WO 2010/090299PCIAP2010/051738 1 DESCRIPTION A NOVEL CYANOPYRIMIDINE DERIVATIVE
TECHNICAL FIELD [0001] 5Thepresentinventionrelatestoanovel cyanopyrimidine compound, and a
pharmace Wi€aAB8#1¥88%ion and foimulation comprising the compound. BAGK/EROUKDIART
10[0002] Adenosine is a substance that may exhibit various physiological actions when it binds to
a receptor on a cell surface. The adenosine receptor &n the cell surface belongs to G-protein-coupled
receptor family, and it is 15 classified into Al, A2a, A2b and A3. Among them, the adenosine Al and
adenosine A3 receptors are coupled with Gi-pr@%ﬁpﬁﬁ"ﬂ@\hctivation thereof results in lowering of the
intracellular c-AMP level. In addition, adenosine A2a and adenosine A2b receptors are coupled with

Gs-protein 20and the activatioh Eﬂ%yg&f ] %Bﬁ@rﬁﬁ& oP e ntractular c-AMP level. These 4

kinds of adenosine receptor subtypes each have been cloned. [0003] A variety of studies
about agonists and antagonists 25which may work on each of the above adenosine receptor WO

2010/090299RCTAFF2010/051 738
[0001]
5 ' The present invention relates to - a novel
cyanopyrimidine compound, and a pharmaceutilcal composition

and formulation comprising the compound.

BACK GROUND ART
10 [0002]

Adenosine 1s a substance that may exhibit various
physiological actions when it binds to a receptor on a cell
surface. The adenosine receptor on the c¢ell surface
belongs to G-protein-coupled receptor family, and it is

15 clasgified into A1, A2a, A22b and A3, Among them, the
adehosine Al and adenosine A3 receptors are coupled with
Gi-protein and the activation thereof results in lowering
of the ihtracellular c-AMP level. In additibn, adenogine
A2a and adenosine A2b receptors are coupled with Gs-protein

20 and the activation thereof results in heightening of the
intracellular c-AMP level. These 4 kinds of adenosine
receptor subtypes each have been cloned.

[0003]
A variety of studies about agonists and antagonists

25 which may work on each of the above adenosine receptor



2 subtypes have been already reported.Among them, the adenosine A2a receptor agonists have been
reported not only to exhibit the potent antihypertensive action and to be useful as above-mentioned

drugs suchwas an@nlibypertensive drug, a medicament for treating/preventingreaadiageefagrebral
ischemic disease and antiarteriosclerotic drug, but also to exhibit an ocular hypotensive action (see J.
PhaLmcol. Exp. Ther. 3207226, 273 (1995). [0004] 19WO 2005/105778 discloses cyanopyrimidine
compounds which are an adenosine A.2a receptor agonist. However, NO 2005/105778 does not
disclose any specific cyanopyrimidine compounds like the present invention. 15DISCLOSURE OF
INVENTION (Problem to be solved by the invention) [0005] An object of the present invention is
to provide a aobéhgoespolnalkavingen safd ard pptenteguenosihe A2aRtregeptohagonistibactivity.
(Means to solve the problem) [0006] - The present inventors have extensively studied to
25reach for fésBvvEEhjéct 2af@ AERE Il NAIREL thies WE 29 10090298RPCTIFP 0101051738 3
following compounds exhibited a potent adenosine A2a receptor agonistic action as well as an
excellent safety. Fr&tidition, tHeSpréRhefve MofsREREAE6 Féutttha e fSlovdRg c&Ppdtds

exhibited vascuI%r relaxatio%for 5 ocular, ciliar%1 artery and neuroprotection on retinal ganglion cell. The

present inveiiGn Has BReATBNHIBEE by THE AoditioRal StidiesThstl oAtheSy RRdhGESBB7)

5 drug, a medicament for treating/preventing cardiac or
cerebral ischemic disease and antiarteriosclerotic drug,
but also to exhibit an ocular hypotensive action (see J.
Pharmcol. Exp.vTher. 320-326, 273 (1995).
[0004]
10 WO 2005, 105778 discloses cyanopyrimidine compounds
which are an adenosine A2a receptor agonist. However, WO

2005105778 does not disclose any specific cyanopyrimidine

compounds like the present invention.

15 DISCLOSURE OF INVENTION
(Problem to be solved by the invention)
[0005]
An object of the present invention is to provide a
novel compound having a  safe and potent adenosine A2a

20 receptor agonistic activity.

(Means to solve the problem)
[0006]
The present inventors have extensively studied to

25 reach for the above object, and have found that the



The present invention provides a cyanopyrimidine 10 compound shown in the following Term 1, a
composition and foLmulation comprising the compound, use of the compound, a method for treating or
preventingaodseasszand a process for the compound. [00053 15Tez.in 1 pAwyrmapamigine
compound of foLmula (1): wherein R is hydrogen,hydroxy(lower alkyl) group, halogenated (lower
alkyl) group or (lower alkoxy)carbonyl(lower alkyl) graup 20or a salt thereof. WO
2010/090299PCT/JP2010/051738 [0009] Term 2. The cyanopyrimidine compound of term 1 which is
selected from the group consisting of (1) N-(4-(6-amino-5-cyano-2-((6-(3-omo-3-(4-(piperidin-4-
Sylmethy1)piperazin-1-y1)propy1)pyridin-2-yl)methylthio)- pyrimidin-4-yl)phenyl)acetamide, (2)
N-(4-(6- am,nm%gyﬁ@g ((@ggngp«gci(g hy@?@’;@y@@f%d a potent adencsine A2a
piperidin-4-yl)methyl)piperazin-1-y1)-3-oxopropyl)pyridin2 Yl)methylthlo)pyrlmldln -4- yl)phenyl)acetamld
e, 10(3)N-(4¥(BPRh6%-GRNBIE (B3 REXE0B- t"fy%ird@ as an excellent ‘safet

propyl)plper|d|n4 meth I)plp razin-l-y1l 3ox pyl
pyridin- 2yhm&h?é#6)tp Pmdl %fyf)]f)%% Qlfac VI’%I cgrs have also found that the

following compounds exhibited wvascular relaxatlon_ for
5 ocular c¢iliary artery and neuroprotection on retinal
ganglion cell. The present invention has been completed by
the additional studies based on these findings.
[0007}‘
The present invention provides a cyanopyrimidine
10 compound shown in the following Term 1, a composition énd
formulation comprising the compound, use of the compound, a
method for treating or preventing a disease, and a process
for the compound.
[o008]

15 Term 1. A cyanopyrimidine compound of formula (1):

o)

N

HN” “CH,

L a1 R
H,NT N s S N N
U0

wherein R 1s hydrogen, hydroxy (lower alkyl) group,

(1)

halogenated (lower alkyl) group or (lower alkoxy)carbonyl-
(lower alkyl) group

20 oY a salt thereof.



(4) N-(4-(6-amino-5-cyano-2-((6-(3-(4-((1-(2-fluoroethyl)-
piperidin-4-y1l)methyl)piperazin-1-y1)-3-oxopropyl)pyridin152-yl)methylthio)pyrimidin-4-yl)phenyl)acet
amide, anq,\,(@'(%[@ﬁ@g@m|no-5-cyano-2-((6-(3-(4-((1-(2-methoxy- PCT/IP2010/051738
carbonylethyl)piperidin-4-yl)methyl)piperazin-l-y1)-3-
oxopropyl)pyridin-2-yl)methylthio)pyrimidin-4-y1)phgnyl)- acetamide, 20or - salt thereof. [0010] Term
3.A phamaceutical composition comprising the compound of term 1 or 2 or a salt thereof, and a
pharmaceutically acceptable carrier. 25[0011] WO 2010/090299PC11.02010/051738 Term 4.The
phauaceutical composition of term 3 for treating or preventing an eye disease. [0012] TSLLU 5.The
pharmaceuti¢alosarposition of term 4 for Streating or preventing glaucoma. [0013] Term 6.Use of the
compound of teim 1 or 2 or a salt thereof as adenosine A2a receptor agonist. [0014]
Term 2. The cyanopyrimidine compound of term 1 which is
selected from the group consisting of .
(1) N- (4-(6-amino-5-cyano-2- ((6- (3-0ox0-3- (4- (piperidin-4-
5 ylmethyl)piperazin-1-yl)propyl)pyridin-2-yl)methylthio) -
pyrimidin-4-yl)phenyl)acetamide,
(2) N-(4-(6-amino-5-cyanoc-2-((6-(3-(4-((1-(2-hydroxyethyl)-
piperidin-4-yl)methyl)piperazin-1-yl)-3-oxopropyl)pyridin-
2-yl)methylthio)pyrimidin-4-yl)phenyl)acetamide,

10 (3) N-(4-(6-amino-5-cyano-2- ((6-(3-(4-((1- (3-hydroxy-
propyl)piperidin-4-yl)methyl)piperazin-1-yl) -3-oxopropyl) -
pyridin-2-yl)methylthio)pyrimidin-4-yl)phenyl)acetamide,

(4) N-(4-(6-amino-5-cyano-2-((6-(3-(4-((1-(2-fluoroethyl)-
piperidin-4-yl)methyl)piperazin-1-yl)-3-oxopropyl)pyridin-

15 2-yl)methylthio)pyrimidin-4-yl)phenyl)acetamide, and
(5) N-(é—(G—amino—S—cyano—2~((6-(3-(4-((1—(2—methoxy-
carbonylethyl)piperidin-4-yl)methyl)piperazin-1-yl)-3-

oxopropyl)pyridin-2-yl)methylthio)pyrimidin-4-y1)phenyl) -

acetamide,
20  or a salt thereof.
[0010]
Term 3. A pharmaceutical composition comprising the

compound of term 1 or 2 or a salt thereof, and a
pharmaceutically acceptable carrier.

25 [0011]



10Term 7.A method for treating an eye disease which comprises administering an effective amount of
the compound of term 1 or 2 or a salt thereof to an animal or human being in need of such treatment.
[0015] 15TerBL.BIPeg0eous liquid preparation comprising the pharmaceuCEleemposition of term 3.
[0016] Term 9.The aqueous liquid preparation of tem 8 which  further comprises one of more
additives selected from a 20phamaceuticallyacceptablebuffer,isotonicagent, preservative, solubilizer
and pH adjuster. [0017] TeLm 10. The aqueous liquid preparation of term 9 wherein the buffer is
selected from succinic acid, boric acid, 25phosphoric acid and amino acid, and a pharmaceutically
WO 2010/090299I1TT/JP2010/051738 6 acceptable salt thereof. [0018] TCLIII 11. The aqueous liquid
preparation &M 10 whergit th@BAFIAE TUELNaciaOBRBEaf L 0™ 2 Ofhe BRTBoUS ligthF
preparation gf te/rp 8 wherein the igotogic a%ent S onéor two isotonic agents selected from glucose,
sorbitol, manfitol, Sodtum chioride. &)ttag1 ufit cfidrd ,lﬁgﬁﬁéﬁe glycol and glycerin. 1010020)

[0012]

Term 5. The pharmaceutical composition of term 4 for
5 treating or preventing glaucoma.

[0013]

Term 6. Use of the compound of term 1 or 2 or a salt

thereof as adenosine A2a receptor agonist.
[0014]

10 Term 7. A method for treating an eye disease which
comprises administering an effective amount of the compound
of term 1 or 2 or a salt thereof to an animal or human
being in need of such treatment.

[0015]

15 Term 8. =~ An agueous liquid preparation comprising the

pharmaceutical composition of term 3.

[0016]

Term 9. The aqueous ligquid preparation of term 8 which
further comprises one of more additives selected from a

20 pharmaceutically acceptable buffér, lsotonic agent,

praservative, solubilizer and pH adjuster.

[0017]

Term 10. The agueous ligquid preparation of term 9 wherein
the buffer i1is selected from succinic acid, boric acid,

25 phosphoric acid and amino acid, and a pharmaceutically



Term 12. The aqueous liquid preparation of term 9 wherein the preservative is selected from
benzalkonium chloride, benzethonium chloride, benzododecinium bromide, chlorhexidine gluconate,
methyl narar@xyhesaede, propyl 15para-oxybenzoate, chlorobutanol and benzyaioaixabs0021] Term
14.The aqueous liquid preparation of any one of terms 8 to 13 wherein the pH is about 5.0 to 9.0.
[0022] 20Each group defined in the above-mentioned general formula is specifically meant as follows.
[0022] The halogen atom herein used includes fluorine, chlorine, bromine and iodine atoms.
25[0024] WO 2010/090299PCT/JP2010/051738 7 The (lower alkoxy)carbonyl group herein used
includes an alkoxycarbonyl group wherein the alkoxy moiety is a straight or branched chain alkoxy
group contaifrReR teBleariseds: it heorewetail, it includes, for example, 5 methoxycarbonyl,
ethoxycarbonyl, n-propoxycarbonyl, isoproboxycarbonyl, n-butoxycarbonyl, isobutoxycarbonyl,
tert-butoxycdddh§l, sec-butoxycarbonyl, n-pentyloxy- »
carbonyl,neopentyloxycarbonyl,n-hexyloxycarbonyl, isohexyloxycarbonyl, 3-methélpentyloxycarbonyl,

etc. 10[0025] S ™™ The haldgenatsd GsiEr kN grouptifdeiAlsefinetide§ Eoner ¥RGESGOUp

(preferably a}:gtéaigh%gr branche(iil 8@?2&1% graup containing 1 to 6 carbons) substituted with 1 to 7
halogen atoms, pré‘%era%fy 1% 5 )

5 [0019]
Term 12. The agueous ligquid preparation of term 8 wherein
the isotonic agent 1is one or two isotonic agents selected
from glucose, sbrbitol, mannitol, sodium chloride,
potassium chloride, pfopylene glycol and glycerin.

10 [0020]
Term 13. The agueous liguid preparation of term 9 wherein
the preservative 1is selected from benzalkonium chloride,
benzethonium chloride, benzododecinium bromide,

chlorhexidine gluconate, methyl para-oxybenzoate, propyl

15 para-oxybenzoate, chlorobutanol and benzyl alcohol.
[0021]
Term 14. The aqueous liquid preparation of any one of

terms 8 to 13 wherein the pH is about 5.0 to 9.0.
(0022]
20 Each group defined in the above-mentioned general
formula is specifically meant as follows.
[0023]
The halogen atom herein used includes fluorine,
chlorine,'bromine and iodine atoms.

25 [0024]



15 halogen atoms. In more detail, it includes, for example, fluoromethyl, difluoromethyl, trifluoromethyl,
chloromethyl, dichloromethyl, trichloromethyl, bromomethyl, dibromomethyl, dichlorofluoromethyl,
2,2-difluor®ethid1 @@ Ratifluoroethyl, pentafluoroethyl, 2-fluoroethyl, 2-chloRSStR2(@0/051738
3,3,3-trifluoropropyl, heptafluoroprobyl, 2,2,3,3,3- pentafluoropropyl, hebtafluoroisopropyl,
3-chloropropyl, 2- chloropropyl, 3-bromopropyl, 4,4,a-triflucrobutyl, 4,4,3,3-pentafluorobutyl,
4-chlorobutyl, 4-bromobutyl, chlorobutyl, 5,5,5-trifluoropentyl, 5-chloropentyl, 6,6,6- 25trifluorohexyl,
6-chlorohexyl, perfluorohexyl, etc. WO 2010/090299PC'T/JP2010/051738 3 [0026] The
hydroxy(lower alkylgcgroup herein used includes the ahove-mentioned lower alkyl group (preferably a

straight or branched BfRain 5RYFGrét C3RantgPPIY 8 585 Rs)Kubstifitetfiith 116 oxy

groups, preferably 1.to 3 hydroxy groups. In more detall, it includes,.for example, hydroxymethyl,
2-hydrcxyetf%/zlj, 1-?'1%/5%%@%@%%39 ydr%%%ll%py‘f?rfg-edﬁ/d%qﬁproaply ,Oﬁﬁyd}%?ql/gu{{/l, §)é4 &

dihydroxybut -dimethy1-2- thyl,_S-hy -.10 6- Vi l,
3,3-dimethyié-/gz}l]%/%d?oﬂglp%%)y%é%y%e% yl%%/dgo%gﬁ%%x , 2%%§gﬁhy%%%£fé§erﬁyd%gxy%exyl, etc.
[0027] -4 hhe{lower alkaxy)garhonyllowes alkyl group.yged Jpherein pgludes g e,

above-mentioned lower alkyl group (preferably a straight or branched chain alkyl group containing 1 to

6 carlkzons) hauingktec3 efgrably 1 to 2kefdhe ahewermantioned (lower alxyicarbemyt groups

(preferably straight or branched chain alkoxycarbonyl

isopropoxycarbonyl, n-butoxycarbonyl, isobutoxycarbonyl,
tert-butoxycarbonyl, sec-butoxycarbonyl, n-pentyloxy-
carbonyl, ; neopentyloxycarbonyl, n-hexyloxycarbonyl,

isohexyloxycafbonyl, 3-methylpentyloxycarbonyl, etc.
10 [0025]

The haloéenated (lower alkyl)  group herein used
includes a lower alkyl group (preferably a straight or
branched chain alkyl group containing 1 to 6 carbons)
substituted with 1 to 7 halogen atoms, preferably 1 to 3

15 halogen atoms. In more detail, it includes, for example,

fluoromethyl, difluoromethyl, trifluoromethyl, chloromethyl

dichloromethyl, trichloromethyl, bromomethyl, dibromomethyl,
dichloroflucromethyl, 2,2-difluorcethyl, 2,2,2-trifluoro-
ethyl, pentafluorocethyl, 2-fluoroethyl, 2-chloroethyl,
20 3,3,3-trifluoropropyl, heptafluoropropyl, 2,2,3,3,3-~
pentafluoropropyl, heptafluoroisopropyl, 3-chloropropyl, 2-
chloropropyl, 3-bromopropyl, 4,4,4-trifluorocbutyl,
4,4,4,3,3-pentafluorobutyl, 4-chlorobutyl, 4-bromobutyl, 2-
chlorobutyl, 5,5,5-trifluoropentyl, S-chloropentyl, 6,6,6-

25 trifluorohexyl, 6-chlorohexyl, perfluorochexyl, etc.



20groups containing 1 to 6 carbons).In more detail, it includes,forexample,methoxycarbonylmethyl,
ethoxycarbonylmethyl, 1-methoxycarbonylethyl, 2-methoxycarbonylethyl, 2-ethoxycarbonylethyl,

1-ethoxycavigopietiyte2-tert-butoxycarbonylethyl, 3-methoxycarbonylpronyt23rYWd/es51738
2010/090299PCIAP2010/051738 9 carbonylpentyl, 6-n-propoxycarbonylhexyl, 1,1-dimethyl-2-n-

butcxycarbonyleth1l-methyl-I-methoxycarbonylethyl,2§ methyl-l-methcxycarbonylpropyl,
2-methy1-3-tert-butoxycarbonylpropyl, 3-methyl-1-methoxycarbonylbutyl, diethoxycarbonylmethyl,
1,2-diethcxycarbonylethyl, 2-n-pentyloxycarbonylethyl, n-hexyloxycarbonylmethyl, etc. [0028] The
pyrimidine derivatives denoted in the above-mentioned general formula (1) can be prepared by various
10means.As[é)r?§§émple, the derivatives can be prepared according to the following schemes 1 to 4.

WO 2010/090299PC17.11,2010/051738 10 Scheme 1 0 HN)LOH3 . _
The hydroxy (lower alkyl) group herein used includes

the above-mentioned lower alkyl group (preferably a
straight or branched chain alkyl group containing 1 to 6
5 carbons) substituted with 1 to § hydroxy groups, preferably
1 to 3 hydroxy groups. In more detail, it includes, for
example, hydroxymethyl, 2-hydroxyethyl, 1-hydroxyethyl, 3-
hydroxypropyl, 2,3-dihydroxypropyl, 4-hydroxybutyl, 3,4-
dihydroxybutyl, 1,1-dimethyl-2-hydroxyethyl, 5-hydroxy-
10 pentyl, 6é-hydroxyhexyl, 3,3-dimethyl-3-hydroxypropyl, 2-
methyl-3-hydroxypropyl, 2,3,4-trihydroxybutyl, perhydroxy-
hexyl, etc.
[0027]
The (lower alkoxy)carbonyl lower alkyl group used
15 herein includes the above-mentioned lower alkyl group
(preferably a straight or branched chain alkyl group
containing 1 to 6 carbons) having 1 to 3 (preferably 1 to
2) of the above-mentioned (lower alkoxy)carbonyl groups
(preferably @ straight or branched <chain alkoxycarbonyl
20 groups containing 1 to 6 carbons). In more detail, it
includes, for example, methoxycarbonylmethyl,
ethoxycarbonylmethyl, l-methoxycarbonylethyl, 2-methoxy-
carbonylethyl, 2-ethoxycarbonylethyl, 1—ethoxycarbonylethyl,
2-tert-butoxycarbonylethyl, 3-methoxycarbonylpropyl, 3-

25 éthoxycarbonylpropyl, 4 -ethoxycarbonylbutyl, 5-isopropoxy-



Ra - X (2) 0 HN)LCH3 Wherein Ra is a hydroxy(lower alkyl) group, a halogenated (lower alkyl) group
or a (lower alkoxy)carbonyl(lower alkyl) group; X is a halogen atom or a group which can 5perform a
substitutiow eeziationutke a halogen atom. [0029] The halogen atom whicitisedenatettzs X in the
compound or formula (2) includes fluorine, chlorine, bromine, and iodine atoms. 10[0030) The group
which can perform a substitution reaction WO 7010890299PCT/JP2010/051738 11 like a halogen
atom, denoted as X, includes, for example, a leaving group such as a (lower alkane)sulfonylcxy group,
and an arylsulfonyloxy group. [0031] 5The (lower alkane)sulfonyloxy group herein used

carbonylpentyl, 6-n-propoxycarbonylhexyl, 1,1-dimethyl-2-n-
butoxycarbonylethyi, l-methyl-1l-methoxycarbonylethyl, 2-
methyl-1-methoxycarbonylpropyl, 2-methyl-3-tert-butoxy-
carbonylpropyl, 3-methyl-l-methoxycarbonylbutyl, diethoxy-
5 carbonylmethyl, 1,2-diethoxycarbonylethyl, 2-n-pentyloxy-
carbonylethyl, n-hexyloxycarbonylmethyl, etc.
[0028]
The pyrimidine derivatives denoted  in the above-
mentioned general formula (1) can be prepared by various

10 means. As an example, the derivatives can be prepared

according to the following schemes 1 to 4.



includes a straight or branched chain alkanesulfonyloxy group containing 1 to 6 carbons; in more
detall, it includes, for example, methanesulfonyloxy, ethanesulfonyloxy, isopropanesulfonyloxy,
n-propanegigfomisyzes0n-butanesulfonyloxy,tert-butanesulfonyloxy,n-pegapgpsyiiary'axy.
n-hexanesulfonylcxy, etc. [0032]  The arylsulfonyloxy group herein used includes, for example,
phenyisulfonyloxy group, naphthylsulfonyloxy group, 1§ etc. The phenyl may have 1 to 3 substituents
selected from the group consisting of, for example, a straight or branched chain alkyl group containing
1 to 6 carbons, a straight or branched chain alkoxy group containing 1 to 6 carbons, nitro group, and a
halogen atom.Specific 20examples of the arylsulfonyloxy group include, for example,
phenylsulfonygprsdmethylphenylsulfonyloxy,2-methyl-
phenylsulfonyloxy,4-nitrophenylsulfonyloxy,4-methoxy-
phenylsulfonyloxy,2-njtrophenylsulfonyloxy,3-chloro- phenylsulfonyloxy, etc. Specific examples of
the naphthyl25sulfonylogyigroup includes, for example, a-naphthyl- WO

Ra—X (2)
O
HN’U\CH3
NG (1b)

o N//l\s 'IN\ N/\\/@.Ra
/ LN
Wherein Ra 1is a hydroxy(lower alkyl) group, ~a halogenated
(lower alkyl) group or a (lower alkoxy)carbonyl (lower
alkyl) group; X is a halogen atom or a group which can
5 perform a substitution reaction like a halogen atom.
[0028]

The halogen atom which is denoted as X in the compound
of formula (2) includes fluorine, chlorine, bromine, and
iodine atoms.

10 [0030]

The group which can perform a substitution reaction



The reaction is generally carried out in a conventional solvent which does not adversely affect the
.reaction, for example, water; an alcohol solvent such as methanol, ethanol, isopropanol, n-butanol,
trifluoroeth@#{dR010AMER Ethylene glycol; a ketone solvent such as acetone arciviethyd/etiydsketone; an
ether solvent such as tetrahydrofuran, dioxane, diethyl ether, and diglyme; an ester solvent such as
methyl acetate and ethyl acetate; an aprotic polar sol¥ént such as acetonitrile, N,N- 15
dimethylfoLmamide, and dimethylsulfoxide; a halogenated hydrocarbon solvent such as methylene
chloride and ethylene chloride; or other organic solvents. In addition, the reaction may be carried out in
a mixture of the above-mentioned conventional solvents. 20[00353 The above-mentioned
reactions are §&fieAllV CanRET o i The FRRBAEE RS basicapbiit. THeb&FEEehBousd

includes a general inorganic base and organic base. [0036] 25The jnorganic base herein used
includes, for‘ieig\rﬁjbﬁlé WO 251078029 Clai,laisjlib 0705 $§§ﬁ§5£k§?ﬁ%¥a%¥h &5 S5&um and

potassium; az%?él rggtaé?%%%gfg Og%;li%g%;e such as lithium hydrogen carbonate, sodium hydrogen

carbonate and potassiu rogen-car na%er;oéfﬁaﬂi metal hydroxide such as lithium hydroxide,
sodium 5 hydrexide, potassium hydroxide and cesium hydroxide; alkali metal carbonate such as
lithium carbonate, sodium carbonate, potassium carbonate and cesium carbonate; alkali metal (lower

alkoxigle) such as sediim methaxide anghsodiun gihoxide alkali matal hydrige compoungdssuch as

sodium 10hydride and potassium hydride; etc. [0037]  The organic base herein used includes, for

example, triallydamiressueh asdrigeiydanige, tiedndasine and Nethyhdisopsopyamipespyridine;
quinoline; piperidine; 15 imidazole; piccline; dimethylaminopyridine; dimethylaniline; '
N-methylmogphwlipe; t&adiazatiogclofy.3.0mone5- ere-Hobb); | 4diazabicyclofz. 22]actané { DABCO);
1,8- diazabicyclo[5.4.0]Jundec-7-ene (DBU); etc. 0038] 20The basic compound may be used as a
single ingredi@stlords any cofbihatiossenrs er morenagradiests Lol oxy, ethane-
sulfonyloxy, isoprbpanesulfonyloxy, n-propanesulfonyloxy,
10 n-butanesulfonyloxy, tert-butanesul fonyloxy, n-pentane-
sulfonyloxy, n-hexanesulfonyloxy, etc.
[0'032]
The arylsulfonyloxy group herein used includes, for
example, phenylsulfonyloxy group, naphthylsulfonyloxy group,
15 etc. The phenyl may have 1 to 3 substituents selected from
the group consisting of, for example, a straight or
branched chain alkyl group containing 1 to 6 carbons, a
straight or branched chain alkoxy group containing 1 to 6
carbons, nitro group, and a halogen atom. Specific
20 examples of the arylsulfonyloxy group include, for example,
phenylsulfonyloxy, 4-methylphenylsulfonyloxy, 2-methyl-
pheﬁylsulfonyloxy, ~ 4-nitrophenylsulfonyloxy, 4 -methoxy-
phenyléulfonyloxy, 2-nitrophenylsulfonyloxy, 3~-chloro-

phenylsulfonyloxy, etc. Specific examples of the naphthyl-

25 sulfonyloxy group includes, for example, a-naphthyl-



The amount of the basic compound herein used is generally 0.5 to 10 times mole of Compound (la),
preferably 250.5 to 6 times mole of Compound (la). The basic compound WO

20J0/090299P41(45#294.0/051738 14 can be also used as a solvent when Fd%ﬂﬁﬂi% /[1995139] _ The
above reaction media may include as a reaction accelerant an alkali metal iodide such as potassium

iodide 5and sodium iodide where appropriate. [0041]; , The ratio between Compound (la) and
Compound (2) used in the above Scheme .| is at least 1 mole, preferably 1 to 5 mole of Compound (2)
per 1 mole of Compound (la). 10[0042] The reaction temperature is not limited, and the reaction
can be generally performed under cooling, at room temperature or under heating. Preferably, the
above reactien nfaynhlpé cagriedioutz=asauhg astdomaigmperature far.1 to 30 hours. [0043] WO
20:10/090299PCT/JP2010/051738 15 Scheme 2 HN CH3

[0033]

The compound of formula (1b) can be prepared by
reacting Compound (la) and Compound (2).

