1*1?27 ?ﬂwpilfzr)“obé)“ﬁi] ?(F%maaﬂ)‘*am@ezz (hr. s, 11-1). 6.71 (s,
1H), 7.11 (m 21-1), 7.92 (s, 1H). Exanple 9
15rac- 3-{4- Ami no-5-[ 3, 5-di f | uor o- 4- (hyglr oxynigtihyl ) phenyl ] pyrrolo[2,1-f][1, 2
,4]triazin-7-yll- piperidin-3-ol

=" SN

P

N

H,C
CH,
5

Intermediate 70A (125 mg, 0.71 mmol} was dissolved in dry THF (21 mL) and cooled to -78°C.
1,3-Dibromo-5,5-dimethythydantoin (81 mg, 0.28 mmol) was added in two equal portions. The
reaction mixture was stirred at -78°C for 1 h and then allowed to warm to room temperature over-
night. After addition of water (20 mL) and further stirring for 20 min, the precipitated solid was
10 collected by filtration and dried in vacuo. The crude product thus obtained (209 mg, >100% of th.)

was used in the next synthetic step without further purification.
HPLC {method 9): R, = 1.35 min.
LC-MS (method 10): R = 0.91 min; MS (ESIpos): m/z (%) = 257.0 (100) [M+H]".

Intermediate 72A

15 rac-1-(4-Amino-5-bromopyrrolo[2,1-f][1,2,4]triazin-7-yl}ethanol

Br NH2

OH

Intermediate 16A (500 mg, 1.66 mmol) was suspended in THF (10 mL) and cooled to 0°C. Methyl
magnesium bromide solution (3 N in diethylether, 1.7 mL) was added, and the reaction mixture
was stirred for 30 min. Then, saturated aqueous ammonium chloride solution was added, and the

20  mixture was extracted with ethyl acetate (2 x 20 mL). The combined organic layers were dried over



- 90 - OH Internediate 52A (46 ng, 0.10 mml) was dissolved in a 30%
solution of trifluoroacetic acid in dichloronethane (1.5 nL) at 0OC. The
reacti on woxpiwm43sas stirred at this tenperature for 30PgTEP201RAMR3ES |

vol atil es were renoved under reduced pressure. The residue was purified by
preparative 5 HPLC (nethod 2). The product thus obtained was di ssolved in
ethyl acetate and washed with saturated-&jueous sodi um carbonate sol ution.
The organic | ayer was dried over anhydrous sodium sul fate, and the solvent
was distil | eBR@FT glgiov B Hig prBYsGH @ KeY of 0TI dofipbimeredipLe
(et hod 2) Rhigh RasQdedrib Mg next synthbtCstvpwlthmt faakkr ArificRior. 1. 01 m n; MS ( ESI pos):
mz (% = 358 1 (100) [MH20+H, M5 10(ESIneg): mz (%= 374. 1 (100)

[ MH] - 6- e 18

2. 40- 2. 69 (m W%M%%% ?\@ %3’01\?8 gﬂ%‘m ’”/Zj( 2(5@1 3% [m%iﬂ&s(@.s%

2H), 5.26 (tpzlH)s %§14QX@@4HM-I), 6.72 (s 1FD 7 13 (n1 214), 7.94 (s,
11-1). Exanple 10

15{444- A noqa?le(wmm ;- BMpD): BY pfn =04, (3,4314[) %.12.(A) tml a7 (nf prybhpheny! |
met hanol % Internediate 53A (324 ny, 0.77 mml) was di ssol ved
in di chl or omét @n%n(15 mL). Trifluoroacetic acid (1.5 nL) was added, and
the m xture was stirred at roomtenperature for 16 h. Another portion of
trifluoroacetic acid (1.5 nL) was added, and stirring was continued until
HPLC (et hod



5 1) indicated conplete conversion of the starting material. Al volatiles
were then renoved under reduced pressure, and the residue was purified by
pr epar at iwe 2piBloG4$5met hod 1) to give 226 ng (91% of th.) pofi/EPh@2t0613k€
conmpound. HPLC (nethod 1): R = 3.37 min; HPLC (nethod 2): 12, = 2.90 m n;
LC-Ms (nethod 4): R = 0. 90 mn; M5 (ESIpos) mz (% = 324.1 (75) [MH ",
M5 (ESIneg): mz 10(% = 322.2 (100) [M#$4~ IFl NWR (400 Mz, d6-DVSO): 6
(ppm = 1.79- 1 95 (nﬁ 214) 2.16-2.23 (m 21-1), 3.05-3.19 (m 21-1),
3.37-3.52 ( P 21- 1), 5.49 (s, 214). 6.66 (s. 1H), 7.43 (s,
41-1), 8.03 (s, 1H) 8.39- 8.50 (m 1H), 8.65-8.69 (m 1H). Exanple 11
15(4- {4- Am Bosmpl{ 1 3R) - pi peridin-3-yl ] pyrrolo [2,14] [1,2,4]triazin-5-yll
-2, 6-di fl uorophenyl ) net hanol - 92 - H Internediate 55A (35 ny, 0.08
mml)wasdl I I tic acid in

di chl or onet hgfl(g A\(6%9!)57 BO%I%JPO%Q qit‘ gq?ré%%t%\gﬁ%#%ﬁ?%ams stirred at this
tenperature for 30 mn, then all vol ati
pressure. The residue was purified by
product thus obtai ned was di ssol ved i

es were renoved under reduced
eparative 5 HPLC (nethod 2). The

et hyl acetate and washed with

Lon. The organic |ayer was dried
over anhydrous sodium sul fate, and t 0l vent was distilled off to give 18
ng (66% of th.) of the title conpound thod 2): R = 3.10 mn;

LC-M5 (nethod 6): R =0.55 mn; M (E z (%= 360.2 (20) [NMFU , M5
(ESIneg): mz 10((,)/0) = 358.3 (100) [M FI' NWVR (400 MHz, d6-DWMSO): 6
(ppm =1.67 (m 2H), 1.83 (m 1H), 2.73 1HY, 2.86 (m 1H), 3.20 (d,
ILl). 3.41 (m 211), 4.53 (m 214), 5. 2% (N, 1H). 6.70 (s, 1H), 7.11 (m
11-1), 7.94 (s, 1H). [al9= +16.8 (gc= 0. F15, “net hanol ) .

5  The title compound was obtained by general synthetic method 1 from Intermediate 11A (100 mg,
0.39 mmol) and 4-(hydroxymethyljphenylboronic acid (60 mg, 0.39 mmol). Purification of the
crude product was carried out by preparative HPLC (method 2). Yield: 33 mg (30% of th.).

HPLC (method 1): Rc = 3.47 min; HPLC (method 2): R, = 3.78 min;
LC-MS (method 4): R, = 0.91 min; MS (ESIpos): m/z (%) = 283.2 (100) [M+H]".

10 H NMR (400 MHz, ds-DMSO): & (ppm) = 0.97 (t, J = 7.4 Hz, 3H), 1.71 (m, 2H), 3.31 (s, 2H),
4.52 (s, 2H), 6.54 (s, 1H), 7.42 (s, 4H), 7.89 (s, 1H).

Example 2

[4-(4-Amino-7-propylpyrrolo[2,1-f][1,2,4 Jtriazin-5-y1)-2,6-difluorophenyl jmethanol




15Exanple 12 (4-

[4-Am no-7-[(3S)-piperidin-3-yl]pyrrolo[2,1-f][1,2,4]triazin-5-yll -2,6-di
f | uor ophewof2b rsatoizsmol - 93 - OH The title conmpound wasTwHPe@E2/062366 r OM

I nternedi ate 56A (19 ng, 0.04 nmmol) by the same nethod as described for the
conversion of Internediate 55A to Exanple 11. Yield: 12 ng (81%of th.).
HPLC, LC-M5 and |11-NVR data were identita to those shown for Exanple 11.
5 Exanple 13 1444 Am no-7-(2-methyl-1, 3-t hi azol -4-yl)pyrrol o 2 1-fl

[1,2, 4] triaziif-BeyPTRMeE HW faipet PPé%FBFTaldW‘hel“ﬁf’E?l%dlﬁa?lém%@ﬁ\dl 8 %11861%21
nmol ) and t ho.oasebnmrde- ‘t(r(ﬂrb_n NeHdiflQor2hetyMilethard] B8 eg, ).4ovamel). diusificasial sfatk 1 N

1, 4- di oxane d Af t er I o

4. (hydroxyn_egrﬁylp)lgdﬁ(%ﬁvaT carrie8 Xt% gre}paraua\‘/%?ld})b% gjéethog 2).8’?6%1\.)'5%%%“04 ofgx)

tetraki s(triphenyl phosphi ne aIIadl um(0) (59 nmg, 0.07 mmol, 0.25 eq ) and 2
M aqueous SOEPWW@&‘]&E3 @tion (0.4 rnL) were added. The m xture was
gently stirred at 100C for 16 h. Then, another portion of

tetrakis(sri phenyl n@hﬁ&phiRne)l-47maxh;lmitEmi(o@>) {z24%)eg19.0 (1boear ) vas @doed, and
stirring at 1 d for another 4 h. The reaction m xture was
then filter eﬁp?&%rl(ﬁbé\ I\g']{ﬁ/as evapor at ed under reduced pressure, and the
- 94 - reS|due was purified by preparative HPLC (nethod 2) to give 28 ng
(40% of th.) FORMRHEOR NI, &s-DdIspuUdrias ©FF ¢ whi.t1g 1 ¢mydtad & (m, 2H), 5.26 (t, 1H),

6.64 (s, 1H), 7.10 (m, 2H), 7.91 (s, 1H).

Example 3

10 3-{4-Amino-5-[4-(hydroxymethylphenylipyrrolo[2,1-f][1,2,4 |triazin-7-yl } propan-1-ol

OH
NH,
I . N
1

HO

The title compound was obtained from Intermediate 10A (100 mg, 0.37 mmol) and 4-(Chydroxy-
methylyphenylboronic acid (67 mg, 0.44 mmol, 1.2 eq.) according to general synthetic method 1.
The crude product was purified by preparative HPLC (method 2) to give 73 mg (66% of th.) of the

15 title compound as colorless solid.
HPLC (method 1): R = 2.91 min; HPLC (method 2): R, =3.14 min;

LC-MS (method 6): R, = 0.60 min; MS (ESIpos): m/z (%) =299.3 (100) [M+H]", MS (ESIneg):
m/z (%) = 297.4 (100} [M-HJ".

'H NMR (400 MHz, ds-DMSO): § (ppm) = 1.84 (m, 2H), 2.95 (t, J = 7.6 Hz, 2H), 3.50 (m, 2H),
20 4.58 (s, 2H), 6.67 (s, 1H), 7.41 (s, 4H), 8.03 (s, 1H).

Example 4

4-{4-Amino-5-[4-thydroxymethyl)phenyl]pyrrolo[2,1-£][1,2,4 triazin-7-y1} butan-1-0l



HPLC (nmethod 1): R = 3.85 mn; HPLC (nethod 2): R = 3.60 m n; LC M5
(nmethod 6): R, = 0.94 mn; M5 (ESIpos): nilz (%9 = 338.2 (100) [M:H -, M
(ESI neg) :wombm/00845t 336.1 (100) [MH]. NVR (400 MHz, @6TER¥BOR06B6 ppm) =
2.73 (s, 3H), 4.58 (s, 2H). 7.17 (s, 11-1), 7.45 (d, J= 8.3 Hz, 2H), 7.50
(d, J= 8.3 Hz, 2H), 8.09 (s, 1H. 8.33 (s, IH. Exanple 14

{444- Ani no-7- (2-nethyl -1, 3-t hi azol -4-ypp¥trolo[2,1-f][1,2,4]triazin-5-y1]-2
, 6-di fl uorophenyl|l - 10methanol OH The tjtle conpound was obtai ned by
general synthetic method 1 from I nterneg e 34A (75 ng, 0.24 mmol) and
Internediate A (78 ng, 0.29 mol, 1.2 ®q.). Purification of the crude
product was carried out by preparative BRLC (nmethod 2). Yield: 27 ng (30%
of th.). 15HPLC (nmethod 1): R = 3.79 nj C-M5 (nmethod 6): R = 1.03 mn;
M5 (ESIpos): mz (%9= 374.0 (100) [ Mt 5 (E%thg): mz (%= 372.2 (100)
[MH. - 95 - Exanple 15 2

[1,2,4]triazin-5-yl]phenyl 1 nmethanol OH

er iate 35A (91 ng, O0.28
mmol ) was reacted with 4-(hydro§%yethyl)p'-

\R?p nic acid

The title compound was obtained by general synthetic method 1 from Intermediate 14A (75 mg,
0.26 mmol} and 4-(hydroxymethyl)phenylboronic acid (48 mg, 0.32 mmol). Purification of the
crude product was carried out by preparative HPLC (method 2). Yield: 66 mg (80% of th.).

5  HPLC (method 2): R, = 3.28 min;

LC-MS (method 6): R = 0.68 min; MS (ESIpos): m/z (%) =2313.3 (100) [M+H]", MS (ESIneg):
m/z (%) =311.2 (100 [M-HJ".

'H NMR (400 MHz, ds-DMSO): & (ppm) = 1.48-1.51 (m, 2H), 1.67-1.70 (m, 2H), 2.91 (t, J = 7.6
Hz, 2H), 3.42 (t, J = 6.4 Hz, 211), 4.58 (s, 210), 6.67 (s, 1), 7.42 (s, 410), 8.03 (s, 10).

10 Example$

{4-Amino-5-[3,5-difluoro-4-(hydroxymethyDphenyljpyrrolo[2,1-f][1,2,4 Jtriazin-7-y1} (cyclo-
propylimethanol




5 (51 nmy, 0.34 mol, 1.2 eq.) according to general synthetic nethod 1. The
crude product was purified by preparative HPLC (nethod 2) giving 68 ng (69%
of th.) oWoths/wiishe conpound as col orl ess crystals. HPPCT(arediboa23g): R =
3.73 mn; LC-Ms (nethod 6): R, = 1.05 mn; M5 (ESIpos): mz (%= 352.2
(100) [M+Hr, M5 (ESIneg): 10mz (%9 = 350.3 (100) [MH-. ILI NWR (400 Mz,
d6- DVBO) : 6(pprr) :136(t J—76HZ'§W—1‘), 306(q J—76Hz 2H), 4.58
(s, 211), 7.19 (s. ) gd J=8.0 Hz, 211),
8.12 (s, 1H) The8tlt1§6;01(1goun(ihyis) obta‘g}?g%péntilgledlate 17A (1 5 mg, 0.44 mmol) and Intermecﬁat

14- [ 4- Am no- 74 (24 eighy.13 hmdh bhicaznl syheyil) pytiodal Ohe2orddefplddict 2ad piritie@ By pre5- y1] -
2, 6-di fl uorophen n The title conpound was

obt ai ned by eﬁe%{gFL%%gh ?%e?dl %m%l%%/%orﬂo I nternmedi ate 35A (34 ng, 0.11
mol ) and Internediate 1A (34 ng, 0.13 nmmol, 1.2 eq.). Purification of the
crude pr oducLC\%gs(H@ﬁW%@todtO9l¥yﬂ pY'e pavinge ) W(%PE@‘V(NQIOWW My EPlie2)16 ny
(40% of th. )m/zw;%g;;(g /U? Hé) R=4.04 min; LCGCM (nethod 6): 12, = 1.15
mn; M5 (ESIpos): mz (%9 =388.0 (100) [ M+Hr, I\/B(ESIneg) rﬂz(%—3861

(100) TM 1 Uy MBS0 48, 100, VR0 6 Eopm, = PR (L B 3108 (o

Exanpl e 17 447dn A, 506 [, (B3, arsb notil), 314 (i, aIszZlesyl(H)yrrol o[2, 61-1]
[1,2,4]triazin-5-yl]phenyl } nmethanol OH

Example 6

{4-Amino-5-[3,5-difluoro-4-(hydroxymethylphenyljpyrrolo[2,1-f][1,2,4 Jtriazin-7-yl1} (tetrahydro-
10 2H-pyran-4-yDymethanol

The title compound was obtained from Intermediate 18A (200 mg, 0.61 mmol) and Intermediate
2A (158 mg, 0.73 mmol) by general synthetic method 1. The crude product was purified by pre-
parative HPLC (method 3). Yield: 125 mg (52% of th.).

15 LC-MS (method 5): Ry = 1.29 min; MS (ESIpos): m/z (%) =391.1 (100) [M+H]", MS (ESIneg):
m/z (%) = 389.0 (100) [M-HJ".

"H NMR (400 MHz, ds-DMSO): & (ppm) = 1.24 (br. d, 1H), 1.36 (m, 2H), 1.68 (br. d, 1), 2.03
(m, 1), 2.60 (t, 2H), 3.82 (m, 2H), 4.54 (s, 2H), 4.95 (br. d, 1), 5.28 (br, 1), 5.33 (br, 1H), 6.73
(s, 1H), 7.14 (m, 2H), 7.93 (s, 1H).

20  Example 7

trans-4- {4-Amino-5-[3,5-difluoro-4-(hydroxymethyDphenylpyrrolo{2,1-£][1,2.4 |triazin-7-y1} -

cyclohexanol



- 97 - The title conpound was obtained by general synthetic nethod 1 from

I nternmedi ate 36A (55 ng, 0.18 mmol) and 4-( hydroxynet hyl ) phenyl boronic acid
(32 ng, Ow@Rommkyst Purification of the crude product wWaReTERRIRO6M2366t by
preparative HPLC (nethod 2). Yield: 29 ng (49%of th.). I-1PLC (nethod 1):
R =3.03 mn; 5LC-M (nethod 5): R=1.21 mn; M5 (ESIpos): mz (%= 339.1
(30) [MtHI, Ms (ESlneg): mz (%= 337.1-¢400) [MH . 11-1 NVR (400 Mz,
d6-Dvs0): 6 (ppm = 4.58 (m 211). 5.75 (m 1H), 6.93 (s, 114), 7.05 (m
2H), 7.43 (m 4H). 7.55 (s, 111), 8.08X%, 1H). Exanple 18

101444- Am no- 7- (pi perazin-1-ylmethyl )Qyrrogo [2,14] [1,2,4]triazin-5

-yl ] phenyl | net hanol OH Internediate 3£AAL200 ng, 0.49 mol),

4- (hydr oxynet hyl ) phenyl bor oni ¢ aciFd 0.59 mmol, 1.2 eq.) and

tetraki s(triphenyl phosphi ne) pal | adi u , 0.05 mol, 0.1 eq.) were
dissolved in a mxture of 1,4-dioxane T#. 0 nLj @and 2 M aqueous sodi um
carbonate solution (1.0 nL) in a 15 mcr§ eactor vial. The reaction
vessel was crinp-capped, and the m xturg hedted to 140C for 1 h in a

si ngl e-node m crowave device. After cooNngy t m xture was filtered over
a pad of Celite which was rinsed with 1, f-di oxane to elute all organic
material. The conbined filtrate was eyvagporated to dryness under reduced

pressure, and the residue was purifig preparative |-1PLC (nethod 1) to
pound. 20HPLC (method 1): R = 2.85

give 75 ng (45%of th.) of the title
m n;

The title compound was obtained by general synthetic method 1 from Intermediate 24A (323 mg,
85% purity, 0.88 mmol) and Intermediate 1A (286 mg, 1.06 mmol, 1.2 eq.). Purification of the
crude product was first carried out by flash chromatography (Biotage silica packed cartridge, eluent

5  dichloromethane/methanol 95:5). Further purification was performed by preparative HPLC
(method 2). Yield: 72 mg (21% of th.).

HPLC (method 2): R = 3.37 min;

LC-MS (method 7): Re = 1.01 min; MS (ESIpos): m/z (%) =375.3 (100) [M+H]", MS (ESIheg):
m/z (%) = 373.3 (100) [M-HJ".

10 'H NMR (400 MHz, ds-DMSO): & (ppm) = 1.32 (m, 2H), 1.50 (m, 2H), 1.98 (m, 2H), 2.04 (m,
2H), 3.04 (tt, 1T, 3.47 (m, 1), 4.51 (m, 2H), 4.61 (d, 1T, 5.26 (t, 1), 6.60 (s, 1H), 7.12 (m,
2H), 7.91 (s, 1H).

Example 8

rac-{4-[4-Amino-7-(pyrrolidin-3-ylpyrrolo[2,1-f]{1,2,4 Jtriazin-5-y1]-2,6-difluorophenyl} methanol



- 98 - NVR (400 MHz, d6-DVB0): 6 (ppm) = 2.38 (hr. s, 4H), 2.63 (m
4H), 3.80 (s, 2H), 4.55 (s, 2H), 5.26 (hr. s, 11-D, 6.60 (s. 1H), 739 (s,
4H) . 7. 90wO=13lahss1Exanpl e 19  1444- Ami no- 7- ( nor phol i n- 2cyiRPea1dpm3gé r ol o
[2,14] [1,2,4]triazin-5-yl]phenyllnmethanol OH5 The title conmpound was
obt ai ned from I ntermediate 38A (200 ng, 0.64 mmol) and

4- (hydr oxynet hyl ) phenyl boroni ¢ acid (116%hg, 0.77 mol, 1.2 eq.) according
to general synthetic nmethod 1. The cru%%’ product was purified by
preparative HPLC (nethod 2). The materi t hus obtained was dissolved in a
few nL of a mxture of acetonitrile aRd wager, 2 M aqueous sodi um carbonate
10 sol ution was added, and the m xture-wgd stirred for 10 min. During this

time, the title conpound precipit &teg e crystals were isolated by
filtration and dried in vacuo to give Ig%of th.) of a colorless
solid. HPLC (nethod 1): R = 3.21 mn; M5 (nmethod 4): R = 0.93 mn;
M5 (ESIpos): mz (%9 =340 (1) [ MH], I\/B( Slneq): mz 15(% = 338.2 (100)

[ M1]-. NVR (400 M-1z, d6-DMS0): 6 (@p Na7 (m 414), 3.31 (s, 4H),
3.53 (t, 21-1), 3.82 (s, 1H), 4.56 (d, X).Nn5.22 (t, 1l1-1), 6.63 (s. 1H),
7.42 (s, 41-1), 7.90 (s, 1I-1). Exanple N

1444- Am no- 7- (mor phol i n- 4-yl met hyppyrralo[ 2, 1-1][1, 2, 4] triazin-5-yl1] -2, 6-di
fl uorophenyll- 20n®et hanol

HN

Intermediate S1A (67 mg, 0.15 mmol) was dissolved in a 30% solution of trifluoroacetic acid in
dichloromethane (6 mL) at 0°C. The reaction mixture was stirred at this temperature for 20 min,
then all volatiles were removed under reduced pressure. The residue was purified by preparative
5  HPLC (method 2). The product thus obtained was dissolved in ethyl acetate and washed with
saturated aqueous sodium carbonate solution. The organic layer was dried over anhydrous sodium

sulfate, and the solvent was distilled off to give 21 mg (41% of th.} of the title compound.
HPLC (method 2): R = 2.96 miu;

LC-MS (method 6): R¢ = 0.34 min; MS (ESIpos): m/z (%) = 346.1 (20) [M+H]", MS (ESIneg): m/z
10 (%)=344.2(100) [M-HJ".

'H NMR (400 MHz, ds-DMSO): 8 (ppm) = 1.94 (m, 1H), 2.22 (m, 1H), 2.94 (m, 1H), 3.00-3.16
(m, 2H), 3.40 (m, 2H), 3.72 (m, 1H), 4.51 (s, 2H), 5.22 (br. s, 1H), 6.71 (s, 1H), 7.11 (m, 2H), 7.92
(s, TH).

Example 9

15 rac-3-{4-Amino-5-[3,5-difluoro-4-(hydroxymethyphenyl pyrrolo[2,1-f][1,2.4 triazin-7-y1} -
piperidin-3-ol



- 99 - OH To a solution of Internediate 40A (110 ng, 0.22 mol) in TI-IF
(2.2 m.) was added 0.45 nL (0.45 mmol) of a 1 M solution of

t et r abut Wermmiowssif | uori de (TBAF) in THF, and the m xt RCe/BRaGI2061366 ed at
roomtenperature for 1 h. The reaction m xture was then evaporated under
reduced 5 pressure, and the residue was suspended in 3 nL of nethanol and
stirred at roomtenperature for 5 min. THe resulting preci pitate was
filtered, washed with a small armount of_ methanol and dried in vacuo to give
68 ng (81%of th.) of the title conpo 2 LC-Ms (nethod 4): R =1,03 mn;
M5 (ESIpos): mz (%9 = 376.0 (80) [M* M5 (ESIneg): mz (%= 374.1 (100)
1011-1 NWR (400 MHz, d6-DMVSO): 6 (ppm . 45 (br. m 4H), 3.56 (t, 414),
3.82 (s, 21-1), 4.54 (d, 21-1). 5F H, 6.75 (s, 1I-1), 7.16 (m
21-1), 7.95 (s. 1H. Exanmple 21 {4- At No- H(nnrpholln 4-y

| met hyl )pyrrolo [2,14] [1,2,4]triazin- 1] - ﬁNfﬁuorophenyI } met hanol OH

- 100 - To a suspension of Internedi ate 4 .0 ng, 0.17 mol ) in THF
(2.0 nL) was added 0.2 nL (0.2 nmmol) of /a~If M S®l ution of |ithiumalum nium
hydride in THF, and the mxture was stil at_goom tenperature for 1 h.

conpound.

N
H

Intermediate 52A (46 mg, 0.10 mmol) was dissolved in a 30% solution of trifluoroacetic acid in

dichloromethane (1.5 mL) at 0°C. The reaction mixture was stirred at this temperature for 30 min,
then all volatiles were removed under reduced pressure. The residue was purified by preparative
5  HPLC (method 2). The product thus obtained was dissolved in ethyl acetate and washed with
saturated aqueous sodium carbonate solution. The organic layer was dried over anhydrous sodium

sulfate, and the solvent was distilled off to give 20 mg (55% of th.) of the title compound.
HPLC (method 2): R = 2.94 min;

LC-MS (method 4): R, = 1.01 min; MS (ESIpos): m/z (%) = 358.1 (100) [M-H,O+H]", MS
10 (ESIneg): m/z (%) =374.1 (100) [M-H]".

'H NMR (400 MIz, ds-DMSO): 8 (ppm) = 1.48 (m, 1H), 1.89 (m, 2H), 2.40-2.69 (m, 211), 2.92 (d,
1), 3.02 (d, 1H), 3.40 (m, 1H), 4.52 (m, 2I0), 5.26 (t, 1H), 5.45 (s, 1), 6.72 (s, 1H), 7.13 (m,
2M), 7.94 (s, 11).

Example 10

15 {4-[4-Amino-7-(piperidin-4-yDpyrrolo[2,1-f][1,2,4]triazin-5-yl|phenyl } methanol



S5LC-Ms (nethod 6): R =0.98 mn; M5 (ESIpos): mz (% = 358.1 (20) [ MtHr,
M5 (ESIlneg): mz (?/0) = 356.2 (100) [M 14]-. NVR (400 MHz. d6-DMVBS0O): 6
(ppm = 2woeo(3dmo4ssm 414), 3.56 (t, 4H), 3.83 (s, 214), peTalr2@d/o6Bbl , 5. 32
(t, 114), 6.70 (s, 1H), 7.27 (dd, 2H). 7.55 (t, 1H), 7.94 (s, 114). Exanple
22 10[ 444- Am no- 7- (nor phol i n- 4-yl net hypgﬁlmr olo [2,14]
[1,2,4]triazin-5-yl]-2-chlorophenyl | neth I nt ermedi ate 39A (200 ng,
0.56 nmml ), Internediate 3A (112 ng, Q.51 rrm)l) and tetrakis-

(triphenyl phosphi ne) pal | adi un{0) (58 , 0.05 mMmmvl) were dissolved in a

m xture of 1,4-dioxane (4.0 nL) and ¥ M aqueous sodi um car bonate sol ution
(1.0 m.) in a mcrowave reactor vial he 15 reaction vessel was
crinp-capped, and the m xture was h d to 140C for 1 h in a single-node
m crowave device. After cooling, thg / «?Wgas filtered, and the filtrate
was purified by preparative HPLC (nmethdgd 3) give 48 ng (23% of th.) of
the title conpound. LC-MsS (nethod 6): R= 083 mn; M5 (ESIpos): mz (% =

374.1 (80) [MrHI, M5 (ESIneg): mz (%4 372. 100) [MH] - 101 -
Exampl e 23 {444- Am no- 7- ( nor phol i n- 4- Ri h yrrol o[ 2, 11
[1,2,4]triazin-5-y1]-2-nmethyl phenyl 1 ngthamol OH

N
H

Intermediate 53A (324 mg, 0.77 mmol) was dissolved in dichloromethane (15 mL). Trifluoroacetic

acid (1.5 mL) was added, and the mixture was stirred at room temperature for 16 h. Another
portion of trifluoroacetic acid (1.5 mL) was added, and stirring was continued until HPLC (method

5 1) indicated complete conversion of the starting material. All volatiles were then removed under
reduced pressure, and the residue was purified by preparative HPLC (method 1) to give 226 mg
(91% of th.) of the title compound.

HPLC (method 1): R =3.37 min; HPLC (method 2): R, = 2.90 min;

LC-MS (method 4): R; = 0.90 min; MS (ESIpos): m/z (%) = 324.1 (75) [M+H]", MS (ESIneg): m/z
10 (%)=322.2 (100) [M-H]J".

' NMR (400 MHz, ds-DMSO): 8 (ppm) = 1.79-1.95 (m, 2), 2.16-2.23 (m, 2H), 3.05-3.19 (m,
2H), 3.37-3.52 (m, 3H), 4.56 (s, 2H), 5.49 (s, 2H), 6.66 (s, 1H), 7.43 (s, 4H), 8.03 (s, 1H), 8.39-
8.50 (m, 1H), 8.65-8.69 (m, 11).

Example 11

15 (4-{4-Amino-7-[(3R)-piperidin-3-yl|pyrrolo[2,1-f][1,2,4]triazin-5-y1}-2,6-difluorophenylymethanol



In anal ogy to the preparation of Exanple 28, Internediate 39A (200 ng, 0.56
nmol ) was reacted S5with Internediate 4A (102 ng, 0.51 nmol) to give 9 ny
(5% of t hwo 20f3/ms1titl e conpound. LC- M5 (rret hod 4): R RCI/EPO12i062366/5
(ESIpos): mz ()/O = 3543 (10) [MtH, M5 (ESIneg): nlz CYO= 372.2 (100)
[MH-. NVR (400 MHz, d6-DMS0O): 6 (pp = 2.30 (s., 3H, 2.45 (br. m
4H), 3.56 (t., 411), 3.83 (s, 2H), 4.54-{4, 21-1), 5.13 (t, 114), 6.63 (s,
1H), 7.26 (s, 11-1), 7.26 (d, 114), 7.45 (d, 114), 7.91 (s, 1H). 10 Exanple
24 {544- Am no- 7- (nor phol i n-4-yl net hyl )pyrrol o [ 2, 141
[1,2,4]triazin-5-yl]pyridin-2-yllmethgnol H - 102 - parative HPLC
(method 4). Remaining inpurities were }xegbved by suspending the product in
acetonitrile (2 nL) and coll ecting € |n| ng solid by filtration.

Yield: 27 mg (12%of th.). LC M (net : R,=0.78 min; M5 (ESIpos): niz
(%9 = 341 (10) [MtH, M5 (ESIneg): m z 04 .3 (100) [MH] S5NVR (400
MHz, d6-DMBSO): 6 (ppm = 2.46 (br. m 414 (t, 4H), 3.84 (s, 211),
4.62 (d, 2H), 5.46 (t, 1H), 6.73 (s. 11 17\ 7\5 (d, 1H, 7.86 (dd, 11-1),
7.95 (d, 1H), 8.56 (s, 1H). Exanple 25 \

1- (14- Am no- 543, 5-di f | uor o- 4- ( hydr oxymnet yl)pihenyl]pyrrol o[2,14][1,2,4]tria
zin-7-yll methyl)- piperidin-4-ol

N
H

Intermediate S5A (35 mg, 0.08 mmol) was dissolved in a 30% solution of trifluoroacetic acid in
dichloromethane (1.5 mL) at 0°C. The reaction mixture was stirred at this temperature for 30 min,
then all volatiles were removed under reduced pressure. The residue was purified by preparative
5  HPLC (method 2). The product thus obtained was dissolved in ethyl acetate and washed with
saturated aqueous sodium carbonate solution. The organic layer was dried over anhydrous sodium

sulfate, and the solvent was distilled off to give 18 mg (66% of th.) of the title compound.
HPLC (method 2): R, = 3.10 min;

LC-MS (method 6): Re = 0.55 min; MS (ESIpos): m/z (%) = 360.2 (20) [M+H]", MS (ESIneg): m/z
10 (%)=358.3(100) [M-HJ".

H NMR (400 MHz, ds-DMSO): 8 (ppm) = 1.67 (m, 2H), 1.83 (m, 1), 2.75 (m, 1H), 2.86 (m,
1H), 3.20 (d, 1H), 3.41 (m, 2H), 4.53 (m, 2H), 5.29 (&, 1H), 6.70 (s, 1H), 7.11 (m, 1H), 7.94 (s,
1H).

[a[fay=+16.8° (c = 0.515, methanol).

15 Example 12

(4-{4-Amino-7-[(35)-piperidin-3-yljpyrrolo[2,1-f][1,2,4 triazin-5-y1} -2.6-difluorophenylymethanol



OH 10 HO The title conpound was obtained fromlnternedi ate 45A (200 ng,
0.61 mmol ) and Intelediate 2A (159 ngy, 0.74 mol ) by general synthetic
met hod 1.wOheiiowsse product was purified by preparativePEPIER2¢12061366 3) .
Yield: 103 ng (43% of th.). LC-Ms (nethod 4): R=0.98 mn; M
(ESlpos): mz (A = 390.1 (60) [MII-Ir, M5 (ESIneg): mz 15(% = 388.2
(100) [MHr. "LI NVR (400 MHz, d6-DMVS0):%% (ppm) = 136 (br. m 2H), 1.68
(br. m 2H), 2.12 (br. m 2H), 2.75 (br, m 21-1), 3.41 (br. m 1H), 3.79
(s, 2H, 4.51 (d, 11-1), 4.54 (d, 2H),,58:27 (t, 1H), 6.72 (s, 1H), 7.15 (m
214). 7.94 (s, 1H. Exanple 26 - 103\- O+ The title conmpound was
obtained frominternediate 47A (110 np.Q¥35 mmol ) and I nternedi ate 2A
(91.3 ng, 0.42 mmol ) by general sy¥n met hod 1. The crude product was
purified by preparative HPLC (nethod ieI’gH 69 ng (52% of th.).

2

The title compound was obtained from Intermediate 56A (19 mg, 0.04 mmol) by the same method
as described for the conversion of Intermediate 55A to Example 11. Yield: 12 mg (81% of th.).

HPLC, LC-MS and 'H-NMR data were identical to those shown for Example 11.

5 Example 13

{4-]4-Amino-7-(2-methyl-1,3-thiazol-4-yl)pyrrolo[2,1-f]{1,2,4 triazin-5-yl|phenyl} methanol

OH

Intermediate 33A (60 mg, 0.21 mmol) and thicacetamide (15 mg, 0.20 mmol, 0.95 eq.) were dis-
solved in 1,4-dioxane (2 mL) and refluxed for 4.5 h. After cooling, 4-thydroxymethyl)phenyl-
10 boronic acid (38 mg, 0.25 mmol, 1.2 eq.), tetrakis(triphenylphosphine)palladium(0) (59 mg, 0.07
mmol, 0.25 eq.) and 2 M aqueous sodium carbonate solution (0.4 mL) were added. The mixture
was gently stirred at 100°C for 16 h. Then, another portion of tetrakis(triphenylphosphine)-
palladium(0) (24 mg, 0.1 eq.) was added, and stirring at 100°C was continued for another 4 h. The

reaction mixture was then filtered, the filtrate was evaporated under reduced pressure, and the



5LC-Ms (nethod 4): R=0.25 mn; M5 (ESIpos): tn/fz (%9 = 376.1 (20) [MH]-
NVR (400 MHz, d6-DMS0): 6 (ppm) = 1.54 (m 1H), 1.98 (m 11-1), 2,43 (br.

d, 1H), 2¥620(3mo43siH), 2.79 (dd, 1H). 3.93 (dd, 211), 4. P8T(Hr20120d238¢. 4.53
(d. 2H), 4.69 (d, 1H), 5.27 (t, 1H), 6.75 (s, 11-1). 7.16 (m 2H. 7.95 (s,

1H). Exanple 27

101- (14- Am no- 543, 5-di f |l uor o- 4- (hydroxyrr%“thyfl phenyl]pyrrol o[2,14][1, 2,4]tr
iazin-7-yll methyl)- piperidin-3- room t enperature
for 1 h. Thefeﬁlé‘é?c"tais B XY W@YW%HF%%H“%H%WPS%B’% (éor{bloﬁt’l’réOf B e was
purified by preparddtinie ke (et hod 3) to give 65 ng (56% of th.) of the
title conpound. LC-MS (nethod 7): 12, 0.33 min; M (ESI pos): mz (%9 =
390. 3 (100) NSO = 1.02 (br. m
1H) . 1. 40 (b{rI%HmethHgl 1)1Rt 1(1419&(3\{?%6}109% 8(06?19 m 214) 1 95 (bl‘
m2.73 (br. n% ER? m 114% gz m {Jﬁ 1\/%

4.54 (br. d, % Mf)(meémé?) = 0 Ayin: N ?Fzﬁh(%) o) ?381%'(1@ MZﬁﬂ @§Iﬂ€@
114). Exaﬁpl /228) = 336.1 (100) [M-H]~.

trans- 4- 14- Am no- 543- et hyl - 5- f1 uor o- 4- (hydr oxynet hyl ) phenyl ] pyrrolo [ 2, 141

[ 1,2, 4] triazipelrydoeny G-BOSEFAUonTE 2. A8y 458 (5, 201), 7.17 (s, 110), 745 (d, S = 8.3

Hz, 2H), 7.50 (d, J = 8.3 Hz, 2H), 8.09 (s, 1H), 8.33 (s, 1H).

Example 14

{4-]4-Amino-7-(2-methyl-1,3-thiazol-4-yl)pyrrolo[2,1-f][1,2,4 triazin-5-y1]-2,6-difluorophenyl} -

10 methanol

The title compound was obtained by general synthetic method 1 from Intermediate 34A (75 mg,
0.24 mmol) and Intermediate 1A (78 mg, 0.29 mmol, 1.2 eq.). Purification of the crude product
was carried out by preparative HPLC (method 2). Yield: 27 mg (30% of th.).