5 . [0034]

The reaction 1is generally carried out in a
conventional solvent which does not adversely affect the
reaction, for example, water; an alcohol solvent such‘as
methanol, ethanol, isopropanol, n-butanol, trifluoroethanol,

10 and ethylene glycol; a ketone solvent such as acetone and
methyl ethyl ketone; an ether solvent such as
tetrahydrofuran, dioxane, diethyl ether, and diglyme; an
ester solvent such as methyl acetate and ethyl acetate; an
aprotic polar solvent such as acetonitrile, N,N-

15 dimethylformamide, and dimethylsulfoxide; a halogenated
hydrocarbon solvent such as methylene chloride and ethylene
chloride; or other organic solvents. In addition, the
reaction may be carried out in a mixture of the above-
mentioned conventional solvents.

20 [0035]

The above-mentioned reactions are generally carried
out in the presence of a basic compound. The basic
compound includes a general inorganic base and organic base.

[0036]

25 The inorganic base herein used includes, for example,



(4) Wherein R is as defined above. [0044] Compound (a) can be prepared by reacting Compound (3)
5 or a reactive derivative thereof whose carboxyl group is activated, and Compound (4) or a reactive

derivative {hgregwhpse imino group is activated. [0045] The prefeablgseaptiesiorm of the
carboxylic group 10in Compound (3) includes an acid halide, an acid anhydride, an active amide, an
active ester, etc.The preferable W02010/090299PC7T4312010/051738 16 examples of the reactive
foLm of the carboxylic group include an acid chloride; an acid azide; a mixed anhydride of a
substituted phosphoric acid (e.qg. dialkyl phosphoric acid, phenyl phosphoric acid, diphenyl Phosphoric
acid, 5 dibenzyl phosphoric acid, and halogenated phosphoric acid), a dialkylphosbhorous acid, a
sulfurous acidl ethiosulfiriclacignaBulfgic 61 umsuaBhic BEEXE Y Wisthanbsaksnidgdia) an
aliphatic acid (e.g. acetic acid, propionic acid, butyric acid, isobutyric acid, pivalic acid, 10 pentanoic
acid, isopentBfidiCa6a, 2SARABTEHE ackRiFhichIBfoacetic At} or BYGHAEEAcid &g BEHZDiC acid);

symmetry acid anhydride; an active amide of imidazole, 4- substituted jmidazole, dimethgl‘l:pey.razole,

L.riazole or REAIYR. H}{%’%‘H%%st%?fga?%cﬁﬁ&hW&ﬁEﬁ 18 BRORS ATy T 25T

dimethyliming et? | ester, vinyl ester, propargyl ester, p-nitrophenyl ester, 2 4-dinitropheny| ester,
trichloropheﬁyﬂn 3 eYLr, ge%%gghlég&re%yf“ggterg Yﬁ%%%yl%ﬁer%/ gs le}fn(}a/t(??)yc?rfgﬁt astet wi ﬁgﬁ -hydroxy

comppund (. NN ety IO aming, 1@ 21y 20 gyone. Nhuropysupeinimide.

N-hydrcxypht roxy-1H-benzotriazole, etc.). It Is possible 10 select any moderate

compound from these regstive derivatives depengingpnihetyre etCompaund (Ixterhsused.

potassium carbonate and cesium carbonate; alkali metal
(lower alkoxide) such as sodium methoxide and sodium
ethoxide; alkali metal hydride compound such as sodium
10 hydride and potassium hydride; etc.
[0037] |
The organic base herein used includes, for example,
trialkylamine such as trimethylamine, triethylamine and N-
ethyl—diisopropylamine;A pyridine; gquinoline; piperidine;
15 imidazole; picoline; dimethylaminopyridine; dimethyl-
aniline; N-methylmorpholine; 1,5-diazabicyclo[4.3.0]non-5-
ene (DBN) ; 1,4—diazabicyclo[2.2.2]octane (DABCO) ; 1,8-
diazabicyclo[5.4.0]Jundec-7-ene (DBU); etc.
[0038]
20 The basic compound may be used as a single ingredient
or in any combination of two or moré ingredients.
(0039)
The amouht of the basic compound herein used 1is
generally 0.5 to 10 times mole of Compound (la), preferably

25 0.5 to 6 times mole of Compound (la). The basic compound



[0046] 25In case that Compound (3) is used as a free acid ora WO 2010/090299PCT/JP2010/051738
17 salt thereof in the above reaction, the reaction can be preferably carried out in the presence of a
condensingyaggab/bhgeondensing agent includes a conventional and  per/3p2010/051738
well-knownone,forexample,N,N'-dichlorohexyl- carbodiimide; N-cyclohexyl-N morphol
noethylcarbodiimide; N-cyclohexyl-N'-(4-diethylaminacyclohexyl)carbodiimide;
N,N)-diethylcarbodiimide; N,N'-diisopropylcarbodiimide;
Nethyl-N'-(3-dimethylaminopropyl)carbodiimideor hydrochloridethereof;N,W-carbonylbis(2-methyl-
10imidazole);pentamethyleneketene-N-cyclohexylimine; diphenylketene-N-cyclohexylimine;
ethoxyacetyfeng, Bkoxy3Thisieethgend; tealkylpRdsphiteretiyl polyphicsphdte;
isopropylpolyphosphate;phosphorus oxychloride (sulfonyl chloride); phosphorus trichloride; 15
diphenyl sulfbﬂg)ﬁ;)ﬂide; thionyl chloride; oxalyl chloride; a (lower alkyl) halofoLlaate (e.g. ethyl
chloroformate, isopropyl chloroformate, etc.); trlagg%nylphosphine; 2-ethy1-7-hydroxybenzisoxazolium
d

salt; 2-ethy1-5-(m- g ﬁoqﬁgﬁ%ﬁso§§?&! eihn83alt; * 7 ludé as”a reaction
e B (e e oM e e . e
reactiglg N, “SE’JH‘%M&QIH‘%@&%@W@PJ ! appropriate.

[0041] |

The ratio betweén Compound (1a} and Compound (2) used
in the above Scheme 1 is at least 1 mole, preferably 1 to 5
mole of Compound (2) per 1 mole of Compound (la).

10 [0042]

The reaction temperature i1s not iimited, and the
reaction can be generally performed under cooling, at room
temperature or under heating. Preferably, the above
reacﬁion may be carried out around at room temperature for

15 1 to 30 hours.

[0043]



chloride,phosgene,trichloromethylchloroformate, 25phosphorus oxychloride, etc. More preferably, the
reaction WO 2010/090299PCT/JP2010/051738 18 is carried out in the presence of the
above-mentmnen/condensing agent, and An connection with an activeestexifivapion mganssuch as
N-hydroxysuccinimide, Nhydroxyphthalimide, and 1-hydroxy-1H-benzotriazole. [0047] The
preferable reactive derivative of the imino group in Compound (4) includes a Schiff base-type imino
group or an enamine-type tautomer thereof which is generated by reacting Compound (4) and a
carbonyl compound such as 10 aldehyde and ketone; a silyl derivative which is generated by reacting
Compound (4) and a silyl compound such as bis(trimethylsilyl)acetamide,

mono(trimeth 18 mide, and bis(trimethylsilyl)urea; a derivative which is generated by reacting
Compound (4), and pBosphorus 15trichloride, phosgene, etc. [0048] The reaction is generally
carried out in a convefitional solvent which does not adversely affect the reaction, for example, water;
an alcohol solvent#iich@d:20 methanol, ethanol, isopropanol, n-butanol, trifluoroethanol, and ethylene
glycol; a ketone sphwnt such as acetone and methyl ethyl ketone; an ether solvent such as
tetrahydrofuran, g e, diethyl ether, diisopropyl ether, and diclyme; an ester solvent such as methyl
acetate and 25ethylfacetate;an aprotic polar solv@nt such as WO 2010/090299PCT/JP2010/051738
19 acetonitril®I N M-dinethylfomamide, gnd dimethylsulfoxide; a hydrocarbon solvent such as
n-pentane, n-he hng)\n- heptane, and jtyclohexane; a halogenated hydrocarbon solvent such as
methylene chig¥ide Mnd %@@Qﬂ%ﬁg@ﬂ other 5 organic solvents. In addition, the reaction may be

carried out in a mixture of the ve-mentioned conventional solvents.

R
~

NG M

Wherein R is as defined above.
[0044]
Compound (1) can be prepared by reacting Compound (3)
5 or a reactive derivative thereof whose carboxyl group 1is
activated, and Compound (4) or a >reactive derivative
thereof whose imino group is activaﬁed.
[0045]
The preferable reactive form of the carboxylic group
10 in Compound (3) incnludes an acid halide, an acid anhydfide,

an active amide, an active ester, etc. The preferable



[0049] The above reaction may be carried out in the presence 10 of a base. The base includes a
variety of known inorganic or organic bases. The inorganic base herein used includes, for example,
alkali metal susha®epdium and potassium; alkali metal hydrogen carbonate sye asobthissm hydrogen
carbonate, sodium hydrogen carbonate and potassium hydrogen 15 carbonate; alkali metal hydroxide
such as lithium hydroxide, sodium hydroxide, potassiug hydroxide and cesium hydroxide; alkali metal
carbonate such as lithium carbonate, sodium carbonate, potassium carbonate and cesium carbonate;
alkali metal lower alkoxide such as sodium methoxide and sodium 20ethoxide; alkali metal hydride
compound such as sodium hydride and potassium hydride; etc. The organic base herein used
includes, forsgs@mmpie Striafid/larkitfe sHERES iriffethifamine friethyfamperery-Etlsy| group
diisopropylamine; pyridine; quinoline;fiperidine; imidazole; picoline; 25dimethylaminopgridine;
dimethylanilives Nt Grphdlird* LRk 8610/650 F50HE BE 1 $2018/081 788 ognhydride
1,5-diazabicyclo[4.3.0]non-5-ene (DEN); 1,4-diazabicycl|o[2.2.2]octa e,%SABCO); -

T 5-diasabicy ol 4OIAAAE TREHS (FRRTLBEEARG, 315 bads oin b HSAIGbA BRIFEHEHEwhen itis
liquid. The base may be used as a single ingredient Qr in any,combination of two ar more ingredients.
The amount‘_’lo(?fﬁgé1 ba%}%eélc}’mpoﬁr% ﬁgqr"e?ﬁ l%edals? égrﬁergﬁ%&ﬂg 0 r‘&?& e per T %%Ie%(fjccg’mpound
(3), peeferably 9.1 10, molgpeb a1ole oL eamponadi() 4480l d0T newalia petueen,Compound (3)
and Compound (4) used’in the above Scheme 2 is at least 1 mole, preterably 1 to 5 mole of
Compound (3) gep 1imalgif anepeund (1 a, Thedgaetiontamperatiire is petlinaitads.angthe
reaction can be generally perfolmed under cooling at room 15 temperature or under heating.
Preferably, the above reactiogumay: e earriedoug at roam tergperadifedo 1086 far 30 minutes to 30
hours, preferably 30 minutes to 5 hours. Compound (3) used as a starting material in the above
20reaction isna thanasconfpouind, anddhe peocesd pptize campotidd issdescrised bitove (Scheme 4).
[0051] :
propionic acid, butyric acid, isobutyric acid, pivalic acid,

10 pentanoic acid, isopentanoic acid, 2-ethylbutyric acid,
trichlorocacetic acid) or aromatic acid (e.g. benzoic acid);

symmetry acid anhydride; an active amide of imidazole, 4-

substituted imidazole, dimethylpyrazole, triazole or
tetrazole; an active ester (e.qg. cyanomethyl ester,
15 methoxymethyl ester, dimethyliminomethyl ester, vinyl ester,

propargyl ester, p-nitrophenyl ester, 2,4-dinitrophenyl
ester, trichlorophenyl ester, pentachlorophenyl ester,
mesylphenyl ester, etc.) or an ester with an N-hydroxy
compound (e.g. N,N-dimethylhydroxylamine, 1-hydroxy-2-(1H)-
20 pyridone, N-hydroxysuccinimide, N-hydroxyphthalimide, 1~'
hydroxy-1H-benzotriazole, etc.). It is possible to select
any moderate compound from these reactive derivatives
depending on the type of Compound (3) to be used.
[0046]

25 In case that Compound (3) is used as a free acid or a



WO 2010/090299PCT/JP2010/051738 22 Wherein W is N-protective group. [0052] Compound (6)
can be prepared by reacting Compound (3) and Compound (5) in a similar manner to Scheme 2.
Further 5Gompuawaghéks) can be prepared by the elimination of the N- prot@®cti/epgovuifr1738 The
N-protective group herein used as W includes, for example, a (lower alkoxy)carbonyl group, a lower
alkanoyl group, an aryl-substituted (lower alkyl) group? etc. 10 The (lower alkoxy)carbonyl group
herein used includes a straight or branched chain alkoxycarbonyl group containing 1 to 6 carbons, for
example, methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, butoxycarbonyl, tertbutoxycarbonyl,
pentyloxycarbonyl, hexyloxycarbonyl, etc. 15The lower alkanoyl group herein used includes a straight
or branchedSchein AREFEA Grot cERRINMYCYV R FERBEASTor eXBfipfee RityPTacEST plspionyl,
butyryl, d.sobutyryl, pentanoyl, tert-butylcarbonyl, hexanoyl, etc. [0053] 20The aryl-substituted (lower
alkyl) group®eréifiiRRYnchites: fit exiiplel BenZhE, 25BRRGRRER/I, 2 phényfe feél-ﬁﬁgﬁyléropyl,

4-phenyibutyl, 5- henyll%%rétyl, G}i%réen%lhexy%\di‘g)g}gnylmew !itritylaetc.bagd aﬁstraiglit ogrtl)r nched

chain alkyl tou t-C(’)ntalnlng 19876 EArBoRS 25which is substituted with 1 o’f% ér%?l groups.The WO

20ﬂNOQOZQ%gEEY%%%%HMOSlZg@?3 for example, N,N'-dichlorohexyl-

5 carbodiimide; N-cyclochexyl-N'-morpholinocethylcarbodiimide;
N-cyclohexyl-N'- (4-diethylaminocyclohexyl)carbodiimide;
N,N'-diethylcarbodiimide; N,N'-diisopropylcarbodiimide; N-
ethyl-N'- (3-dimethylaminopropyl)carbodiimide or a
hydrochloride thereof; N,N'-carbonyl bis(2-methyl-

10 imidazole) ; pentamethyleneketene—N—cyclohexylimine;
diphenylketene-N-cyclohexylimine; ethoxyacetylene,  1-
alkoxy-l-chloroethylene; trialkyl phoéphite; ethyl
polyphosphate; isopropyl polyphecsphate; phosphorus
oxychloride (sulfonyl chloride); phosphorus trichloride;

15 diphenyl sulfonyl azide; thionyl chloride; oxalyl chloride;

a (lower alkyl) haloformate (e.g. ethyl chloroformate,

_isopropyl chloroformate, etc.); triphenylphosphine; 2—
ethyl-7-hydroxybenzisoxazolium salt; 2-ethyl-5- (m-
sulfophenyl) isoxazolium hydroxide inner salt;

20 benzotriazol-l-yloxy-tris- (dimethylamino)phosphonium
hexafluorophosphate; 1- (p-chlorobenzenesulfonyloxy) -6-
chloro-1H-benzotriazole; Vilsmeier reagent which is

prepared by reacting N,N-dimethylformamide with thionyl
chloride, phosgene, trichloromethyl chloroformate,

25 phosphorus oxychloride, etc. More preferably, the reaction



suhstituent on the phenyl groups includes, for example, a straight or branched chain alkyl group
containing 1 to 6 carbons which may be optionally substituted with 1 to 3 groups selected from the
group congistiagebhglogen atom 5and hydroxy group (e.g. methyl, ethyl, preppavdbesyzsec-butyl,
tert-butyl, n-pentyl, n-hexyl, hydroxymethyl, hydroxyethyl,1-hydroxyethyl,3-hydroxypropyl,2,3-
dihydroxypropyl, 4-hydroxybutyl,1,1-dimethy1-2-hydiaxy- ethyl, 5,5,4-trinydroxypentyl,
5-hydroxypentyl: .6-hydrcxy- 10 hexyl, 1-hydroxyisopropyl, 2-methyl-3-hydroxypropyl, trifluoromethyL
trichloromethyl, chloromethyl, bromomethyl, fluoromethyl, iodomethyl, difluoromethyl, dibromomethyl,
2- chloroethyl, 2,2,2-trifluoroethyl, 2,2,2-trichloroethyl, 3- chloropropyl, 2,3-dichloropropyl,

4,4 4A-trichlok8bufA 4 155fiuor3buty I B-cHIB R p&ritflS B roct méth§lprapyl Ve Brefiokenrgr
5,6-dichlorohexyl, 3-hydroxy-2-chloropropyl, etc.); a straight or branched chain alkoxy group containing
1t0 6 carbcﬁ%’\%ﬁi’&ﬁ%ﬁé’y b&8fftnally lfstitdfed WIPREEF S IGupy ek ctedFront el gioup

consisting of halogen, 20atom and h glroxy roup (e.g. methoxy, ethoxy, propoxy, n-gutcx
sec-butoxy,et%ﬁ-aﬁﬁtg%ﬁ %Efiébrﬁyloﬁg T]I-Ir?exy OXY. hya%&xyr#étﬁg'%f Eﬁ%\f&&éﬂﬁ%ﬁfhyd%&yethoxy,
hydrcxypropoxy, 2,3-dihydr ropoxy,_4-hydroxyhutoxy, 1.1- .

dimethy1-2- ?g% ﬁg&%}y %trlﬁydr%aépgn%} x§%x %5%3%r%%r/lﬁgnttﬁ%%,oéﬁydroxyhexyloxy,

1-hygroxyis?@&pﬂxy, WO 2010/090299PCMP20101051738 24
2-methyl-3-hydroxypropoxy,trifluoromethoxy,trichloro- methoxy, chloromethoxy, bromomethoxy,

fluoromethoxy, iodpnaethoxys diflygramethgxy, diaromomethexy,2-ciHorogthoxy,i 2,3, 25tiflugroethoxy,
2,2,2-trichloroethoxy, 3-

in Compound (4) includes a Schiff base-type imino group or
an enamine-type tautomer thereof which is generated by
reacﬁing Compound (4) and a carbonyl compound such as
10 aldehyde and ketone; a silyl derivative which is generated

by reacting Compound (4) and a silyl compound such as

bis(trimethylsilyl)acetamide, mono(trimethylsilyl)acetamide,

and bis(trimethylsilyl)urea; a derivative which is

generated by reacting Compound (4), and phosphorus
15 triéhloride, phosgene, etc.

[0048]

The reaction 1s generally carried out in a
conventional solvent which does not adversely affect the
reaction, for example, water; an alcohol solvent such as

20 methanol, ethanol, isopropanol, n-butanol, trifluoroethanol,
and ethylene glycol; a ketone solvent such as acetone and
methyl ethyl ketone; an ether solvent such as
tetrahydrofuran, dioxane, diethyl ether, diisopropyl ether,
and diglyme; an ester solvent such as methyl acetate and

25 ethyl acetate; an aprotic polar solvent such as



~ S chloropropoxy, 2,3-dichloropropoxy, 4,4,4-trichlorobutoxy, 4-ifluorobutoxy, 5-chloropentyloxy,
3-chloro-2-methylpropoxy, 5-bromohexyloxy, 5,6-dichlorohexyloxy, 3-hydroxy-2-chloropropoxy, etc.);
and a halogenaiemdeg. fluorine, bromine, chlorine, iodine atoms). in casgdhatpthergargg or more
10substituents on the phenyl group, the substituents may be identical or different. [0054) The
elimination of N-protective group: W can be carried aug via a conventional manner such as hydrolysis
15 and hydrogenation. The reaction is generally carried out in a conventional solvent which does not
adversely affect the reaction, for example, water; an alcohol solvent such as methanol, ethanol,
isopropanol, n-butanol, trifluoroethanol, and ethylene glycol; a ketone solvent 20such as acetone and
" methyl ethyl@@gssererrdther sdlvEmSSutptdy tehaky@diiian, aoRafd taéhylemetoxide;

dimethoxyethane, and diglyme; an ester solvent such as methyl acetate and ethyl acetate; an aprotic
polar solven® suel 3§%%@%Fﬁiﬂle,sf\‘ﬁi\|‘-’&iﬂ¥eth§l’fﬁ?ﬁ\an?iae, BirkéRypne, n-hexane, n-

25sulfoxideandN-methyl lidone;ahal ted WO 2010/090299PCT4112010/051.738 25
hyglLrjoc(:)e)l(rlbg %(a\t}élnﬁes’gc% réor!ﬁg%%? %X%%%:"ﬁjgaaﬁl& gﬁ%/?&?etasﬁzo |g8;rc?rcoatﬁ P&ggﬁ' ‘Sotvents. In

addiion, the teagtion, may . aried gyt 0.4 ity o1 he aboye meryigned conventigg) solvents
iSThe hy i o

[0055] (i) Hydrolysis; The rolysis is preferably carried out in the presence of a base or an acid

inclucing a lgereggﬁﬁd-_soﬂaﬁ@gse herelnyised ingudes,copventionghinprganic.bases,andorganic

bases. The erable inorganic base includes, for example, an alkali metal such as sodium and
potassium; an,alkalipe egrth;metal.such axmagnesiugand calsivmandia hydroxide; carhonate or

hydrogen carbonate of the alkali metal or the alkaline earth metal. The 15preferable organic
baseincludesdarexaraple, trialkylamine such as trimethylamine and triethylamine; aiccline;
1,5-diazabicyclo[4,3,0]non-5-ene; etc.
[0049]
The above reaction may be carried out in the presence
10 of a base. The base includes a variety of known inorganic
or organic bases. The inorganic base herein used includes,
for example, alkali metal such as sodium and potassium;
alkali metal hydrogen carbonate such as lithium hydrogen
carbonate, sodium hydrogen carbonate and potassium hydrogen
'15 carbonate; alkali metal hydroxide such as lithium hydroxide,
sodium hydroxide, potassium hydroxide and cesium hydroxide;
alkali metal carbonate such as lithium carbonate, sodium
carbonate, potassium carbonate and cesium carbonate; alkali
metal lower alkoxide such as sodium methoxide and sodium
20 ethoxide; alkali metal hydride compound such as sodium
hydride and potassium hydride; etc. The organic base
herein used includes, for example, trialkylamine such as
tfimethylamine, triethylamine and N-ethyl diisopropylamine;
pyridine; quinoline; piperidine; imidazole; ©picoline;

25 dimethylaminopyridine; dimethylaniline; N-methylmorpholine;



[0055] The acid herein used includes conventional organic 20 acids and inorganic acids. The
preferable organic acid includes, for example, an aliphatic acid such as formic acid, acetic acid and
propionic eayh@nddsialoacetic acid such as trichloroacetic acid and trifluetopgetiagedrsghe
preferable inorganic acid includes, for example, 25hydrochloric acid,hydrobromic acid,sulfuric acid,
WO 201(1/(1911299PCT/JP2010/051738 26 hydrogerpchloride, hydrogen bromide, etc. The Lewis
acid herein used includes, for example, boron trifluoride etherate, boron tribromide, aluminium
chloride, ferric chloride, etc. 5In case that trihaloacetic acid or a Lewis acid is used as an acid, the

reaction is preferably carried out in the presence of a cation scavenger such as anisole and phenol.
[0057] 10Thé anclirt R EHebase bl adid hersin uBegis not MBRBY as fong-«bitheadmeuRtis enough
for the hydrolysis. The reaction temperature is generally 0 to 120C, preferably room temperature
co 100C, andmare?prefdiab§ rodhPhiperatufe 1%‘@9@.2%?:} ragetion tinfe-i8 GeRdray /TS Pminutes

to 24 hours,greferably 30 minutes_to 12 hours, and more preferably 1 to 8 hours. [005%]\;(”%
Hydrogenatioh=Fhe hytrgenatiBf hefdtt usétFéan e cdtfieFoGtby StFedrs 8f £°+ VRt

conventiona‘ltﬁglnownik%/drogenfti%.i'léhe conﬁﬂ?gti%glsgydrrr%}gn%gm ’i_glscézucgesé ~I}or aexasrg%lglcéhemical
reduction, cataﬁ/]ﬁc re UC%IOI’I, e%c.
5 ingredient or in any combination of two or more ingredients.
The amount of the basic compound herein used is generally
0.1 to 10 mole per 1 mole of Coﬁpound (3), preferably 0.1
to 3 mole per 1 mole of Compound (3) .
[0050]
10 The ratio between Compound (3) and Compound (4) used
in the above Scheme 2 is at least 1 mole, preferably 1 to 5
mole of Compound (3) per 1 mole of Compound (4).
The reaction temperature i1is not limited, and the
reaction can be generally performed under cooling, at room
15 temperature or under heating. Preferably, the above
reaction may be carried out at room temperature to 100°C
for 30 minutes to 30 hours, preferably 32320 minutes to 5
hours.
Compound (3) used as a starting material in the above
20 reaction 1s a known compound, and the process of the

compound is described below (Scheme 4).

[0051]



[0059] The preferable reducing agent used in the chemical 25reduction includes a hydride
such as hydrogen iodide, WO 2010/090299PCTI3P2010/051738 27 hydrogen sulfide, lithium
aluminiunvhgdrigeysndium borohydride and sodium cyanoborohydride; oreCirr@rab 8ue31zss tin zinc and
iron; or a combination of a metal compound (e.g. chromium chloride, chromium acetate, etc.) and an 5
organic or inorganic acid (e.g. formic acid, acetic acidipropionic acid, trifluoroacetic acid,
p-toluenesulfonic acid, hydrochloric acid, hydrobromic acid, etc.): The preferable catalyst used in
the catalytic reduction includes a platinum catalyst such as platinum 10 plate, spongiform platinum,
platinum black, colloidal platinum, platinum dioxide', and platinum wire; a palladium catalyst such as
spongifoLm mdisshiyweg palladium black, palladium oxide, palladium carbon, palladium/barium sulfate,
and palladium/barium carbonate; a nickel catalyst such as 15 reduced nickel, nickel oxide, and Raney
nickel; a cobalt catalyst such as reduced cobalt, and Raney cobalt; an iron catalyst such as reduced
iron; etc. The @Qi d in the chemical reduction can be also used as a solvent when it is liquid.
2010060] The _amount of the reducing agent or the catalyst used in the catalytic reduction may be,
but not limited, a erally-used amount. The reaction temperature is generally 0 to 120C,
25preferably roo mperature to 100C, and MQES preferably WO 2010/090299PCT/JP2010/051738
28 room temperate to 80C. The reacaon time Is‘generally 30 minutes to 24 hours, preferably 30

minutes to 10 ho rs,//'énd mor%prefera y 30 minutes to 4 hours. [0061]
H,N” N7 s e OH
: Z

Elimination of N-protective group




Scherrie4 NC H2N (7) Oxidation 0 HN)LCH3 H2N N S S (3) [0062] Compound (3) can be
prepared by reacting Compound (5) and Compound (6). The reaction is carried out according to the
reference v Shamasyy S.A.; Abdel Gawad, S. M.; 10Hussain, S. M.; J:Prakt;/@he190s1989, 331 (2),
207) or a similar method thereto. [0063] The reaction is generally carried out in a

22

Wherein W is N-protective group.
[0052]

Compound (6) can be pfepared by reacting Compound (3)

and Compound (5) in a éimilar manner to Scheme 2. Further
5 Compound (la) éan be prepared by the elimination of the N-
protective group.

The N-protective group herein used as W includes, for
example, a (lower alkoxy)carbonyl group, a lower alkanoyl
group, an aryl-substituted (lower alkyl) group, etc.

10 The (lower alkoxy)carbonyl group herein used includes
a straight or  branched chain  alkoxycarbonyl group
containing 1 to 6 carbons, for example, methoxycarbonyl,
ethoxycarbonyl, propoxycarbonyl, butoxycarbonyl, tert-
butoxycarbonyl, pentyloxycarbonyl, hexyloxycarbonyl, etc.

15 The lower alkanoyl group herein used includes a
straight or branched chain alkanoyl group containing 1 to 6
carbons, for example, formyl, acetyl, propionyl, butyryl,
isobutyryl, pentanoyl, tert-butylcarbonyl, hexanoyl, etc.
[0053]

20 The aryl-substituted (lower alkyl) group herein used
includes, for example, benzyl, 2-phenylethyl, l-phenylethyl,
3-phenylpropyl, 4-phenylbutyl, S-phenylpentyl, 6~
phenylhexyl, diphenylmethyl, trityl, etc., and a straight
or branched chain alkyl group containing 1 to 6 carbons

25 which 1is substituted with 1 to 3 phenyl groups. The



WO 20101090299PCT/JP201 0/051738 29 reaction, for example, water; an alcohol solvent such as
methanol, ethanol, isoproparol, n-butanol, trifluoroethanol, and ethylene glycol; a ketone solvent such

as acetongygywlh{petgyd£thyl ketone; an ether solvent such as 5 tetrahydrefgfap:dioxamssdiethyl
ether, and diglyme; an ester solvent such as methyl acetate and ethyl acetate; an aorotic polar solvent
such as acetonitrile, N,Ndimethylformamide, and dimgethylsulfoxide; a halogenated hydrocarbon
solvent such as methylene chloride and ethylene 10 chloride; or other organic solvents. In addition,
the reaction may be carried out in a mixture of the above-mentioned conventional solvents. [0064) The
above reaction can be carried out without a 15 catalytic compound or in the presence of an acid
catalyst. Gesetaly; theemaction is prefarhblyydariabomsn fhecpredence $farbasiaBampourid. The
basic compound includes general inorganic and organic bases. The inorganic base herein used
includes, forsgsemiplet 20%IKEF ARl B Sodihardd SBIRsRURCRkSI-AERE hydrbGerfcarbonate
such as lithium hydrogen carbonate, sodium hydrogen_carbonate and potassium hydrogen carbonate;
alkali metal AgdraRitR stas a8 (iR lﬁ%r&ﬂé%ﬁ&ﬂﬁhyﬂ%ﬁ&é ﬁgsiu‘ﬁ'}ﬁg)dr(%xigeoan% cesium

hydroxide; alkali 25metal carbo%ate such a%Iithium carbonate s%q_ium cgéb nate

WO
2010/090298BE47£1, 56151053736 36 PotaSiuft EXBorATE 2ha Cearint Carbanate: Akl Metal (lower
alkoxide) such as sodium methoxide and sodium ethoxide; alkali meta i[de comp uch as

sh Sy eirde oo sty sl compaungs

sodiumn hydride a etc 5 The organic b rein used inCludes, for

example, triglkylamine such as time tylamine Jtigthyjamine and N-ethyl diisaprapylagine pyridine;

quinoline; piperidine; imidazole; picolirie; dimethylaminopyridine; dimethyl- 10aniline;

N-methylm%%ﬁﬁscol Q%léix%iﬁyeth?l% basicompptng paypeused ag asingle

ingredient or in any combination of two or more ingredients. The amount of the basic compound

herein used ds geReialty-g-es¢alytic amountde-dstisnesmple of Conddaunchyl -2 -hydroxy-
‘ethyl, 5,5,4-trihydroxypentyl, S-hydroxypentyl, 6-hydroxy-

10 hexyl, 1-hydroxyisopropyl, 2-methyl-3-hydroxypropyl,
trifluoromethyl, trichloromethyl, chloromethyl, bromomethyl,
fluoromethyl, iodomethyl, difluoromethyl, dibromomethyl, 2-
chloroethyl, 2,2,2-trifluoroethyl, 2,2,2-trichloroethyl, 3-
chloropropyl, 2,3-dichloropropyl, 4,4,4-trichlorobutyl, 4-

15 fluorobutyl, 5-chloropentyl, 3»chléro—2—methylpropyl, 5-
bromohexyl/ 5,6-dichlorohexyl, 3-hydroxy-2-chloropropyl,
etc.); a straight or branched chain alkoxy group containing
1 to 6 carbons which may be optionally substituted with 1
to 3 groups selected from the group consisting of halogen

20 atom and hydroxy group (e.g. methoxy, ethoxy, propoxy, n-
butoxy, sec-butoxy, tert-butoxy, n-pentyloxy, n-hexyloxy,
hydroxymethoxy, 2-hydroxyethoxy, 1-hydroxyethoxy, 3~
hydroxypropoxy, 2,3-dihydroxypropoxy, 4-hydroxybutoxy, 1,1-
dimethyl-2-hydroxyethoxy, 5,5,4-trihydroxypentyloxy, 5~

25 hydroxypentyloxy, 6-hydroxyhexyloxy, 1l-hydroxyisopropoxy,



15(5), preferably equivalent mole to 3.5 times mole of Compound (5).The basic compound can be also
used as a solvent when it is liquid. [00661 The ratio between Compound (6) and Compound (5)
is at 20leasplm@t@@ep 1 mole of Compound (6), preferably 1 to 5 mole oPCourpovme (Zsper 1 mole
of Compound (6). The reaction temperature is not limited, and the reaction can be generally
perfosued under cooling, at room temperature or under heating. Preferably, the above 25reaction may
be carried out under reflux for 1 to 30 hours. WO 2010/090299PCT/JP2010/051738 31 [0067]

When the dihydro-folm Compound (7) as an intermediate is produced in the reaction, Compound (7)
can be further oxidated to give Compound (8) 5The oxidation of Compound (7) can be carried out via a
conventiond TREHBY Lsddhy SFIEEARRBPHAd. The preferdPrOBRBRANY agentindiGheS 61 example,
2,3- dichloro-5,6-dicyano-p-benzoquinone (DDQ), N-bromosuccinimide (NES), etc. 10[0068] The
oxidation réBefe1P i gener Al QFREE bHCHat or inF 8IRMEHIBREY solvent WGP EEES P8t adversely

affect the reactjon, for example,.an alcohol solvent such as methanol, ethanol, isppropanol, n-butanol,
15 trifluoroetfr: gf,e& g%ylengl ;f::%ﬁraowgtgﬁg}égwentgsh%ﬁoa‘goénceettgﬁéc Ahd m%tﬁ%?h@? ketone; an

ether solverysych s teyabydrofurag, digkane. st ether, and dighumes An asfersplvent such as

methyl acetate and éthyl ACétate; an aprotic po Ivent such as acetonitrile, 20

N,N-dimethylfarmarmids and dimethylfoxide. g alogenated hygdrocarbon selvenbskchas

methylene chloride andethylene chioride; Or othér organic solvents. In addition, the reaction may be
carried out ip_g Midu-oftheaboyednertiones-eopvertonal selvesis - 2 -methylpropoxy,

5 -bromohexyloxy, 5;6—dichlorohexyloxy, 3-hydroxy-2-chloro-

propoxy, etc.); and a halogen atom (e.g. fluorine, bromine,
chlorine, iodine atoms). In case that there are 2 or more
10 substituents on the phenyl group, the substituents may be

identical or different.
[0054]
The elimination of N-protective group: W can be
carried out via a conventional manner such as hydrolysis
15 and hydrogenation. The reaction is generally carried out
in a conventional solvent which does not adversely affect
the reaction, for example, water; an alcohol solvent such
as methanol, ethanol, isopropanol, n-butanol,
trifluoroethanol, and ethyléne glycbl; a ketone solvent
20 such as acetone and methyl ethyl ketone; an ether solvent
such as tetrahydrofuran, dioxane, diethyl ether,
dimethoxyethane, and diglyme; an ester solvent such as
methyl acetate and ethyl acetate; an aprotic polar solvent
such as acetonitrile, N,N-dimethylformamide, dimethyl-

25 sulfoxide and N-methylpyrrolidone; a halogenated



25[0069] WO 2010/090299PCT/S132010/051738 32 The amount of the oxidizing agent herein
used is generally a catalytic amount to excess mole of Compound (7). The reaction temperature is

not limitedyang thgdastion can be generally performed under cooling, at peamriparatse or under
heating. Preferably, the above reaction may be carried out under reflux for 0.5 to 75 hours.

Compound (7) in the above Scheme 4 includes an igomer about the double-bond site in the ring.
10Compound (4) used as a starting material is an available known compound. The starting
material used in the above scheme may be an appropriate salt thereof, and the desired compounds in
each reaction may be also appropriate salts. 15[0070] The desired compounds of each process
shown in aboyémachschenecdntttie compowRIsTs! they iveation tal bédsaakdedtpilfies
according to a conventional method, for example, separating a crude reaction product by cooling, 20
filtrating, coRbeMmtdA; exBctiDRNEE. PEIRBA PurifARy B Erude pfotu@di EhrBatogfsphy,
re-crystallization, etc. [0071] The preferable salt of Compound (1) is a pharmaceuticallg/
25acceptabkESAt A8 inBRide For BERIPE \WB2018/0§028BE +261T0/08173833VC ™ a salt
with inorganic base such as metal salt . arJlaIkaIi metal salt such as sodium salt and potassium

e,g
salt, an alkdli8 ehith e AP FRATRE LaltRiht S3ft Aihd magnesium Salt), ammonium salt, alkali

metaécarbon tPe (?e1 g. lithium carbonate, potassium carbonate, sodium carbonate, cesium carbonate’,
etc.), alkali r%e aﬁ bdrogen carbonate (e.qg. lithium hydrogen carbonate, sodium hydrogen carbonate,
potassium h%glt;o ndq:acgggggtgt etc.), and alkali metal hydroxide (e.qg. lithium hydroxide, sodium
hydroxide, 10potassium hydroxide, cesium hydroxide, etc.);

The hydrolysis 1is preferably carried out in the
presence of a base or an acid including a Lewis acid.
The base herein used includes conventional inorganic
10 bases and organic bases. The preferable inorganic base
includes, for example, an alkali metal such as sodium and
potassium; an alkaline earth metal such as magnesium and
calcium; and a hydroxide, cérbonate or hydrogen carbonate
of the alkali metal or the alkaline earth metal. The
15 preferable organic base includes, for example, a
trialkylamine such as trimethylamine and triethylamine;
picoline; 1,5-diazabicyclo[4,3,0]lnon-5-ene; etc.
[0056]
The acid herein used includes conventional organic
20 acids and inorganic acids. The preferable organic acid
includes, for example, an aliphatic acid such as formic
acid, acetic acid and propionic acid; and trihaloacetic
acid such as trichlorocacetic acid and trifluorocacetic acid.
The preferable inorganic acid includes, for example,

- 25 hydrochloric acid, hydrobromic acid, sulfuric acid,



a salt with organic base such as tri(lower)alkyla ine (e.g. t imethylamine, triethylamine,
N-ethyl-diisopropylamine, etc.), pyridine, quinoline, piperidine, imidazole, picoline,
dimethylamvinapyrigineodimethylaniline, N- 15(lower)alkyl-morpholine (e.griiiethydrezarisholine, etc.),
DEN, DBU, and DABCO; a salt of inorganic acid such as hydrochloride, hydrobromide,
hydroiodide, sulfate, nitrate, phosphate; and a salt oberganic acid such as formate, acetate, 20
propionate, oxalate, malonate, succinate, fumarate, maleate, lactate, malate, citrate, tartrate,
carbonate, picrate, methanesulfonate, ethanesulfonate, and p-toluenesulfonate, glutamate. [0072]
25The starting material used in the above schemes may be WO 20101090299PCT/JP2010/051738
34 a salt théFEsFREEMe Abbos THmpoira (P Bhd BheBesFed GrRpoundSh dftfireadforfmay be
also appropriate salts. In addition, solvates of the starting. materials and the desired compounds

(e.g. hydrat&dtRaRolatts 8fd tHESHREY Sfe inchifed iFEABRR HeneraP L Wla. Frefpréfsrabfe solvate

includes a hé/d ate. Th %resent %om ounds .of the general foLaula 1'(1]1) igglgge ang%orm%such as
geometric iSO gfﬁ:e?éois ef “and &?t 5%6%%?. 1 Bl?i]nluml'hecpregent invention alss includes

the compoungff fgrgéulaé%) wherein one or more atoms included in the compound are replaced with
C or . . . . .
one or more isotopes thereof. The examples of the isotope which can be incorporated in 15 the

presgnt compoundinclude, for.sxample. isgtopesof hydrogen caghong nifrogen, oxygep, suifur,
fluorine, and chlorine, and in more detail, 2H, 3H, 130, 14C, 15N, 170, 190, Cl, etc.The specific
i9ﬁ0p¢4amﬂ@gdeEpQHﬂdacid, the reaction is preferably carried out in
the presence of a cation scavenger such as anisole and
phenol;
[0057]
10 The amount of the base or acid herein used is not
limited as long as the amount is enough for the hydrolysis.
The reaction temperature 1is 'generally 0 to 120°Cf
preferably room temperature to 100°C, and more preferably
room temperature to 80°C. The reaction time is generally
15 30 minutes to 24 hours, preferably 30 minutes to 12 hours,
and more preferably 1 to 8 hogrs.
[0058]
(ii) Hydrogenation:
The hydrogenation herein used can be carried out by
20 means  of a conventional/known hydrogenation. The
conventional hydrogenation includes, for example, chemical
reduction, catalytic reduction, etc.
[0059]
The preferable reducing agent used in the chemical

25 reduction includes a hydride such as hydrogen iodide,



containing the above-mentioned isotope(s) and/or isotope(s) 20 of the other atom(s), for example, the
compound including radioisotope(s) such as 3H and 14c, is useful for a topographical assay of the
compoundvinalitrapeegubstance. Tritium labeling (i.e. 3H) or 0-14 labelingP GEBITAT)/IS6i6pe
compound is especially preferable from the WO 2010/090299PCT/JP2010/051738 35 detectability.
FurtheL.more, the compound which has heavier isot@se(s) such as deuterium (i.e. 2H) is also expected
to bring in some therapeutic merits such as the improvement of metabolic stability (e.g. increased in
vivo half life) and 5the reduction of the dosage.The present compounds including isotope atom(s) can
‘be generally prepared by means of the above-mentioned schemes and/or the following examples,

using any aVAiRERS RBtop& WhElAG reageh e 0BT 4] IGTHME LS BBuUNdR TG fwentBR Thdthe salts

thereof have an adenosine A2a recgﬁtoragonistic activiati}/ %nd‘t us they are usefyl as an adenosine

f
A2a recepta? AGORIEE orthafmthlS iehiting RaRHR BN S AL Sfdiﬁ@y?th%eﬁ%éjerﬁ ifventions also

provide phajmaceuical compgsiions as a 5medicament such asbe gdgnosije Az fsgeplor agonist
Hereinafter,thephacmaceuticalcompositionis optionallycalledas"thepresentpharmaceutica

composition;. (00751 201 8¢ Risenhahamaceutiaa camagsitioncan e preparerl togsugh

pharmaceutical formulation comprising an effective amount of at least one compounds selected from

the geoup C%ﬁ%}mcofé&e qoRpends-of the inventign andhg salts theyeofs andisomeig,
phaluLaceutically acceptable 25carriers. The pharmaceutically acceptable carriers used in
propionic acid, trifluorocacetic acid, p-toluenesulfonic
acid, hydrochloric acid, hydrobromic acid, etc.).
The preferable catalysﬁ used in the catalytic
reduction includes a platinum catalyst such as platinum
10 plate, spongiform platinum, platinum black, colloidal
platinum, platinum dioxide, and platinum wire; a palladium
catalyst such as spongiform palladium, palladium black,
palladium oxide, palladium carbon, palladium/barium sulfate,
and palladium/barium ;arbonate; a nickel catalyst such as
15 reduced nickel, nickel oxide, and Raney nickel; a cobalt
catalyst such as reduced cobalt, and Raney cobalt; an iron
catalyst such as reduced iron; etc.
The acid used in the chemical reduction can be also
used as a solvent when it is liquid.
20 [0060]
. The amount of the reducing agent or the catalyst used
in the catalytic reduction may be, but not limited, a
generally-used amount.

The reaction temperature is generally 0 to 120°C,

25 preferably room temperature to 100°C, and more preferably



WO 2010/090299PCTATP2010/051738 36 the pharmaceutical composition of the invention may be a
solid such as excipient or a liquid such as diluent. The examples of these carriers include, for example,
lactose, magnesiigyGiearate, starch, talc, gelatine, agar, pectin, gum arabjg,li¥s, piloSesame olil,
cacao butter, ethylene glycol, purified water, etc. [0076] In addition, the present pharmaceutical
composition can be prepared in a formulation of dosagge unit suitable for administration. The examples
include a solid and liquid formulation suitable for oral administration such as tablet, pill, capsule,
granule, powder and liquid as well as a formulation for parenteral administration such as injection
(intravenous injection, intramuscular injection, 15 etc.), eye drops, ophthalmic ointment, suppository,
percutaneouscasofptiopeyentiard tie ke . partiuwar ritbeqiréferaliepharzacgatieatdddyulation is
eye drops since it is considered that the phalaaceutical composition of the invention can be used as an
intraocular pt@sSuE R0 ¢&duethPégerua tredigind forahd Yreafmavitoigiaucomanfdhbatike, based
on the adenosine A2a receptor agonistic activity thereof. [0077] The present Pharmaceutical
composition®&%h REFRpRISHSTALAN adfeBdSHGRE, &R furthe¥EiSed as an ophthalmic WO
2010/09029?]PCT/ P201(1/051738 37 phalLltlaceutical composition.For example, such aqueous liquid
fo,ulation ca 45 6 pared as follows. To the present compound (including a salt thereof, the same
hereinafter) are optionally added one or more 5additives selected from aphaimaceutically acceptable -
buffer, isotonic>§ &net ﬁreservative, solubilizer, and pH adjuster, Wher,%ﬁjeegsssary, and the desired
aqueous formulation is prepared via a conventional process. [0078) 10 he buffer used in the aqueous
liquid preparation includes, for example, an inorganic acid such as bdric acid and phosphoric acid; an

‘ X OMe
=
QOxidation
0
HN)kCH3
NH, e}
A N
HN S I = OMe
&
NC ‘ \)N\ o
) HaNT N s ‘N\ OH
=
5 (3)

[0062]

Compound (3) can be‘prepared by reacting Compound (5)
and Compound (6). The reaction is carried out according to
thei reference (El-Sharabsy, S.A.; 2abdel Gawad, §. M.;
10 Hussain, S$. M.; J.Prakt. Chem., 1989, 331 (2), 207) or a

similar method thereto.

[0063]

The reaction is generally carried out in a

conventional solvent which does not adversely affect the



15 sodium dihydrogen phosphate. The buffer can be used as a single ingredient or in any combination
of two or more ingredients. The preparation wherein succinicacid or a pharmaceutically salt thereof is

used as awifef6a9¢3prevent the precipitation of the active ingredient dydRgyp,lR9@eHY Storage
since the salt of the active ingredient with succinic acid has a high solubility. The concentration of

the buffer in the aqueous liquid preparation is preferakly a minimum concentration to 25prevent the pH
variation, for example, not more than 21 WO 2010/090299PCT/JP2010/051738 38 (w/v), preferably
not more than 0.6(w/v), and more preferably 0.2 % (w/v). [0079] The pH adjuster used in the aqueous
liquid preparation 5 includes, for example, hydrochloric acid, sulfuric acid, lactic acid, acetic acid,
potassium hyeroxideyrsodifinrhyeixexite, ccalcivimt bydrogide ahagissiunshygrexide such  as
monoethanolamine,triethanolamine,diisopropanolamine, triisopropanolamine, and a pharmaceutically
acceptable Sttizfifcteof ThRON ferdiflOPFPRGOSE inctidesmadochigid Ao rarisstnah
hydroxide. T%eﬁgH adjuster can be used as a single ingredient or in any combination of two Qr more

ingredients. o BKe $860Re YgRht used fif iePgquotisaiibid e ParaforfiS S 6PRRKIAG the

preparation isotonic¢ to aqueOlﬁos tear. The isotonic agent %ein used i%a conventional agent for eye .

drop, and inBGi&8¥ SodidfT RRloride FoB8Sim chtbride, Hotittacid, FRuN i borat§ “s0manfitol,
glyce_,!:)in, proggltelpa I&%()Olfeglgleltlhylgq%glalggl; diethyl ether, and diglyme; an
ester solvent such as methyl acetate and ethyl acetate; an
aprotic polar solvent such as acetonitrile, N, N-
dimethylformamide, and dimethylsulfoxide; &a halogenated
hydrocarbon solvent such as methylene chloride and ethylene
10 chloride; or 5ther organic solvents. In addition, the
reaction may be carried out in a mixture of the above-
mentioned conventional solvents.
[0064]
The above reaction can be carried out without a
15 catalytic compound or in the presence of an acid catalyst.
Generally, the reaction i1s preferably carried out in the
presence of a basic compound. The basic cbmpound includes
general inorganic and organic bases.
The inorganic base herein used includes, for example,
20 alkali metal such as sodium and potassium; alkali metal
hydrogen carbonate such as 1lithium hydrogen carbonate,
sodium hydrogen carbonate and potassium hydrogen carbonate;
alkali metal hydroxide such as lithium hydroxide; sodium
hydroxide, potassium hydroxide and cesium hydroxide; alkali

25 metal carbonate such as lithium carbonate, sodium carbonate,



maltose, sucrose, sorbitol, glucose, etc., preferably glycerin, glucose, mannitol, propylene glycol and
sorbitol. More preferably, it is glycerin. The isotonic agent can be used as a single ingredient or in any

combinatigfPf iR RkermMore ingredients. WO 2010/090299PCT/IP20104Q5L 538 0355 17381 N€
preparation wherein glycerin is used as an isotonic agent can prevent the deposition of the active

ingredient or related substances thereof during a longgerm storage since glycerin does not adversely
affect the 5 solubility of the active ingredient. The osmotic pressure of the aqueous liquid preparation
which includes an isotonic agent is, for example, 170 to 450 mOsm/kg, preferable 229 to 372

- mOsm/kg, and more preferable 256 to 316 mOsm/kg. 10[0081)  The preservative herein used
includes, forrexaampléna quaterhansammaenidm saltsuch asbetzatkorsym, dekaéthonnanzand
benzododecinium, a cation compound such as chlorhexidine; a para-oxybenzoate such as methyl
pare- 150xylhénrsate, andpropyeparasoxybenzeatesadd am alcotivheerhpeundsdch sedhivrobutanol
and benzylalcohol. The preferable preservative includes benzalkoniUm chloride and benzododecinium
bromide, anflrherelsieterabhiBdrizalRGiigm hjdSERBRdeRTRRRBHIBdodeemiuASbréiRdeWherein the

alkyl 20chain is.composed of just 12 carbons. [0082]  The present pharmaceutical composition may

compri=e a S¥IAb1ZEr ARErEREGISART THEEIHSize? Herein used includes, for example, a polymer

such as polyvirgsll:?jZSpyrrolidone, macrogol (polyethylene glycol), polyvinyl WO
2010?090292{)9 P2010/051738 40 alcohol, and hydroxypropylmethylcellulose;a surfactant such as

polysorbate, polyo,%eethyéwa%déoq?gggedﬁ:é’llsgolrn used includes, for example,

trialkylamine such as trimethylamine, triethylamine and N-
ethyl diisopropylamine; pyridine; quinoline; piperidine;
imidazole; picoline; dimethylaminopyridine;» dimethyl-
10 aniline; N-methylmorpholine; DBN, DABCO, DBU; etc.
The bagic compound may be used as a single ingredient
or in any combination of two or more ingredients.
The amount of the basic compound herein used is
generally a catalytic amount to 10 times mole of Compound
15 (5), preferably equivalent mole to 3.5 times mole of
Compound (5). The basic compound can be also used as a
solvent when it is liquid.
[0066]
The ratio between Compound (6) and Compound (5) is at
20 least 1 mole per 1 mole of Compound (6), preferably 1 to 5
mole of Compound (5) per 1 mole of Compound (6).
The reaction temperature is not limited, and the
reaction can be generally performed under cooling, at room
temperature or under heating. Preferably, the above

25 reaction may be carried out under reflux for 1 to 30 hours.



~ oil, and polyoxyethylene polyoxypropylene; a polyhydric alcohol such as propylene glycol; an organic
acid such as 5 benzoic acid and sorbic acid; an amino acid such as aspartic acid, histidine, glycine,
and lysinepangdoaoxenthine derivative such as caffeine. The preferable  PCT/JP2010/651738
solubilizerincludespolyvinylpyrrolidone,macrogol, polyvinyl alcohol, benzoic acid, sorbic acid, and
alginic 10 acid; especially polyvinylpyrrolidone and ne¥crogol. The solubilizer can be used as a single
ingredient or in any combination of two or more ingredients. (0083] The pH of the aqueous liquid
preparation including the 15 present pharmaceutical composition is about 4 to 9, preferably about 5 to
-8, especially about 6 to 7, and more preferably 6.3 to 6.9. [0054] The solid formulation of the present
invention for!®8 &ral administration such as tablet, powder and granule can be prepared by mixing the

compound of the invention with at |east one inert carriers such as lactose, mannitol, glucose,
hydroxyp.Lopylcelltif3g&, rﬁ?&?oc%}ﬂé’lﬁﬁé’ bgmseq?%‘aﬁflﬁfolﬁﬁylﬁﬁrrcﬁﬂoﬁ&tﬁ %ﬁ&&%cid and

magnesium 25aluminate, and.formulating the mixture according (o (@] -
2010/09029@5C$Eﬁr§(ﬁiﬁ%05i?38t co%%%ﬁﬁéﬁéﬁ 'me?fﬁtr)né).cllﬁg%re%g\{r\éti%%nmakilefur%ﬁlétbhe“ﬁ)rmulated
with additioQ%L ge%oéi%%agqigge%g%%gx\ﬁ,@plgs§1 lubricant such as magnesium stearate; a

disintegrator such as calciuni cellulose glycolate; a
5 The oxidation of Compound (7) can be carried out via a

‘conventional method used in the technical field. The
preferable oxidating agent includes, for example, 2,3-
dichloro-5,6-dicyano-p-benzoquinone (DDQ) , N-bromo-
succinimide (NBS), etc.