15 HPLC (method 1): Re=3.79 min;

LC-MS (method 6): R; = 1.03 min; MS (ESIpos): m/z (%) =374.0 (100) [M+H]", MS (ESIneg):
m/z (%) =1372.2 (100) [M-H]".

H NMR (400 MHz, ds-DMSO): & (ppm) = 2.72 (s, 3H), 4.53 (s, 2H), 7.18-7.27 (m, 2H), 8.11 (s,
1H), 8.33 (s, 1H).



I nternedi ate 24A (120 ng, 0.39 mml) and Internediate 58A (130 ng, O.46
nmol ) were dissolved in acetonitrile (3.0 nL) in a mcrowave reactor vial
and fl ushe0 20itdo4sngon. Tetraki s(tri phenyl phosphi ne) pal Patirrag10p61382 ny,
0.02 mmol ) and 2.0 M aq. sodium carbonate solution (0.7 nmL) were added, and
the m xture was heated to 150C for 1 h in a single-node m crowave devi ce.
After 15cooling, the mixture was filtere®-and the filtrate was evaporated.
The residue was purified by preparative HPLC (nmethod 2) to give 36 ng (23%
of th.) of tEe2mmleld conpound. LG MBS (method 6): R = 0.82 mn; M (ESIpos):
nilz (%9 = 385 (100) [M+FIr, MS (ESIneg): mz (%= 383 (100) EMH. IH NWR
(400 MHz, DMBOHdG)ino-B-(X-pll,3=thidzoR4ylfyrroBI2:1H)[1,2,4]t28in15-B®hdni} mthanb) |
1.46-1.54 (m 214), 201.94-1.97 (m2.01-2.05 (m 214), 2.82 (q, 214), 3.03
(m 114), 3.47 (m 1H), 4.53 (m 214), 481 (d, 114), 5.02 (t, 11-1), 6.58
(s, 1H, 7.08 (d, 1H), 7.15 (s, 11-1), /Z7.90 (s, 114). - 105 - Exanple 29
trans-4-
14- Ami no- 543-f | uor o- 4- (hydr oxynet hyl ) - st hoxyphenyl ] pyrrol o[ 2, 1-f] [ 1, 2, 4]
triazin-7- yll cycl ohexanol OH HO & medi ate 24A (120 ng, 0.39 nmol)
and I nternmedi ate 59A (163 ng, 80% puri .46Np1T2mI)

Intermediate 35A (91 mg, 0.28 mmol) was reacted with 4-(hydroxymethyDphenylboronic acid
5 (51 mg, 0.34 mmol, 1.2 eq.} according to general synthetic method 1. The crude product was
purified by preparative HPLC (method 2} giving 68 mg (69% of th.) of the title compound as color-

less crystals.
HPLC (method 1): R¢=3.73 miu;

LC-MS (method 6): R, = 1.05 min; MS (ESIpos): m/z (%) =352.2 (100) [M+H]", MS (ESIneg):
10 m/z (%)=350.3 (100) [M-HJ".

'H NMR (400 MHz, ds-DMSO): & (ppm) = 1.36 (t, J = 7.6 Hz, 3H), 3.06 (q, J = 7.6 Hz, 2H), 4.58
(s, 20), 7.19 (s, 110), 7.46 (d, J = 8.0 Hz, 2H), 7.52 (d, J = 8.0 Hz, 2), 8.12 (s, 1H), 8.36 (s, 1T1).

Example 16

{4-[4-Amino-7-(2-ethyl-1,3-thiazol-4-ylpyrrolo[2,1-f][1,2,4]triazin-5-y1]-2,6-difluorophenyl} -

15 methanol



were dissolved in acetonitrile (2.0 nL) in a mcrowave reactor vial and
flushed with argon. Tetrakis(triphenyl phosphi ne)palladiunm0) (45 ng, 0.04
nmol ) andw@.20134oa%51 sodi um carbonate solution (0.5 nlL) wer&Paddodz3eand t he
m xture was heated to 150C for 1 h in a single-node mcrowave device. After
cooling, the mxture was filtered, and the filtrate was evaporated. The
resi due was 10purified by preparative HPY®C (nethod 2) to give 6 ng (4% of
th.) of the title conpound. LC M (nethqg 5): R=1.36 mn; M (ESIpos):
mz (% = 387 (100) [MtH I, M5 (ESI neg), i z (%9 = 385 (100) [MH -.

| H NMR (400 MHz, DMSO-d6): 6 (ppm) = 1\24-1.33 (m 2H), 1.42-1.53 (m 2H),
1.90-1.93 (m 2H), 2.00-2.04 (m 214), 8.04 (m 1H), 3.46 (m 1H), 3.82 (s,
3H), 4.48 (m 2H). 4.60 (d, 1H). 4.FB= 1H), 6.60 (s, 1H). 6.85 (d,
1H), 6.90 (s, 1I-1), 7.91 (s, 11-0. 5 2 30

1444- Am no- 7- ( pi peri di n-3-yfl pyrrol of 2,
nmet hoxyphenyl | - nethanol - 106 - COH tecAedi ate 63A (50 ng, 0.11
mmol ) was di ssolved in a 30% sol ution of ATT]| udhbacetic acid in

di chl oronet hane (5.0 nlL) at OC. The reactNhopym xtlure was stirred at this
tenperature for 30 nmin, then all volatileg wers renoved by distillation
under reduced pressure. The residue was_purified by 5 preparative HPLC
(method 2). The product thus obtai ned fasNyli ssol ved in et hyl acetate and
washed with saturated agueous soqicfjm . i@nat e sol ution, The organic | ayer
was dried over anhydrous sodium stul Tate, “and the solvent was distilled off
to give 30 ng (76/O of th.) of the title conpound. LC-Ms (nethod 6): R

;78- ??0 gi) n;[ Mgvﬁ {BEShRhd Wil @it b7 edhéal Ghkid Mok, 1 M (EShae®) 35sABZ mk0( % =

2, 4] triazin-5-y1]-2-fluoro-6-

ll_g I-n'mol) and Intermediate 1A (34 mg, 0.13 mmol, 1.2 eq.). Purification of the crude product
was carried out by preparative HPLC (method 2}. Yield: 16 mg (40% of th.).

5  HPLC (method 1): R = 4.04 min;

LC-MS (method 6): R, = 1.15 min; MS (ESIpos): m/z (%) =383.0 (100) [M+H]", MS (ESIneg):
m/z (%) = 386.1 (100) [M-HJ".

'H NMR (400 MHz, ds-DMSO): 8 (ppm) = 1.38 (t, 3H), 3.06 (q, 2H), 4.55 (s, 2H), 7.20-7.31 (m,
3H), 8.16 (s, 1H), 8.38 (s, 1H).

10 Example 17

{4-[4-Amino-7-(2-amino-1,3-thiazol-4-yl)pyrrolo[2,1-f][1,2,4 |triazin-5-yl|phenyl} methanol

OH




NVR (400 MHz, DMSO-d6): 6 (ppm) = 1.50-2.08 (m 4H), 2.94 (m 2H),
3.17-3.30 (m 3H), 3.85 (s, 3H), 4.51 (m 2H), 4.82 (t, 1I1), 6.60 (s,
111), 6.9%O0(2d13/00455), 6.89 (s, 111), 7.90 (s, 1H) . ExanplPeT3P2012/062366
{444- Am no- 7- (piperidin-3-yflpyrrolo[2,1-f][1,2,4]triazin-5-yl]-2-fluoro-6-
met hyl phenyl | - 15nethanol - 107 - OH Internediate 64A (110 ny, 0.21

mmol ) was di ssolved in a 30% sol ution of%trifluoroacetic acid in

di chl oronet hane (5.0 nlL) at OC. The reaction mxture was stirred at this
tenperature f&riSEORPHC pREPEcH Yy §Part PaLe PR Hdnimrre ity Pafiton
under reduced1pmasyune 4-(HlexyeshiyenWwasopd hdid (RAdndWw. B phaepPiatidaie df-th?LC
(method 2). Th rooduct thus obtai ned .di ssal,v |.n, ethyl acetate and
washed wi th SRy Saed S L bRPaRR e APE MAPER bl nSh Wl SFGhni ¢ Fayer
was dried over anhydrous sodium sul fate, and the solvent was distilled off
to give 59 nfP{T8ughef Ik R:.y3-¢fmithe titl e conpound. LC-M5 (nethod 4): R
=1.10 min; M5 (ESIpos): mz OV 356 (40) [MH, M5 (ESIneg): mz 10(% =
354 (100) 5 NVRC(EO@helbiz 5): RIMBQ 1d6ih; M6 (i) 77 (%) 44321 Q8) (VM1 4MB (ERnd? »{/S,

3H), 2.94 (m, 2_|—,Q3,7 @0%7- %_27 (m 3H), 4.53 (m 214), 4.98 (t, 1H), 6.54
(s, 1H), 7.087Cd> 1D (s) 111), 7.90 (s, 1H). Exanple 32

{444- Am no-7- (pyrrolidin-3-yppyrrolo[2,1-f][1,2,4]triazin-5-yl1]-2-fluoro-6-
met hyl pheny| IH NMRS#tNildn o}-DMSOL @8ppm) €M4.58 (m, 2H), 5.75 (m, 1H), 6.93 (s, 1H), 7.05 (m, 2H),

7.43 (m, 4H), 7.55 (s, 1H), 8.08 (s, 1H).

Example 18

10 {4-[4-Amino-7-(piperazin-1-ylmethylpyrrolo[2,1-f][1,2,4triazin-5-yl|phenyl} methanol

OH

Intermediate 37A (200 mg, 0.49 mmol), 4-(hydroxymethyljphenylboronic acid (90 mg, 0.59 mmol,
1.2 eq.) and tetrakis{triphenylphosphine)palladium(0) (57 mg, 0.05 mmol, 0.1 eq.) were dissolved
m a mixture of 1,4-dioxane (4.0 mL) and 2 M aqueous sodium carbonate solution (1.0 mL) in a
15 microwave reactor vial. The reaction vessel was crimp-capped, and the mixture was heated to
140°C for 1 h in a single-mode microwave device. After cooling, the mixture was filtered over a
pad of Celite which was rinsed with 1,4-dioxane to elute all organic material. The combined filtrate
was evaporated to dryness under reduced pressure, and the residue was purified by preparative

HPLC (method 1) to give 75 mg (45% of th.) of the title compound.
20 HPLC (method 1): R =2.85 min;

LC-MS (method 4): Ry = 0.93 min; MS (ESIpos): m/z (%) = 339.1 (30) [M+H]", MS (ESIneg): m/z
(%) =337.2 (100) [M-HJ".



I nternedi ate 65A (90 ng, 0.17 nmmol) was dissolved in a 30% sol ution of
trifluoroacetic acid in dichloronethane (5.0 nL) at OC. The reaction

m xture WO 20tJaoussd at this tenperature for 30 m n, themrCalHP2Mmel06136é es wer e
removed by distillation under reduced pressure. The residue was purified by
5 preparative HPLC (nmethod 2). The product thus obtained was dissolved in
ethyl acetate and washed with saturated-&queous sodi um carbonate sol ution.
The organic | ayer was dried over anhydrous sodium sul fate, and the_sol vent
was distilled OMR ¢ YHoeDMNY 1 @798 of-f Ko S 6F)-PKe (]i.“i e %%ﬁpd%?nﬁﬁ s,

LC- MS (et hooky). 26(Ere- 1]:1.)(33%0[(!9/ men), W& EShpo®);s, 1AY.z (% = 342 (100) [M+FIF, MS
(ESIneg): mz 10(% 340 (100) [MI-1]-. IHNW (400 MHz, DMSO cl16): 6
(ppm = 1. 8012%{5% 1(9m 214), 2.43 (s. 314), 2.78-2.81 (m 1H), 2.85-3.02 (m

211) . 3223 1H), 363(m 1H), 455(br s, 21-1), 498(t, 1H),
6.63 (s, 111) 5 H%j §S 111?1 90 (s, 114) nEI e 33

151- 14- Ami not %%34@“%1 1 PRiB n-ﬂybw% espleet bl %‘Bfé%‘li W?@ }a{ezha 1[1,2, 4] tri
azin-7-yll cyclo- hexanol trifluoroacetate - 109 - Internediate 61A (95

ng, 0.31 nmmol) and Internediate 1A (87 @ 0.32 mmol) were di ssolved in DVF
(2.0 m) in a mcrowave reactor vessel{and flushed wi th argon.

Tetraki s(tri phenyl phos- phine)palladiux{0) (35 ng, 0.03 nmol) and 2.0 M aq.
sodi um carbonate solution (0.5 nmL) wepg added, and the m xture was
heated to 150C for 1 h in a single-nog rowave device. After cooling,
the mxture was filtered, and the filt\watf wadNldirectly purified by
preparative HPLC (nmethod 2) to give 6 ng{4%of th.) of the title conpound.

==y SN
.®

The title compound was obtained from Intermediate 38A (200 mg, 0.64 mmol} and 4-(hydroxy-
methylyphenylboronic acid (116 mg, 0.77 mmol, 1.2 eq.) according to general synthetic method 1.
The crude product was purified by preparative HPLC (method 2). The material thus obtained was
dissolved in a few mL of a mixture of acetonitrile and water, 2 M aqueous sodium carbonate
10 solution was added, and the mixture was stirred for 10 min. During this time, the title compound
precipitated. The crystals were isolated by filtration and dried in vacuo to give 95 mg (49% of th.)

of a colorless solid.
HPLC (method 1): Rc=3.21 min;

LC-MS (method 4): R, = 0.93 min; MS (ESIpos): m/z (%) =340 (1) [M+H]", MS (ESIneg): m/z
15 (%)=338.2(100y [M-HJ".

"H NMR (400 MHz, ds-DMSO): 8 (ppm) = 2.47 (m, 41), 3.31 (s, 410), 3.53 (t, 2H), 3.82 (s, 1H),
4.56 (d, 2H), 5.22 (t, 1H), 6.63 (s, 1H), 7.42 (s, 4H), 7.90 (s, 11D).

Example 20

{4-[4-Amino-7-(morpholin-4-ylmethyl)pyrrolo[2,1-f][1,2,4 triazin-5-y1]-2,6-difluorophenyl} -

20  methanol



LC-Ms (nethod 6): R=1.05 mn; M5 (ESIpos): mz (% = 375 (100) [M-H], MS
(ESIlneg): mz (9= 373 (100) [MH . 10NWR (400 MHz, DVBSO-d6): 6 (ppm =

1. 20-1. 33wW0rnp13lde¥5511. 42-1. 51 (m 2H), 1.60-1.82 (m 5H) PC2/EPZo12/0286¢ m 2H),
4.51 (s, 2H), 6.76 (s, 1H), 7.17 (m 2H) 8.02 (s, 1H). Exanple 34 (4-

[ 4- Ami no- 7[ 2- (am nonet hyl ) -1, 3-t hi azol - gl]pyrrolo[z 1-f][1,2,4]triazin-5-
yll -2, 6- dlfluorophenyl)nethanol - 110-29- Internedi ate 62A (67 ng, 0.16
mol ), Internmediate A (51 ng, 0.19 mol tetrakis(triphenyl -

phosphi ne) pal | adi un{0) (18 ng, 0.02 and 2.0 M aq. sodium carbonate

reactor vial. The vial was crinp-capped and the m xture was heated to
140C for 3 h in a single-node mcréwa avi ce. Then, the reaction mxture
e Wi th. acetonitrile and treated

was filtered, and the filtrate was di \
with diethyl ether. The resulting precipitate Weis coll ected and purified by
preparative HPLC (nethod 2). The product ¥ husgbtained (15 ng) was
subsequently treated with a 20% sol ution Gf*tr uoroacetic acid in

di chl oronethane (2 nL) for 20 nm The voNatj re renmoved by
distillation, and the residue 10 was treafed Wwith conc. aqueous sodi um

car bonat e soI ution and extracted t hhvetHyl acetate. The organic extract
was dried over anhydrous sodi um syl fate, and the solvent was distilled off
to give the title conmpound (10 nyg, /oOf th.) as a colorless solid LC M5
(method 4): R =1.12 min; M5 (ESIp n12(0/()—389(25) [ MtHr,

(ESineg): ngb%o;%o?omﬁg&eg&ggh?pg% G 308 TRy 08; %@Q)ST?‘?PSO W,

8.40 (s, 1H mmBh gﬁp |t M BGution of tetlabutylammomum fluoride (TBAF) in THF and the mixture was
stirred at room temperature for 1 h. The reaction mixture was then evaporated under reduced

5  pressure, and the residue was suspended in 3 mL of methanol and stirred at room temperature for

5 min. The resulting precipitate was filtered, washed with a small amount of methanol and dried in

vacuo to give 68 mg (81% of th.) of the title compound.

LC-MS (method 4): R¢ = 1.03 min; MS (ESIpos): m/z (%) = 376.0 (80) [M+H]", MS (ESIneg): m/z
(%)=374.1 (100) [M-HJ".

10 'H NMR (400 Mz, ds-DMSO): & (ppm) = 2.45 (br. m, 4H), 3.56 (t, 4I1), 3.82 (s, 2), 4.54 (d,
2H), 5.27 (1, 1H), 6.75 (s, 1H), 7.16 (m, 2H), 7.95 (s, 1H).

Example 21

{4-]4-Amino-7-(morpholin-4-ylmethyl)pyrrolo[2,1-f][1,2,4 triazin-5-y1]-2-fluorophenyl} methanol




em - 1444- Ami no-7-(pyrrolidin-3-y Opyrrolo [2, 141
[1,2,4]triazin-5-yl1]-2,6-difluoropheny 1 nethanol (enantionmer 1) OH The
titl e compountb/omss1obt ai ned by separation of racem ¢ EXROPIEP2@2(0628661g)

usi ng preparative chiral HPLC [colum: Daicel Chiral pak AD-H, 250 mm x 20
mm el uent: isohexane/ethanol 35:65; flowrate: 20 nL/mn; UV detection:
220 nnj. Yield: 12.5 ng 5Ana| yti cal chit®&r HPLC [col unm: Daicel Chiral pak
AD-H, 5 p,m _250 nm X | uent; iso- _hexanel/ et hanol 50:50 Q. 2%

di et hyl ani nel® f F5HFPigt %f I“‘fm@dﬁﬁi’/“rlrf‘ﬁ“ & Bl drpelen 4bc OuRp) gt é‘?,dte? 8rmla20
nm: R =09. 45)22 rﬁihdil) ofa leM s10@M0of HRlLG afureiitie dy®@)e inRHEF, BhdAl: Iﬂixﬁlre was stirred @ MS

E Egl[ Egg) 10%_ Ohf)m’te(na/%elatules n] 8 '%hi 69@§1F %\7{) &?@m ngqélﬁn%f\gi) %1 ngaé[le@ and t£1 CQ ect{ I\I/)Iﬁy r, M5
em - 1444- Am halbyp(epyrative IHiPHC tr@hogll3) fyerve 65 o 258%e K I lof the 4ijl¢ gommpind- 5- y1] - 2, 6- di

fl uorophenyl | nethanol (enantioner 2) OH - 112 - The title conpound was
obt ai ned by §@M 1h8d6 Of{ J(ﬁ%exHhCME@siiW)e 8 435@1)(20')3[!\{491 PM@Q@S@J@W
chiral HPLC @{e ) Chi r al pak Aﬁ}ﬁ 250 mm x nm el uent: :

i sohexaneet h @(ﬂ”@%“@@) NH{bw rate: 20 nL/min; UV det ectl on: 220 nni. Yield:
14 ny. Anal ytical chiral HPLC [colum: Dai cel Chiral pak AD-H, 5 p,m 250
mm X 4. 6 mm 'TeNM@eni@00 MBaSheneaws! etphanel2.4b0br5a, 41)03.204t,dirbt hsd @mihes.6f {dow

rate: 1.0 nmlhm py, § PRErALYNE; 7 4PGa MY A8LEE). 7.94 (s, 110).