10 [0068]

The oxidation reaction 1is generally carried out neat
or in a conventional solvent which does not adversely
affect the reacﬁion, for example, an alcohol solvent such
as methanol, ethanol, isopropanol, n-butanol,

15 trifluorcethanol, and ethylene glycol; a ketone solvent
such as acetone and methyl ethyl ketone; an ether solvent
such as tetrahydrofuran, dioxane, diethyl ether, and
diglyme; an ester solvent such as methyl acetate and ethyl
acetate; an aprotic polar solvent éuch as acetonitrile,

20 N,N-dimethylformamide, and dimethylsulfoxide; a halbgenated
hydrocarbon solvent such as methylene chloride and ethylene
chloride; or other organic solvents. In addition, the
reaction may be carried out in a mixture pf the above-
mentioned conventional solvents.

25 [0069]



5stabilizer such as lactose; a solubilizing agent such as glutamic acid and asparticacid; and the like. It
may further be formulated with a sweetener, a flavor, a perfume, a preservative agent and the like. The
tablet and Rilhmay,H £Rated with a sugar-coating film or intragastr - or 10 gptefisseRAIEISEIM, using
sucrose, gelatin, hydroxypropylcellulose and hydroxypropylmethylcellulose phthalate, when necessary.
[0085] The liquid medicament for oral administration gych as 15 emulsion, solution, suspension, syrup
and elixir can be prepared by solving or dispersing the compound of the invention in an inert diluent
used ingeneral such as purified water and ethanol. The liquid medicament may also contain an
auxiliary agent such as wetting agent and 20suspending agent, a sweetener, a flavor, perfume, a
preservative agent @he therikenf00Sf] tHée iojettidr forparegtetal adenirdstratiarsm¢ludes aseptic
agueous or nonaqueous solution,suspension, 25emulsion and the like, and the aqueous injection can
be WO 2010/096203RQTAH2B1H 051238 4mpraparédaceurding ol eomientiomglonathod? for
example, using distilled water for injection and saline as a diluent. The nonaaueous injection can be
prepared according@®g cERFT PRI nTetHRE FertalEdnplé Sushgiilubin b estrier 3Beh astopylene
glycol, polyethylene glycol or vegetable oil such as olive oil; alcohals such as ethanol; polysorbate SO.
The injectiorF ma§ Faftflerohtdn sASRHdRN Yot SHeraSh HrLeR 108 LiRft, adtethiRgBgent, an

H ISifyi t, a di ' t, 10stabili .g., lact d a solubilizi t (e.q.,
e acit SN SEBAHT acil) TheTHécton 1 SeHiEad accorivERD S anventioRal Mofor 1

glutamic aci aciSfTh , for

example, by fitration it {he fiter for femoual of hactetias additon.of giimigrobial,or gadiation such as

gamma-ray. , . ,
hours.

Compound (7) in the above Scheme 4 includes an isomef
about the double-bond site in the ring.

10 Compound (4) used as a starting material is an
availﬁble known compound.

The starting material used in the above scheme may be
an appropriate salt thereof, and the desired compounds in
each reaction may be also appropriate salts.

15 [0070]

The desired compounds of each process shown in above
each scheme and the compounds of the invention can be
isolated or purified according to a conventional method,
for example, separating a crude reaction product by cooling,

20 filtrating, <concentration, extraction, etc. and then
purifying the crude product by chromatography, re-
. crystallization, etc.
[0071]
The preferable salt of Compound (1) is a pharmaceutically

25 acceptable salt, and includes, for example,



15 In addition, the injection can be also prepared as the extemporaneously preparing formulation,
“which the prepared aseptic solid medicament is dissolved with aseptic water or aseptic solvent for
injection betpre WaRek987] 20The dosage regimen for the pharmaceuticabcaympnsiticsr Bisthe present
invention in each the fozmulation will be determined in each case depending on the condition of the
patients to which the phaiwaceutical composition is agministered (subject for administration), age, sex
and so 25on. In general, the dosage of the eye drops which comprise WO
2010/090299PCT/JP2010/051738 43 the pharmaceutical composition of the present invention can be
determined to be the amount so that the eye drops containing the active compound in a concentration
of 0.0001-In (w/v), preferablyd.001 mougaNd cCmiopes Sprafstably0. DER3%SEWY), cande ddpped or
swabbed once to several times a day. The amount of the eye drops for one usage is generally about

0.001-1 ml foi-iA BHURID838] 7 Hie Grehofife SREAFICBRTENt BFRthe RYEETSH W ST /

phaimaceutical composition of the invention, the dosage can_be determined so tha%%'{:e comgound of

the inventioA Ranfd&adrhitistefad iMan™HiGdnt 5F0-501T868 m§ per Ay A AulSThe dail dose may

be administered once a day, but preferably be divided in several times, .-The_ 1 ove dpsage is only

guideline aﬁ%%%‘i?ﬁ\aﬁgb]etélw ?r%‘?gg)sieud“ o ggc%éas%} f:Ls,lm‘é‘ﬁ%lciinleol’: ggc?v%%t&llg hg%gé I'to |

detei\g/ine th$ q: sia%% e\éerj\_jgirrlllgagoebe ‘ﬁfoetda%%‘i ingagl[}?y)q,[gayé copdifons, Acgoidingly.depending
dt osage ex ' '

on the condi i%)ns, the reduce ay sti ibif sufficient 20effects. (Effect of the Invention)

[0089] . Jhepreseptphalmacesticalcompegiions anckeompoyads 2osanhavsas ae
adenosine A2a receptor agonist various
(e.g. lithium hydrogen carbonate, sodium hydrogen carbonate,
potassium hydrogen carbonate, etc.), and alkali metal
hydroxide (e.g. lithium hydroxide, sodium hydroxide,
10 potassium hydroxide, cesium hydroxide, etc.);

a salt with organic base such as tri(lower)alkylamine

(e.g. tfimethylamine, triethylamine, N-ethyl-diisopropyl-

amine, etc.), pyridine, quinoline, piperidine, imidazole,
picoline, dimethylaminopyridine, dimethylaniline, N-
15 (lower)alkyl-morpholine (e.g. N-methylmorpholine, etc.),

DBN, DBU, and DABCO;
a salt of inorganic acid such as hydréchloride,
hydrobromide, hydroiodide, sulfate, nitrate, phosphate; and
a salt of organic acid such as formate, acetate,
20 propionate, oxalate, malonate, succinate, fumarate, maleate,
lactate, malate, 'citrate, tartrate, carbonate, picrate,
methanesulfonate, ethanesulfonate, and p-toluenesulfonate,
glutamate.
[0072]

25 The starting material used in the above schemes may be



WO 2010/090299PCT/JP2010/051738 44 activities such as ocular hypotensive increased blood flow
to optic nerve head, protection of optic nerve, vasodilation, coronary dilatation, fall in blood pressure,
platelet aggegeatiapdphibition, antithrombotic effect, 5antiinflammation, breqahiestasiss @5l
immunosuppression. [D090) Therefore the present pharmaceutical compositions and compounds
can be adapted for treating an eye disease such as glaucoma (e.g. nollual tension glaucoma, ocular
hypertension glaucoma, post-surgical secondary glaucoma, etc.), ocular hypertension, diabetic
retinopathy, age-related macular degeneration (ARDM), retinitis pigmentosa (RP), and retinal disease
caused by glaucoma; hypertension; congestive heart failure: coronary ailment; angina;
15atheroscléro¥is: isdHepdie hEart disedsae calebrsvasetiapisefernia; repetfusiorinjdssthrgfibosis;
epilepsy; rhinitis;sinusitis;emphysema;chronicobstructive pulmonary disease (COPD); asthma;
bronchitis; rESPIPRBRFGiséaseE Fe5hirtGS SAaTiRdHCY Sy Rl 5 e2BBFRPIHGKE 26 Btiffionary fibrosis;
gastritis; metastasis gastritis; ulcerative i?litis; Croh%'ts, I%sease; inflammatory colonic disease; wound
is,

healing; eczema; ctitan&8{ hyF&tserfRng-G&m3 Soria5RF EPdRic PReThARIE arfHifis:

diabetes_;_mggi le sclerosis; autoimmune disease; etc, 2 rlg gditi%r%,ﬁge g{gstennt pgz%; a(‘t%Jeti_cal _

compositions g\ld§ 58%&8%02%3%%5’5%01 f05%73§‘ Xés ang1 cbmpoun&s can bé uséd as a diagnostic

ageng for myqgardial infarefion- [QQAL]:Herelnalter Jig prasent javention isliusated .1 o
solvate includes a hydrate.

The present compounds of the general formula (1)
include an isomer such as geometric isomer, stereoisomer,’
and optical isomer.

10 [0073]

The present invention also includes the compound of
formula (1) wherein one or more atoms included in the
compound are replaced with one or more isotopes thereof.
The examples of the isotope which can be incorporated in

15 the present compound include, for example, isotopes of
hydrogen, carbon,, nitrogen, oxygen, sulfur, fluorine, and
éhlorine, and in more detail, °H, 34, Yc, Yc, N, Yo, *fo,
g, 3%Cc1l, etc. The specific isotope-labeling compound
containing the above-mentioned isotope(s) and/or isotope(s)

20 of the other atom(s), for example, the compound including
radioisotope(s) such as °H and *C, is wuseful for a
topographical assay of the compound and/or the substance.
Tritium labeling (i.e. °H) or C-14 labeling (i.e. AIQC)
isotope compound is especially preferable from the

25 viewpoint of its ease of the preparation and its



5Reference Examples for preparing the starting compounds and by Example for preparing the
compounds and folmulations of the invention, and also experiments of the pharmacological tests, but
should nowie zomstared to be limited thereto. [0092] 10The nuclear magnatit megonarsee3diNMR)
spectra in the examples mentioned below were measured under the following conditions. The
abbrcviate symbols are defined as follows. ApparatussJNM-AL300 (JEOL) Internal standard
substance: TMS 15s: singlet, d: doublet,triplet, q : quartet, quint: quintet, sext: sextet BRIEF
DESCRIPTION OF DRAWINGS [0093] 20Figure 1 shows the cell viabilities that the compound of
Example 1 in 0.25, 0.5 and 1 mM was added to rabbit corneal epithelium cells. Figure 2 shows the

effects of thE bRAFGHRE G Ekampie- 1 &Y Sartdrfh FBBREWSEilHD shaw®s 56 BiE&t of the
compound of Example 1 WO 2010/090299PCT/JP2010/051738 46 on cell survival in Rat Retinal
Granglion CER°BERT MOCEEBRPEARRYINGHUT THE INVENTIGNGE84 S *Pected to

bring in some therapeutic merits such as the improvement of
metabolic stability (e.g. increased in vivo half life) and

5 the reduction of the dosage. The present compounds
including isotope atom(s) can be generally prepared by
means of the above-mentioned schemes and/or the following
examples, using any available isotope labeling reagents.
[0074]

10 The compounds of the invention and the salts thereof
have an adenosine A2a receptor agonistic activity and thus
they are useful as an adencsine Al2a reéeptor agonist for
mammals including human beings. Accordingly, the present

inventions also provide pharmaceutical compositions as a

15 medicament such as the adenosine A2a receptor agoniét.
Hereinafter, the pharmaceutical composition isg
optionally called as "the present pharmaceutical
composition".
[0075]
20 The present pharmaceutical composition can be prepared

to a usual pharmaceutical formulation comprising an
effective;émoumt of at least one compounds selected from
the group consisting of the compounds of the invention and
the salts thereof, and some pharmaceutically acceptable

25 carriers. The pharmaceutically acceptable carriers used in



Reference Example 1 | Methyl (E)-3-(6-hydroxymethylpyridin-2Lyl)acrylate
2-Bromopyridine-6-methanol (50.0 g) was dissolved in dry N,N-dimethylfo mamide (250 m1). To the
solution ware adolesheethyl acrylate (47.9 ml), tetra(n-butyl)ammonium 10eio5ige 16/& 2789, sodium

hydrogen carbonate (47.7 g) and Molecular Sieves 3A(1/16) (50.0 g), and further palladium(ll) acetate
(2.98 g) was added thereto under argon atmosphere; 4 he mixture was stirred at 80C for 5 hours. After
cooling the reaction mixture, the resulting precipitate was filtered off, and water was added to the
filtrate, which was extracted with ethyl acetate. The organic layer was washed with brine, dried over
anhydrous magnesium sulfate and concentrated in vacuo to give 50.2 g of methyl
.(E)-3-(6-hytFoxymetiymafigint 2ghacryemedBrown powderheH-NMRICECOR3) a2 @a4,8J=7.5Hz),
7.68 (114, d, J = 15.6 Hz), 7.32 (1H, d,J=7.5Hz),7.21 (1H, d,
solid such as exczplent or a 11qu3.d such as diluent. The
examples of these carriers include, for example, lactose,
magnesium stearate, starch, talc, gelatine, agar, pectin,
5 gum arabic, olive oil, sesame oil, cacao butter, ethylene
glycol, purified water, etc.
[0076]
In addition, the present pharmaceutical composition
can be prepared in a formulation of dosage unit éuitable
10 for adﬁtinistration. The examples include a solid and
liquid formulation suitable for oral administration such as
tablet, pill, capsule, granule, powder and liquid as well
as a formulation for parenteral administration such as
injection (intravenous injection, intramuscular injection,
15 eﬁc. ), eye drops, ophthalmic  ointment, suppository,
percutaneous absorption agent and the liké. In particular,
the preferable pharmaceutical formulation is eye drops
since it is considered that‘ the pharmaceutical composition
of the invention can be used as an intraocular pressure
20 reducing agent, a medicine for the treatment of glaucoma
and the like, based on the adenosine A2a receptor agonistic
activity thereof.
[0077]

The present pharmaceutical composition can be prepared

25 as an agueous liquid, and further used as an ophthalmic



~J=7.5Hz), 6.97 (1H, d,J =15.6Hz),4.78.(214, d,J = 4.2 Hz), 3.85 (114, 1,3 =4.2 Hz),3.83(314,s).
WO 2010/090299 PCT/JP2010/051738 -
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pharmaceutical composition. For example, such agueous
liquid formulation can be preparéd as follows. | |
To the present compound (including a salt thereof, the
same hereinafter) are optionally added one or more
5 additives selected from a .pharmaceutically acceptable
buffer, isotonic agent, preservative, solubilizer, and pH
adjuster, where necessary, and the desired agqueous
formulation is prepared via a conventional process.
[0078] |
10 The buffer used in the agueous 1liquid preparation
includes; for example, an inorganic acid such as boric acid
and phosphoric acid; an organic acid such as an amino acid
and succinic acid; and a pharmaceutically acceptable salt.
The preferable buffer is succinic acid, phosphoric acid and
15 sodium dihydrogen phosphate. The buffer can be used as a
single ingredient or in any combination of two or more
ingredients.

The preparation wherein succinic acid or a
pharmaceutically salt thereof is used as a buffer can
20 prevent the precipitation of the active ingredient during a
long-term storage since the salt of the active ingredient

‘with succinic acid has a high solubility.
The concentration of the buffer in the aqueous liguid
preparation is preferably a minimum concentration to

25 prevent the pH variation, for example, not more than 2%



WO 2010/090299PCT/H2010/051738 47 Reference Example 2 Methyl
3-(6-hydroxymethylpyridin-2-yl)propionate Methyl(E)-3-(6-hydroxymethylpyridin-2.-yl)acrylate (50.2 g)
was almosi gissainechig isopropyl alcohol (502 ml). 5 To the solution was pdggé2h¥%ms173s
palladium-(activated carbon) (2.51 g), and the mixture was stirred at 5000 under noimal pressured
hydrogen atmosphere for 2.5 hours. After cooling the geaction mixture, the catalyst was filtered off and
the filtrate was concentrated in vacua to give 50.0 g of methyl
103-(6-hydroxymethylpyridin-2-yl)propionate. Brown oil. 1H-NMR (CDC13) 7.58 (1H, t, J = 7.5 Hz),
7.09 (1H, d, J=7.5Hz), 7.03 (IH, d, J = 7.5 No), 4.71 (2H, s), 4.01 (1H, br s), 3.69 (3H, s), 3.15 (2H, t,
J =7.2 Hz), 8V {211 pr 58 =ap 2yHzn0096P Refetdnen Examplet3 Niethy)ll.Lagdr)more
ionate13-(6-methanesulfonloxyirrid Methyl 3-(6-hydroxymethylpyridin-2-yl)propionate .(50.0 20 g) was
dissolved infaityi sicekatE (2080 i) W6'the solution was added triethylamine (53.5 ml), and the
mixture was stirred at ice temperature for 10 minutes. To the mixture was added methanesulfonyl
chloride (23.@&B9dropwiseover 10 minutes, and the resulting mixture was 25stirred at ice

temperature for 30 iputes. Jo,Nereaotal. Q000 R20T S AUPO B e s on

5 includes, for example, hydrochloric acid, sulfuric acid,
lactic acid,‘ acetic acid, potassium hydroxide, sodium
hydroxide, calcium hydroxide, magnesium hydroxide,
monoethanolamine, triethanolamine, diisopropanolamine,
triisopropanclamine, and a pharmaceutically acceptable salt

10 thereof. The preferable pH adjuster includes hydrochloric
acid and sodium hydroxide. The pH adjuster can be used as

a single ingredient or in any combination of two or more

ingredients.
[0080]
15 ' The isotonic agent used in the agueous liquid

preparation i1s for making the preparation isotonic to
agqueous tear.. The isotonic agent herein used is a
conventional agent for eye drop, and includes sodium
chloride, potassium chloride, boric acid, sodium borate,
20 mannitol, glycgrin, propylene glycol, polyethylene glycol,
maltose, sucrose, sorbitol, glucose, etc., preferably
glycerin, glucose, mannitol, propylene'glycol and sorbitol.
More preferably, it is glycerin. The isotonic agent can be
used as a single ingredient or in any combination of two or

25 more ingredients.



mixture was added water, and the mixture was transferred into a separating funnel, and washed with
aqueous saturated sodium hydrogen carbonate and brine, dried over anhydrous magnesium sulfate
and concenoaad//0282uo to give 63.0 g of methyl 3-(6-methanesulfonyloRGHERGIPAAGHTAS2-
yl)propionate. Brown oil. 1H-NMR (0013) 7.63 (1H, t, J - 7.5 Hz), 7.26 (1H, d, J -- 7.5 Hz), 7.19 (1H, d,
J=7.5Hz),5.28 (2H, s), 3.67 (31-1, 10s), 3.12 (2H,22J = 7.2 Hz), 3.07 (3H, S), 2.79 (2H, 1,1 =7.2
Hz). [0097) Reference Example 4 Meth 13 6-[4-(4-acet laminonhenvl)-6-amino-5-c ano-
15pyrimidin-2-ylthiomethyl]pyridin-2-yl}propionate 4-Acetamide-benzaldehyde (1000 g) was
dissolved in ethanol (16000 ml). To the mixture were added malononitrjle (607 g).and piperidine (40 g),
and the resulting nfitfare RESRAR84 tiBer EIRR 332 hSdr5C56 e redctiohThikturd vasdoled to

room temperature and then stiged for 30 miglétgél. TE%? pregi itatedac%/stag\gast%?lIectecélon a filter,
0

washed with &fHamdt &08@ FihandHried to give % 0 5[2—?&, : ?cyanovinyefph%ﬁy Té’c%tamide

Il s thyl3-(6-met | Ipyridin-2- _\/
20101000200 REE RS T0I0B LT 0 88 Vs nte (7 0 o) e Hecived Bt s (e, and
then thioureg,(1,85,0) was added thereto. The mixure was-refluxgdfar s 3 houts: After cegling the

reaction mixture, triethylamine (10.7 ml) was added thereto, and the 5 mixture was stirred for a while.
Subsgquentlys, maethanel (7§ ik ke abeve,d-[4rZr2dicyarovinyhpberydirsetamige 44.83:4), and then

N-bromosucc nimide (3.67 g) were added thereto, and the mixture was stirred hour. The precipitated
crystal was egllected on adillesweashed yithilOpethenok0omnl), antidied torgiveddsg obmethyl
3-{6- [4-(4-acetylaminophenyl)-6-amino-5-cyanopyrimidin-2- ylthiomethyl]pyridin-2-yl}propionate.
White powdégotonic agent 1is, for example, 170 to 460 mOsm/kg,
preferable 229 to 372 mOsm/kg, and more preferable 256 to
316 mOsm/kg.

10 [0081]

The preservative herein used includes, for example, a
quaternary ammonium salt such as benzalkonium, benzethonium,
and benzododecinium; a cation compound such as
chlorhexidine; a para-oxybenzoate such aé methyl para-

15 oxybenzoate, and propyl para—dxybenzoate; and an alcohol
compound such as chlorobutancl and benzylalcohol. The
preferable preservative includes benzalkonium chloride and
benzododecinium bromide, and more preferably benzalkonium
hydrochloride and benzododecinium bromide wherein the alkyl

20 chain is composed of just 12 carbons.

[0082]

The present pharmaceutical composition may comprise a
solubilizer where necessary. The solubilizer herein used
includes, for example, a polymer such as polyvinyl-

25 pyrrolidone, macrogol (polyethylene glycol), polyvinyl



'H-NR (DMSO-c16) 10.23 (1H, s), 8.20-7.60 (2H, hr s), 7.83 15 (2H, d, J=8.7 Hz), 7.72 (2H, d, J =
6.7 Hz), 7.63 (IH, t, J = 7.8 Hz), 7.35 (1H, d, J = 7.8 Hz), 7.15 (1H, d, J = 7.6 Hz), 4.45 (2H, s), 3.57
(3H, s), 2.960(2H0k9d ™% .2 HZ), 2.74 (2H, t, J 7.2 Hz), 2.09 (3H, s). [0096] ZORssesen6s Rsample 5
3-(6-(4-.(4-Acetylaminopheny1)-6-amino-5-cyanomyrimidin-2- vithicSYricticacid_ Methyl
3-(6-[4-(4-acetylaminophenyl)-6-amino-5-cyanopyrimiglin-2-y 1thiomethy1]pyridin-2-y1}propionate (5 g)
was 25suspended in 50% water-containing acetonitrile (150 ml). WO
2010/090299PCT/JP2010/051738 50 To the suspension was added lithium hydroxide monohydrate
(1.35 g), and the mixture was stirred at room temperature for 1 hour. Then a solution of citric acid (4.11
g) in water (20 ¢alrodhs geddally vdidedyp the Ydactibhnigteite, Barrbthe reactisnmibaateawas stirred
at room temperature for additional 2 hours. The precipitated crystal was collected on a filter, washed
with water (P5'R3), ol dRSHISGIVES § of FRETRA 8ty bRTRophERY PR6ARAtIREL5-castor
cyanopyrimidi, -2-y|thiomethYI]pyridin-z-)ﬂ_l}propionic acid. 10White powder. 1H-NMR (DMSO-dO 10.25
(1H, s), 7.88 (214, B PRIY F7E AR = BYWIFYRPRYACRS) = 728 R 7 B8 U D, 1= 7.8

Hz), 7.16 (11%, d,3 T 7és8ulc_:|%)’ 4:347 2%45{? I%95%(§1‘cl:’oth =a7'2 HZ%Z'G‘SC(ZE %}f =7.2 Hz), 2.09
15(314, s). [D0GE['Raferalce BXanthie &7 118R-BU0XCArboRAY - BierZift T3 ) Refhipieridine
5 benzoic acid and sorbic acid; an amino acid such as
aspartic acid, histidine, glycine, and lysine; and a
xanthine derivative such as caffeine. The preferable
solubilizer includes polyvinylpyrrolidone, macrogol,

polyvinyl alcohol, benzoic acid, sorbic acid, and alginic
10 acid; eépecially polyvinylpyrrolidone and macrogol. The
solubilizer can be used as a single ingredient or in any
combination of two or more ingredients.
[0083]
The pH of the agueous liquid preparation including the
15 present pharmaceutical composition i1s about 4 to 9,
preferably about 5 to 8, especially about & to 7, and more
preferably 6.3 to 6.89.
[0084]
The solid formulation of the present invention for
20 oral administration such as tablet, powder and granule can
be prepared by mixing the compound of the invention with at
least one inert carriers such as lactose, mannitol, glucose,
hydroxypropylcellulése, microcrystalline cellulose, starch,
polyvinylpyrrolidone, meta-silicic acid and wmagnesium

25 aluminate, and formulating the mixture according to a



1-tert-Butoxycarbonyl-4-piperidylmethanol (10 g) was 20 dissolved in ethyl acetate (150 ml). the
solution was added triethylamine (12.8 ml), and the mixture was stirred at ice temperature for a while.
To the mixweenmadstenly added methanesulfonyl chloride (5.4 ml) dropwis€ Tarrdatresezastion mixture
was stirred at ice temperature for 30 25minutes. To the reaction mixture was added water, and the
'110 2010/090299PCTIJP2010/051738 51 mixture wasg transferred into a separating funnel, washed
with water (SO ml), and extracted with ethyl acetate (50 ml, twice). The combined organic layer was
dried over anhydrous magnesium sulfate and concentrated in vacua. The 5 residue was dissolved in
acetonitrile (200 ml), and piperazine (18 g) was added to the solution. The mixture was stirred under
reflux for 3 HOER §ReireBetdon RkliRIwas coRtentrREGRAFAHECTheRE pré&ipRERHE piBérazine
was filtrated off. To the filtrate were added brine (50 10 ml) and ethyl acetate (50 ml), and the mixture
was stirred ovVeFmgHE TRg mi??&ﬁ(]-?wa@%h%?e‘?%]into??éﬁéfﬁﬁﬁ}ﬁnn@f?%ﬁ&iﬁ@%rgarﬁ@?éyer was

separated, Wagged eith brine (?% gnl . twice?), and c%ncentrated in vacua. To the residue was added
water (50 mli ahdrtne mixflre Was :‘Scnae% ralized with T hyglr%%ﬁl%ﬁ%%%id aﬁ(?eaf’éafﬁﬁératu?e. Ethyl

acetate (1004ml) me%eﬁdc%hereéﬁ and the mi@g@c%%‘ stirred for 2 while. %Eeg élﬂ% m ixture was

transferred into a sep g funnel, and the aqueous layer was separated. aqueous layer was

strongly tasified with BN.20 sodium hydroxide at ice tamperatire The mixture was extractedywith ethy|

acetate, dried over anhydrous magnesium sulfate and concentrated in vacua to give 9.96 g of

1-tert-butoxyearhami4-Qipetazinkymataypiperidine. £ologlegs qilh 255HME (COE13)4,11-4.05
(2H, m), 2.87 (4H, t,= 4.8 Hz), WO 2010/090299PCT/JP20101051738 52 2.72-2.64 (2H, m), 2.36 (4H,
brs), 2.14 (2H;:1ek Hex 619=HZ ) AmiA4-4 16533kt th), 4. 45Ok ef)e #,1320.9926r m)a [HoPd reference

Example 7 54-((4-(3-(6-((4-(4-Acetamidopheny1)-6-amino-5-cyano-
nyrimidin-2-ythpe) erethyt poyiden -2 adiuropadoyd yepdrakia-1-viimethy§ Elk- tert- butd xpddrbomyglpiperidine
dihydrochloride  3-{6-[4-(4-Acetylaminophenyl)-6-amino-5-cyano-
- be coated with a sugar-coating £film or intragastric- or
10 enteric-coating - film, usingv sucfose, gelatin,
hydroxypropylcellulose and hydroxypropylmethylcellulose
phthalate, when necessary.
[0085]
The ligquid medicament for oral administration such as
15 emulsion, solution, suspension, syrup and elixir can be
prepared by solving or dispersing the compound of the
invention in an inert diluent used ingeneral such as
purified water and ethanol. The ligquid medicament may also
contain an auxiliary agent such as wetting agent and
20 suspending agent, a sweetener, a flavor, perfume, a
preservative agent and the like.
[0086]
The injection for parenteral administration includes

aseptic agqueous or nonagueous solution, suspension,

25 emulsion and the like, and the aqgueous injection can be



10pyrimidin-2-ylthiomethyl)pyridin-2-yl}propionic acid (2.16 g) was suspended in acetone (44 ml). To
the suspension were added 1-hydroxy-1H-benzotriazole (781 mg), 1-ethy1-3-

(3-dimethylamin@prisygyd )-carbodiimide hydrochloride (1.1 g), and PCT/JP2010/051738
1-tert-butoxycarbonyl-4-(biperazin-1-yl)methyl- 15 piperidine (1.5 g) in order, and the mixture was ref
luxed for 1 hour. The acetone was removed off in vagyo, and then ethyl acetate (30 ml) and water (30
ml) were added thereto, and the mixture was stirred for 30 minutes. The mixture was transferred into a
separating funnel, washed with 20saturated aqueous sodium hydrogen carbonate and brine in
order,dried over anhydrous magnesium sulfate and concentrated in vacuo.The residue was completely
dissolved inppetiEanetl (25qnb rtienagone hpdroduoen aco(@185mm k) vas, sldivy addedhtiezeto
dropwise at ice 25temperature,and the mixture was stirred at room WO

2910/090298P W 1 P2610/05¢ 239 58 agmperatineiier t your arkers aiiar®| €30 mldwagadded
thereto, and the mixture was stirred at 50C for 1 hour. After cooling the reaction mixture, the
precipitated CAfstaI METSIR fed DREEMtet Candthied RE giRF 2RBYFS o ccording to a
4-((4-(3-(6-((4-(4-acetamidophenyl)-6-amino-5-cyano-pyrimidin-2-ylthio)methyl)pyridin-2-yl)oropanoyl)
piperazin-I-PIME - 2R k- Bt RErbofiApipEFia R ihy diS S L WRTF pSRd&2 1614 ER

DMSO-d0 10.30 (1H, 10.15 '(1H, br-s) 8.00-7.81 (4H 7.72 (2H,d,J=8.7Hz) 7.6 H, br-
031, U T 2 SE A ST by LU ST e Tie \ G b Th VA SRR v m)
209 (G, 54,99 (1) 116 173014 m) 1,301, o) JE0I00) SRy oo,

N-(4-(6-amino-5-cyano-2-((6-(3-oxo-3-(4-(piperidin-4-vl-

methyl)pipegazin:dyhprenyl)pyidin-2-yhmethylthio): ;pyimidinjA-yhiphenyhacetamide kihydrochloride
20To4-((4-(3-(6-((4-(4-acetamidephenyl)-6-amino-5-

auxiliary agent such as a preservative agent, a wetting

agent[ an - emulsifying agent, a dispersing agent, a
10 stabilizer (e.g., lactose) and a solubilizing agent (e.g.,
glutamic acid and aspartic acid). The injection is

sterilized according to a conventional method, for example,
by filtration with the filter for removal of bacteria,
addition of antimicrobial or radiation such as gamma-ray.

15 In addition, the injection can be also prepared as the
extemporaneously preparing formulation, which the prepafed
aseptic solid medicament is dissclved with aseptic water or
aseptic solvent for injection before use.

[0087]

20 The dosage regimen for the pharmaceutical composition
of the present:invention in each the formulation will be
determined in each case depending on the condition of the.
patients to which the pharmaceutical composition is
administered (subjecﬁ for administration), age, sex and so

25 on. In general, the dosage of the eye drops which comprise



cyanopyrimidin-2-ylthio)methylipyridin-2-y1)propanoy1)-
piperazin-l-yl)methyl)-1-tert-butcxycarbonylpiperidine dihydrochloride (40 g) was added 400 ml of
hydrogenwhiarigeddmel/L in ethyl acetate], and the mixture was 25stirredratrvgenw éampssature for 24
hours. The precipitate W02010/090299PCT/JP2010/051738 54 was collected on a filter and washed
with ethyl acetate (60 m1). The precipitate was drieckto give a white crude crystal. The crude crystal
was dissolved in water (245 ml) at room temperature, and filtrated. To the filtrate was slowly added
acetone (875 ml), and the mixture was stirred with a seed crystal thereof for 6 hours. The precipitated
crystal was collected on a filter, washed with acetone (140 ml), and then dried to give 29.6 g of
N-(4-(6-amitbS- RYano2cGE13-oxo-FRpsHsdriding -y i) pretaaRt - 1nvention can
10yl)propyl)pyridin-2-yl)methylthio)pyrimidin-4-yl)pheny1)- acetamide trihydrochloride. White powder.
1H-NMR (DREBSOEGEEIT23¢EH, b2s) 29,45 EH, SF9B8 ¢1H Br-5%63 (FAShr8y 8.36 TP, =78
Hz) 7:96 (11',d,15J=7.8 Hz) 7.81 (2H,d, J=8.7 'Hz%%.78-7.73 (3H, m 4.77]{2H S 4.36-f4.31 (1H,
m) 4.02-3. 78 PBHAATYBE3- 348 (2135} $26-5 FERBE M) 3162-2%81 ER AT 108 (695 m)

1.50-1.39 (24—)!@#}{911%24 20E ar;%)gez ngdgé(%-amai%qg-cyaaq-@é @43-64%-@;./@-hydro ethyl)-

piperidin-4-y yI)plperazin- -y1)-3-0x0 ronylfpﬁ/rl [ _-v1_)n_1ethythlo)pyrimldln-'4-y1)p enyl)acetami
Coyietm DS Az o Iy -2 metnior W SoTeToac3bo R sb1EE i ras
to several times a day. The amount of the eye drops for
one usage is generally about 0.001-1 ml for an adult.
[0088)
In the case of the oral medicament or the injection
10 of the pharmaceutical composition of the invention, the
dosage can be determined so that the cohpound of the
invention can be administered in an amount of 0.001-1000 mg
per day in adult. The daily dose may be administered once
a day, but preferably be divided in several times. The
15 above dosége is only guideline and hence it may be also
increased or decreased. As mentioned‘above, it is hopeful
to determine the dosage every time to be used depending on
various conditions. Accordingly, depending on the

conditions, the reduced desage may still exhibit sufficient

20 effects.

(Effect of the Invention)
[0083]
The present pharmaceutical compositions and compounds

25 can have as an adenosine A2a receptor agonist various



55 pyrimidin-4-yl)phenyl)acetamide trihydrochloride (1.01 g) was dissolved in dry
N,N-dimethylformamide (15 ml). To the solution were added 2-chloroethanol (186 yl), triethylamine

(0.6 ml), onate (386 mg), and sodium iodide 5 (300 mg), a [ e was stirred at
S0C for 3 e et P

e reaction mixture was concentrated under reduced pressure, and the residue was
purified by chromatography on silica gel (methylene ghloride : methanol : 28% aqueous ammonia =
100 : 10: 1) to give 220 mg of N-(4-(6-amino-5-
10cyano-2-((6-(3-(4-((1-(2-hydroxyethyl)piperidin-4-y1)-
methyl)piperazin-I-y1)-3-oxopropyl)pyridin-2-yl)methylthio)pyrimidin-4-y1)ohenyl)acetamide.The
compound was flisselived i methanol (o ulll andmaleimadid£38.Brragkwas added tierétow he
mixture was stirred for a while. The 15solution was concentrated in vacuo to give 250 mg of N-(4-
(6-amino-5-tyano2p(B-¢3-(4x(é-(Bhydrmadthyl)pperidiction of  optic  nerve,
4-yl)methyl)piperazin-I-y1)-3-oxopropyl)pyridin-2-y1)- methylthic)pyrimidin-4-yl)phenyl)acetamide
maleate. 20WW/RRE pbAHEPTNMRIDWISO-H0 £0: 288+ ym83(2Rid 5817 PEPR7 Pra$ a3 e8.7
Hz)7.63(114,&J-7.5Hz)7.35 (1H,

P

atelet aggregation inhibition, antithrombotic effect,
5 antiinflammation, bronchiectasis, and immunosuppression.

[00901

Therefore the present pharmaceutical compositions and

compounds can be adapted for -treating an eye disease such

as glaucoma (e.g. normal tension glaucoma, ocular
10 hypertension gléucoma, post-surgical secondary glaucoma,
etc.), ocular hypertension, diabetic retinopathy, age-
related macular degeneration (ARDM), retinitis pigmentosa

(RP), and retinal disease caused by glaucoma; hypertension;
congestive  heart failure; coronary ailment; angina;
15 atherosclerosis; ischemic heart disease; cerebrovascular
ischemia; reperfusion injury; thrombosis; epilepsy;
rhinitis; sinusitis; emphysema; chronic obstructive
pulmonary disease (COPD); asthma; bronchitis; respiratory
disease; respiratory insufficiency syndrome; septic shock;
20 pulmonary  fibrosis; gastritis; metastasis gastritis;
ulcerative colitis; Crohn's disease; inflammatory colonic
disease; wound healing; eczema; cutaneous hypersensitivity;
dermatitis; psoriasis; chronic rheumatoid arthritis;
diabetes; multiple sclerosis; autoimmune disease; etc.

25 In addition, the present pharmaceutical compositions



d,J =7.5 Hz) 7.15 (114,d,J=7.5Hz),6.04(214,s) 5.76 (114, br-s) 4.47-4.35
(414,m)3.71(214,br-s)3.45-3.32 (914, m) 3.11 (214, br-s) 2.97-2.87(414,m)2.73-2.69(214, m)
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and compounds can ‘be used as a diagnostic agent for
myocardial infarction.
[00s51]

Hereinafter, the present invention is illustrated by
Reference Examples for preparing the starting compounds and
by Example for preparing the coﬁpounds and formulations of
the invention, and also experiments of the pharmacological
tests, but should not be construed to be limited thereto.
[0082]

The nuclear magnetic resonance (NMR) spectra in the
examples mentioned below were measured under the following
conditions. The abbreviate symbols are defined as follows.

Apparatus: JNM-AL300 (JEOL)

Internal standard substance: TMS

s: singlet, d: doublet, t: triplet, g : quartet,

guint: guintet, sext: sextet

BRIEF DESCRIPTION OF DRAWINGS
[0093]

Figure 1 showsvthe cell viabilities that the compound
of Example 1 in 0.25, 0.5 and 1 mM was added to rabbit
corneal epithelium cells.

Figure 2 shows the effects of the compound of Example
1 on ciliary artery in rabbits.

Figure 3 shows the effect of the compound of Example 1



25 2.36-2.19 (314, m)2.09(314,s)1.88-1.83(314,m)1.35-1.31 56 (2H, m). [D103] The following
examples 35 were prepared according to a similar process to Example 2. Example R NMR data Salt

1H-NMR(BNSPr§69db23(1H,br- s)10.43(1H,s)9.05(1H,br-s) PCT/IP2010/051738
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on cell survival in Rat Retinal Granglion Cell.
BEST MODE FOR CARRYING OUT THE INVENTION

[0094]

5 Reference Example 1

Methyl (E)-3-(6-hydroxymethylpyridin-2-yl)acrylate

2-Bromopyridine-6-methanol (50.0 g) was dissolved in
}dry N,N-dimethylformamide (250 ml). To the solution were
added methyl acrylate (47.% ml), tetra(n-butyl)ammonium
10 chloride (73.9 g), sodium hydrogen carbonate (47.7 g) and
Molecular Sieves 3A(1/16) {(50.0 g, and further
palladium(II) acetate (2.98 g) was added thereto under
argon atmosphere. The mixture was stirred at 80°C for 5
hours. ’After cooling the reaction mixture, the resulting
15 precipitate was filtered off, and water was added to the
filtrate, which was extracted with ethyl acetate. The
organic layer was washed with brine, dried over anhydrous
magnesium sulfate and concentraﬁed in vacuo to give 50.2 g
of methyl (E)-3-(6-hydroxymethylpyridin-2-yl)acrylate.
20 Brown powder.

'H-NMR (CDCl,) 7.72 (1H, t, J

i

7.5 Hz), 7.68 (1H, 4, J

15.6 Hz), 7.32 (1H, 4, J = 7.5 Hz), 7.21 (1H, 4, J = 7.5
Hz), 6.97 (1H, d, J = 15.6 Hz), 4.78 (2H, 4, J = 4.2 HZ},
3.85 (1H, t, J = 4.2 Hz), 3.83 (3H, s).

25 (0095]



8.93(1H,br-s)8.30(1H,t,J.
7.73(311,m)4.77(2H,s)4.36-
WO 2010/090299

7.8Hz)7.96(1H,d,J.7.8Hz)

7.21(2H,d,J=8.7Hz)7.78- H

PCT/IP2010/051738
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Reference Example 2

Methyl 3- (6-hydroxymethylpyridin-2-yl)propionate

Methyl (E) -3-(6-hydroxymethylpyridin-2-yl)acrylate
(50.2 gf was almost dissolved in isopropyl alcohol (502 ml).
To the solution was addéd 5% palladium- {(activated carbon)
(2.51 g), and the mixture was stirred at 50°C under normal

-

pressured hydrogen atmosphere for 2.5 hours. After cooling
the reaction mixture, the catalyst was filtered off and the
filtrate was concentrated in vacuo to give 50.0 g of methyl
3- (6-hydroxymethylpyridin-2-yl)propionate.

Brown oil. |
'H-NMR (CDCl;) 7.58 (1H, t, J = 7.5 Hz), 7.09 (1H, 4, J =
7.5 Hz), 7.03 (1H, 4, J = 7.5 Hz), 4.71 (2H, s), 4.01 (1H,
br g), 3.69 (3H, ), 3.15 (2H, t, J = 7.2 Hz), 2.81 (2K, t,
J = 7.2 Hz).

[0096]

Reference Example 3

Methyl 3- (6-methanesulfonyloxymethylpyridin-2-vl)propionate

Methyl 3-(6-hydroxymethylpyridin-2-yl)propionate (50.0

g) was dissolved in ethyl acetate (1000 ml). To the

solution was added triethylamine (53.5 ml), and the mixture

was stirred at i1ce temperature for 10 minutes. To the

mixture was added methanesulfonyl chloride (23.8 ml)

dropwise over 10 minutes, and the resulting mixture was

stirred at ice temperature for 30 minutes. To the reaction



tri drochloride 4.31(1H,m)4.02-3.74(3E,at) 3.53-3.45(2H,m)3.26-3.23(5H,
m)3.02-2.81(8H,m)2.10-1.91  (6H,m)1.50-1.39(2H,m).
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mixture was added water, and the mixture was transferred
into a separating funnel, and washed with agqueous saturated
sodium hydrogen carbonate and brine, dried over anhydrous
magnesium sulfate and conéentrated in vacuo to give 63.0 g
of methyl 3- (6-methanesulfonyloxymethylpyridin-2-
vl)propionate.

Brown oil.

"H-NMR (CDCls) 7.63 (1H, t, J = 7.5 Hz), 7.26 (1H, 4, J =
7.5 Hz), 7.19 (1H, d, J = 7.5 Hz), 5.28 (2H, s), 3.67 (3H,
s), 3.12 (2H, t, J = 7.2 QZ), 3.07 (3H, 8), 2.79 (2H, t, J
= 7.2 Hz).

[0097]

Reference Example 4

Methyl 3-{6-[4-(4-acetylaminophenyl) -6-amino-5-cyano-

pyrimidin-2-ylthiomethyl]lpyridin-2-yl}propionate

4-Acetamide-benzaldehyde (1000 g) was dissolved in
ethanol (16000 ml). To the mixture were added
malononitrile (607 g) and piperidine (40 g), and the
resulting mixture was stirred under reflux for 2 hours.
The reaction mixture was cooled to room temperature and
then stirred for 30 minutes. The precipitated crystal was
collected on a filter, washed with ethanol (2000 ml) and
dried to give . 1049 g of . N-{4-(2,2-
dicyanovinyl)phenyl]acetamide as a yellow powder.

Methyl 3- (6-methanesulfonyloxymethylpyridin-2-



DMS0d-6:10.25(1H,s)7.83  (2H,d,J=8.7Hz)7.71(2H,d, 3=8.7Hz)7.63(1H,t,J=7.5
Hz)7.35(1H,d,J=7.5Hz)
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vyl)propionate (7.0 g) was dissolved in methanol (75 ml),
and then thiourea (1.85 g) was added thereto. The mixture
was refluxed for 1.5 hours. After cooling the reaction
mixture, triethylamine (10.7 ml) was added thereto, and the
mixture was stirred for a mmile; Subsegquently, methanol
(75 ml), the above N-[4-(2,2-dicyanovinyl)phenyl]acetamide
(4.33 g), and then N-bromosucciniﬁide (3.67 g) were added
thereto, and the mikture was stirred for 1 hour. The
precipitated crystal was collected on a filter, washed with
methanol (40 ml), and dried to give 5.5 g of methyl 3-{6-
[4- (4-acetylaminophenyl) -6~amino-5-cyanopyrimidin-2-
vlthiomethyl]lpyridin-2-yl}propionate.

White powder.

'H-NMR (DMSO-d¢) 10.23 (1H, s), 8.20-7.60 (2H, br s), 7.83
(24, 4, J = 8.7 Hz), 7.72 (2H, 4, J = 8.7 Hz), '7.>63 (1H, t,
J = 7.8 Hz), 7.35 (1H, d, J = 7.8 Hz), 7.15 (1H, 4, J = 7.8
Hz), 4.45 (2H, s), 3.57 (3H, s), 2.96 (2H, t, J = 7.2 Hz),
2.74 (2H, t, J = 7.2 Hz), 2.09 (3H, s).

[0098]

Reference Example 5

3-{6-[4-(4-Acetylaminophenyl) -6-amino-5-cyanopyrimidin-2-

ylthiomethyllpyridin-2-vlipropionic acid

Methyl 3-{6-[4-(4-acetylaminophenyl)-6-amino-5-cyano-
pyrimidin-2-ylthiomethyl]l pyridin-2-yl}propionate (5 g) was

suspended in 50% water-containing acetonitrile (150 ml).



7.15(1H,d,J=7.5Hz),6.04 2 .."..--,,,,OH (2H,s)5.76(1H,br-s)4.47- 4.35(4H,m)3.71(2E,br-s) maleate
3-45-3.32(9H,at)3.11(2H,br-
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To the suspension was added lithium hydroxide monohydrate
(1.35 g), and the mixture was stirred at room temperature
for 1 hour. Then a solution of citric acid (4.11 g) in
water (20 ml) was gradually added to the reaction mixture,
5 and the reaction mixture was stirred at room temperature
for additional 2 hours. The precipitated crystal was
collecﬁed on a filter, washed with water (75 m), and dried
to give 5 g of 3-{6-[4-(4-acetylaminophenyl)-6-amino-5-
cyanopyrimidin-2-ylthiomethyl] pyridin-2-yl}propionic acid.
10 White powder.
'H-NMR (DMSO-d¢) 10.25 (1H, s), 7.84 (2H, d, J = 8.7 Hz),
7.72 (2H, 4, J = 8.7 Hz), 7.64 (1H, t, J = 7.8 Hz), 7.36
(LH, 4, J = 7.8 Hz), 7.16 (1H, d, J = 7.8 Hz), 4.47 (2H, s),
2.95 (2H, ¢, J = 7.2 Hz), 2.65 (2H, t, J = 7.2 Hz), 2.09
15 (BH( s).
[0099]

Reference Example 6

l-tert-Butoxycarbonyl-4- (piperazin-1l-vl)methylpiperidine

l1-tert-Butoxycarbonyl-4-piperidylmethanol (10 g) was

20 dissolved in ethyl acetate (150 ml). To the solution was
added triethylamine (12.8 ml), and the mixture was stirred

at ice temperature for a while. ‘To the mixture was slole
added methanesulfonyl chloride (5.4 ml) dropwise, and the
reaction mixture was stirred vat ice temperature for 30

25 minutes. To the reaction mixture was added water, and the



$)2.97-2.87(4H,m)2.73-2.69  (2H,m)2.36-2.19(3H,m)2.09  (3H,s)1.88-1.83(3H,m)1.35-

a.31(2Hm)

WO 2010/090299 ‘ PCT/JP2010/051738
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mixture was transferred into a separating funnel, washed

with water (50 ml), and extracted with ethyl acetate (50 ml,
twice) . The combined organic layer was dried over
anhydrous magnesium sulfate and concentrated in vacuo. The
residue was dissolved in acetonitr;le‘ (200 ml), and
piperazine (18 g) was added to the solution. The mixture
was stirred under reflux for 3 hours. The reaction mixture
was concentrated in vacuo, then the precibitated piperazine
was filtrated off. To the filtrate were added brine (50

ml) and ethyl acetate (50 ml), and the mixture was stirred
overnight. The mixture was transferred into a separating

funnel, and the organic layer was separated, washed with
brine (50 m}, twice), and concentrated in vacuo. To the

residue was added water (50 ml), and the mixture was

neutralized with lﬁ hydrochloric acid at ice temperature.

Ethyl acetate (100 ml) wés added thereto and the mixture

was stirred for a while. Then the mixture was transferred
into a séparating funnel, and the agueous layer was

separated. The agueous layer was strongly basified with SN
sodium hydroxide at ice temperature. The mixture was

extracted with ethyl acetate, dried over anhydrous
magnesium sulfate and concentrated in vacuo to give 9.96 g
of 1—tert—butoxycarbonyl-4-(piperazin—1-yl)methylpiperidiﬁe.
Colorless oil.

H-NMR (CDCl;) 4.11-4.05 (2H, m), 2.87 (4H, t, J = 4.8 Hz),



MS0d-6.10.25(1Hs)7,83  (2H,d,J=8.7Hz)7.72(2H,d, J=8.7Hz)7.62(1H,t,J=7.8
Hz)7.34(1H,d,J=7.8Hz)
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2.72-2.64 (2H, m), 2.36 (4H, br s), 2.14 (2H, d, J = 6.9
Hz), 1.74-1.65 (3H, m), 1.45 (9H, m), 1.13-0.9% (2H, m).

[0100]

Reference Example 7

4-((4-(3-(6-((4-(4-Acetamidophenyl) -6-amino-5-cyano-

pyrimidin—z—ylthio)methyl)pyridin-2~yl)propanoyl)piperazin-

l1-vl)methyl) -1l-tert-butoxycarbonylpiperidine

dihydrochloride

'3-{6-[4—(4-Acetylaminophenyl);Sjamino—s—cyano-
pyrimidin—2—ylthiomethyl]pyridin~2~yl}propionic acid (2.16
g) was suspended in acetone (44 ml). To the suspension
were‘added 1-hydroxy-1H-benzotriazole (781 mg), l-ethyl-3-
(3-dimethylaminopropyl) -carbodiimide hydrochloride (1.1 g),

and l-tert-butoxycarbonyl-4- (piperazin-1l-yl)methyl-

piperidine (1.5 g) in order, and the mixture was refluxed

for 1 houxr. The acetoﬁe was removed off in vacuo, and then
ethyl acetate (30 ml) and water (30 ml) were added thereto,
and the mixture was stirred for 30 minutes. The mixture
was transferred into a separating ‘funnel, washed with
saturated aquéous sodium hydrogen carbonate and brine in
order, dried over anhydrous magnesium sulfate and
concentrated in vacuo. The residue was completely
dissolved in methanol (25 ml), then conc. hydrochloric acid
(0.85 ml) was slowly added thereto dropwise at ice

temperature, and the mixture was stirred at room



7.14(1H,d,J=7.8Hz),4.46 3 ,,.."--.0H (2H,s)3.44-3.29(8H,m)2.94
(21-,m)2.73-2.66(2H,m)2.34
WO 2010/090299

(2H,1,J=7.5Hz)2.87-2.83
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temperature for 1 hour. Then, ethanol (50 ml) was added.

thersto, and the mixture was stirred at 50°C for 1 hour.

After cooling the reaction mixture, the precipitated

crystal was collected on a filter, and dried to give 2.95 g

5 of 4-((4-(3-(6-((4- (4-acetamidophenyl) - 6-amino-5-cyano-
pyrimidin-2-ylthio)methyl)pyridin-2-yl)propanoyl)piperazin-
l—yl)methyl)—1—tert—butoxycarbonyléiperidine
dihydrochloride.

White powder.

10 'H-NMR (DMSO-dg) 10.30 (1H, s) 10.15 (1H, br-s) 8.00-7.81
(4H, m) 7.72 (2H, 4, J = 8.7 Hz) 7.65 (1lH, br-s) 7.40 (1H,
br-s) 4.57 (2H, s) 4.36-4.31 (1H, m) 4.02—3.89 (3H, m )
3.70-3.30 (8H, m) 3.17-2.73 (8H, m) 2.09 (3H, s) 1.99 (1H,
m) 1.78-1.73 (2H, m) 1.29 (8H, s).

15 [0101)

Example 1
N-(4-(6-amino-5-cyano-2- ( (6~ (3-oxo0-3- (4- (piperidin-4-y1-
methyl)piperazin-1l-vl)propyl)pyridin-2-yl)methylthio) -
pyrimidin-4-vl)phenyl)acetamide trihydrochloridé

20 To 4-((4-(3-(6-((4-(4-acetamidephenyl)-6-amino-5-
cyanopyrimidin-2-ylthio)methyl)pyridin-2-yl)propanoyl) -
piperazin-1l-yl)methyl)-1l-tert-butoxycarbonylpiperidine
dihydrochloride (40 g)‘ was added 400 ml of hydrogen
chloride [1 mol/L in ethyl acetate], and the mixture was

25 stirred at room temperature for 24 hours. The precipitate



(2H,br-s)2.20-2.18(4H,m)  2.09(3H,5)2.03(2H,d,J=  7.2Hz)1.87(2H,br-s)1.64- WO
2010/090299PCT/JP2010/051738 57 .43(4Thm)1.09-1.01(2H,
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was collected on a filter and washed with ethyl acetate (80
ml).. The precipitate was dried to give a white crude
crystal. The crude crystal was dissolved in water (245 ml)
at room temperature, and filtrated. To the filtrate was
slowly added acetone (875 ml), and the mixture was stirred
with a seed crystal thereof for 6 hours. The precipitated
crystal was collected on a filter, washed with acetone (140
ml), and then dried to give 25.8 g of N-(4-(6-amino-5-
cyano-2-{{(6-(3-oxo-3-(4- (piperidin-4-ylmethyl)piperazin-1-
yl)propyl)pyridin-2-yl)methylthio)pyrimidin-4-yl)phenyl) -
acetamide trihydrochloride.