Example 22

10 {4-[4-Amino-7-(morpholin-4-ylmethyl)pyrrolo[2,1-f][1,2,4 triazin-5-y1]-2-chlorophenyl } methanol

OH
Cl
NH2
BN - N
\ AN

Intermediate 39A (200 mg, 0.56 mmol), Intermediate 3A (112 mg, 0.51 mmol) and tetrakis-
(triphenylphosphine)palladium(0} (58 mg, 0.05 mmol) were dissolved in a mixture of 1,4-dioxane
(4.0 mL) and 2 M aqueous sodium carbonate solution (1.0 mL} in a microwave reactor vial. The
15 reaction vessel was crimp-capped, and the mixture was heated to 140°C for 1 h in a single-mode
microwave device. After cooling, the mixture was filtered, and the filtrate was purified by prepara-

tive HPLC (method 3) to give 48 mg (23% of th.) of the title compound.

LC-MS (method 6): R, = 0.53 min; MS (ESIpos): m/z (%) =374.1 (80) [M+H]", MS (ESIneg): m/z
(%) =372.2 (100) [M-HJ".

20 'H NMR (400 MHz, ds-DMSO): 3 (ppm) = 2.46 (br. m, 4H), 3.56 (t, 4H), 3.83 (s, 2H), 4.61 (d,
2H), 5.45 (1, 1H), 6.70 (s, 1H), 7.44 (dd, 1H), 7.49 (d, 1H), 7.63 (t, 1H), 7.94 (s, 1H).



tion: 220 nm: R = 13.695 mn, e.e. >99% HPLC (nethod 9): 12, = 0.71 mn;
LC-M5 (nmethod 10): 12, = 0.42 mn; MS (ESIpos): nmfz (c,V0)= 346.1 (100)

[ MEH] , MNBO(QESIMexf): mz (,/0) = 344.0 (100) [MH -. 10PETaPpi1e/083B866 ac-

[ 444- Ami no-7-(pyrrolidin-3-yl)pyrrolo[2,14][1,2,4]triazin-5-yl]-2-ethyl-6-f
| uor ophenyl | - nmethanol OH Internediate 66A (72 ng, 0.158 nmol) was

di ssol ved in dichl oronethane (3.8 nl) at!%c€ and 15 tritluoroacetic acid
(1.0 nL) was_added, The reaction m xture was stirred at OC for 40 mn, then
all vol ati | eEX38L23 oppved under reduced pressure. The residue was purified
by preparative HPLC (nmethod 6). The conbi ned product containing fractions
wer e adj ust edh-Horhas-tm@pholisiygnesat pyr@togll! -84 ket szis bdi-tmethalpbapdtehso0l uti on
and concentrated to dryness. The resulting residue was suspended in et hyl
acetate (50 nL) and filtered. The organigy | ayer was washed with brine (5
m.), dried 20over anhydrous sodi um sul and the solvent was distilled
off to give 31 ng (56% of th.) of the &itl gkpnpound. HPLC (nmethod 9): R =
0.81 mn; - 113 - LCM (nmethod 10): R==(0.55 min; M5 (ESIpos): mz (%=
356.3 (50) [MtHr, M5 (ESIneg): nmlz (% 4.2 (100) [MH. NVR (400
MHz, d6-DMBS0O): 6 (ppm) = 1.23 (t, 311) 784- 2124 (m 111), 2.81 (g, 211),
2.80-2.99 (m 1H), 3.00-3.72 (m 1H), 4. | 2ZH), 5.00 (t, 111), 6.68 (s,
1H), 7.09 (d, 1H, 7.14 (m 214), 57.92 yExanpl e 38

In analogy to the preparation of Example 28, Intermediate 39A (200 mg, 0.56 mmol) was reacted
5  with Intermediate 4A (102 mg, 0.51 mmol) to give 9 mg (5% of th.) of the title compound.

LC-MS (method 4): R, = 1.00 min; MS (ESIpos): m/z (%) = 354.3 (10) [M+H]", MS (ESIneg): m/z
(%) =372.2 (100) [M-H]".

'H NMR (400 MHz, ds-DMSO): & (ppm) = 2.30 (s, 3H), 2.45 (br. m, 410), 3.56 (t, 4I1), 3.83 (s,
2H), 4.54 (d, 2H), 5.13 (t, 1H), 6.63 (s, 1H), 7.26 (s, 1H), 7.26 (d, 1H), 7.45 (d, 1), 7.91 (s, 1H).

10 Example 24

{5-[4-Amino-7-(morpholin-4-ylmethyl)pyrrolo[2,1-f][1,2,4 triazin-5-y1|pyridin-2-yl } methanol

The title compound was obtained from Intermediate 38A (200 mg, 0.64 mmol) and Intermediate

6A (147 mg, 0.96 mmol) by general synthetic method 1. The crude product was purified by pre-



rac-14-[ 4- Am no-7- (pi peridin-3-yOpyrrolo[2,1-f][1,2,4]triazin-5-yl]-2-ethyl
-6-fl uorophenyll - nethanol OH 10Internediate 67A (108 ngy, 0.230 mmol) was
di ssol vedwprotb/midser onet hane (5.2 nlL) at OC and trifl uorcamPée/oeasse (1, 4
m.) was added. The reaction m xture was stirred at OC for 40 mn, then all
vol atil es were renoved under reduced pressure. The residue was purified by
preparative HPLC (nethod 6). The conbi méd?product containing fractions were
adj usted to basic_pH using saturated. aqueous sodi um carbonate sol uti on and
concent r at edP¥®Vy F@H@ég‘?thﬁdn@' REBUNES HPUFESi e Wasspardings by 85 et hyl
acetate (50 mepniand2fnill)ber@lectiddtie ©hgaing ©lil ay elkrata sy wastted: (%t bfdy.i ne (5
m.), dried over anhydrous sodiumsulfate, and the solvent was distilled off

to give 83 15) e vid o) ot R = 0.81
i niq WO 2015 8%’2‘05%%%@#E%zgi%}“g%%es%%oﬁl% PHNCs 4&3&%?#-9?%@%%?’@50) :
6 (ppm = 1.92<33Y38WpP)MHBE1-1.72 (m 2H), 2.00-2.10 (m 1H), 2.51-2.65 (m
2H). 2.81 (qgq, 2H), 2.95-3.03 (m 1H). 3,20-3.27 (m 1H). 4.56 (d, 2H), 5.00
5(3 t, 1H)1,4 2- 601 (\I&ﬁ{ (lb@MﬁZ,icQ-g)Msb): dighm) 208 (D, Ab) 3,56 2 (S84 AH), Fxeapl e 39
rac- - Am no- - -

-f1 uoro-4-(h gﬁ%ﬁ‘ré?‘ﬁr?l"’?b%é%if‘b%‘ﬁ@i ofeda% 22 6 B #P%0i 7. g1 -

(cycl opropyl ) et hanol OH Internediate 17A (83 ng, 0.29 mmol), Internedi ate
58A (98 np, BxBpladfpl ) and tetrakis(tri-

1-({4-Amino-5-[3,5-difluoro-4-(hydroxymethylyphenyl]pyrrolo[2,1-f][1,2,4 triazin-7-y1} methy])-
piperidin-4-ol

10

The title compound was obtained from Intermediate 45A (200 mg, 0.61 mmol) and Intermediate
2A (159 mg, 0.74 mmol) by general synthetic method 1. The crude product was purified by pre-
parative HPLC (method 3). Yield: 103 mg (43% of th.).

LC-MS (method 4): R; = 0.98 min; MS (ESIpos): m/z (%) = 390.1 (60) [M+H]", MS (ESIneg): m/z
15 (%)=388.2(100) [M-HT".

'H NMR (400 MHz, ds-DMSO): & (ppm) = 1.36 (br. m, 2H), 1.68 (br. m, 2H), 2.12 (br. m, 2H),
2.75 (br. m, 2H), 3.41 (br. m, 1H), 3.79 (s, 2H), 4.51 (d, 1H), 4.54 (d, 2H), 5.27 (1, 1H), 6.72 (s,
1H), 7.15 (m, 2H), 7.94 (s, 1H).

Example 26

20 1-({4-Amino-5-[3,5-difluoro-4-(hydroxymethyl)pheuylipyrrolo[2,1-{][1,2,4]triazin-7-y1} methyl)-
pyrrolidin-3-o0l



phenyl phosphi ne) pal | adi um(0) (17 ng, 0.015 mmol) were dissolved in a

m xture of acetonitrile 10 (2.3 nL) and 2 M aqueous sodi um carbonat e

sol uti on WO.288/a04351i n a m crowave reactor vial. After degageeeig/o6m665 m n
usi ng argon, the reaction vessel was crinp-capped, and the m xture was
heated to 150C for 1 h in a single-node mcrowave device. After cooling to
room tenperature, saturated aqueous sodild#r bi carbonate sol uti on was added,
and the m xture was extracted three tines wth ethyl acetate. The conbi ned
organic |layers were dried over sodiums qyt e, filtered and concen-
15trated. The residue was purified by pieparative HPLC (nmethod 5) to give
the title conmpound. Yield: 63 ng (61% of)Lly). |1-1PLC (nmethod 9): R = 1.13
mn; LCM (nmethod 10): R = 0.78 m i~y lpos): mz (9= 357.3 (100)

[ MtHI, M5 (ESIneg): 20 mz (%= 355.3 [ M
d6-DVS0): 6 (ppm = 0.39 (m 3H), 2.81 (T;
111). 5.01 (in. 1H), 7.214 (s, 1H). 7.90 (s
11-1), 1.23 (t. 311), 6.76 (s, 111). 1.35/(mT11

N\
HO\GN

The title compound was obtained from Intermediate 47A (110 mg, 0.35 mmol} and Intermediate

. "FI NWR (400 MHz,

256 (d, 2H), 4.68 (m
0.48 (m 1H), 5.21 (m
jl), 7.09 (d, 1H), - 115 -

2A (91.3 mg, 0.42 mmol) by general synthetic method 1. The crude product was purified by pre-
parative HPLC (method 3). Yield: 69 mg (52% of th.).

5  LC-MS (method 4): R¢= 0.25 min; MS (ESIpos): m/z (%) = 376.1 (20) [M+H]".

'H NMR (400 MHz, ds-DMSO): & (ppm) = 1.54 (m, 1H), 1.98 (m, 1), 2.43 (br. d, 1H), 2.69 (m,
1H), 2.79 (dd, 1H), 3.93 (dd, 2H), 4.18 (br, 1H), 4.53 (d, 2H), 4.69 (d, 1H), 5.27 (t, 1), 6.75 (s,
1), 7.16 (m, 2H), 7.95 (s, 1H).

Example 27

10 1-({4-Amino-5-[3,5-difluoro-4-(hydroxymethylyphenyl]pyrrolo[2,1-f][1,2,4 Jtriazin-7-y1} methyl)-
piperidin-3-ol

To a solution of Intermediate 50A (150 mg, 0.30 mmol) in THF (3.0 mL) was added 0.60 mL (0.60

mmol) of a 1 M solution of tetrabutylammonium fluoride (TBAF) in THF, and the mixture was



Exanpl e 40

rac- 14- Am no- 5-[ 4- (hydr oxynet hyl ) - 3- net hoxyphenyl ] pyrrolo[ 2, 1-f][1,2,4]tria
zi n- 7- yl1Wwoyelimousspyl ) met hanol OH 51 nt ernedi ate 68A ( 1BOTMP2010/085386 ol )
was di ssolved in tetrahydrofuran (6.9 nL) and cooled to OC. Lithium

al um ni um hydride solution (1 Min diethylether, 0.78 nL) was added
dropwi se, and the reaction mixture was dal%fowed to warmto roomtenperature
overnight. The reaction m xture was then quenched with water and fil|tered.
The filtrat eSS 2CBAR ERPFALECT A 'f AEctoadT e W dehaereiaed gy Bf &pdtat i ve
HPLC ( met hodw)putifieddly ppiritee HPLE eng@i@dppiRtie 6 gl @Y% B3 rag the Bddooadhodnh. ) .
10LC-MS (nethod 10): 1Z, = 0.62 mn; MsS (ESIpos): mz (% = 341,2 (100)

[MEFIT . MS ﬂgﬁﬁ*@ﬂ%\oﬂ £ 40%3%5?;3% (;)E;grpl‘;llg?r)é/z Et}%ﬁ*{ﬂﬂm%%%ﬁl ent - 4- Am no- 5

444 hydr oxymet hy oxyphen

[1,2,4]triazin-7-y11(cycl opro I%nethanol (enantioner 1) - 116 - OH The
Litl e compouniNUEABBIH i@ stBERhT 1 6 (57mr Abeh R g & 48183 Hy)

38 ing pr Iesaar a7 e oG bHy, abf tﬂPant{poImma:m,[DHb,cz@B (@lﬁ,rlﬂlj)-,mf(llbr.@n, 151),tma3 (ﬁ‘?‘*’ mm X
mm el uent.. - er an . . ow r at e.
oot St ormdiat S b B s 0 ik 62 ROROTEE0RNAD. PR A 557

Example 28

trans-4-{4-Amino-5-[3-ethyl-5-fluoro-4-(hydroxymethyljphenyljpyrrolo[2,1-f][1,2,4 ]triazin-7-y1} -

cyclohexanol
OH
H.C F
NH,
= = N
\ NP
HO

10

Intermediate 24A (120 mg, 0.39 mmol} and Intermediate S58A (130 mg, 0.46 mmol} were dissolved
in acetonitrile (3.0 mL) in a microwave reactor vial and flushed with argon. Tetrakis(triphenyl-
phosphinejpalladium(0} (22 mg, 0.02 mmol} and 2.0 M aq. sodium carbonate solution (0.7 mL)
were added, and the mixture was heated to 150°C for 1 h in a single-mode microwave device. After
15 cooling, the mixture was filtered, and the filtrate was evaporated. The residue was purified by

preparative HPLC (method 2) to give 36 mg (23% of th.) of the title compound.

LC-MS (method 6): R, = 0.82 min; MS (ESIpos): m/z (%) = 385 (100} [M+H]", MS (ESIneg). m/z
(%) =383 (100) [M-HJ".

'HNMR (400 MHz, DMSO-ds): 8 (ppm) = 1.24 (t, 3H), 1.28-1.38 (m, 2H), 1.46-1.54 (m, 21),
20 1.94-1.97 (m, 2H), 2.01-2.05 (m, 2), 2.82 (q, 21), 3.03 (m, 1H), 3.47 (m, 1H), 4.53 (m, 2I1), 4.61
(d, 1), 5.02 (1, 1H), 6.58 (s, 1H), 7.08 (d, 1H), 7.15 (s, 1H), 7.90 (s, 1H).



Anal ytical chiral HPLC [columm: Daicel Chiralpak I1C, 5 um 250 mmx 4.6 mm
eluent: tert-butyl nmethyl ether/nethanol 85:15; flowrate: 1.0 ni/ mn;

t enper at We:20800455WV det ection: 220 nnm: = 4.76 mn, e.@CTEPIAR/062366 LC- VB
(method 10): R = 0.67 mn; M (ESIpos): Infz (%= 341.2 (100) [MHf, MS
(ESIneg): 10nilz (%= 339.1 (100) [MH-. IFINVWR (400 MHz, d6-DWVS0): 6
(ppm) = 0.40 (m 3H), 0.48 (m 1H), 1.368%m 1H). 3.83 (s, 3H), 4.54 (d,
211), 4.68 (m 1H), 5.07 (t, 1H). 5.25 (d. 111). 6.74 (s, 111), 7.00 (s,
1H), 7.03 (oExample29 7' 47 (4’ 111), 7.89 (s, 1H). Exanple 42

15ent - 4- Am no- 544- ( hydr oxynet hyl ) - 3- met hoxyphenyl ] pyrrol o[ 2, 141[ 1, 2, 4] tri az
i n- 7-y11( cyclros-4piropyih)-frEt-anct-(hy énamicihph emctiR)yphenytpybd b [ 2 1-H 2, 4 heit-1-t | e
conmpound Wasylﬁ@%l%{m@%% by separation of racem c Exanple 40 (63 ngy) using
preparative cthira }DLC[cqurm: Daicel Chiralpak IC, 5 p,m 250 mm x 20
mm eluent: tert-butyl nethyl ether/nethanol 85:15; flowrate: 15 ni/m n;
tenperature: 40C, WV detection: 220 nm ,“Yield: 525 ng, Analytical chiral
FIPLC [col um: Daicel Chiralpak IC, 5 [{m 3250 nmx 4.6 mm el uent:
tert-butyl nethyl ether/nethanol 85:15; ov rate: 1.0 nL/mn; tenperature:
40C; WV detection: 220 nnj: = 6.37 OFn 8. >99% LG M5 (nethod 10):
R =0.67 mn; M5 (ESIpos): mz (= 341 100)N|_[ MrHr, MS (ESIneg): 10niz
(9%9= 339.1 (100) [MH. 2

I
O”Il,

5  Intermediate 24A (120 mg, 0.39 mmol) and Intermediate 59A (163 mg, 80% purity, 0.46 mmol)
were dissolved in acetonitrile (2.0 mL) in a microwave reactor vial and flushed with argon. Tetra-
kis(triphenylphosphine)palladium(0} (45 mg, 0.04 mmol) and 2.0 M aq. sodium carbonate solution
(0.5 mL) were added, and the mixture was heated to 150°C for 1 h in a single-mode microwave
device. After cooling, the mixture was filtered, and the filtrate was evaporated. The residue was

10 purified by preparative HPLC (method 2) to give 6 mg (4% of th.) of the title compound.

LC-MS (method 5): R, = 1.36 min; MS (ESIpos): m/z (%) = 387 (100) [M+H]", MS (ESIneg). m/z
(%) =385 (100) [M-HT".

'HNMR (400 MHz, DMSO-ds): & (ppm) = 1.24-1.33 (m, 2H), 1.42-1.53 (m, 2H), 1.90-1.93 (m,
2H), 2.00-2.04 (m, 2H), 3.04 (m, 1H), 3.46 (m, 110, 3.82 (s, 3H), 4.48 (m, 21), 4.60 (d, 1), 4.83
15 (t, 1H), 6.60 (s, 1H), 6.85 (d, 1H), 6.90 (s, 1H), 7.91 (s, 1H).

Example 30

{4-[4-Amino-7-(piperidin-3-yl)pyrrolo[2,1-{][1,2,4 ]triazin-5-y1]-2-fluoro-6-methoxyphenyl} -

methanol



| FI NMR (400 MHz, d6-DVBO): 6 (ppm) = 0.40 (m 314). 0.48 (m 1H), 1.36 (m
1H). 3.83 (s, 3H), 4.54 (d, 2H), 4.68 (m 1H). 5.07 (t. 1H), 5.25 (d, 111),
6.74 (s. WO-2b¥3/0045500 (s, 111), 7.03 (d. 111), 7.47 (d. PHr/EPZ918@613s¢ 1H).