White powder.

'H-NMR (DMSO-d¢) 11.23 (1H, br-s) 10.43 (1H, s) 9.05 (1H,
br-s) 8.93 (1H, br-s) 8.30 (1H, t, J = 7.8 Hz) 7.96 (1H, d,
J = 7.8 Hz) 7.81 (2H, 4, J = 8.7 HZ) 7.78-7.73 (3H, m) 4.77
(2H, s) 4.36-4.31 (1H, m) 4.02-3.74 (23H, m ) 3.53-3.45 (2H,
m) 3.26-3.23 (5H, m) 3.02-2.81 (8H, m) 2.10-1.91 (6H, m)
1.50-1.39 (2H, m).

[0102]

Example 2

N-(4- (6-amino-5-cyano-2-((6-(3-(4-((1-(2-hydroxyethyl) -

piperidin-4-vl)methyl)piperazin-1-yl) -3-oxopropyl)pyridin-

2-yl)methylthio)pyrimidin-4-vl)phenyl)acetamide maleate

N-(4—(6—Amino~5—cyano—2—((6—(3—oxo—3—(4—(piperidin—é—

ylmethyl)piperazin-1-yl)propyl)pyridin-2-yl)methylthio) -



= .-"\"..."-CDC13:7.99(2H,d,J.8,7H 7.75-7.60(21.t, my7.51(1H,t, =7.5Hz)7.27(1H,d,J=7.5
Hz)7.07(1H,d,J=7.5Hz), 5.85(br-s,2H)4.65(1H,t,J= 5.1Hz)4.53-4.42(1H,m)4.49
(2H,5)3.59¢ 0 b ilrda@idg) 3.53-3.40(2H,m)3.13(2H,t,J .6.9Hz)3.00-2.90(2Hx )/ 280244 17356.9Hz)2.73
(1H,t,J=4.8Hz)2.63(1H,t, 3=4.8Hz)2.38-2.25(4H,m) 2.21(3H,s)2.14(2H,d,J=
7.5Hz)2.10-1.97(2H,m)1.85- 1.60(2H,m)1.55-1.40(1143n) 1.35-1.15(2H,m)

pyrimidin-4-yl)phenyl)acetamide trihydrochloride (1.01 g)
wag dissolved in dry N,N-dimethylformamide (15 ml). To the
solution were added 2-chloroethanol (186 ul), triethylamine
(0.6 ml), potassium éarbonate (386 mg), and sodium iodide
5 (300 mg), and the mixture was stirred at 50°C for 3 hours.
The reaction mixtufe was concentrated under reduced
pressure, and the residue was purified by chromatography on
silica gel (methylene chloride : methanol : 28% agueous
ammonia = 100 : 10 : 1) to give 220 mg of N-(4-(6-amino-5-
10 cyano-2-{({6-{3-(4-((1-(2-hydroxyethyl)piperidin-4-vyl) -
methyl)piperazin-1l-yl)-3-oxopropyl)pyridin-2-yl)methyl-
thio)pyrimidin-4-yl)phenyl)acetamide. The compound was
dissolved in methanol (5 ml), and maleic acid (38.8 mg) was
added thereto. The mixture was stirred for a while. The
15 solution was concentrated in vacuo to give 250 mg of N-(4-
(6~amino-5-cyano-2-((6-(3-(4-((1-(2-hydroxyethyl)piperidin-
4-yl)methyl)piperazin-1-yl)-3-oxopropyl)pyridin-2-yl) -
methylthio)pyrimidin-4—yl)phenyl}acetamide maleate.
White powder.
20 '"H-NMR (DMSO-d¢) 10.25 (1H, s) 7.83 (2H, d, J = 8.7 Hz)
7.71 (2H, 4, J = 8.7 Hz) 7.63 (l1H, ¢, J = 7.5 Hz) 7.35 (1H,
d, J = 7.5 Hz) 7.15 (1H, 4, J = 7.5 Hz), 6.04 (2H, s) 5.76
(1H, br-s) 4.47-4.35 (4H, m) 3.71 (2H, br-s) 3.45-3.32 (9H,
m ) 3.11 {(2H, br-s) 2.97-2.87 (4H, m) 2.73-2.6% (2H, m}’

25 2.36-2.19 (3H, m) 2.09 (3H, s) 1.88-1.83 (32H, m) 1.35-1.31



iNO 01 IsMS0d-6:10.25(1H,s)7.84 (2H,d,J=8.7Hz)7.72(2H,d, J=8.7Hz)7.62(1H,t,J=7.8
Hz)7.34(1H,d,J=7.8Hz) 7.14(1E,d,J=7.8Hz)4.46 (2H,s)3.59(BH,s)3.50-3.25

(4H,m)2.98e2 2000(B4d291)2.75- 2.50(311,m)2.50-2.40(411,m) 2.25-2.13(4H P2 J2(30/253) 38
2.04(2H,d,J=7.2Hz)1.68- 1.55(2H,m)1.50-1.35(1H,m) 1.15-0.98(2H,m [0104] Example 6
N-(4-(6-amino-5-cyano-2-(6-(3-oxo-3-(4-(piperidin-484methyl)piperazin-1- vl)oropyl)pyrldln -2-yl)methylt
hio)- pyrimidin-4-v1)phenvflacet-D3-amide trihvdrochloride (6-3)

(2H, m).
[0103]
The following examples 3 - 5 were prepared according

to a similar process to Example 2.

@]

HNJkCHB
NC
L I
z N .R
HANT NSNS N N
- z LN
Example R NMR data ~ 8alt
1H-NMR {(DM80O-d6) 11.23 (1lH, br-
s) 10.43 (1H, s) 98.05 (1H, br-s)
8.93 (1LH, br-g) 8.30 (1H, t, J =
.8 Hz) 7.96 (1H, d, J = 7.8 Hz)
1 H .81 (2®, d, J = B.7 Hz) 7.78- trihydrochloride

.73 (3H, m) 4.77 {(2H, s) 4.36-
.31 (1H, m) 4.02-3.74 (3H, m )
.53-3.45 (2H, m) 3.26-3.23 (5H,
m) 3.02-2.81 {8H, m) 2.10-1.91
(6H, m) 1.50-1.39 (2H, m).

[TOR S N ]

DMsod-6 ¢ 10.25 (lH s) 7 B3
(2, 4, J = 8.7 Hz) .71 (2 d,
J = 8.7 Hz) 7.63 (1 H t, J = 7.5
Mz) 7.35 (1H, 4, J = 7.5 Hz)

7.15 (14, d, J = 7.5 Hz), 6.04

: (2, s) 5.76 (1H, br-s) 4.47-
2 e s N (4H, m) 3.71 (2H, br-s) maleate
3.45-3.32 (94, m ) 3.11 (2H, br-
s) 2.97-2.87 (4H, m) 2.73-2.69
(2H, m) 2.36-2.18 (3H, m) 2.09
(3, s) 1.88-1.83 (3H, m) 1.35-
1.31 (2H, m)

DMS0Od- 6 : 10.25 (1H, s) 7 83
(24, d, J = 8.7 Hz) 7.72 (2 d,
J = 8.7 Hz) 7.62 (lH, t, J = 7.8
Hz) 7.34 {1H, 4, J = 7.8 Hz)

7.14 (1H, &, J = 7.8 Hz), 4.46
3 NS [(2H, s) 3.44-3.29 (8H, m) 2.34

(2H, t, J = 7.5 Hz ) 2.87-2.83

(2H, m) 2.73-2.66 (2H, m) 2.34
(2H, br-s) 2.20-2.18 (4H,  m)
2.09 (3H, s) 2.03 (2H, d, J =
7.2 Hz) 1.87 (2H, br-s) 1.64-




WO 2010/090299PCT/jP20101051738 58 0 NWILD 1) Acethyl chloride-03 TEA, CH,Clz NCNC
INHCIO 14010 !.,. N S-"-Cr-A-,NTh r---N AO k 2) c.HCI, NleOH Et01-11 --l.---N.---1--->
t-Butyl4-(4MGB-Le{aqeracet-D3-amidophenvl)-6-amino-5- PCT/JP2010/051738
cyanobvrimidin-2-ylthio)methyl)pyridin-2-y1)- procancyl)piperazin-l-yl)methyl)piceridine-1-carboxylate
5dihydrochloride (6-2) t-Butyl4-(4-(3-(6-((4-amino-6%4-aminophenyl)-5-
cyanopyrimidin-2-ylthio)methyl)pyridin-2-yl)propanoy1)-

1.43 (4H, m) 1.05-1.01 (2H, m)

CDC13 : 7.99 (2H, 4, J = 8,7 Hz)
7.75-7.60 (2H, m} .51 (1H, t, J
= 7.5 Hz) 7.27 (1H, 4, JT = 7.5
Hz) 7.07 (1H, d&, J = 7.5 Hz),
5.85 (br-s, 2H) 4.65 (1H, t, J =
5.1 Hz) 4.53-4.42 (1H, m) 4.49
(2H, s) 3.59 (1H, t, J = 4.8 Hz)
3,53-3,40 (2H, m) 3.13 (2H, t, J
4 ///\\~//F = 6.9 Hz) 3.00-2.%0 (2H, m )
2.80 (2H, t, J = 6.9 Hz) 2.73
(1H, t, J = 4.8 Hz) 2.63 (1H, t,
7 = 4.8 Hz) 2.38-2.25 (4H, m)
2.21 (3H, s) 2.14 (2H, 4, J =
7.5 Hz) 2.10-1.87 (2H, m) 1.85-
1.60 (2H, m) 1.55-1.40 (1H, m)

1.35-1.15 (2H, m)
DMSO4- 6 10.25 (1H, s) 7.84
(2H, 4, J = 8.7 Hz) 7.72 (2H, 4,
J = 8.7 Hz) 7.62 (1H, £, J = 7.8
Hz) 7.34 (1H, 4, J = 7.8 Hz)
o 7.14 (¥H, d, J = 7.8 Hz) 4.46
5 (2H, &) 3.89 (3H, &) 3.50-3.25
//A\\/JL\ _~ |(4H, m) 2.98-2.76 {3H, m )} 2.75-
O lb.so (3H, m) 2.50-2.40 (4H, m)
2.25-2.13 (4H, m) 2.09 (3H, 8)
2.04 (2H, 4, J = 7.2 Hz) 1.68-
1.85 (2H, m) 1.50-1.25 {1H, wm)

1.15-0.98 (2H, m)

[0104]
Example 6

N-(4- (6-amino-5-cyano-2-(6-(3-oxo0-3-(4- (piperidin-4-vyl-

methyl)piperazin-1-yl)propyl)pyridin-2 —'yl )methylthio) -

pyrimidin-4-yl)phenyl)acet-D3-amide trihydrochloride (6-3)



piperazin-I-yl)methyl)piperidine-l-carboxylate (6-1)(3.4 g) was dissolved in methylene chloride (68
ml).To the 10 solution was added triethylamine (1.4 ml) at ice temperature, and the mixture was stirred
for a whilgyHegiyldasshloride (532 pl) was slowly added thereto drcpwisep apdghie ity was stirred
at room temperature overnight. Water was added thereto and the mixture was 15 transferred into a
separating funnel. The aqueous layer was extracted yyth methylene chloride (twice), and the combined
organic layer was dried over anhydrous magnesium sulfate and concentrated in vacua. The residue
was WO 2010/090299PCT/JP2010/051738 59 purified by chromatography on silica gel (methylene
chloride : methanol = 25 : 1) to give 3.1 g of t-butyl 4- o
(4-(3-(6-(4-(4-aq\@t-D3-amidop_henyl)-6-amino-5-cyano-pyrimidim@ﬁﬂg}io)methyl)pyridin-2-y|)propanoy|
)piperazin- 5 methyl)piperidine-I-carboxy)Igggm;];ngggggpoun s completely dissolved in
methanol (20 miy; then conc. HC1 (1.7 ml) wasslowlyadded thergto dropwise at ice temperature, and

. . NC_ -~ | HCI
the mixture gtirred at ropm tempegatyre for 3. hpurs. Then, hﬁnol?N 0 mf) was add@d 110 thereto
and the mixtefeNvas gtiye atBpC(Tar P%)ur.f)éﬁiér cooling tHa"retction ghixturd, thelpfecpitated

6-2

crystal was collected on a filter, and dried to give 2.06 g of t-butyl
4-((4-(3-(6-((4-(4-acet-D2-armidophenyl)
6-amino5-cyanopyrimidin-2-ylthio)methyl)pyridin-2-yliprooanoy1)-
15niperazin-I-yl)methyl)piper.j.gli‘hgﬂl-carboxylate dihydrochloride (6-2). White powder. 1H-N4R
(DMSO-d) 10.29 (1H, s) 10. 1‘1—?, br-s) 8.00-7.90 (1H, m) 7.82 (2H, d, J =8.7 Hz) 7.73 (2H, d, J= 8.7
Hz) 20 7.59"M19"4#51.40 (1Hym) 4.57 (2H, s) 4.36-4.31 (114, m) 4.02-3.89 (3H, m) 3.70-3.30 (8H, m)
3.17-2.73 (814, m) 1.99 (1H,ymy 1.7821.7392A'm)'1.39 (914, s). [0105]

N-(4-(6-Amino-5-cyano-2-’(6—(§-o§</5%%\-ﬁ)‘ki@di -4
25vimethyl)piperazin-I-yl)oropyl)pyri Q|;_r:|}-2-yl)met vithio)-

t-Butyl 4-(4-(3-(6-(4-(4-acet-D3-amidophenyl) -6-amino-5-

cyanopyrimidin-2-ylthio)methyl)pyridin-2-v1) -

propanoyl)piperazin-l-vl)methyl)piperidine-1-carboxylate

5 dihydrochloride (6-2)

t-Butyl 4-(4-(3-(6-((4-amino-6- (4-aminophenyl) -5-

cyanopyrimidin-2-ylthio)methyl)pyridin-2-yl)propanoyl) -

piperazin-1-yl)methyl)piperidine-1l-carboxylate (6-1) (3.4
g) was dissolved in methylene chloride (68 ml). To the
10 solution was  added triethylamine (1.4 ml) at ice

temperature, and the mixture was stirred for a while.
Acetyl-D3 chloride (532 ul) was slowly added thereto
dropwise, and the mixture was stirred at room temperature
overnight. Water was added thereto and the mixture Qas
15 transferred into a‘separating funnel. The aqueous layer
was extracted with meﬁhylene chloride (twice), and the
combined organic layer was dried over anhydrous magnesium

sulfate and concentrated in wvacuo. The residue was



- WO 2010/090299PCT/JP20101051738 60 pyrimidin-4-yl)phenyl)acet-D3-amide trihydrochloride (6-3)
Tot-butyl4-(4-(3-(6'-(4-(4-acet-D3-amidopheny1)-6-
amino-5-cyamapyrimidén-2-ylthio)methyl)pyridin-2-y1)- PCT/JP2010/051738
propanoyl)piperazin-1-yl)methyl)piperidine-1-carboxylate 5 dihydrochloride (6-2) (2.0 g) was added 20
ml of hydrogen chloride [1 mol/L in ethyl acetate], Aricbthe mixture was stirred at room temperature for
41 hours. The precipitate was collected on a filter and washed with ethyl acetate (4.0 ml). The crude
crystal was dissolved in water (10 ml) 10 at room temperature, and filtrated. To the filtrate was slowly
added acetone (40 ml), and the mixture was stirred with a seed crystal thereof for 2 hours. The
precipitatedRJstaRkSs chtectettiPTRGINVABRYd wiR acetdde E2mI)T8hd thERsHEE B fve 1.75 g
of N-(4-(6-amino-S- 150yano-2-(6-(3-oxo-3-(4-(piperidin-4-ylmethygpi erazin-I- S
yI)propyI)pyﬁﬁ%%fﬂ}ﬁefh)}ﬂﬁ%}ﬁ%ﬁ%idFﬁ-ﬁ)ﬁ)pheﬁy)/l)t-:ao SESED S anidlo Bihydrdthiofitiets-3). white

o o0 L Pl AL G LS SIS 290
- (514,m)3.0252. B1{B14 M2 10 1 QIGEH JRLGH 982068 81 (MY ILL3h ) piperazin-
5 l;yl}methyl}piperidine-1~carboxylate. | The compound was
completely dissolved in methanol (20 ml), then conc. HC1
(1.7 ml) was slowly added thereto dropwise at ice
temperature, and the mixture was stirred at room
temperature for 3 hours. Then, ethanol (40 ml) was added
10 thereto and the mixture was stirred at 50°C for 1 hour.
After cooling the reaction mixture, the precipitated
crystal was collected on a filter, and dried to give 2.06 g
of t-butyl 4-((4-(3-(6-((4-(4~acet-D3-amidophenyl)-6-amino-
S5-cyanopyrimidin-2-ylthio)methyl)pyridin-2-vyl)propanoyl) -
15 piperazin-l-yl)methyl)piperidine-l-carboxylate
dihydrochloride (6-2).
White powder.
"H-NMR (DMSO-dg) 10.29 (1H, s) 10.15 (1H, br-s) 8.00-7.90
(LH, m) 7.82 (2H, 4, J = 8.7 Hz) 7.73 (2H, 4, J= 8.7 Hz)
20 7.59 (1H, m) 7.40 (1H, m) 4.57 (2H, s) 4.36-4.31 (1H, m)
4.02-3.89 (3H, m) 3.70-3.30 (8H, m) 3.17-2.73 (8H, m) 1.99
(1H, m) 1.78-1.73 (2H, m) 1.39 (9H, s).
[0105]‘

N-(4-(6-Amino-5-cyano-2- (6-(3-0ox0-3~- (4- (piperidin-4-

25 ylmethyl)piperazin-1-vl)propyl)pyridin-2-yvl)methylthio) -



4.70(2H,s)4.3E- (2H,m)3.26-3.23 m)1.50-1.39(214, 25[0106] W02010/090299PCTI3P2010/051738
61 Example 7 7-3 Malonoriltrile Piperidine EtONNC 7-7 CYCIDLION FitriNe-L6,Pr"L.1-0'HtNs

MeCt411428 MieXéiiey 1OH 7-107-11 PCT/IP2010/051738

60

pyrimidin-4-vl)phenyl)acet-D3-amide tfihydrochloride (6-3)
To t-butyl 4-(4—(3—(64(4»(4—acet-D3-amidophenylf—6—
amino-5-cyanopyrimidin-2-ylthio)methyl)pyridin-2-yl) -
propanoyl)piperazin-l-yl)methyl)piperidine-l-carboxylate
5 dihydrochloride (6-2) (2.0 g) was added 20 ml of hydrogen
chloride [1 mol/L in ethyl acetate], and the mixture was
stirredbat room temperatuie for 41 hours. The precipitaté
was collected on a filter and washed with ethyl acetate
(4.0 ml). The crude crystal was dissolved in water (10 ml)
10 at room temperature, and filtrated. To the filtrate was
slowly added acetone (40 ml), and theAmixture was stirred
with a seed crystal thereof for 2 hours. The précipitated
crystal was collected on a filter, washed with acetone (4
ml), and then dried to give 1.75 g of N-(4-(6-amino-5-
15 cyano-2- (6~ (3-0x0-3~(4- (piperidin-4-ylmethyl)piperazin-1-
yl)propyl)pyridin—2—yl)methylthio)pyrimidin—4—yl)phenyl)—.
acet-D3-amide trihydrochloride (6-3).
White powder.
'H-NMR (DMSO-dg) 11.06 (1H, br-s) 10.38 (1H, g) 8.9%4-8.81
20 (2H, m) 8.16 (1H, t, J= 7.8 Hz) 7.83-7.80 (3H, m) 7.75 (2H,
d, J = 8.7 Hz) 7.64 (1H, 4, J = 7.8 Hz) 4.70 (2H, s) 4.36-
4.31 (1H, m) 4.02-3.74 (3H, m) 3.53-3.45 (2H, m) 3.26-3.23
(SH, m) 3.02-2.81 (8H, m) 2.10-1.91 (3H, m) 1.50-1.39 (2H,
m) .

25 [0106]



~ 1)IN HCI/AcOEtHN 2) rectyst. fromDD 1120/AcetoneMCNCIHOMCI KM 0 NA, DWD OHOAc 7-4
HNA, D K,002, DMF, NIBS NH CI4H2N 7-8p7-9 1) WSC, NOMFINk Acetoneo DD MCINOO H,N

N14-Th ... GMA 090299 PCT/JP2010/051738
61
Example 7
X
o, %2 cone. conc. K1 _NaBH, e, H, & ASCI, TEA L
R ad
o b MeOH )%j Du;xane D s%id/c(pg) ]i?: AcOEt IF[D ’
, AL
CoMH ome H: OH DMF, AcOEt ohe
7-1 JOL\ . 0 0 75 [}
N p
HN HN A k ©80" o
K,CO, o D MnO . Malononnnle D HAl p Thiourea o o o l
MeOH D D Plpendme o D' Na, EtOH D o K,CO,, DMF, NBS
EtOH NC Ne
OH : (M :
2
76 CN HNTN"TSH
0 o 7-8 o 79
AN NS 1) WSC, HOBt N

o LiOH o Acetone o D
D D = D 4 > D D
N o~ MeCNMH O Ne CH o W~ nteR Ny v el o W g Kk
HN Nd‘s'\ﬁj/\)‘o’ HANTN SWOH z)'\"‘ - HNTN s'\ﬁ)/\/“m N0

. conc. ,

7-10 7-14 MeOH 7-12
1) 1N HCUACOEL MMi

RN ]
2) recryst. from D b
H,OlAcetone NC i N HCl
Wit o

7-13

Methyl 4-nitrobenzcate-2,3,5,6-D4 (7-2)

4-Nitrobenzoic-D4 acid (7-1) (5 g) was dissolved in
5 methanol (100 ml). To the solution was added cénc.
hydrochloric acid (1.0 ml), and the mixture was refluxed
for 15 hours. The reaction mixture was concentrated in
vacuo and then water was added to the residue. The mixture
was extracted with methylene chloride. The organic laver
10 was washed with agueous sodium hydrogen carbonate, dried
over anhydrous magnesium sulfate, and concentrated in vacuo
to gi#e 5.3 g of methyl 4-nitrobenzoate-2,3,5,6-D4 (7-2).
White powder.
"H-NMR (CDCl;) 3.99 (3H, s).

15 [0107]



L,N 7-12 7-13 Methyl 4-nitrobenzoate-2,3,5,6-D4 (7-2) 4-N trobenzoic-D4 acid (7-1) (5 g) was
dissolved in 5 methanol (100 m1). To the solution was added conc. hydrochloric acid (1.0 ml), and the
mixture wag ¢eilugeddo 15 hours. The reaction mixture was concentrated ipcvasesd @ditgn water
was added to the residue. The mixture WRS extracted with methylene chloride. The organic layer
10was washed with aqueous sodium hydrogen carbaogiate, dried over anhydrous magnesium sulfate,
and concentrated in vacua to give 5.3 g of methyl 4-nitrobenzoate-2,3,5,6-D4 (7-2). White powder.
1H-NMR (CDC13) 3.99 (3H, s). WO 2010/090299PCT/JP2010/051738 62 4-Nitrobenzyl1-2,3,5,6-1D4
alcohol (7-3) Methyl 4- nitrobenzoate-2,3,5,6-D4 (7-2) (5.3 g) was suspended in a mixture of
dioxane (53 fYand-wiaterd83 1al) 316 the-Sdspehsiohavas(@dded sodium borohydride (9.4 g), and the
mixture was stirred at room temperature for 6 hours. After the reaction was completed, the reaction
mixture was weaklyMgdidifidd &ith BN FeRleasaansténéd té BPdeparatihy furnel. The ada@oUs
layer was extracted with ethyl acetate and the combined organic layer was dried over 10anhydrous
magnesium SHEREBABLoHReAtrBGHYRCEE tEGREARA § F 4TitroBéRyy et 8% 6. T4 E‘I%ghol (7-3).
EAeenss: S eadpdnzezn viss Gaaed SR BEHANaR IO (Y 670

5 the mixture was stirred at room temperature for 6 hours.

After the reaction was completed, the reaétion mixture was
weakly acidified with 5 N HCl1 and transferred intcr a
sepaﬁating funnel.t The aqueous layer was extracted with
ethyl acetate and the combined organic layer was dried over

10 anhydrous magnesium sulfate and céncentrated in wvacuo to
give 3.75 g of 4-nitrobenzyl-2,3,5,6-D4 alcohol (7-3).
Yellow powder.
'H-NMR (DMSO-d¢) 5.53 (1H, t, J = 5.7 Hz) 4.64 (2H, 4, J=
5.7 Hz) .

15 [o108]

4 -Aminobenzyl-2,3,5,6-D4 alcohol (7-4)

4-Nitrobenzyl-2,3,5,6-D4 alcohol (7-3) (3.75 g) was
dissolved in a mixture of ethyl acetate (37 ml) and
dimethylformamide (10 ml). To the solution was added 5%
20 palladium~ (activated carbon) (400 mg), and the mixture was
stirred under atmospheric hydrogen pressure for 6 hours.
After the reaction was completed, the catalyst was filtered
off and the filtrate was concentrated in vacuo to give 2.65

g of 4-aminobenzyl-2,3,5,6-D4 alcoﬁol (7-4).

25 Yellow oil.



. 4-Nitrobenzy1-2,3,5,6-D4 alcohol (7-3) (3.75 g) was dissolved in a mixture of ethyl acetate (37 ml) and
dimethylformamide (10 ml). To the solution was added 51 20 palladium-(activated carbon) (400 mg),
and the mPQrPW&ALEBHRPred under atmospheric hydrogen pressure for 6 hoR€g/JRerthe Tédction was
completed, the catalyst was filtered off and the filtrate was concentrated in vacuo to give 2.65 g of
4-aminobenzyl-2,3,5,6-D4 alcohol (7-4). 25Yellow o#.3 W02010/090299PCTUP2010/051738 1H-NMR
(CDC.ia) 4.56 2H, s). [0109] 4-Acetamidobenzyl1-2,3,5,6-D4 acetate (7-5) 4-Aminobenzyl-2,3,5,6-D4
alcohol (7-4) (2.65 g) was 5 dissolved in ethyl acetate (53 ml). To the solution was added
triethylamine (12.9 ml) at ice temperature, and the mixture was stirred for a while. And then acetyl
chloride (5.5 )Wﬁ@ S gaﬂde‘ﬂ rﬁ@re{g%roﬁkllse and the mixture was stirred for 1 hour. After the
reaction was qrgfglﬁted 10water was added to the reaction mixture, and the mixture was transferred
into a separa{tl nel. The aqueous layer was extracted with ethyl acetate and the combined
organic layej w, entrated in vacuo to give 4.28 g
of 4- 15aceta R (DMS0-016) 4.99 (2H, s) 2.09

(6H, s). [0110] N- (%UMQI%HE%WOBG@V'? %5z§rD‘Q§E%¥i‘the (#62) 20,5 g)
4-Acetamidebenzyl-2,3,5,6-D4 acetate (7-5)(4.26 g) was dissolved in methanol (80 mi). To the

solutign wasaddech paiassivm saipnated2:% 8 and shegnixture was steedden & o Beurs:Adter the
reaction was completed, the reaction mixture was filtrated.The filtrate was

added triethylamine (12.9 ml) at ice temperature, and the

mixture was stirred for a while. And thén acetyl chloride

(5.5 ml) was slowly added thereto dfopwise, and the mixture

was stirred for 1 hour. After the reaction was completed,
10 water was added to the reaction mixture, and the mixture

was transferred into a separating funnel. The aqueous

layer was extracted with ethyl acetate and the combined

organic layer was dried over anhydrous magnesium sulfate

and concentrated in wvacuo to give 4.28 g of 4-
15 acetamidobenzyl-2,3,5,6-D4 acetate (7-5).