Exanpl e 43
15[ 4- (4- Ami no-7-i sopropyl pyrrolo[2,1-f][1,2,4]triazin-5-y1)-2,6-difluorophe
nyl ] met hanol - 118 - OH | nt er nedi at e 797 (181 my, 0.709 nnnl)

Internmediate | A (239 ng, 0.887 mml) and _tetrakis(tri-

phenyl phosphi ne) pal I adi un(0) (41 ng, 0.0 mmol ) were dissolved in a

m xture of N, N-dinmethyl- formamde (12.% ni)z and 2 M aqueous sodi um
carbonate solution (1.42 nL) in a mcropwave' reac- 5 tor vial. The reaction

vessel was crinp-capped, and the m Rty as heated to 130C for 2 hin a
si ngl e-node m crowave device. AfH€r cog pom tenperature, the
reaction mxture was filtered through :
resulting residue was dissolved in ethyl agets 100 nm.) and washed with
water and with brine (10 nL each). The ora\rnc THYer was dried over sodium
sulfate, filtered and concentrated. The rwesigue was purified by flash
chr omat ogr aphy (puri Fl ash, 10 Interchim cfcloimxane/ ethyl acetate 1:1 to
100% et hyl acetate gradi ent) fol |l owed by freparative HPLC (nmethod 6). The
product containing fractions were conbi/nedN\and adj usted to basic pH using
sat urat ed aqueous sodi um carbonate solNtior. The acetonitrile sol vent was
removed, and the precipitated product Hol | ected by filtration. Yield:
69 nmg (31%of th.). HPLC (nethod 9): R= L35 mn; 15LC-M5 (nethod 10): R =
0.90 mn; Ms (ESIpos): mz (%9 = 319.0 (100) [MtHr, M5 (ESIneg): mz (9 =
317.0 (100) [nhrrpgdiate] BAICNNR. ¢-HOOMMBLYas digoPRED)2 306 ppiay o=riflucd@eqtid acig M) |
:; £91£21 gm i-H) d1c1ﬂ@r§n/’}eﬂ(a§e (52011ﬂ%)1 at 9 CZ@h& Ractidd hixtfe R sliSed a“ﬂ)s,ten?peljaﬂire(m 3(2&1141)

s rac-1-
{4- Am no- 5- [@e‘Sa”d‘irg)afll%Wﬁe FONS R S5 HREO R P TRERSH ST Shoodue 285 RUriBicd by 1 azi

n-7-yll- 5  preparative HPLC (method 2). The product thus obtained was dissolved in ethyl acetate and
washed with saturated aqueous sodium carbonate solution. The organic layer was dried over an-
hydrous sodium sulfate, and the solvent was distilled off to give 30 mg (76% of th.) of the title

compound.

LC-MS (method 6): R, = 0.59 min; MS (ESIpos): m/z (%) =372 (10) [M+H]", MS (ESIneg): m/z
10 (%)=370(100) [M-HJ".

'HNMR (400 MHz, DMSO-ds): 8 (ppm) = 1.50-2.08 (m, 411), 2.94 (m, 2H), 3.17-3.30 (m, 3H),
3.85 (s, 3H), 4.51 (m, 2H), 4.82 (t, 1), 6.60 (s, 111), 6.84 (d, 111), 6.89 (s, 111), 7.90 (s, 1H).

Example 31

{4-]4-Amino-7-(piperidin-3-yljpyrrolo[2,1-f}[1,2,4 Jtriazin-5-y1]-2-fluoro-6-methylphenyl} -

15  methanol



et hanol - 119 - OH Internediate 72A (230 ng, 0.743 mmol ), Internedi ate
2A (192 ng, 0.89 mmol) and tetrakis(tri- phenyl phosphine)pal | adi um{0) (86
ng, 0. 074wonoi3joowssne di ssolved in a m xture of 1, 4-di ox&o@/EpP4018/0613p6 and 2 M
aqueous sodi um carbonate solution (1.16 nL) in a mcrowave reactor vial.

The 5 reaction vessel was crinp-capped, and the m xture was heated to 140C
for 1 hin a single-node mcrowave devit@’-After cooling to room
tenperature, the reaction m xture was pléF_Lfi ed by preparative HPLC (et hod
8) to yield 48 ng of material which wa rther purified by preparative
HPLC (method 9). Yield: 11 ng (4.6% of\th.)g LCG-Ms (nethod 5): R =
0.89 mn; Ms (ESIpos): mlz (W= 321.3 (100§ [MrHr, MS (ESIneqg): 10mz (%=
319.3 (100) [MH . IFI NWR (400 M.C DMS0): 6 (ppm) = 1.47 (d, 314),
4.54 (m 2H), 5.16-5.39 (m 214), 6.74 114), 6.88 (m 1H), 7.14 (m
214), 7.94 (s. 1H). - 120 - B.Eval uat Al ogi cal Activity

Abbr evi ations and Acronyns: ATCCAneri can \Cul ture Coll ection

ATPadenosi ne tri phosphat e BgBequer el

N
H

Intermediate 64A (110 mg, 0.21 mmol)} was dissolved in a 30% solution of trifluoroacetic acid in

dichloromethane (5.0 mL) at 0°C. The reaction mixture was stirred at this temperature for 30 min,
then all volatiles were removed by distillation under reduced pressure. The residue was purified by
5  preparative HPLC (method 2). The product thus obtained was dissolved in ethyl acetate and
washed with saturated aqueous sodium carbonate solution. The organic layer was dried over an-
hydrous sodium sulfate, and the solvent was distilled off to give 59 mg (78% of th.) of the title

compound.

LC-MS (method 4): R, = 1.10 min; MS (ESIpos): m/z (%) =356 (40) [M+H]", MS (ESIneg): m/z
10 (%)=354(100) [M-HJ".

'HNMR (400 MHz, DMSO-ds): § (ppm) = 1.44-2.08 (m, 41, 2.42 (s, 3H), 2.94 (m, 2H), 3.17-
3.27 (m, 3H), 4.53 (m, 2H), 4.98 (t, 1H), 6.54 (s, 111, 7.06 (d, 1H), 7.11 (s, 1H), 7.90 (s, 1H).

Example 32

{4-[4-Amino-7-(pyrrolidin-3-ylpyrrolo[2,1-£][1,2,4 triazin-5-y1]-2-fluoro-6-methylphenyl} -

15  methanol



Br dUs- br onp- 2- deoxyuri di ne BSAbovi ne serum al bumi n CHCchi nese hanster ovary
cpntounts per mnute Ctcycle threshold DVEM F12Dul becco's nodified Eagle's
medi um / Wanhs/®iz1medi um (1: 1) DVSOdi net hyl sul f oxi de PiAdPoxiposizenuc! ei ¢
acid DTTdithiothreitol EDTAet hyl enedi am ne-tetraacetic acid ENGS

Mm crovascul ar endot helial cell culture medi um FAMcar boxyfl uorescein

succi nim dyl ester FCSfetal calf serumtBkPOhunman bone norphogenic factor 9
HEPES4- ( 2- hydr oxyet hyl ) pi per azi ne- 1- et hanesul foni ¢ aci d FI WEChunan

m crovascul ar endothelial cell(s) HP oxypropyl nethyl cellul ose

F

H.C

N
H

Intermediate 65A (90 mg, 0.17 mmol) was dissolved in a 30% solution of trifluoroacetic acid in

dichloromethane (5.0 mL) at 0°C. The reaction mixture was stirred at this temperature for 30 min,
then all volatiles were removed by distillation under reduced pressure. The residue was purified by
5  preparative HPLC (method 2). The product thus obtained was dissolved in ethyl acetate and
washed with saturated aqueous sodium carbonate solution. The organic layer was dried over an-
hydrous sodium sulfate, and the solvent was distilled off to give 27 mg (47% of th.) of the title

compound.

LC-MS (method 4): R, = 1.03 min; MS (ESIpos): m/z (%) = 342 (100) [M+H]", MS (ESIneg): m/z
10 (%) =340 (100) [M-HJ".

'H NMR (400 Mz, DMSO-ds): & (ppm) = 1.80-2.21 (m, 2H), 2.43 (s, 3H), 2.78-2.81 (m, 1H),
2.85-3.02 (m, 2M), 3.22-3.27 (m, 1H), 3.63 (m, 1H), 4.55 (br. s, 2H), 4.98 (t, 1H), 6.63 (s, 1H),
7.06 (d, 1H), 7.11 (s, 1H), 7.90 (s, 1H).

Example 33

15 1-{4-Amino-5-[3,5-difluoro-4-(hydroxymethylphenyl]pyrrolo[2,1-f][1,2,4]triazin-7-y1} cyclo-

hexanol trifluoroacetate



HTRFhonogeneous tinme resol ved fl uorescence HUVEChuman vascul ar endot hel i al
cell(s) [I]inhibitor concentration | Csoconcentration with 50% i nhibitory
ef fect LDMDaeot3awessdehydr ogenase nRNAnessenger ri bonucl ePCTEPR@2/062366

NADFI ni cot i nam de adeni ne di nucl eoti de Noni det

P404- et hyl phenoxy- pol y( et hyl enegl ycol )ether (n = 11) PBSphosphate buffered
sal i ne PEpol yet hyl ene PEGpol yet hyl ene gi¥2ol PKpyruvate kinase p.o.per os
- 121 - gqPCRquantitative pol ynmerase 8nai n reaction RNAri bonucleic acid

x CF,COOH

Intermediate 61A (95 mg, 0.31 mmol) and Intermediate 1A (87 mg, 0.32 mmol) were dissolved in
DMF (2.0 mL) in a microwave reactor vessel and flushed with argon. Tetrakis(triphenylphos-
phine)palladium(0) (35 mg, 0.03 mmol) and 2.0 M ag. sodium carbonate solution (0.5 mL) were

5 added, and the mixture was heated to 150°C for 1 h in a single-mode microwave device. After
cooling, the mixture was filtered, and the filtrate was directly purified by preparative HPLC
(method 2) to give 6 mg (4% of th.) of the title compound.

LC-MS (method 6): R = 1.05 min; MS (ESIpos): m/z (%) =375 (100) [M+H]", MS (ESIneg): m/z
(%) =373 (100) [M-HJ".

10 'HNMR (400 Mz, DMSO-ds): & (ppm) = 1.20-1.33 (m, 1H), 1.42-1.51 (m, 2H), 1.60-1.82 (m,
5H), 2.17-2.28 (m, 2H), 4.51 (s, 2H), 6.76 (s, 1H), 7.17 (m, 2H), 8.02 (s, 1H).

Example 34

(4-{4-Amino-7-[2-(aminomethyl)-1,3-thiazol-4-ylipyrrolo[2,1-f][1,2,4 |triazin-5-y1} -2,6-difluoro-

phenymethanol



RTL bufferRNeasy lysis buffer SEQ | D NOsequence identity nunber SFMserum
free nmedi um TAMRAcar boxyt et r anet hyl r hodam ne

Tri s2- amwo-28t3nassoxynet hyl propane-1, 3-di ol Triton PCT/EP2012/062366
X-1004-tert-octyl phenoxy- pol y(et hyl enegl ycol )ether (n = 10) Denonstration
of the activity of the conpounds of the present invention nmay be
acconpl i shed through in vitro, ex vivo,-afd in vivo assays that are well
known in the art. For exanple, to denonﬁérate the activity of the conpounds
of the present invention, the foll ow ng says may be 5Sused. B-la. In vitro
enzynme inhibition using scintillation qf ingorporated radio |abel
(flashpl ate assay) Test principle: Te onpounds diluted in DMSO are

m xed with a suitable substrate / ‘ ate (here: bio- 10 tinylated
a-casein and 33P-ATP) in a correspondiY sayy uffer. Addition of the
enzynme of interest (here: ALKl kinase) st@rts fhé enzyme reaction. The
enzyne-catal yzed i ncorporation of radio |4l ;:to the substrate is
measured via scintillation. Incorporated/radfo I'gbel is separated fromfree
radi o | abel via specific binding of the ted substrate to

strepavi din-coated mcro-titer plates (flj
steps. The scintillation signal intens]
proportional to the enzynme activity. ER
decreased signal intensity. | CsoHwal ues
determ ned by cpmversus-[1] plots.

A (counts 15per m nutes, cpm is
% inhibition results in a

the test conpounds are

React1on buffer:

Intermediate 62A (67 mg, 0.16 mmol), Intermediate TA (51 mg, 0.19 mmol), tetrakis(triphenyl-
phosphine)palladium(0) (18 mg, 0.02 mimol) and 2.0 M aq. sodium carbonate solution (0.94 mL)
were dissolved in 1,4-dioxane (2.50 mL) in a microwave reactor vial. The vial was crimp-capped,
5  and the mixture was heated to 140°C for 3 h in a single-mode microwave device. Then, the reaction
mixture was filtered, and the filtrate was diluted with acetonitrile and treated with diethyl ether.
The resulting precipitate was collected and purified by preparative HPLC (method 2). The product
thus obtained (15 mg) was subsequently treated with a 20% solution of trifluoroacetic acid in
dichloromethane (2 mL) for 20 min. The volatiles were removed by distillation, and the residue
10 was treated with conc. aqueous sodium carbonate solution and extracted with ethyl acetate. The
organic extract was dried over anhydrous sodium sulfate, and the solvent was distilled off to give

the title compound (10 mg, 13% of th.) as a colorless solid.

LC-MS (method 4): R, = 1.12 min; MS (ESIpos): m/z (%) = 389 (25) [M+H]", MS (ESIneg): m/z
(%) =387 (100) [M-HJ".

15 'HNMR (400 MHz, ds-DMSO): § (ppm) = 4.24 (s, 2H), 4.53 (m, 2H), 5.30 (t, 1H), 7.18-7.23 (m,
3H), 8.11 (s, 1H), 8.40 (s, 1H).

Example 35

ent-{4-[4-Amino-7-(pyrrolidin-3-yDpyrrolo[2,1-f][1,2,4 Jtriazin-5-y1}-2,6-difluorophenyl} methanol

(enantiomer 1)



Reaction buffer contains 50 M Tris pl-1 8.0 (Sigm), 1 mM WMnCl2 (Sigm),
0. 01% Noni det P40 (Fluka), 0.5 x Conplete EDTA-free protease inhibitors
(Roche; cwotaiyw431m xture of several pro- 20 tease i nhiPOITtEPe&12/06236¢ he

i nhibition of serine and cysteine (but not netallo-) proteases; 1 tablet
contains protease inhibitors sufficient for a 50 m cell extract; the
concentration used in this assay correspdhds to 1 tablet in 100 m). O her
buffers: - 122 - 2.) Saturation buffer; Dulbecco' s PBS (PAA, Pasching,
Austria), 100 p, M ATP (Roche), 0.2% Tritn X-100 (Sigma): 3.) Wash buffer:
Dul becco's PBS (PAA, Pasching, Austriq). Bpzyme solution: 5ALK1
(I'nvitrogen, Paisley, United Kingdom €k solution (35.7 ng/p,1) is
diluted to 4 ng/lil; final concentr in the reaction is 1 ng/p,|.
Substrate sol ution: Dephosphoryl at ed i Sigma) is biotinylated

2, Bonn, Germany) resulting
in a stock solution of 61.6 p,M Briefly)\ EZA{nk(r) 10 Biotin reagent

'M;éerce, Bonn, Gernmany) is

added in equal nolarity to a-casein and\\ngubatged on ice for 2 h.
Afterwards, the biotin reagent is renovefl by MTalysis (2 x 2 h and
overnight). A 100 mM sol ution of cold (udnl abell ed) ATP (Roche) is diluted
1: 100 before each test. For the substfateym x, a-casein is diluted to 2.22
liMresulting in a final concentratilem-of 1 |iMa-casein in 15the reaction.
Additionally, cold ATP is added to give a 1.11 liMsolution which results

in a final concentration of 500 nMin the reaction.
The title compound was obtained by separation of racemic Example 8 (54 mg) using preparative

chiral HPLC [colummn: Daicel Chiralpak AD-H, 250 mim x 20 mm; eluent: isohexane/ethanol 35:65;
flow rate; 20 mL/min; UV detection: 220 nm]. Yield: 12.5 mg.

5  Analytical chiral HPLC [column: Daicel Chiralpak AD-H, 5 um, 250 mm x 4.6 mm; eluent: iso-
hexane/ethanol 50:50 + 0.2% diethylamine; flow rate: 1.0 mL/min; temperature: 40°C; UV detec-
tion: 220 nm]: R = 9.452 min, e.e. >99%.

HPLC (method 9): R, = 0.70 min;

LC-MS (method 10): R¢ = 0.42 min; MS (ESIpos): m/z (%) = 346.1 (100) [M+H]", MS (ESIneg):
10 m/z (%) =344.0 (100) [M-HJ".

Example 36

ent-{4-[4-Amino-7-(pyrrolidin-3-yDpyrrolo[2,1-f][1,2,4 Jtriazin-5-y1]-2,6-difluorophenyl i methanol

(enantiomer 2)




Radi oacti ve ATP solution: The stock solution (9.25 MBg/25 jtl of 33P-ATP;
Perkin El mer, Rodgau, Germany) is diluted to 651.2 Bg/lil. This corresponds
to a finavocomsaesisnati on of 162.8 Bg/lil. 20Conpound solPariErr012@m3pOunds
are dissolved in 100% DVSO (10 mM stock solution) and diluted to 2 nM
Further dilutions are made stepwi se 1:3.16 in DVSO Step-by-step protocol:
A volune of 9 lil substrate solution is Ptovided into each well of a 384
well mcroliter plate 25 (Geiner Bio-One, Solingen, Germany). 1 ul .
conpound sol Ut ‘8{% °gREPUBT Pas1obg et Ry SPaaT @ f1cvRC AP ol (o Uit aRigay
Enzynme react tioal ISRIEY [tQunm: Dhicaddiriipaamnil, 50 pnilx of manzyeaeissekdit/kisnmol 36s;

m xture is ipcubat or . m nut es. at. oom tenperature and then stopped by
addition of 10" Ta% &gqﬂ](:)/rﬁlmsgr?]u%eﬁe%ﬁ?'%?‘%gmbgf%{i\%fﬁng'm' croliter flashplates
(Perkin El ner, Rodgau, Cermany) are saturated with 50 p,1 saturation buffer
per wel | forAmyticdalial G qileplines Daigi s ntl-i; 5 amy $l0umwe xdfo po; ¢liant: jiss-

di scar deds angx3Y-BRAASOSH Wobh, @hyhdnlineOfiow Re: 30 RREH. Bhflati-@antd: v Mt ure.
Bi ndi ng of bi.ot.i”noyl ated substrate to the flashplate is allowed for by

over ni ght i nEUba"i"8W B P80 Pifperat ure. Bound substrate is separated -
123 - from unbound conmponents through repeated washing steps (3 x 50 ol
washi ng buf f BPLencthweP): Re=Filnad] y, 50 ol washing buffer is added, and the
scintillation signal (cpm is neasured in a suitable counter (Perkin Elner,
Rodgau, Ger MBAYJS (method 16)CRQ- & MBSMKQESIHAE VI @?@346.@m@}1m1§1]9f1\4§ Simpresent
invention are listed in Table 1 bel ow 5Table Exanpl e No. ALKl 1050
[nM 1 m/z (%) = 344.0 (100) [M-HJ".

10 Example 37

rac-{4-[4-Amino-7-(pyrrolidin-3-yDpyrrolo[2,1-f][1,2,4 triazin-5-y1]}-2-ethyl-6-fluorophenyl} -

methanol

Intermediate 66A (72 mg, 0.158 mmol} was dissolved in dichloromethane (3.8 mL) at 0°C and
15 trifluoroacetic acid (1.0 mL) was added. The reaction mixture was stirred at 0°C for 40 min, then
all volatiles were removed under reduced pressure. The residue was purified by preparative HPLC
(method 6). The combined product containing fractions were adjusted to basic pH using saturated
aqueous sodium carbonate solution and concentrated to dryness. The resulting residue was suspen-
ded in ethyl acetate (50 mL} and filtered. The organic layer was washed with brine (5 mL}), dried
20 over anhydrous sodium sulfate, and the solvent was distilled off to give 31 mg (56% of th.) of the

title compound.

HPLC (method 9): R = 0.81 min;
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LC-MS (method 10): R, = 0.55 min; MS (ESIpos): m/z (%)= 356.3 (50) [M+H]", MS (ESIheg):
m/z (%) = 354.2 (100) [M-H]J".

'H NMR (400 MHz, ds-DMSO): 8 (ppm) = 1.23 (t, 3H), 1.84-2.24 (m, 110), 2.81 (g, 2I), 2.80-2.99
(m, 1H), 3.00-3.72 (m, 1H), 4.56 (d, 2H), 5.00 (t, 1H), 6.68 (s, 1H), 7.09 (d, 1H), 7.14 (m, 2H),
7.92 (s, 1H).

Example 38

rac-{4-[4-Amino-7-(piperidin-3-yDpyrrolo[2,1-f][1,2,4 triazin-5-y1]-2-ethyl-6-fluorophenyl} -

methanol

Intermediate 67A (108 mg, 0.230 mmol) was dissolved in dichloromethane (5.2 mL) at 0°C and
trifluoroacetic acid (1.4 mL) was added. The reaction mixture was stirred at 0°C for 40 min, then
all volatiles were removed under reduced pressure. The residue was purified by preparative HPLC
(method 6). The combined product containing fractions were adjusted to basic pH using saturated
aqueous sodium carbonate solution and concentrated to dryness. The resulting residue was suspen-
ded in ethyl acetate (50 mL) and filtered. The organic layer was washed with brine (5 mL), dried
over anhydrous sodium sulfate, and the solvent was distilled off to give 83 mg (85% of th.) of the

title compound.
HPLC (method 9): R = 0.81 min;

LC-MS (method 10): R, = 0.58 min; MS (ESIpos): m/z (%)= 370.3 (50) [M+H]", MS (ESIneg):
m/z (%) = 368.3 (100) [M-HJ".
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'H NMR (400 MHz, ds-DMSO): 5 (ppm) = 1.22 (t, 3H), 1.51-1.72 (m, 2H), 2.00-2.10 (m, 1H),
2.51-2.65 (m, 2H), 2.81 (q, 2H), 2.95-3.03 (m, 1), 3.20-3.27 (m, 1), 4.56 (d, 2, 5.00 (t, 11),
6.60 (s, 1H), 7.07 (d, 1H), 7.14 (m, 2H), 7.91 (s, 1H).

Example 39

5  rac-{4-Amino-5-[3-ethyl-5-fluoro-4-(hydroxymethyl)phenyl|pyrrolo[2,1-f][1,2,4 Jtriazin-7-yl1} -
(cyclopropyDmethanol

Intermediate 17A (83 mg, 0.29 mmol), Intermediate 58A (98 mg, 0.35 mmol) and tetrakis(tri-
phenylphosphine)palladium(0) (17 mg, 0.015 mmol) were dissolved in a mixture of acetonitrile

10 (2.3 mL) and 2 M aqueous sodium carbonate solution (0.53 mL) in a microwave reactor vial. After
degassing for 5 min using argon, the reaction vessel was crimp-capped, and the mixture was heated
to 150°C for 1 h in a single-mode microwave device. Afier cooling to room temperature, saturated
aqueous sodium bicarbonate solution was added, and the mixture was extracted three times with
ethyl acetate. The combined organic layers were dried over sodium sulfate, filtered and concen-

15 trated. The residue was purified by preparative HPLC (method 5) to give the title compound. Yield:
63 mg (61% of th.).

HPLC (method 9): R = 1.13 min;

LC-MS (method 10): R, = 0.78 min; MS (ESIpos): m/z (%) = 357.3 (100) [M+H]", MS (ESIneg):
m/z (%) =355.3 (100) [M-HJ".

20 'H NMR (400 MHz, ds-DMSO): & (ppm) = 0.39 (m, 3H), 0.48 (m, 1H), 1.23 (t, 3H), 1.35 (m, 1H),
2.81 (q, 2H), 4.56 (d, 2H), 4.68 (m, 1H), 5.01 (m, 1H), 5.21 (m, 1H), 6.76 (s, 1), 7.09 (d, 1H),
7.14 (s, 1H), 7.90 (s, 1H).
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Example 40

rac-{4-Amino-5-[4-(hydroxymethyl}-3-methoxyphenyl |pyrrolo[2,1-f][1,2,4 Jtriazin-7-y1} (cyclo-
propylimethanol

5  Intermediate 68A (130 mg, 0.353 mmol) was dissolved in tetrahydrofuran (6.9 mL} and cooled to
0°C. Lithium aluminium hydride solution (1 M in diethylether, 0.78 mL) was added dropwise, and
the reaction mixture was allowed to warm to room temperature overnight. The reaction mixture
was then quenched with water and filtered. The filtrate was concentrated, and the residue was puri-

fied by preparative HPLC (method 8) to give the title compound. Yield: 63 mg (51% of th.).

10 LC-MS (method 10): R, = 0.62 min; MS (ESIpos): m/z (%) = 341.2 (100) [M+H]", MS (ESIneg):
m/z (%) = 339.1 (100) [M-HJ~.

Example 41

ent-4- Amino-5-[4-(hydroxymethyl)-3-methoxyphenyl pyrrolo{2,1-f][1,2.4 Jtriazin-7-y1} (cyclo-

propylimethanol (enantiomer 1)
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The title compound was obtained by separation of racemic Example 40 (63 mg) using preparative
chiral HPLC [colummn: Daicel Chiralpak IC, 5 pm, 250 mm x 20 mm; eluent: ter-butyl methyl
ether/methanol 85:15; flow rate: 15 mL/min; temperature: 40°C; UV detection: 220 nm]. Yield:

17 mg.

Analytical chiral HPLC [column: Daicel Chiralpak IC, 5 pm, 250 mm x 4.6 mm; eluent: tert-butyl
methyl ether/methanol 85:15; flow rate: 1.0 mL/min; temperature: 40°C; UV detection: 220 nm]: R,
=476 min, e.e. >99%.

LC-MS (method 10): R = 0.67 min; MS (ESIpos): m/z (%) = 341.2 (100) [M+H]", MS (ESIneg):
m/z (%) =339.1 (100) [M-HJ".

'H NMR (400 MHz, ds-DMSO): § (ppm) = 0.40 (m, 3H), 0.48 (m, 1H), 1.36 (m, 1H), 3.83 (s, 3H),
4.54 (d, 2H), 4.68 (m, 1H), 5.07 (t, 1H), 5.25 (d, 1H), 6.74 (s, 1H), 7.00 (s, 1), 7.03 (d, 1H), 7.47
(d, 11), 7.89 (s, 1H).

Example 42

ent-4- Amino-5-[4-(hydroxymethyl)-3-methoxyphenylpyrrolo{2,1-f][1,2,4 Jtriazin-7-y1} (cyclo-

propylymethanol (enantiomer 2)



15 34 4.1 40 3.2 41 3.5 42 1.2 43 1.9 44 3.8 B-1b. ALKl ki nase assay
(ProCoi nase protocol) ALKI (Invitrogen, Carlsbad, CA USA) kinase activity
was nmeaswoeaomiooiFseQ nase GrbH (Frei - burg, CGernany) i nPaT/ERAIIQMNELI366 C assay
usi ng y-33P-ATP and casein (Sigma, St. Louis, MO, USA) as

-117 -

The title compound was obtained by separation of racemic Example 40 (63 mg) using preparative

chiral HPLC [colummn: Daicel Chiralpak IC, 5 pm, 250 mm x 20 mm; eluent: ter-butyl methyl

ether/methanol 85:15; flow rate: 15 mL/min; temperature: 40°C; UV detection: 220 nm]. Yield:
5 25mg.

Analytical chiral HPLC [column: Daicel Chiralpak IC, 5 um, 250 mm x 4.6 mm; eluent: tert-butyl
methyl ether/methanol 85:15; flow rate: 1.0 mL/min; temperature: 40°C; UV detection: 220 nm]: R,
= 6.37 min, e.e. >99%.

LC-MS (method 10): R, = 0.67 min; MS (ESlpos): m/z (%) = 341.2 (100) [M+H]", MS (ESIneg):
10 m/z (%) =339.1 (100) [M-H]".

' NMR (400 MHz, ds-DMSO): § (ppm) = 0.40 (m, 3H), 0.48 (m, 1H), 1.36 (m, 1H), 3.83 (s, 3H),
4.54 (d, 2H), 4.68 (m, 1H), 5.07 (t, 111), 5.25 (d, 1H), 6.74 (s, 110), 7.00 (s, 1T), 7.03 (d, 110), 7.47
(d, 1H), 7.89 (s, 1H).

Example 43

15 [4-(4-Amino-7-isopropylpyrrolo{2,1-f][1,2,4 Jtriazin-5-y1)-2,6-difluorophenyl jmethanol



5 substrate in 96-well PerkinEl mer FlashPl atesTM (Boston, MA, USA). The
conpounds were tested at 10 concentrations in the range of 1 x 10-4 Mto 3
x 10-9 Mwo 218zt vol ume of 50 )11 with a final DMSO ecm@EPneizascizeqr of | %
each. The assay conponents were mxed in the order: - 125 - 5 ul
7-33P-ATP (1.0 uMin water, approx. 6 x 105 cpmper well); 5 ul test
compound solution (in 10% DVSO); 10 ul-dBbstrate (20011g/n1 1.0 ug/ 50 ul
final concentration) / enzyme (4 ug/m, 20 ng/50 ul 5.5 nM fi nal
concentration) solution (1:1 mxture). he reaction rri xtures were

i ncubated at 30C for 60 minutes and sjoppeg by adding 50 ul 2% (v/v)
phosphoric acid. The plates were aspi nat.ed and washed twice with 200 ul
0.9% (W v) sodium chl oride. |ncor pe+a of 33Pi was determined with a

m croplate scintillation counter (M Al lac). Al assays were

i i e System Medi an val ues

obt ai ned from unspecific substrate bindikhg o abel | ed ATP were set as
background 10 | evel, while nedi an val ueg °aseﬁfd in the absence of any

i nhi bitor were conS|dered to reflect fulN, gtiwvity of ALK1 kinase. The
background activity (ba) was subtracted fromthe full activity (fa) val ue
as well as fromthe val ues obtai ned f oR) t he test conpound cont ai ni ng

sanpl es (test conpound activity, teg‘} T @Hre3| dual activity in the latter
was cal cul ated as foll ows: residual act|V|ty (%9 = 100 x [(tca-ba)/(
fa-ba)] 15The residual activities for each concentration and the conpound

| Cso val ues werecdeal Bul (4tleds, WTON MU teMEdO TR (EBWnY/3. 887 BimPeQuad temitiSResear ch

GrbH, Munic h gﬁﬁm%ﬁ)ﬂgmg&bﬁn@) E4tl Inrlbg 0 H%dﬁ%%ﬁ QLre hl@&l\le&:ﬁ% rﬁ{%t%r ?}\’ Qtﬂ}ﬁ was

" Si gnoi dal response par anet ers at” 100%

and "bot t ont foapanpdy (1rhelt %ﬂ@t%l\fﬁgquwts ﬁ@@lﬂﬂ%ﬂé@n%@h@m @ﬁtmlé W@@Wweﬂeaﬁ-

Represent at | wewhlcm MAbNEResdel Q48 Ll %@&s ayd @€ RixulrStyRGhehtBd habb-e @r Dekow

20Tabl e 2 Exa J\IO ALK11C50 L\%

su@e -mode microwave device. e coohng to room temperature, the reaction mixture was fil-
tered through Celite and concentrated. The resulting residue was dissolved in ethyl acetate (100
mL) and washed with water and with brine (10 mL each). The organic layer was dried over sodium
sulfate, filtered and concentrated. The residue was purified by flash chromatography (puriFlash,

10 Interchim, cyclohexane/ethyl acetate 1:1 to 100% ethyl acetate gradient) followed by preparative
HPLC (method 6). The product containing fractions were combined and adjusted to basic pH using

saturated aqueous sodium carbonate solution. The acetonitrile solvent was removed, and the pre-

cipitated product was collected by filtration. Yield: 69 mg (31% of th.).
HPLC (method 9): R=1.35 min;

15  LC-MS (method 10): R, = 0.90 min; MS (ESIpos): m/z (%) =319.0 (100) [M+H]", MS (ESIneg):
m/z (%) =7317.0 (100) [M-H[".

'H NMR (400 MHz, ds-DMSO): & (ppm) = 1.30 (d, 61), 3.42 (m, 1II), 4.54 (s, 2H), 5.26 (s, 1H),
6.65 (s, 1H), 7.14 (m, 2), 7.94 (s, 1H).

Example 44

20 rac-1-{4-Amino-5-[3,5-difluoro-4-(hydroxymethyl)phenyljpyrrolo[2,1-f]{1,2,4 triazin-7-yl1} -

ethanol



6.7 11 3.0 28 124 35 6.9 36 21 37 <3 38 4.0 - 126 - B-2a. Smad7 tar2et
2ene induction: H NI VEC cell assay and TauMan expression anal ysis

Act i vat i oMoah13Alokdsir ecept ors by BMP9 i nduces t he Snadl/ BCTirgp@iios23g6 pat hway
and enhances expression of target genes Smad6, Smad7 and 1d-1. Induction of
Smad7- mRNA i n BMP9-stinu5l ated endothelial cells was determ ned to nonitor
the cellular potency of ALKl kinase inhiBPtors.

Intermediate 72A (230 mg, 0.743 mmol), Intermediate 2A (192 mg, 0.8%9 mmol) and tetrakis(tri-
phenylphosphine)palladiom(0) (86 mg, 0.074 mmol) were dissolved in a mixture of 1,4-dioxane
(4.6 mL) and 2 M aqueous sodium carbonate solution (1.16 mL) in a microwave reactor vial. The

5  reaction vessel was crimp-capped, and the mixture was heated to 140°C for 1 h in a single-mode
microwave device. After cooling to room temperature, the reaction mixture was purified by pre-
parative HPLC (method 8) to yield 48 mg of material which was further purified by preparative
HPLC (method 9). Yield: 11 mg (4.6% of th.).

LC-MS (method 5): R = 0.89 min; MS (ESIpos): m/z (%) =2321.3 (100) [M+H]", MS (ESIneg):
10 m/z(%)=3193 (100) [M-HJ".

'H NMR (400 MHz, ds-DMSO): 8 (ppm) = 1.47 (d, 3H), 4.54 (m, 2H), 5.16-5.39 (m, 2H), 6.74 (s,
1), 6.88 (m, 1H), 7.14 (m, 2), 7.94 (s, 1H).



Human m crovascul ar endothelial cells (11 MWECadult, Cell Systens, St.

Kat hari nen) were seeded in conplete ENGS MW nediumw th all suppl enents

(Li f eLi newQ@eabi3/0Dezshnol ogy) in 96 well plates with 10 00®@cCTaiP&i2pea3cael | .
After 4 h incubation at 37C and 7.5% COQ2 in a hum dified incubator, nedium
was replaced with mnimal nmedium (ENGS MW wi t hout suppl enents containing
0.02% 10 FCS). After 16 h, test conpournd3or nedium (controls) were added
to the cultures, followed 30 mn |later by addition of hBMP9 (R&D Systens).
Medi um was r Brovdeaiatien of Biplesleal Acivily 5t o5 were gently washed with

phosphat e-buffered saline, and cells were Iysed with 150 Il per well of
i ce-col d RLTAbukfigtont Ghdi@myms: Total cellular RNA was isolated with the

Trizol (r) reagent protocol according to the manufacturer's 15specifications
(Invitrogen, \HSA) and treat gg.Miah by NASEL cLiREEMOVE genoni ¢ DNA

contam nation. For relative quanti{ati on of the nRNA distribution of

hSmad7, total*TRNA from each?dsaMir &iPligsghats r st reverse-transcribed using the
| mMProm || Repgrse Transcri pbi@aeSystem (Pronega, USA) according to the
rnanufacturer's(jl rot ocol . Thg fi n%l vol une was adjusted to 200 p..1 with
water. For rei%tive quantitatiBK~cr 888 ed nRNA, the Applied Bioscience
ABI 79001- | TBSequence 20 Debeoteisomnm IPpehiem was used according to the

manuf act ur er ~s~specificatio ols. PCR reactions were set up to
guantitate h%%%d?- and the house Iggt%iookgggene L32- mMRNA. Forward and reverse
priners and probes for hSmaePrrapd MiB% wer e desi gned using the Applied

Bi osci ence ABl Priner Expreggi-mspbtiware and were synthesized by Eurogentec
(Bel gium. The hSmad7 forward prinmer sequence was: Primer 1 (SEQ ID NO 1).
The hSmad7 rBYEME2pr i ner  sBYhereEfkfed EFoge ppediat/ TmsSEG FH NG D) . Probe’ 1
(SEQ I D NO 3pmsbabel | ed w t hink#Msalsoxidae reporter dye and TAMRA as the
quencher, V\B@N sed as a proge% fn% h 1@%915 The L32 forward priner seguence
was: Priner SEQ I D NO 4). THe 132 ever se pri mer sequence was: Primer 4
(SEQ I D NO 5PITProbe 2 (SEQiihptindog), |abelled with FAM as the reporter dye
and TAMRA asphfie quencher, was.used.as 2 .98 for L32. WO 2013/004551 SEQ
IDlist: SEQID NO 1 SEQIDNO 2 SEQID NO 3 SEQID NO 4 SEQ ID NO 5 SEQ
ID NO 6 PCT. O82/ 062366 mictpyculanegdotistyl ga} cularemesaT TGAATCTTCTACGA

FAM carboxyfluorescein succinimidyl ester

FCS fetal calf serum

hBMP9 human bone morphogenic factor 9

HEPES 4-(2-hydroxyethyl)piperazine-1-ethanesulfonic acid
HMVEC human microvascular endothelial cell(s)

HPMC hydroxypropyl methyl cellulose

HTRF homogeneous time resolved fluorescence

HUVEC human vascular endothelial cell(s)

1] inhibitor concentration

ICso concentration with 50% inhibitory effect

LDH lactate dehydrogenase

mRNA messenger ribonucleic acid

NADH nicotinamide adenine dinucleotide

Nouidet P40 4-ethylphenoxy-poly(ethyleneglycol)ether (n = 117}
PBS phosphate buffered saline

PE polyethylene

PEG polyethylene glycol

PK pyruvate kinase

p.o. per os



(reverse primer) L32 probe 2CCCAGAGGCATTGACAACAGESG The foll ow ng reagents
were prepared in a total of 20 p | added per well: 1 x gPCR-MasterM x

( Eur ogentwo,20Balogisum) and hSmad7 forward and reverse priPCEEP2@aob3as 200
nM 200 nM hSnad7 5 FAM TAMRA-| abel |l ed probe 1 (SEQ ID NO 3), and 5 p, 1 of
tenpl ate cDNA. Correspondingly, a second mx in a total of 20 p | was
prepared using L32 FAM TAMVRA-| abel | ed prlidbe 2 (SEQ ID NO 6) and L32 forward
and reverse prinmers added per well in parallel sanples. Thermal cycling
parameters Were 2 min at 50 BUEBHY A ™t 95C, fol | owed by 40
cycl es of nmeRwhang at 95C f ofibchbelsegidand anneal i ng/ ext endi ng at 60C for 1
mn. 10Cal cu i of relatjpye expression: The C (cycle threshold) val ues
wer e cal cul a#g%{“ic’%?%mthe tu?ﬁ‘?aﬁ ﬁ’g%?‘ﬁ“ of PCR product quantity curves by

t he AACt net Bigdlf el t a- del t £q@njc idA@y nom@rhsmad7 - Gt L32; relative

expressi on =g@15- ACO. st Recvakigs of test conpounds were cal cul ated
on basis of relative Smad7 expressions at different 15conpound

concent r at i oR&MRRepr esent at FAROXYEFaRsSYIglodapipst ed in Table 3 bel ow. Table 3

Exanpl e No. #&mad7 1050 [ nl Nbjind-2-hydroxymethylpropane-1,3-diol
Triton X-100 4-tert-octylphenoxy-poly(ethyleneglycol)ether (n = 10)

Demonstration of the activity of the compounds of the present invention may be accomplished
through in vitro, ex vivo, and in vivo assays that are well known in the art. For example, to
demonstrate the activity of the compounds of the present invention, the following assays may be

5  used.