Yellow oil.

'H-NMR (DMSO-dg) 4.99 (2H, s) 2.09 (6H, s).

[0110]

N-(4- (Hydroxymethyl)phenyl-2,3,5,6-D4)acetamide (7-6)

20 4-Acetamidebenzyl-2,3,5,6-D4 acetate (7-5) (4.28 g) was
dissolved in methanol (80 ml). To the solution was added
potassium carbonate (2.9 g), and the mixture was stirred
for 1.5 hours. After the reaction was completed, the
reaction mixture was filtrated. .The filtrate was

25 concentrated in vacuo to give 3.4 g of N-(4-



WO 2010/090299PCT/JP2010/051738 64 (hydroxymethyl)phenyl1-2,3,5,6-D4)acetamide (7-6). Yellow
oil. 1H-NMR (DM50-30 10.07 (1H, s) 4.42 (211, s) 2.02 (3H, s). [0111]

N-(4-FormylpbeRykiaed 0.6-D4)acetamide (7-7) PCT/JP2010/051738
N-(4-(Hydroxymethyl)pheny1-2,3,5,6-D4)acetamide (7-6) (3.4 g) was dissolved in dimethylformamide
(68 ml). To the solution was added manganese dioxiglg .(17 g), and the mixture was stirred at 60C for
6 hours. After the 10 reaction was completed, the reaction mixture was filtrated. To the filtrate was
added water, and the mixture was extracted with ethyl acetate. The organic layer was dried over
anhydrous magnesium sulfate and concentrated in vacuo to give 2.5 g of
N-(4-formylptienyt < grtet DD acdtamide- 7 - 357).6~hite portdeniidsNMR{CDC13) 9.93 (11!, s) 7.50
(1H, br-s) 2.23 (3H, m). [0112] N-(4-(2,2-Dicyanovinvl)phenyl-2,3,5,6-D4)acetamide (7-6)
20N-(4-FoylBReéAyi 238, 6-D4)acetamide(7-7)(2.5g) was dissolved in ethanol (50 ml). To the solution
were addedlmalononitrile (1.1 gge and piperidine (2 drops), and the mixture was stirred at room
temperature ¥r8RouRMPRe PrecipRaRd chydtal Was olfecte 8 afte? Washed25@ith ethanol, and
dried to give 2.1 g of N-(4-(2,2- WO 2010/090299PC171P2010/051738 65

dicyanovinyl ﬁﬁ 1-2,3,5,6-D4)acetamide (7-8).

5  N-(4-Formylphenyl-2,3,5,6-D4)acetamide (7-7)

N- (4- (Hydroxymethyl)phenyl-2,3,5,6-D4)acetamide (7-6)
(3.4 g} was dissolved in dimethylformamide (68 ml). To the
solution was added manganese dioxide (17 g), and the
mixture was stirred at 60°C for 6 hours. After the
10 reaction was completed, the reaction mixture was filtrated.
To the filtrate was added water, and the mixture was
extracted with ethyl acetate. The organic layer'was dried
over anhydrous magnesium sulfate and concentrated in wvacuo
to give 2.5 g of N-(4-formylphenyl-2,3,5,6-D4)acetamide (7~
15 7).
White powder.
'H-NMR (CDCl;) 9.93 (1H, s) 7.50 (1H, br-s) 2.23 (3H, m).
[0112]

N-(4-(2,2-Dicyanovinyl)phenyl-2,3,5,6-D4)acetamide (7-8)

20 : N- (4-Formylphenyl-2,3,5,6-D4)acetamide(7-7) (2.5 qg)
was dissolved in ethanol (50 ml). To the solution were
added malononitrile (1.1 g) and piperidine (2 drops), and

the mixture was stirred at room temperature for 8 hours.
The precipitated crystal was collected on a filter, washed

25 with ethanol, and dried to give 2.1 g of N-(4-(2,2-



~ Yellow powder. 151-NMR (DMSO-d0 10.52 (1H, s) 8.37 (IH, s) 2.12 (3H, s). [0113]
5N-(4-(6-Amino-5-cvano-2-mercapto-3,4-dihydr9pyrimidin-4- yl)phenvl-2,3,5,6-D4)acetamide (7-9)
To 20 ml efarrathevwabsolution wherein metal sodium (276 mg) was dissoiverwas @okdessthiourea
(760 mg), and the mixture was stirred at room temperature for 1 hour. Then, 10
N-(4-(2,2-dicyanovinyl)pheny1-2,3,5,6-D4)acetamides/-8) (2.1 g) was added thereto and the mixture
was stirred under reflux for 3 hours. After the reaction was completed, the ethanol was removed off
under reduced pressure. The residue was dissolved in warm water and weakly acidified 15with acetic
acid.The precipitate was collected on a filter and dried to give 2.91 g of N-(4-(6-amino-5-cyano-2-
mercapto-3 didibydropyiviidinasmphery B-253,6 PB4 R credamiide (17)8Yellow powder. 20H-NMR
(DM50-d0 9.99 (1H,) 9.69 (1H, s) 6,13 (2H, m) 4.93 (1H, s) 2.07 (3H, s). [0114] Methyl
3-(6-(4-(4-acetyaRIh GISHENFT-2,3,5,6-D4)-6-amino-5-

g\éanopyrlmlgén_ I%’I"Ylthhl Dn&%tg\nl&gyn?g .25 gl)p)(rfgllonsa;[e(g. 32751%}{\/,\/05%0%O,/Q%O%%%ECE/)H,ZMO/OS1738
N-(4-(6-AmiQ%-&%y]ano-z-mercapto-?:,4-dihydropyrimidin4-yl)pheny1-2,3,5,6-D4)acetamide(7-9)(2.91g)
was

5 N-(4- (6-Amino-5-cyano-2-mercapto-3,4-dihydropyrimidin-4-

v1l)phenyl-2,3,5,6-D4)acetamide (7-9)

To 20 ml of an ethanol solution wherein metal sodium
(276 mg) was dissolved was added thiourea (760 mg), and the
mixture was stirred at room temperature for 1 hour. Then,
10 N-{(4-(2,2-dicyanovinyl)phenyl-2,3,5,6-D4)acetamide (7-8)
(2.1 g) was added thereto and the mixture was stirred under
reflux for 3 hours. After the reaction was completed, the
ethanol was removed off under reduced pressure. The
residue was dissolved in warm water and weakly acidified
15 with acetic acid. The precipitate was collected on a
filter and dried to give 2.91 g of N-(4-(6-amino-5-cyano-2-
mercapto-3,4-dihydropyrimidin-4-yl)phenyl-2,3,5,6-D4) -
acetamide (7-9).
Yellow powder.
20 'H-NMR (DMSO-d¢) 9.99 (1H, s) 9.69 (1H, s) 6.13 (2H, m)
4.93 (1H, s) 2.07 (3H, s).
[0114] |

Methyl 3-(6-(4-(4-acetylaminophenyl-2,3,5,6-D4)-6-amino-5-

cvanopyrimidin-2-ylthiomethyl)pyridin-2-vl)propionate (7-

25 10)



dissolved in dimethylfoiamide (60 m1). To the solution were added methyl
3-(6-methanesulfonyloxymethylpyridin-2- 5 yl)propionate (2.73 g) and potassium carbonate (2.76 g),
and the mixtusewesyssirred at room temperature overnight. Then, N-bromestganiiv@e: ¢3s77 g) was
added thereto, and the mixture was stirred for another 1 hoUr. After the reaction was completed, water
was added to the reaction 10 mixture and the mixturgavas extracted with ethyl acetate. The organic
layer was dried over anhydrous magnesium sulfate, and concentrated in vacua. The residue was
purified by chromatography on silica gel (methylene chloride : methanol = 20 : 1) to give 3.52 g of
methyl 3- 15 : :
(6-(4-(4-acetylamidbplfenyd -8 5162 D3 )-6yanmo25-0FalsyFitm dind2-¢ibis AresmpimMd Az y ) propiona
te(7-10). White powder. 'H-NI4R (DMSO-d6) 10.26 (IH, s) 7.62 (1E, t, 3= 7.8 Hz) 7.36 (1E, d, J=7.8
Hz) 7:16 (14 d1) BYeBYk) 4.4 Btf 92035 7@REE52.99((214) t, J. 72-12) 2.78) (214429, 7.2 Hz)
2.09 (3H, s). [0115

] . , . .
3;(6-(4(;(?7-A1%léﬁ/‘;§i}l?ﬁ%%rlméfgl?%§}%Fa*-‘rzﬂlt)f-a-%‘i‘ﬁfﬂhb%lc%%\z]%pg%gﬁi;jg]-zTﬁthiBH?etr%Wﬁdiﬁfb-yopropio
nic aci - e -(o-(4-(4-ecelylamino nyl- - -0- o
Wozo10/098§§§Pc51‘§%§20ﬂ%6§§¥§38%? rﬁ.“ﬁ%ﬁ%laen%%%%’nfﬁ %%%ffﬁ%&r‘éﬁ%ﬁ?ﬁ RZy1)-

ionate (7 ded in SQ% _containi tril ).To th
e L o A S o e uxed for 2

hours. Then,a solution f gitric-aaid {159 9) in-water {10 pllwas gradually added (o theggaction

mixture, and the reaction mixture was stirred at 50C for 1 hour. After cooling the reaction mixture, the

precipitatedmgigsial wagpeeltestac-en a fitetd Owashed with water, andded teegive 3,29 gref
3-(6-(4-(4- acetylaminophenyl-2,3,5,6-D4)-6-amino-5-cyanopyrimidin-2-
ylthiomethy fhpyridin:2yhHpropwnic acidtz43). White pawdBer 1 hour. After the
reaétion. was completed, water was added to the reaction
10 mixture and the mixture was extracted with ethyl acetate.
The organic layer was dried over anhydrous magnesium
sulfate, .and concentrated 1in vacuo. The residue was
purified by chromatography on silica gel (methylene
chloride : methanol = 20 : 1) to give 3.52 g of_methyl 3=
15 (6-(4-(4-acetylaminophenyl-2,3,5,6-D4) -6-amino-5-cyano-
pyrimidin-2-ylthiomethyl)pyridin-2-yl)propionate (7-10).
White powder.
'H-NMR (DMSO-d¢) 10.26 (1H, s) 7.63 (1H, t, J= 7.8 Hz) 7.36
(14, d, J= 7.8 Hz) 7.16 (1H, 4, J = 7.8 Hz) 4.46 (2H, s)
20 3.57 (3H, s) 2.99 (2H, t, J= 7.2 Hz) 2.73 (2H, t, J= 7.2
Hz) 2.09 (3H, s).

[0115]

3-(6-(4-(4-Acetylaminophenyl-2,3,5,6-D4) -6-amino-5-cyano-

pyrimidin-2-ylthiomethyl)pyridin-2-vl)propionic acid (7-11)

25 Methyl 3-(6-(4-(4-acetylaminophenyl-2,3,5,6-D4)-6-



~ 1H-NMR (DMSO-d0 10.25 (1H, s), 7.64 (1H, t,a = 7.8 Hz), 157.36 (1H, d, J = 7.8 Hz), 7.16 (1H, d, S
= 7.8 Hz) 4.46 (214, s) 2.92 (214, t, J = 7.2 Hz) 2.65 (2H, t, J = 7.2 Hz) 2.09 (3H, s). [0116]
t-Butyl4-(4x(8-161 (bqgeacetamidothenyl-2,3,5,6-D4)-6- PCT/JP2010/051738
20amino-5-cyanopyrimidin-2-ylthio)methyl)pyridin-2-yl)-
propanoyl)tiperazin-l-yl)methyl)oiperidine-1-carboxylate dihydrochloride (7-12)
3-(6-(4-(4-Acetylaminophenyl-2,3,5,6-D4)-6-amino-5cyanopyrimidin-2-ylthiomethyl) pyridin-2-yl)propioni
cacid 25(7-11) (2.29 g) was suspended in acetone (46 ml). To the WO
2010/090299PCT/3P2010/051738 68 suspension were added 1-hydroxy-1H-benzotriazole (820 mg),
1-ethyl-3-(3afirhathyRnireprpyiL eafdatirmide fyHreBmbhYe (PY6 i iand thttyt
4-piperazin-1-ylmethyl- piperidine-1-carboxylate §1.43 g) in order, and the mixture 5 was refluxed for 1
hour. The a8&toRd RRRY8MIVETEH in (Acts, afd théfrEthyTHEBRRETSS M amfWatdB@3 ) were

added thereto, and the mixture was stirred for 30 minutgz&The mixture was transferred into a
u

separating fGRMEIFHESI§aric faydt Was washed With Raturated 10 adifeotis SBaMRIR RYdrdGEn

carbonate an ggge irigg%ej{gjtgelr;egg)alreé}ggg%dro%én a}?ip;;%%n; suI{%u;lang‘?zncerg{_l ed é’@l%acuo.

After the residuie was comp SO In methano ml), conc. H 1.43 'ml) was slowly

addeg th etq,diopyise ablce tampetalute agd ihe mbiuganas stinggal 13 oo (emparatiue for 1

hour. Then, ethanol (45 ml) was added thereto and the mixture was stirred at 50C for 1 hour. After

cooling the reactiqn.mixtyre, the grecipjtated cystal wascollecied Qa & fiteranchdriedstagive 2.35 g

of t-butyl 4-((4-(3-(6- (4-(4-acetamidophenyl-2,3,5,6-D4)- :

206-amino-g-gyamepyrirpigin-2idthioymethybpyridiz@dyl)the reaction mixture was
stirred at 50°C for 1 hour. After cooling the reaction
mixture, the precipitated crystal was collected on a filter,

10 washed with water, and dried to give 2.29 g of 3-(6-(4-(4-
acetylaminophényl—z,B,S,6~D4)—6—amino—S—cyanopyrimidin—2—
ylthiomethﬁl)pyridin—z—yl)propionic acid(7-11).

White powder.
'H-NMR (DMSO-dg) 10.25 (1H, s), 7.64 (1H, t, J = 7.8 Hz),

15 7.36 (1H, 4, J = 7.8 Hz), 7.16 (1H, 4, J = 7.8 Hz) 4.46 (2H,

s) 2.92 (2H, t, J = 7.2 Hz) 2.65 (2H, t, J = 7.2 Hz) 2.09

(3", s).

[0116]

t-Butyl 4-(4-(3-(6~-(4-(4-acetamidophenyl-2,3,5,6-D4)-6-
20 amino—5—cyanopyrimidin—2—ylthio}methyl)Dyfidin~2—yl)-

propanoyl)piperazin-l-yl)methyl)piperidine-l-carboxylate

dihydrochloride (7-12)

3-(6-(4-(4-Acetylaminophenyl-2,3,5,6-D4)-6~-amino-5-
cyanopyrimidin-2-ylthiomethyl)pyridin-2-yl)propionic acid

25 (7-11) (2.29 g) was suspended in acetone (46 ml). To the



propanoyl)piperazin-l-yl)methyl)piperidine-1-carboxylate dihydrochloride (7-12). White powder.
1H-NMR (DMSO-dO0 10.30 (1H, s) 7.95 (1H, m) 7.65 (1H, m) 257.45 (1H, m) 4.59 (2H, s) 4.40-4.31
(1H, m) 454@389/¢SHeo WO 2010/090299PCTATP2010/051738 69 m) 3.7f-3,3(3h31ms8-17-2.73
(BH, m) 2.09 (3H, s) 1.99 (1H, m) 1.78-1.74 (2H, m) 1.39 (9H, s). [0117]
N-(4-(6-Amino-5-cvano-2-(6-(3-oxo-3-(4-(tiperidin-4-glg ‘
5methv1)niperazin-1-y1)nropyl)pyridin-2-yl)methv1thio)- pyrimidin-4-yl)nhenyl-2,3,5,6-D4)acetamide
trinydrochloride (7-13) To t-butyl 4-(4-(3-(6-(4-(4-acetamidopheny1-2,3,5,6- ‘
D4)-6-amino-5-cyanopyrimidin-2-ylthio)methyl)pyridin-2-y1)-
10propanoyiipiperarn-byl) et s/) pipdadind-1hatboxytatedinpdrechivhide ¢2-¢ 2)( @235 gigwas added
22 ml of hydrogen chloride [1 mol/L in ethyl acetate] , and the mixture was stirred at. room temperature
for 24 hours! TREIpFéciprdfeWad eslacictdR atier dhd Washeaitémel acetate 15 (4.7 ml). The
crude crystal was dissolved in water (10 ml) at room temperature, and filtrated. To the filtrate was

slowly addeRELERSTE @R, dfd e Bixturditdad sty With PIRRFEFIAr therddEbiY hours. The

precipitated crystal.was collected on a filter, washed with acetone (4.7 20ml), and then dried to give

1.93 g of NX4 Seihie %95&&396(é{%§5§0%i(4%%piﬁgrid}ﬁlA?ylfff{%ﬁlyl)ﬁfb rdtR-NBES YTy

idin-2-yl)meghylthi imidin-4- nyl- 2,3,5,6:D4)acetamide trihydrochloride (7-13). White

~ powder. 25%%NK3IZR é%%%% Qﬂﬁm %‘I—%br-s)%%é I%pg)%ﬁv B =TOVE S8 "N
vacuo, and then ethyl acetate (23 ml) and water (23 ml)

were added thereto, and the mixture was stirred for 30

minutes. The mixture was transferred into a separating
funnel. The organic layer was washed with saturated
10 agqueous sodium hydrogen carbonate and brine in order, dried

over anhydrous magnesium sulfate and concentrated in vacuo.
After the residue was completely dissolved in methanol
(22.5 ml), conc. HCl (1.43 ml) was slowly added thereto
dropwise at ice temperature and the mixture was stirred at
15 room temperature for 1 hour. Then, ethanol (45 ml) was
added thereto and the mixture was stirred at 50°C for 1
hour. After cooling the reaction mixture, the precipitated
crystal was collected on a filter, and dried to give 2.35 g
of t-butyl 4-((44(3—(6—((4—(4—acetamidophenyl—2,3,5,6-D4)—
20 6-amino-5-cyanopyrimidin-2-ylthio)methyl)pyridin-2-vy1l) -
propanoyl)piperazin-1l-yl)methyl)piperidine-1-carboxylate
dihydrochloride (7-12).
White powder.
'H-NMR (DMSO-d¢) 10.30 (1H, s) 7.95 (1H, m) 7.65 (1H, m)

25 7.45 (1H, m) 4.59 (2H, s) 4.40-4.31 (1H, m) 4.10-3.85 (3H,



WO 2010/090299PCTUP2010/051738 70 (2H,m)8.10(1E, m)7.79(1H,m)7.59 (1H,m)4.67 (2H, s)
4.37-4.33(1H,m) 4.07-4.03(12,in) 3.70-2.82 (172, m) 2.10-1.98(6E,m) 1.48-1.37(22,m). [0118]

10

15

20

25

WO 2010/090299 PCT/JP2010/0651738

69

m) 3.70-3.30 (8H, m) 3.17-2.73 (8H, m) 2.09 (3H, s) 1.99
(1H, m) 1.78-1.74 (2H, m) 1.39 (SH, s).
[0117]

N- (4- (6-Amino-5-cvyvano-2- (6- (3-oxo-3- (4- (piperidin-4-y1l-

methyl)piperazin-1l-yl)propyl)pyridin-2-yl)methylthio) -

pyrimidin-4-yl)phenyl-2,3,5,6-D4)acetamide trihydrochloride

(7-13)

To t-butyl 4-(4-(3-(6-(4-(4-acetamidophenyl-2,3,5,6-
Dé)—6;amino—S—cyanopyrimidin=2—ylthio)methyl)pyridin-2-yl)—
propanoyl)piperazin-l-yl)methyl)piperidine-l-carboxylate
dihydrochloride (7-12) (2.35 g) was added 23 ml of hydrogen
chloride (1 mol/L in ethyl acetate]., and the mixture was
stirred at room temperature for 24 hours. The precipitate

was collected on a filter and washed with ethyl acetate

(4.7 ml). The crude crystal was dissolved in water (10 ml)
at room temperature, and filtrated. To the filtrate was
slowly added acetone (40 ml), and the mixture was stirred

with a seed crystal thereof for 2 hours. The precipitated
crystal was collected on a filter, washed with acetone (4.7
ml), and then dried to give 1.83 g of N-(4-(6-amino-5-
cyano-2- ((6-(3-oxo-3-(4- (piperidin-4-ylmethyl)piperazin-1-
yl)propyl)pyridin—2-yl)methylthio}pyrimidin—é—yl)phenyi~
2,3,5,6-D4)acetamide trihydrochloride (7-13).

White powder.

'H-NMR (DM8O-de) 11.04 (1H, br-s) 10.38 (1H, s) 8.92-8.80



Hereinafter, processes of the following compounds are shown as reference examples.
3-(6-(4-Amino-6-(4-aminophenyl)-5-cyanopyrimidin-2-ylthiomethyl)pyridin-2-yl)propionic acid (8-2)
103-(6-(4-(fPhstylammiopheny)-6-amino-5-cyano- pyrimidin-2-ylthipmethyoypiding 2=y L)propionic
acid (8-1) (230 mg) was suspended in acetonitrile (20 m1). To the suspension was added 5N
hydrochloric acid (2 ml), and the mixture was stirred at,60C overnight. After cooling thefl 15 reaction
mixture, aqueous citric acid was gradually added thereto in order to neutralize the reaction mixture.
The precipitated crystal was collected on a filter, washed with WO 2010/090299PCT/H2010/051738
71 ethanol, and dried to give 150 mg of 3-(6-(4-amino-6-(4-
aminopheny1}5;cyahopyrimidifi-2-ylthipmethyl)pyridin2} yI)@epionic,actd (& 2§ Ligityellew powder.
51H-NMR (DMSO-c10 7.83 (2H, d, J =8.7 Hz) 7.74 (114,t,J=7.5Hz) 7.30 (1H,d, J=7.5Hz) 7.12
(114, d, J = 3.53A7)46.83 (212Hd, J= 8.7 197)-3.90 $214 1 Hr-s) 4% (3147 &) 2.582(214,TH] =7)5 Hz)

2.48 (2H,t, J = 7.5 Hz). [0115] 10t-Butyl4-(4-(3-(6-((4-amino-6-(4-aminopheny1)-5- -Cyano-
2.10-1.58 (6H, m) 1.48-1.37 (2H, m).

[0118]
5 Hereinafter, processes of the following compounds are shown

as reference examples.

5N HCI hH, ' WSC, HOB, Acetone
it -
MeCN | o
NCI\N o NTY N o
N 2L N~ LN
s OH HN TN s NS OH
# #
8-1 8-2
NH, NH, HCI
1N HCV
AcOEt
NC{\E\ o i. T . NC S o HCl HCl
HZN N’ s ‘N\ @ 0 r.t, HZN NJ\S/\EN:K\/N\N/\'
( N = K/N
8-3 8-4 '

3~(6~(4—Amino-6-(4—aminophenyl) 5 cyanopyrimidin-2- ylthlo-

methyl)pyridin-2-vyl)propionic acid (8-2)

10 3-(6-(4-(4-Acetylaminophenyl) -6-amino-5-cyanc-
pyrimidin-2-ylthiomethyl)pyridin-2-yl)propionic acid (8-1)
(230 mg) was suspended in acetonitrile (20 ml). To the
suspension was added 5N hydrochldric acid (2 ml), and the
mixture was stirred at 60°C overnight. After cooling the

15 reaction mixture, agueous citric acid was gradually added
thereto in order to neutralize the reaction mixture. The

precipitated crystal was collected on a filter, washed with



. pyrimidin-2-ylthio)methyl)nyridin-2-yl)propanovl)piperazin-l-yl)methyl)piperidine-l-carboxylate (8-3)
3-(6-(4-Amino-6-(4-aminophenyl)-5-cyanopyrimidin-2-ylsulfanylmethyl)pyridin-2-yl)propionic acid (8-2)
(2.58 15 wae auspended in acetone (50 m1). To the suspension were addedT/Jr2010/051738
1-hydroxy-1H-benzotriazole (1.28 g), 1-ethyl-3-(3- dimethylaminopropyl)-carbodiimide hydrochloride
(1.8 g), and t-butyl 4-piperazin-l-ylmethyl-piperidine-l-zarboxylate (1.8 g) in order, and the mixture was
refluxed for 1 hour. 20 The acetone was removed off in vacua, and then ethyl acetate (30 ml) and
water (30 ml) were added thereto, and the mixture was stirred for 30 minutes. The mixture was
transferred into a separating funnel. The organic layer was washed with saturated aqueous sodium
hydrogen caftidkaie 2oarribrirétiaftdet drigd ewerdthy8®uSfagndsumsuiawd- (4 -

- 20101090299KT/H.2010/051738 72 and concentrated in vacua.The residue was purified by
chromatogr ey BRI dal (RiethiABRE ¥hibAdE L Rict i SI DANRRoLs BRIMGHR =100 10 : 1) to
give 3.95 10 g of t-butyl | , :

4-(4-(3-(6-(4y iﬁE%égﬁﬁhcfnc?ﬁfe%yif-B?c)yanopyrimidin-2-ylthio)methyl)pyridin-2-y|)probanoyl)pipera
zinl-yl)meth%_)ipi ridine- -carb%e (8-3). Light yellow powder.

1H-1IMR(CDCI3)7.98(2H. §\9=87N2)7 50(114,t,J= 7.5Hz)7.28(114,d,J=7.5Hz)7.08(114,d,J=7.5Hz)
6.71(2H,d,J38, 7H#5. T2 0IS)4 51@14,5)4: 16-4.03(4144N)3.59(214,t, = §HZ)3.45(2 14, ¢, I=4.8

Hz)3.13(214,t,J=7.5Hz)2.80(212,t,J=7.5Hz)2.75-
7.5 Hz) 7.30 (1H, 4, J = 7.5 Hz) 7.12 (1H, d, J = 7.5 Hz)
6.61 (2H, d, J = 8.7 Hz) 5.90 (2H, br-s) 4.44 (2H, s) 2.91
(2H, £, J = 7.5 Hz) 2.48 (2H, t, J = 7.5 Hz).