B-1a. In vitro enzyvme inhibition using scintillation of incorporated radio label (flashplate

assav)

Test principle:

Test compounds diluted in DMSO are mixed with a suitable substrate / co-substrate (here: bio-
10 tinylated a-casein and *P-ATP) in a corresponding assay buffer. Addition of the enzyme of
mterest (here: ALK kinase) starts the enzyme reaction. The enzyme-catalyzed incorporation of
radio label into the substrate is measured via scintillation. Incorporated radio label is separated
from free radio label via specific binding of the biotinylated substrate to strepavidin-coated micro-
titer plates (flashplates) and concomitant washing steps. The scintillation signal intensity (counts
15 per minutes, cpm) is proportional to the enzyme activity. Enzyme inhibition results in a decreased

signal intensity. ICsp values of the test compounds are determined by cpm-versus-[I] plots.

Reaction buffer:

Reaction buffer contains 50 mM Tris pH 8.0 (Sigma), 1 mM MnCl, (Sigma), 0.01% Nonidet P40
(Fluka), 0.5 x Complete EDTA-free protease inhibitors (Roche; contains a mixture of several pro-
20  tease inhibitors for the inhibition of serine and cysteine (but not metallo-) proteases; 1 tablet con-
tains protease inhibitors sufficient for a 50 ml cell extract; the concentration used in this assay

corresponds to 1 tablet in 100 ml).

Other buffers:

1.) Stop solution: Dulbecco’s PBS (PAA, Pasching, Austria), 25 mM EDTA (Sigma), 25 uM ATP
25 (Roche), 0.05% Triton X-100 (Sigma;
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2.} Saturation buffer: Dulbecco’s PBS (PAA, Pasching, Austria), 100 uM ATP (Roche), 0.2%
Triton X-100 (Sigma);

3.) Wash buffer: Dulbecco’s PBS (PAA, Pasching, Austria).

Enzyme solution:

5 ALKI (Invitrogen, Paisley, United Kingdom) stock solution (35.7 ng/pl) is diluted to 4 ng/ul; final

concentration in the reaction is 1 ng/pl.

Substrate solution:

Dephosphorylated o-casein (Sigma) is biotinylated according to the manufacturer's protocol
(Pierce, Bonn, Germany) resulting in a stock solution of 61.6 uM. Briefly, EZ-Link® Sulfo-NHS-
10 Biotin reagent (sulfosuccinimidyl-6-(biotinamido)hexanoate; Pierce, Bonn, Germany) is added in
equal molarity to a-casein and incubated on ice for 2 h. Afterwards, the biotin reagent is removed

by dialysis (2 x 2 h and overnight).

A 100 mM solution of cold (unlabelled} ATP (Roche) is diluted 1:100 before each test. For the
substrate mix, a-casein is diluted to 2.22 pM resulting in a final concentration of 1 pM o-casein in
15 the reaction. Additionally, cold ATP is added to give a 1.11 uM solution which results in a final

concentration of 500 nM in the reaction.

Radioactive ATP solution:
The stock solution (9.25 MBq/25 pl of *P-ATP; Perkin Elmer, Rodgau, Germany) is diluted to
651.2 Ba/pl. This corresponds to a final concentration of 162.8 Bq/ul.
20 Compound solution:
Compounds are dissolved in 100% DMSO (10 mM stock solution) and diluted to 2 mM. Further

dilutions are made stepwise 1:3.16 in DMSO.

Step-by-step protocol:

A volume of 9 pl substrate solution is provided into each well of a 384 well microtiter plate
25 (Greiner Bio-One, Solingen, Germany). 1 pl compound solution and 5 pl of the radioactive ATP
solution are added. Enzyme reaction starts with addition of 5 ul of enzyme solution. The mixture is
mcubated for 60 minutes at room temperature and then stopped by addition of 10 pl stop solution.
The 384 well microtiter flashplates (Perlkin Elmer, Rodgau, Germany) are saturated with 50 pl
saturation buffer per well for at least 60 minutes. Subsequently, a volume of 20 pl is discarded and
30 replaced with 20 pl of the stopped ALK reaction mixture. Binding of biotinylated substrate to the

flashplate is allowed for by overnight incubation at room temperature. Bound substrate is separated
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21 25
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B-1b. ALK kinase assav (ProQinase protocol)

ALK (Invitrogen, Carlsbad, CA, USA) kinase activity was measured at ProQinase GmbH (Frei-

burg, Germany) in a radiometric assay using y-*P-ATP and casein (Sigma, St. Louis, MO, USA) as

substrate in 96-well PerkinElmer FlashPlates™ (Boston, MA, USA). The compounds were tested

at 10 concentrations in the range of 1 x 10 M to 3 x 10 M in a total volume of 50 pl with a final

DMSO concentration of 1% each. The assay components were mixed in the order:

— 20 ul assay buffer (70 mM HEPES-NaOH, pH 7.5, 3mM MgClh, 3 mM MnCl, 2 uM
sodium orthovanadate, 1.2 mM DTT);
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— 5 uly-Y*P-ATP (1.0 uM in water, approx. 6 x 10° cpm per well);
— 5 pl test compound solution (in 10% DMSO};

— 10 pl substrate (200 pg/ml, 1.0 pg/50 pl final concentration) / enzyme (4 pg/ml, 20 ng/50 pl

= 5.5 nM final concentration) solution (1:1 mixture).

The reaction mixtures were incubated at 30°C for 60 minutes and stopped by adding 50 ul 2% (v/v)
phosphoric acid. The plates were aspirated and washed twice with 200 pl 0.9% (w/v) sodium
chloride. Incorporation of *’P; was determined with a microplate scintillation counter (Microbeta,

Wallac). All assays were performed using a BeckmanCoulter/SAGIAN™ Core System.

Median values obtained from unspecific substrate binding of labelled ATP were set as background
level, while median values measured in the absence of any inhibitor were considered to reflect full
activity of ALK kinase. The background activity (ba) was subtracted from the full activity (fa)
value as well as from the values obtained from the test compound containing samples (test com-

pound activity, tca). The residual activity in the latter was calculated as follows:
residual activity (%) = 100 x [(tca-ba)/(fa-ba}]

The residual activities for each concentration and the compound ICso values were calculated using
Quattro Workflow V3.1.0 (Quattro Research GmbH, Munich, Germany). The fitting model for the
ICso determinations was "Sigmoidal response (variable slope}” with parameters "top” fixed at 100%

and "bottom" at 0%. The fitting method used was a least-squares fit.

Representative ICsp values from this assay are listed in Table 2 below:

Table 2
Example No. ALK1 ICs [nM]
7 6.7
11 3.0
28 124
35 6.9
36 21
37 <3
38 4.0
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39 5.7

B-2a. Smad7 target cene induction: HMVEC cell assav and TagMan expression analvsis

Activation of ALK1 receptors by BMP9 induces the Smad1/5 signalling pathway and enhances
expression of target genes Smad6, Smad7 and Id-1. Induction of Smad7-mRNA in BMP9-stimu-

5 lated endothelial cells was determined to monitor the cellular potency of ALK 1 kinase inhibitors.

Human microvascular endothelial cells (HMVECadult, Cell Systems, St. Katharinen) were seeded
n complete ENGS MV medium with all supplements (LifeLine Cell Technology) in 96 well plates
with 10 000 cells per well. After 4 h incubation at 37°C and 7.5% CO» in a humidified incubator,
medium was replaced with minimal medium (ENGS MV without supplements containing 0.02%

10 FCS). After 16 h, test compounds or medium (controls) were added to the cultures, followed
30 min later by addition of hBMP9 (R&D Systems). Medium was removed 1 to 4 h later, plates
were gently washed with phosphate-buffered saline, and cells were lysed with 150 pl per well of
ice-cold RLT buffer (Qiagen).

Total cellular RNA was isolated with the Trizol® reagent protocol according to the manufacturer's

15 specifications (Tnvitrogen, USA) and treated with DNAsel to remove genomic DNA contamination.

For relative quantitation of the mRNA distribution of hSmad7, total RNA from each sample was
first reverse-transcribed using the ImProm-II Reverse Transcription System (Promega, USA) accor-

ding to the manufacturer's protocol. The final volume was adjusted to 200 pl with water.

For relative quantitation of selected mRNA, the Applied Bioscience ABI 7900HT Sequence

20 Detection System was used according to the manufacturer's specifications and protocols. PCR
reactions were set up to quantitate hSmad7- and the housekeeping gene L32-mRNA. Forward and
reverse primers and probes for hSmad7 and L32 were designed using the Applied Bioscience ABI
Primer Express™ software and were synthesized by Eurogentec (Belgium). The hSmad7 forward
primer sequence was: Primer 1 (SEQ ID NO 1). The hSmad7 reverse primer sequence was:

25 Primer 2 (SEQ ID NO 2). Probe 1 (SEQ ID NO 3), labelled with FAM as the reporter dye and
TAMRA as the quencher, was used as a probe for hSmad7. The L32 forward primer sequence was:
Primer 3 (SEQ ID NO 4). The L.32 reverse primer sequence was: Primer 4 (SEQ ID NO 5}. Probe 2
(SEQ ID NO 6), labelled with FAM as the reporter dye and TAMRA as the quencher, was used as
a probe for L32.
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Thermal cycling parameters were 2 min at 50°C, followed by 10 min at 95°C, followed by 40

cycles of melting at 95°C for 15 sec and annealing/extending at 60°C for 1 min.

10 Calculation of relative expression:

The Ct (cycle threshold) values were calculated from the turning point of PCR product quantity
curves by the AACt method (delta-delta Ct):

ACt= Ctygmad7 — Ctr 32; relative expression = 2(15-ACH),

ICsp values of test compounds were calculated on basis of relative Smad7 expressions at different

15 compound concentrations. Representative values are listed in Table 3 below:

Table 3

Example No. hSmad7 ICsy [nM]

1 100
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B-2b. Smad7 target gene induction: HUVEC cell assay and TagMan expression analysis

The in vitro potency of ALK1 inhibitors was tested in a cell-based assay. Bone morphogenetic pro-
tein 9 (BMP9) induces Smad7 mRNA expression in human vascular endothelial cells (HUVEC) via
5 activation of ALKI.

1.5 x 10* passage 2 HUVECs (Lonza, Basel, Switzerland) per well were seeded in a 96-well plate
n EBM-2 medium containing EGM-2 additives and growth factors (Lonza, CC-3156 and CC-
4176). After 4 h, the medium was changed to EBM-2 with 0.2% fetal calf serum (FCS) and the
cells were starved for 20 h in a humidified incubator at 37°C, 5% COs. Test compounds were
10 added at 11 different concentrations between 0 and 10 000 nM one hour prior to stimulation of the
cells for 3 h with recombinant human BMP9 protein at 1 ng/ml (dissolved in 4 mM hydrochloric
acid, 0.1% BSA at 10 pg/ml; R&D Systems, Minneapolis, MN, USA, 3209BP). Medium was
removed, and the cells were lysed in 100 ul RLT buffer (Qiagen, Hilden, Germany). RNA was iso-
lated using the Qiagen RNeasy 96 Kit (order-No. 74182) according to manufacturer's instructions
15 and eluted from the columns with 65 ul RNAse-free water. Reverse transcription for quantitative
RT-PCR was carried out with the Omniscript Kit (Qiagen, 205113) in RNAse-free 96-well round-
bottom plates. Per well, 6.8 pl of a reaction master mix containing 2 ul 10x RT-buffer, 2 ul dNTPs
(5 mM each), 1.6 pl random primer N6 (125 uM), 0.25 pl Rnase Out (40 U/ply and 1 pl Omniscript
Reverse Transcriptase were added. After addition of 13.2 ul of the RNA/water mixture, plate
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B-3. Svystemic efficacy in the laser-induced choroidal neovascularization (CNV) model

The aim of this study was to determine whether once daily systemic administration (i.p.) of a test
compound resulted in a decrease of vascular leakage and/or choroidal neovascularization in a rat

5 model of laser-induced choroidal neovascularisation.

For this purpose, 16 pigmented Brown-Norway rats with no visible sign of ocular defects were
selected and randomly divided into two groups of eight animals each. On day 0, the animals were
anaesthetized by an intraperitoneal injection (15 mg/kg xylazine and 80 mg/kg ketamine). After
mstillation of one drop of 0.5% tropicamide to dilate the pupils, choroidal neovascularisation was
10 induced by executing six 75 pm-sized choroidal burns around the optic disc of the right eyes using
a 532 num argon laser photocoagulation at 150 mW for 100 ms. The test compound and vehicle
control (10% ethanol, 90% PEG 400) were administered once daily by intraperitoneal (i.p.) injec-
tions with dosing of the test compound at 50 mg/kg on days 0 and 1, and then continuing with
20 mg/kg from day 2 to day 23. The body weight of all animals was recorded before the start and
15 once daily during the study.

An angiography was performed on day 21 using Heidelberg's Retinal Angiograph (HRA). After
anaesthesia and pupillary dilation, 10% sodium fluorescein dye was injected subcutaneously, and
images were recorded 10 min after dye injection. The vascular leakage of the fluorescein on the
angiograms was evaluated by two examiners in a masked fashion and scored with 0 (no leakage) to

20 3 (strongly stained).

After euthanasia on day 23, the eyes were harvested and fixed in 4% paraformaldehyde solution for
1 hour at room temperature. After washing, the retina was carefully peeled, and the sclera-choroid
was flat-mounted and incubated after blocking with a FITC-isolectine B4 antibody. The flat-
mounted preparations were examined under a fluorescence microscope (Apotom) at 488 nm
25  excitation wavelength. The volume of choroidal neovascularisation was scored by morphometric

analysis of images using Axiovision 4.6 software.



5.50 1.38 Exanple 11 (paraffin vehicle; n = 12) 1.41 0,29 6.45 1.63
aqueous vehicle control (n =12) 1.87 0.27 7.84 1.09 paraffin vehicle
control (WO=20B704355197 0.19 7.00 1.00 Al though the i nverCrmr261296136€n

di sclosed with reference to specific enbodinents, it is apparent that other
enbodi ments and variations of the invention may be devi sed by others
skilled in the art 10w thout departing fl®dmthe true spirit and scope of
the invention. The clainms are intended to be construed to include all such
enbodi ment s S‘HEX%}% ]vlai‘ﬁ a Fﬁple\sleappgtqf B]ﬁ §(?mpopndf g%th@ present invention, the following results

were obtained in this model:

vascular leakage choroidal neovascularisation

[angiography score] lesion volume
[um® x 100 000]

Example 11 0.68 £ 0.35 348+ 040

vehicle control 1.7+032 5.83 £0.55

B-4. Topical efficacv in the laser-induced choroidal neovascularization (CNV) model

5  The aim of this study was to determine whether twice daily topical administration (eye drops) of a
test compound resulted in a decrease of vascular leakage and/or choroidal neovascularization in a

rat model of laser-induced choroidal neovascularisation.

For this purpose, 65 pigmented Brown-Norway rats with no visible sign of ocular defects were
selected and randomly assigned to six different groups (for n-numbers, see table below). On day 0,
10 the animals were anaesthetized by an intraperitoneal injection (15 mg/kg xylazine and 80 mg/kg
ketamine). After instillation of one drop of 0.5% tropicamide to dilate the pupils, choroidal neo-
vascularisation was induced by burning six holes into the retina (disruption of Bruch’'s membrane)
of one eye per animal using a 532 nm argon laser (lesion size: 50 pm; laser intensity: 150 mW;
stimulus duration: 100 ms). Test compounds and vehicle controls were topically administered twice
15 daily by mstilling respective eye drops into the affected eye. The test compounds were dosed as
follows: 10 ul of an eye drop formulation containing 20 mg/ml! of the respective test compound
suspended either in 100% liquid paraffin or in an aqueous vehicle (HPMC 15 cP 3.5%, polysorbate
80 0.5%, NaCl 0.9% in water) were applied to the affected eye twice daily at a 10 to 14 hour inter-
val during the complete observation period of 23 days. Control animals received the respective
20 vehicle (100% liquid paraffin or aqueous vehicle) topically twice daily. The body weight of all ani-

mals was recorded before the start and once daily during the study.

An angiography was performed on day 21 using a fluorescence fundus camera (Kowe). Here, after
anaesthesia and pupillary dilation, 10% sodium fluorescein dye was injected subcutaneously, and
images were recorded 2 and 10 min after dye injection. The vascular leakage of the fluorescein on
25 the angiograms was evaluated by three different examiners who were blinded for group allocation

(test compound versus vehicle), and scored with 0 (no leakage) to 3 (strongly stained).

On day 23, animals were sacrificed, and eyes were harvested and fixed in 4% paraformaldehyde

solution for 1 hour at room temperature. After washing, the retina was carefully peeled, washed,



C. Exanpl es relating to Pharnmaceutical Conpositions Pharnmaceutical
conpositions according to the present invention can be illustrated as

fol |l ows: Woepidmw43s1v. sol ution: A 5 ng/nL sol uti on ofPCrhP2aessr3ed
conmpound of the invention can be nade using sterile, injectable 5Swater, and
the pHis adjusted if necessary. The solution is diluted for adnlnlstratlon
to 1-2 nmg/nL with sterile 5% dextrose and?is adnlnlstered as an i.v.

i nfusi on over. about 60 m nutes ophilized powder for '6/. adm nistration:
A sterile pr @B%F‘é%‘ﬁddﬁmé%wﬂbﬁlﬁ?ésﬁéF‘éla Blieetod i oxgioe I’é‘(‘j’ézerfbe BFCURE J&8; 1 ed
conpound of ihb@dd&rﬁ]-\ll&)ﬂndstw@eﬂﬂ:aSnoantEcyﬁﬂmthﬂ@ﬁunﬁﬁVﬂﬁIo;esn(eh(te)mlBlBscBﬁe?(K[&’gdnm_
fggloﬁrsnt IC:: EJ[ 2%10761‘({% 94 8Ie|r : %XCl%&QlIOIhwae\g en%l?e'lll?g%rleia 8 é(}lo ICD}. ?egwsaesgnljarlg‘%tllor? WaSI S
concentratiomm@Wﬂmﬁﬂgém@@ngﬁwwmemh|ch is further dlluted with saline or 5%
dextrose to 0.2 to 0.4 ng/nL, and is adm nistered either as i.v. bolus or
by i.v. |BRfUBIGRaANEN7 shd1 O rPrARSe conpbiRIBISEUr&bnt SHERBAThODowidksults
foll owi ng solution or sus sion can be prepared for intramuscul ar

i nj ection: 1850 HYrHLn G ‘ﬂg desired, water-insoluble conmpound of the
invention; 5 nmo/nl sodi um carboxy- nethylcellulose 4 nu/nL Tween 80; 9

o o e, S o IR YAl PR i RO Tt o5 A

| arge nunber| of unit capsul es Iﬁﬁg FT 1 ard t wo- pi ece
hard gel atin capsul es each wth “ﬁ% of the des |r§§mm§omdered conpound of
the invention, 150 ng of | actose, 50 ng 2pof ce 8 nd 6 ng of

nagnesiun1st Xm%1§7 Sof t gelatig%@qgﬁﬂles A nléﬁ yre gf the desired
conmpound of 1ﬂ¥ 149n9% rgestibleloil, such™as soybean oil, cotton-
r

seed oil or Ve o , ppared and in ect ed by means of a|positive
di spl acenent @&ﬁﬂehnto mltef 151021 6.21 +0.99
(paraffin vehicle; n =8)
Example 11 1.66 £0.29 5.50+£1.38
(aqueous vehicle; n=7)
Example 11 1.41£0.29 60.45+1.63
(paraffin vehicle; n=12)
aqueous vehicle control 1.87 £0.27 7.84 +1.09
(n=12)
paraffin vehicle control 1.97 £0.19 7.00 £1.00
n=17)

Although the invention has been disclosed with reference to specific embodiments, it is apparent
that other embodiments and variations of the invention may be devised by others skilled in the art
10 without departing from the true spirit and scope of the invention. The claims are intended to be

construed to include all such embodiments and equivalent variations.



gelatin to formsoft gelatin capsules containing 100 ng of the active

i ngredient. The capsul es are 25washed and dried. The desired conpound of

t he i nverwODani3omusshe di ssolved in a m xture of poly- et rgir@areoigloyzses
glycerin and sorbitol to prepare a water-m sci ble nedicine mx. Tablets:

A large nunber of tablets are prepared by conventional procedures so that
the dosage unit is 100 ng of the desired3éonpound of the invention, 0.2 ngy
of colloidal silicon d|0X|de 5 ny of _30magnesi um st earate, 275 ng of

nmi crocrystal i ne ot 98.8 ny of lactose. - 134
- Appropriate aqueous and non aqueous coatlngs may be applied to increase
pal at abi | i t yPharmgpewive cehegans eccardohg 8t tabprbsedtyyveioion dealbayllugtbsdmpbilors: Sol ut i on
or suspension for topical application to the eye (eve drops): A sterile
fornmul ation gan.beprepared with 100 ng of the desired conpound of the
invention as a 5 Tyophilized powder reconstituted in 5 nL of sterile
saline. As presgiMBtdiMBn oDeNZikdQBpIIhC RS ihwdetiontchd F¥B%AS Ading sRARNYeABIICUT i C

LA o e Lk MY Bt Lo arkange.of ahoul, 9,900656, 1D

with sterile 5% dextrose and is administered as an i.v. infusion over about 60 minutes.

Lyophilized powder for i.v. administration:

A sterile preparation can be prepared with (7} 100-1000 mg of the desired compound of the inven-
tion as a lyophilized powder, (i7) 32-327 mg/mL sodium citrate, and (iif} 300-3000 mg Dextran
10 40. The formulation is reconstituted with sterile, injectable saline or 5% dextrose to a concentration
of 10 to 20 mg/mlL, which is further diluted with saline or 5% dextrose to 0.2 to 0.4 mg/mL, and is

administered either as 1.v. bolus or by i.v. infusion over 15-60 minutes.

Intramuscular suspension:

The following solution or suspension can be prepared for intramuscular injection:

15 50 mg/mL of the desired, water-insoluble compound of the invention; 5 mg/ml sodium carboxy-

methylcellulose; 4 mg/mL Tween 80; 9 mg/mL sodium chloride; 9 mg/mL benzyl alcohol.

Hard shell capsules:

A large number of unit capsules are prepared by filling standard two-piece hard gelatin capsules
each with 100 mg of the desired, powdered compound of the invention, 150 mg of lactose, 50 mg

20 of cellulose and 6 mg of magnesium stearate.

Soft gelatin capsules:

A mixture of the desired compound of the invention in a digestible oil, such as soybean oil, cotton-
seed oil or olive oil, is prepared and injected by means of a positive displacement pump into molten
gelatin to form soft gelatin capsules containing 100 mg of the active ingredient. The capsules are
25  washed and dried. The desired compound of the invention can be dissolved in a mixture of poly-

ethylene glycol, glycerin and sorbitol to prepare a water-miscible medicine mix.

Tablets:

A large number of tablets are prepared by conventional procedures so that the dosage unit is
100 mg of the desired compound of the invention, 0.2 mg of colloidal silicon dioxide, 5 mg of

30  magnesium stearate, 275 mg of microcrystalline cellulose, 11 mg of starch, and 98.8 mg of lactose.



5Ais N or CR2, wherein R2represents hydrogen, fluoro or chloro,

represents hydrogen, fluoro, chloro, nethyl, ethyl or nethoxy, and

repr esentwo(@3/@yssal kyl or (C3-C6)-cycloal kyl each of WRCTEPrER/062366
substituted 10with hydroxy, or represents a heterocyclic group of the
formul a wherein * indicates the point of attachnment to
the pynplotriazine noiety, 15and R3représ°’énts hydrogen or hydroxy, - 136 -
or with the proviso that when R3 i s hydroxy thls hydroxy i s not attached
Lo a ring carBBaE G PECHE Str-Surus sHG S PRIRG IEFBEEH LY Bty improve

elegance and stability, or delay absorption.

Solution or suspension for topical application to the eve (eve drops):

A sterile formulation can be prepared with 100 mg of the desired compound of the invention as a
5  lyophilized powder reconstituted in 5 mL of sterile saline. As preservative, benzalkonium chloride,
thimerosal, phenylmercuric nitrate, or the like may be used in a range of about 0.001% to 1% by

weight,



represents a thiazole group of the fornula 5 wherein * indicates the
point of attachment to the pyrrolotriazine noiety, and Rdrepresents

hydr ogen,woebtsylogsset hyl , am no or am nonet hyl, or 10Zr epCceg®nti2/0623gé oup of
the formula 11 N2 "CH.,-.? ,..CH2 N R7- wherein * indicates the point of
attachnment to the pyrrolotriazine noiety, RSrepresents (C3-C6)-cycloal kyl,
oxetanyl, tetrahydrofuranyl or tetrahydrld=-

We claim:
1. A compound of formula (I)
@,
wherein
5 A is N or C-R?, wherein
R? represents hydrogen, fluoro or chloro,

R! represents hydrogen, fluoro, chloro, methyl, ethyl or methoxy,
and

V4 represents (Ci-Cs)-alkyl or (Cs-Ce)-cycloalkyl each of which may be substituted

10 with hydroxy,
or
zZ represents a heterocyclic group of the formula
ES £ £
3 R or R?
R N NH
H ’

Iz

wherein * indicates the point of attachment to the pyrrolotriazine moiety,
15 and

R’ represents hydrogen or hydroxy,



pyranyl, 15R6represents hydrogen or hydroxy, represents hydrogen or
hydroxy, with the proviso that when R7 is hydroxy, this hydroxy is not

at t ached wo 2uydomgFicar bon at om | ocat ed adj acent to the PCHEPRIR0O6II66O at om
and - 137 - or a pharmaceutically acceptable salt, hydrate and/or sol vate
t hereof. 2. The conpound of fornula (1) according to Claim1l, wherein Ai's
C-R2, wherein R2represents hydrogen or flPfioro, 5represents hydrogen,
fluoro, chloro, nethyl, ethyl or methoxy, and represents n-propyl, n-butyl
or cycl ohexyl each of whi c?i“}h@?/prﬁ?é?sostﬂ%é%‘f“t%tléﬁy%Wthﬁ§)¥ﬁr%SYﬁ“°b?t ached to a

10Zr epresents a heterocycl #ig @boupord focitdigrdfacnnm ki@ ring nitrogen atom,

or

Z represents a thiazole group of the formula

wherein * indicates the point of attachment to the pyrrolotriazine moiety,

and
R* represents hydrogen, methyl, ethyl, amino or aminomethyl,
or
10 z represents a group of the formula

* * &

ES
l |
| CH CH CH
CH P 2 ~ 2 ra 2
R ) RLO“ . O
Y

wherein * indicates the point of attachment to the pyrrolotriazine moiety,

R’ represents (Cs-Ce)-cycloalkyl, oxetanyl, tetrahydrofuranyl or tetrahydro-
pyranyl,
15 R® represents hydrogen or hydroxy,
R’ represents hydrogen or hydroxy,

with the proviso that when R’ is hydroxy, this hydroxy is not attached to a

ring carbon atom located adjacent to the ring nitrogen atom,
and

20 Y is O, NH or NCHs,



wherein * indicates the point of attachnent to the pyrrolotriazine noiety,
or represents a thiazole group of the fornmula 15 wherein * indicates the
poi nt of woOtatmesst to the pyrrolotriazine noiety, and Re¢THEPe@2062386 et hyl |
ethyl, am no or am nonethyl, - 138 - represents a group of the fornula

CF12CF12 R5T RLj O .

or a pharmaceutically acceptable salt, hydrate and/or solvate thereof.
2. The compound of formula (I) according to Claim 1, wherein

A is C-R?, wherein

R? represents hydrogen or fluoro,
5 R! represents hydrogen, fluoro, chloro, methyl, ethyl or methoxy,
and
zZ represents n-propyl, n-butyl or cyclohexyl each of which may be substituted with
hydroxy,
or
10 Z represents a heterocyclic group of the formula
& £ *
or
N NH
H ~ N ’
H
wherein * indicates the point of attachment to the pyrrolotriazine moiety,
or
z represents a thiazole group of the formula
*
N\/l\w
s
4
15 R >

wherein * indicates the point of attachment to the pyrrolotriazine moiety,
and
R* represents methyl, ethyl, amino or aminomethyl,

or



or H wherein * indicates the point of attachnment to the pyrrolotriazine
noi ety, represents cyclopropyl or tetrahydropyran-4-yl, 5R6represents

hydr oxy, wodod/®4331 or a phai maceutically acceptabl e salPCI/ERg@ratB6@and/ or
sol vate thereof. 3. The conpound of fornmula (1) according to Claim1l or 2,
wherein 10Ais CGR2, wherein R2represents hydrogen or fluoro, represents

hydr ogen, fl uor, nethyl ethyl or nethoxy®-and represents
4- hydr oxybutyl or_4- hydrox¥cyclohexyl 150r represents a
het erocyclic group of "PFE™ SErep 4 the formula

wherein * indicates the point of attachment to the pyrrolotriazine moiety,

R’ represents cyclopropyl or tetrahydropyran-4-yl,

5 R® represents hydroxy,
and
Y is O,

or a pharmaceutically acceptable salt, hydrate and/or solvate thereof.

3. The compound of formula (I} according to Claim 1 or 2, wherein
10 A is C-R% wherein
R? represents hydrogen or fluoro,
R! represents hydrogen, fluoro, methyl, ethyl or methoxy,
and
Z represents 4-hydroxybutyl or 4-hydroxycyclohexyl,
15 or
z represents a heterocyclic group of the formula
* *
or
N NH
H >

wherein * indicates the point of attachment to the pyrrolotriazine moiety,

or



wherein * indicates the point of attachnent to the pyrrolotriazine noiety,
- 139 - Zrepresents a thiazole group of the formula wherein * indicates

t he poi ntwof2osmasshnent to the pyrrolotriazine noiety, a0U/HRA6IRPsBSENT S
met hyl, ethyl, am no or am nonethyl, represents a group of the fornula
R5C\ -1 OH wherein * indicates the point of attachnent to
the pyrrolotriazine noiety, 10and represiéfits cycl opropyl, or a
pharmaceutically acceptable salt, hydrate and/or solvate thereof. 4. A
process for prepdring R CHRIGHUHGTCSHOUP B PLPEY ) as defined in Clains 1 to
3, charac- terized in that a bronopyrrolotriazine of fornmula (11) 15

wherein * indicates the point of attachment to the pyrrolotriazine moiety,
and
5 R* represents methyl, ethyl, amino or aminomethyl,
or
Z represents a group of the formula
|
Rs/ C{_l

CH

wherein * indicates the point of attachment to the pyrrolotriazine moiety,
10 and
R® represents cyclopropyl,
or a pharmaceutically acceptable salt, hydrate and/or solvate thereof.

4. A process for preparing a compound of formula (I} as defined in Claims 1 to 3, charac-

terized in that a bromopyrrolotriazine of formula (IT)

Br NH,
= G N
S
15 4 D),

wherein Z has the meaning indicated in Claim 1 to 3,

is either



wherein Z has the neaning indicated in aiml to 3, is either - 140 - [A
coupled with an aryl boronic acid or ester of fornmula (I11l) O O 1818
RR(111), wbensia4¥atand R have the neani ngs indicated i RCTERRM2D61366 3, and
5Rrepresents hydrogen or (Cl-C4)-al kyl, or both R8 residues are |inked
together to forma -(CH2)2-, -C(CH3)2-C(CH3)2-, -(Cl112)1- O
-0-12-C(Cl-13)2-CH2- bridge, in the presiéfice of a suitable palladium

catal yst and a base to yield the target conmpound of formula (1) 10

wherein A Z and [RI haV&t WEh BeaHPHRYEC 1Hdr e4F edommia i m 1 to 3,

HO

(I,

wherein A and R' have the meanings indicated in Claim 1 to 3,

and

5 R* represents hydrogen or (Ci-Ca)-alkyl, or both R® residues are linked
together to form a -(CHap-, -C(CH3)-C(CH3)-, -(CHz)s- or
-CHz—C(CH3)2-CH2— bridge,

in the presence of a suitable palladium catalyst and a base to yield the target com-

pound of formula (I)

10 @,
wherein A, Z and R have the meanings indicated in Claim 1 to 3,

or

[B] first converted into the corresponding boronic acid or ester derivative of formula
avy



or [B] first converted into the correspondi ng boronic acid or ester
derivative of fornmula (1V), wherein Z has the neaning indicated in daim1l
to 3, andwB2nspoesent s hydrogen or (Cl-C4)-al kyl, or boPhTRP201285ZI6€S ar e

| i nked 5together to forma -(CH2)2-, -C(CH3)2-C(CH3)2-, -(CH2)3- or

-CH2- C(C13) 2- CH2- bridge, which is then coupled with an aryl brom de of
formula (V) HORa_ A (V), wherein A and 'Rl -have the neanings indicated in
Caim1l to 3, 10in the presence of a suitaple palladiumcatalyst and a base
to also give the target conpound of fé;;rnuﬂ?a ()

\
\ ,0
O—p NH,
=7 SN
P
Z (IV),

wherein Z has the meaning indicated in Claim 1 to 3,
and

R’ represents hydrogen or (Ci-Cy)-alkyl, or both R’ residues are linked
5 together to form a -(CHy)-, -C(CHs3)p-C(CHi)-, -(CHz)s- or
-CHz—C(C}I3)2—C}12— brid,ge,

which is then coupled with an aryl bromide of formula (V)

HO

NA

Br V),

wherein A and R' have the meanings indicated in Claim 1 to 3,

10 in the presence of a suitable palladium catalyst and a base to also give the target

compound of formula (I)

(M,

wherein A, Z and R' have the meanings indicated in Claim 1 to 3,



- 142 - optionally foll owed, where appropriate, by (i) separating the
conpounds of formula (1) into their respective enantioners and/ or

di ast ereowene13/@midior (ii) converting the conmpounds of POTmPR@ 2063366 nt o
their respective hydrates, solvates, salts and/or hydrates or sol vates of
the salts by treatnent with the correspondi ng sol vents and/ or acids.

55. Conpound as defined in any of Claims#2to 3 for the treatnent or
prevention of diseases. 6.Use of a conmpound as defined in any of Clains 1
to 3 for the manUPHUPLY @”(B‘feda“’}ﬁﬁaf‘PPFﬁﬁnqge‘tﬁ(i’)é%am&}’bgrfb%%o?”??‘ﬁlﬁs fidprmplzéD mto
treatment or preuedithtpectiod crag@nes hatedinmedthda, adiagenesatiiontié Aipounds of

chor ol ol neov el Al s (M ShEReL LLELLISR P08 ARBRIE
as defined i n anyalgfbyCGleainerg with the c@respondigg pharnadeuicidsal | y accept abl e sal t,
hydrate and/or solvate thereof, and one or nore pharmaceutically acceptable
exci pients. 8. ThecRRBIIRE&ULEGRR P IRAS 1th Or & tbd@EdibriprdveidoR 6F die@ePr i si ng
one or nore additional therapeutic agents. 159. The pharmaceuti cal

conposition as defined in Caim r 8 f t he treatment ar prevention of
POt o Facarr Yha safemdioak iR LRl kR T Rfeul S45IR o)

di abeti c reti nopathigalandpditabéirite: maoghiaor edeemiof DIMER-rel4@l Bacaet frgehenfion
treating or pr evang&gi\@id [ ﬁ%)%s&ﬂar{;%y'@&vge@a%@&r %gﬂog%h)( éxMDAiabeﬁi[ﬁ%aj al
neovascul ari sati on , di abetic reti nopat hy and di abetic macul a edema
(DVE) in a 20 marfiela (Dd8hpri sing administering to a manmmal in need ther eof
a therapeutically effective anount of one or nore conpounds as defined in
any of Chaing 1 tOpBymEutiofl canhiasm@eptidiigcadompamp asdclih@nn ag odefimedioisn any
of Claims 7 to 9.

or a pharmaceutically acceptable salt, hydrate and/or solvate thereof, and one or more

pharmaceutically acceptable excipients.

8. The pharmaceutical composition of Claim 7 further comprising one or more additional

therapeutic agents.

15 9. The pharmaceutical composition as defined in Claim 7 or 8 for the treatment or prevention
of age-related macular degeneration (AMD), choroidal neovascularisation (CNV), diabetic

retinopathy and diabetic macula edema (DME).

10. A method of treating or preventing age-related macular degeneration (AMD), choroidal
neovascularisation (CNV), diabetic retinopathy and diabetic macula edema (DME) in a

20 mammal, comprising administering to a mammal in need thereof a therapeutically effective
amount of one or more compounds as defined in any of Claims 1 to 3, or of a pharma-

ceutical composition as defined in any of Claims 7 to 9.