[0119]

10 t-Butyl 4-(4-(3-(6~((4-amino-6~ (4 -aminophenyl)-5-cyano-

pyrimidin-2-ylthio)methyl)pyridin-2-vyl)propanoyl)piperazin-

1-vl)methyl)piperidine-l-carboxylate (8-3)

3-(6»(4-Amino—6~(4—aminqphenyl)-5~cyanopyrimidin?2—yl~
sulfanylmethyl)pyridin-2-yl)propionic acid (8-2) (2.58 g)

15 was suspended in acetone (50 ml). To the suspension were
added l-hydroxy-1H—benzotriaque (1.28 g), l—ethyl—B-(é—
dimethylaminopropyl) -carbodiimide hydrochloride (1.8 g),

and t-butyl 4-piperazin-l-ylmethyl-piperidine-l-carboxylate

(1.8 g) in order, and the mixture was refluxed for 1 hour.

20 The acetone was removed off in wvacuo, and then ethyl
acetate (30 ml) and water (20 ml) were added thereto, and

the mixture was stirred for 30 minutes. The mixture was
transferred into a separating funnel. The organic layer

‘was washed with saturated agqueous sodium hydrogen carbonate

25 and brine in order, dried over anhydrous magnesium sulfate



2.65(2H,m)2.34-2.30(414,m)2.13(2H,d,J=7,2Hz) 1.72-1.64(114,m)1.46(9H,s)1.07-1.02(214,m).
154-Amino-6-(4-aminophenv1l)-2-(6-(3-oxo0-3-(4-(piberidin-4-yl-

methyl)pingi§ain; dgapggpyl)pyndln -2-y1l)methylthio)- pyrimidin-5- carbonlt@@fﬁgﬁnxggqgggorlde (8-4)
To t-butyl4-(4-(3-(6-(4-amino-6-(4-aminophenyl)-5-
cyanopyrimidin-2-ylthio)methyl)pyridin-2-yl)propanoyl)}- 20 N _
piperazin-1-yl)ymethyl)piperidine-1-carboxylate (8-3) (3.6 g) was added 54 ml of hydrogen chloride (1
mol/L in ethyl acetate], and the mixture was stirred at room temperature for 24 hours. The precipitated
crystal was collected on a filter, washed with ethyl acetate, and dried to give 4.3 g 250f
4-amino-6-(4aminapheny }=2 46 3-0x0-3I44@piperidmd W&Z%%O%QQQEQHJPQ@&O/B&N% 73
ylmethyl)piperazin-I-yl)propyl)pyridin-2-yl)methylthio).- pyrimidine-5-carbonitr le tetrahydrochloride
(8-4). Light yetioempowder rHsNMRIDMSQ el . 2336 H, bres)ed.by [EHebr-syi8193 (134, 5br-z) 8.30
(AH, t, I =7.5Hz) 7.79-7.68 (4H, m) 6.92 (2H, d, J = 8.7 Hz) 4.77 (214, s) 4.40-4.31 (81-1, m)
3.36-3.18 (41 thp302-2. AP (6 130G Q1EL - 2198qB18, m) 152-1:34 214, \). 129} ve 3.9

Hereinafter, processes of the following compounds are 10shown as reference examples
g of t-butyl 4-(4-(3-(6-(4-amino-6- (4~ amlnophenyl) -cyano-

5 pyrimidin-2-ylthio)methyl)pyridin-2-yl)propanoyl)piperazin-
1—yl)methyl)piperidine—l~carboxylate (8-3). |
Light yellow powder.

'H-NMR " (CDCl;) 7.95 (2H, d, J = 8.7 Hz) 7.50 (1H, t, J =
7.5 Hz) 7.28 (1H, d, J = 7.5 Hz) 7.08 (1H, d, J = 7.5 Hz)

10 6.71 (2H, d, J = 8.7 Hz) 5.70 (2H,br-s) 4.51 (2H, s) 4.16-

i
S
[oy)

4.09 (4H, m ) 3.59 (2H, t, J = 4.8 Hz) 3.45 (2H, t, J
Hz) 3.13 (2H, t, J = 7.5 Hz) 2.80 (2H, t, J = 7.5 Hz) 2.75-
2,65 (2H, m) 2.34-2.30 (4H, m) 2.13 (2H, 4, J = 7.2 Hz)
1.72-1.64 (1H, m) 1.46 (9H, s) 1.07-1.02 (2H, m).

15 4—Amino—6—(4—aminophenyl)—2?(6—(3—oxo-3-(4-(biperidin-4—yl—

methyl)piperazin-1-vl)propyl)pyridin-2-yl)methylthio) -

pyrimidin-S-carbonitrile tetrahydrochloride (8-4)

~To t-butyl 4-(4-(3-(6-(4~amino-6- (4-aminophenyl) -5-
cyanopyrimidin-2-ylthio)methyl)pyridin-2-yl)propanoyl) -

20 | piperazin-l-yl)methyl)piperidine-l-carboxylate (8-3) (3.6
g) was added 54 wml of hydrogen‘chloride [1 mol/L in ethyl
acetate], and the mixture was stirred at room temperature
for 24 hours. The precipitated crystal was collected on a
filter, washed with ethyl acetate, and dried to give 4.3 g

25 of 4-amino-6- (4-aminophenyl)-2-(6-(3-0x0-3- (4-{(piperidin-4-



. OHN 1)IN HC9ACOEt 2) reeryst. from HO/Acetone Methyl
3-(6-hydroxymethyl-I-oxy-pyridin-2-y1)propionate (9 2) Methyl
3-(6-hydroxymethyimeidin-2-yfloropionate (9-1) WO 2010/090299PCTIJP2OBQI51#@8 734 solution of
m-chloroperbenzoic acid (1.46 g) in methylene chloride was slowly added thereto; and the mixture was
stirred for 2 hours. The reaction solution was washed wvith 105.- aqueous sodium sulfite, aqueous
sodium hydrogen 5carbonate, and water in order. The organic layer was dried over anhydrous
magnesium sulfate to give 880 mg of methyl 3-(6-hydroxymethyl-I-oxy-pyridin-2-yl)propionate (9-2).
White powder. 1H-NMR (CDC15) 7.48-7.29 (1H, m) 7.25-7.22 (2H, m) 5.01 (%H, 10m) 4.80 (2H, S)
3.67 (31-i, sy BB kPAP 22510 BT R HP YR Y Rypidin-2-yl)methylthio) -
N-(4-(6-Amino-5;cyan,o-2-mercaptop¥lrjmidin-4-§él)phen 1)- acetamide 9'4) Thjourea (1.52 g) was
suspended Wé"[ﬁg_\ﬁgll(ﬁ}g —n%y,carbo etrahydrochloride (8-4).

itrile
Light yellow powder.
'H-NMR (DMSO-dg) 11.23 (1H, br-s) 9.05 (1H, br-s) 8.93 (1H,
5 br-s) 8.30 (1H, ¢, J = 7.5 Hz) 7.79-7.68 (4H, m) 6.92 (2H,
d, J = 8.7 Hz) 4.77 (2H, s) 4.40-4.31 (8H, m) 3.36-3.18 (4H,
m) 3.02-2.75 (6H, m) 2.21-1.98 (3H, m) 1.52-1.34 (2H, m).
[0120]

Hereinafter, processes of the following compounds are

10 shown as reference examples.
o
NN
)
N R mceea e _ 1)MsCl, Et,N, CH,Cl,
HOTY S o —  HOTTYS o NC_Ay
= - CH,CL, % 2) 8-4, K,CO,, DMF NS FE N 2 o
. N
81 9-2 :
0 o 9-5
HNJK HNJ\
WSC, HOBt
LiOH Acatong, DMF NG o
- NC A p (o] [}
N o} 0 o N il
MeCN/H ,0 N R £k o N A
7 NN W0 HNTNS = NN /O 0
HNTN SU\)LOH e ] [ LN
9-6 9.7
ko)
HNOS o
£
1) 1N HCUACOEt . - HN Thiourea HN
2) t fr * N ﬁ 2 i Sk
recryst. from P P L A
HNT NS Y N ﬂH EtOH
H,O/Acetone / - AN NC .~ NC_~y
9.8 ' P
CN HNT N SH
8.3 0.4

Methyl 3-(6-hydroxymethyl-l-oxy-pyridin-2-vl)propionate (9-

2)

Methyl 3- (6-hydroxymethylpyridin-2-yl)propionate (9-1)

15 (1.37 g) was dissolved in methylene chloride (15 ml), and a



15 and then sodium carbonate (2.12 g) was added thereto, and the mixture was stirred at 60C for 30
minutes. Then, N(4-(2,2-dicyanovinyl)phenyl)acetamide (9-3) (4.22 g) was added thereto and the
mixture wasostisredamder ref lux for 5 hours. After the reaction was completed Jteiewtansd was 20
removed under reduced pressure. The residue was dissolved in warm water and weakly acidified with
- acetic acid. The precipitated crystal was collected or’& filter, and dried to give 1.87 g of -
N-(4-(6-amino-5-cyano-2-mea.captopyrimidin-4-yl)phenyl)acetamide (9-4). 25Yellow powder. WO
2010/090299PCT/JP2010/051738 75 1H-NMR (DMSO-d0 10,29 (1H, s) 7.73 (2H, d, J= 8.7 Hz) 7.64
(2H, d, J= 8.7 Hz) 2.09 (3H, s). MethyI3-(6-[4-(4-acetylaminopheny1)-6-amino-5-cyano-
gyrimidin-2-§RulrhARe My} -GE AR SRAPRSpIN afs 35‘%%} -46 g) in methylene
MethyI3-(6-hydroxymethyl-lI-oxy-pyridjn-2-y1)- propiopate (9-4) (880.mg). was dissolved in methylene
chiorde (16T SF % S0Pt e ety AR 1508 rf And i nT s Sifed o i

e s_oﬁﬁion Was add | _
temperature.1Q for 49 miguitss. Mehanesylionyl ehloride.(0-43 i was siguly added ineretg, dropuise.
and the mlxtsure was stirred at ice temperature for 30 minutes. To the reaction mixture was added
water, and the mixtyeg was drangfggreddnto & separating fuppel. The organiq {ayer wasawasbgd with

15saturated aqueous sodium hydrogen carbonate and brine. The organic layer was dried over

anhygrous reagaRsidmsuliaigtagive methyla-smethanesulieadaxymethykl-oxyspyridin s
yl)pronionate. Then, the compound was dissolved in dimethylformamide (10 ml), and
N-(4-(6-amipe~orcyanb a2 imertagiopytimidin4 )t pbenyl}acetaraide b 14g) atd peisRsiUM
carbonate (1.1 g) were added thereto and the mixture was stirred at room temperature overnight. After
the reactionavasedppletet;vedtey as adkigd theretbl The-précipitateiwas tellected bn a filter, and
dried to give 25580 mg of methyl 3-(6-(4-(4-acetylaminophenyl)-6-amino-5- WO

2010/090299PCT?1 PEYRFO51738 76 ‘

H-NMR (CDCl;) 7.48-7.29 (1H, m) 7.25-7.22 (2H, m) 5.01 (1H,
10 m) 4.80 (2H, S) 3.67 (3H, s) 3.23 (2H, t, J= 7.2 Hz) 2.87
(2H, t, J= 7.2 Hz).

N- (4- (6-Amino-5-cyano-2-mercaptopyrimidin-4-vl)phenyl) -

acetamide (9-4)

Thiourea (1.52 g) was suspended in ethanol (15 ml),

15 and then sodium carbonate (2.12 g) was added thereto, and
the mixture was stirred at 60°C for 320 minutes, Then, N-
(4-(2,2-dicyanovinyl)phenyl)acetamide (9-3) (4.22 g) was

added thereto and the mixture was stirred under reflux for
5 hours. After the reaction was completed, the ethanol was
20 removed under reduced pressure. The residue was dissolved
in warm water and weakly acidified with acetic acid. The
precipitated crystal was collected on a filter, and dried
to give 1.87 g o©of N-{(4-(6-amino-5-cyano-2-mercapto-
pyrimidin-4-yl)phenyl)acetamide (9-4).

25 Yellow powder.



- cyanopyr ddin-2-ylsulfanylmethy1)-1-oxy-pyridin-2-y1)- 5 propionate(9-5). White powder.
1H-NMR(DMSO0-d010.26(114,s)7.83(2H,d,J 7.74-7.69(314,m)7.37(IH,d,J=7.8Hz2)7.23

7.8Hz)4.5B(Q PAGIPE314 5)3.05(2H,t, 2.76(21-1,t,J.-.7.2Hz)2.09(3H,s). BEFIHAIINBE 2 HZ) J=
Hz) [0121) 3-f6-[4-(4-Acetylaminophenyl)-6-amino-5-cyanopyrimidin-2-
10ylsulfanylmethy1]-1-oxy-nyridin-2-yl}propionic acid EQ-G) Methyl
3-{6-[4-(4-acetylaminophenyl)-6-amino-5-cyanopyrimidin-2-ylsulfanylmethyli-1-oxy-pyridin-2-y1)oropio
nate (9-5) (580 mg) was suspended in 50-1; water-containing acetonitrile (17 ml). To the suspension

was added lithi 5 Kide,monohydr 53 mQ),,and t ixture was stir 8 r 2 hours.
Then, citric a%]idliﬁ%%?s (mg \%);sg ‘gdd%% t ere?ct)f}lfgin t e%iggjrg%v@aé s%rfre\g%t §5027:(9 %r@z k?(?)cfjr& After
cooling the reggtion mixture, the precipitafed ctystalwas collected on a filter, washed with water, and
20 dried to give 540 mg of 3-(6-14-(4-acetylaminopheny1)-6-
amino-5-cyanopyyimidin-2-ylsylfanylmethyll- rexy-pydeinspherapionic agieh (96 Vhitepowder.
1H-NMR (DM50-00 10.25 (114, 5) 7.83 (214, d, CT = 8.7 Hz) 257.74-7.63 (314, m) 7.37 (1H, d, J=7.8
Hz) 7.23 (1 tidsidin-2-ylsulfanylmethyl] -1-oxy-pyridin-2-yl}propionate

5 (9-5)

Methyl ‘3-(6-hydroxymethyl-l—oxy~pyridin—2~yl)~
propionate (9-4) (880 mg) was dissolved in methylene
chloride (18 ml). To the solution was addéd triethylamine
(1.15 ml), and the mixture was stirred at ice temperature

10 for 10 minutes. Methanesulfonyl chloride (0.48 ml) was

slowly added thereto dropwise, and the mixture was stirred
at ice temperature for 30 minutes. To the reaction mixture
was édded water, and the mixture was transferred into a
separating funnel. The organic layer was washed with
15 saturated agqueous sodium hydrogen carbonate and brine. The
organic layer was dried over anhydrous magnesium sulfate to

give methyl 3-(6-methanesulfonyloxymethyl-l-oxy-pyridin-2-

vl)propionate. Then, the compound was dissolved in
dimethylformamide (10 ml), and N-(4-(6-amino-5-cyano-2-
20 mercaptopyrimidin-4-yl)phenyl)acetamide (1.14 g) and

potassium carbonate (1.1 g) were added thereto and the
mixture was stirred at room temperature overnight. After
the reaction was completed, water was added thereto. fhe
precipitate was collected on a filter, and dried to give

25 580 mg of methyl 3-(6-(4-(4-acetylaminophenyl)-6-amino-5-



WO 2010/090299PC77302010/051738 77 7.8 Hz) 4.50 (2H, s) 3.02 (2H, t, J= 7.2 Hz) 2.67 (2H, t, J.=
7.2 Hz) 2.09 (3H, s). [0122] t-Butyl 4 , -(3-(6-(4-(4-acet midopheny1)-6-amino-5-cyano-
5Rydin-2-Whi2)esgPe 1-oxy7pyridin-2-y1)propanovl)- piperazin-1-ylimetiafi)pesidistBEarboxylate
(9-7) .
3-{6-[4-(4-Acetylaminophenyl)-6-amino-5-cyanopyriftédin-2-ylsulfanylmethyl]-. 1-oxy-pyridin-2-yl}propio
nic acid (9-6) (520 mg) was dissolved in a mixture of acetone 10 (10 ml) and dimethylformamide (10
ml). To the solution were added 1-hydroxy-1H-benzotriazole (224 mg), 1-ethy1-3-

(3-dimethylaminopro bodumljaSr rochloride (318 mq), t-butyl -

4-piperazin’ iﬁ?ﬁ‘r%ﬁ’%y l&b dtne-1Y Bﬁ%ﬁ&%l@%l?ﬁ'gl) )i o AR TRE kiR e Whs refluxed for 2
hours. 15 The aceton 1§e@fved off in vacuo, and then ethyl acetate and water were added
thereto, and thetixture was stirred for 30 minutes. The mixture was transferred into a separating
funnel, and mﬁggjaﬁ&)@gg was washed with saturated aqueous sodium hydrogen carbonate and
brine in 20order, dried over anhydrous magnesium sulfate and concentrated in vacuo. The residue

was purified hy ghromaiparaply)on siicagel (methylgne-chigridg s methanol = 30 :d) 4o gjye 470 mg
of t-butyl 4-(4-(3-(67(4-(4- acetamidopheny1)-6-aminc-5- cyanopyrlmldln -2-ylthin)methyl)-

251-gxy-pyridinL2-yl)propaney))piperazirebymethylr, WQ 2610/090299PCEIR2910/051738 78
piperidine-1-carboxylate (9-7). White powder. 1H-NMR (CDC13) 7.98 (2H, d, J. 8.7 Hz) 7.69-7.61 (3H,
m) 7.43 (1H7 dd, %=)7.8,.58 HZ2# 31(1H3dEd8J=(28, 18) 3.05 (2H, t, J= 7.2 Hz)

2.76 (2H, t, J= 7.2 Hz) 2.09 (3H, s).

[0121]

-{6—[4-(4~Acetylaminophenyl)—G—amino—S»cyanbpyrimidin—2~

10 ylsulfanylmethyl] -l-oxy-pyridin-2-yl}propionic acid (9-6)

Methyl 3-{6-[4-(4-acetylaminophenyl)-6-amino-5-cyano-

pyrimidin-2-ylsulfanylmethyl)] -1l-oxy-pyridin-2-vl}propionate

(9-5) (580 mg) was suspended in 50% water-containing
acetonitrile (17 ml). To the suspension was added lithium
15 hydroxide monohydrate (53 mg), and the mixture was stirred

at 80°C for 2 hours. Then, citric acid (253 mg) was added

thereto, and the mixture was stirred at 50°C for 1 hour.

After cooling the reaction mixture, the precipitated

crystal was collected on a filter, washed with water, and
20 | dried to give 540 mg of 3—{6-[4—(4-acetylaminophenyl)- -

amino-5-cyanopyrimidin-2-ylsulfanylmethyl] -1-oxy-pyridin-2-

vllpropionic acid (9-6).

White powder.

'"H-NMR (DMSO-d¢) 10.25 (1H, s) 7.83 (2H, d, J = 8.7 Hz)

25 7.74-7.68 (3H, m) 7.37 (1H, 4, J= 7.8 Hz) 7.23 (1H, t, J=



. 5Hz) 7.09 (1H, t, .5=7.8 Hz) 5.75 (2H, s) 4.65(2H, s) 4.12- 4.00 (2H, m) 3..55 (2H, br-s) 3.46 (2H,
br-s) 3.24 (2H, t, J. 7.2 Hz) 2.87 (2H, t, J= 7.2 Hz) 2.71-2.63 (2H, m) 2.32- 2.29 (4H, m) 2.23 (3H s)
2.11 (2H, WQ20809942991.71-1.67 (3H m) 1.46 (9H, s) 1.07-0.97 (2H, m). [FLA3]P2010/051738

- W-(4-(6-Amino-5-cyano-2-((6-(3-oxo-3-(4-(piperidin-4-yl-methyl)piperazin-1-yl)propy1)-1-oxy-pyridin-2-
y1)methyl-thio) vrimidin-14-v1) henvl)acetamide t ih drochloride (9-8 To t-butyl
4-(4-(3-(6-(4-(4-acetamidophenyl)-6-amino- 155-cyanopyrimidin-2-ylthio)methyl)-1-oxypyridin-2-y1)-
propanoyl)piperazin-I-yl)methyl)piperidine-1-carboxylate (450 mg) was added 4.5 ml of hydrogen
chloride [1 moI/L in thyI aceta iqand the_mixtur s stirred at roq pera re [y 24 hours The
precipitate was ccﬁ cted Gt Zé filtet; Wé%shged Vl\gléthyl acsle’faté7 anoé &I;? deéto%lve % Whits ‘crude
crystal. The Jcrudye Sr?tg was, gls?%gled |n)water (2.5 ml) at room temperature, and filtrated. To the
filtrate was slowly added acetone ml); and the mixture was stirred for 6 hours. The precipitated
crystal was ted on a filter, washed with acetone, and then dried WO

2010/09029 PCT 2010/051738 79 to glve 230 mg of N-(4-(6- amlno -5- -Cyano- -2-((6- (3 0X0-3-(4-

m)7. @2(214@%1&:7151}%55371&9(3&%@)&145311%@!oac-y7 @Utﬂd&iﬁ(ﬁ-@ﬁ@&dpﬁ&n@@(ﬂ% s)4 42-4.38

(1H,m)4.18°4.09(114,m)3.74-3.25(SH,m)3.08-3.01(414,
M)2.87-2.7 QA bk e 210931 4,5) 188 HyAN(P1beDidifn - 1 - carboxylate (9-7)

3-{6-[4- (4-Acetylaminophenyl) -6-amino-5-cyano-
pyrimidin-z;ylsulfanylmethyl]jl-oxy~pyridin-2-yl}propionic
acid (9-6) (520 mg) was dissolved in a mixture of acetone

10 (10 ml) and‘dimethyiformamide (10 ml). To the solution
were added l-hydroxy-1lH-benzotriazole (224 mg), 1-ethyl—3—A
(3-dimethylaminopropyl) -carbodiimide hydrochloride (318 mg),
t-butyl 4—piperazin—lfylmethyl-piperidine-lfcarboxylaﬁe
(315 mg) in order, and the mixture was refluxed for 2 hours.

15 The acetone was removed off in wvacuo, and then ethyl
acetate and water were added thereto, and the mixture was
stirred for 30 minutes. The mixture was transferred into a
separating funnel, and the organic layer was washed with
saturated agqueous sodium hydrogen carbonate and brine in

20 order, dried over anhydrous magnesium sulfate and
concentrated in wvacuo. The residue was purified by
chromatography on silica gel (methylene chloride : methanol
= 50 : 1) to give 470 mg of t-butyl 4-(4-(3-(6-(4-(4-
acetamidophenyl) -6-amino-5-cyanopyrimidin-2-ylthio)methyl) -

25 l-oxy-pyridin-2-yl)propanoyl)piperazin-1l-yl)methyl) -



1.39 (214; m). [0124] Hereinafter,someexamplesofpharmaceutical - compbsitions comprising the

present campain@sase shown. 15[0125] Example 8 To a 5 L stainlesgchieakghynag-added purified
water (about 4.5 kg). Concentrated glycerin (130 d) as an isotonic agent and succinic acid (3.5 g) as a

buffer were 20added thereto, and the mixture was stirged to be dissolved. Then, N-(4-
6-amino-5-cyano-2-((6-(3-0xo-3-(4-(piperidin-4- yimethyl)piperazin-I-yl)propyl)pyridin-2-yl)methylthio)-
pyrimidin-4-yl)phenyl)acetamide (the compound of Example 1)(0.5 g) was added to the solution, and
the mixture was 25stirred to be dissolved.To the solution was added WO
2010/090299P= JE20E01052 73R 8B Herizedddedihium bromide (0.3 g) as a preservative, and the
mixture was gently stirred. The complete dissolution was visually confirmed. To the solution was
gradually adtet20 QRHRgueous sodium hydroxide to adjust the pH to E.G.- 5 After adjusting pH,
purified watgr was added tq the solution to make the_total weight 5.0 kg, and the solution was gently

stirred. The $618i6h vxfé?gfaléﬁticglbpﬁtra@ﬁ/ thén theTiludte Wgszésebtiéélrﬁplﬁjinté%Iﬁ'ey@)drop bottle
and the bottle was led..10[0126] Example 9 A pharmaceutical composition of Example 9 was
prepared usJ{n'é1 god?t?r%’dir%/]%fc;aezn I)h)c§s'prg1ate:L (§.O(.J)~I gz]fpasga %ﬁﬁeﬁﬁétegg of SucciniCacid irg a similar
manger (0 Spele i 1II2TLEXEmPIe 10 g AhaEacstiog) compasiian ol Exaple 10 was
prepared using glucose g) as an isotonic agent instead of concentrated glycerin in a Similar
-manner to Exagple 8y, m) 3.55 (2H, br-s) 3.46 (2H, br-s) 3.24 (2H, t,
J= 7.2 Hz) 2.87 (2H, t, J= 7.2 Hz) 2.71-2.63 (2H, m) 2.32-
2.29 (4H, m) 2.23 (3H, s) 2.11 (2H, 4, J= 6.9 Hz) 1.71~-1.67
(3H, m) 1.46 (SH, s) 1.07-0.97 (2H, m).

10 [0123]

N-(4- (6-Amino-5-cyano-2-((6-(3-0x0-3- (4- (piperidin-4-vy1-

methyl)piperazin-1-yl)propyl) -l-oxy-pyridin-2-v1)methyl-

thio)pyrimidin-4-vl)phenyl)acetamide trihydrochloride (9-8)

To t-butyl 4-(4-(3-(6-(4-(4-acetamidophenyl)-6-amino-
15 ‘5—cyanopyrimidin—2—ylthio)methyl)-l—pxypyridin—z—yl)— |
pro?anoyl)piperazin-l-yl)methyl)piperidine-l—carboxylate
(450 mg) was added 4.5 ml of hydrogen chloride [1 mol/L in
ethyl .acetate], and the mixture was stirred at room
temperature for 24 hours. The precipitate was collecged on
20 a filter, washed with ethyl acetate, and dried to give a
white crude crystal. The crude crystal was dissolved in
water (2.5 ml) at room temperature, and filtrated. To the
filtrate was slowly added acetone (10 ml), and the mixture '
Qaé stirred for 6 hours. The precipitated crystal was

25 collected on a filter, washed with acetone, and then dried



| 20[0128] Example 11 A pharmaceutical composition of Example 11 was prepared using mannitol

(255 g) asxan ispt@ir@gent instead of concentrated glyderin in a similar npannanta@@xgmple E. WO
2010/090299PCT/JP20101051738 81 [0129] Example 12 A phalLuaceutical composition of

Example 12 was prepared using concentrated glycerig (68.9) and propylene 5glycol (50 g) as an
isotonic agent instead of concentrated glycerin in a similar manner to Example 8. [0130] Example 13
A pharmadeutical composition of Example 13 was 10 prepared using concentrated glycerin (105 g)
and sorbitol (43 g) as an isotonic agent instead of concentrated glycerin in a similar manner to
Example 8. {0133} ErarAple 145 15A pRarrAaddutieBiicoimpositiener Bxdrmple (B4 @48 pPepdred using
propylene glycol (50 g), mannitol (100 g) and sorbitol (43 g) as an isotonic agent instead_of
concentrate dRMRFiRGH B GniVafFERRe! RIBREAFIRTS, Joyadpropyl) -1-oxy-pyridin-

2—yl)methylthio)pyrimidin—4-yl)phenyl)acetamide
trihydrochloride.
5 White powder.
'H-NMR (DMSO-dg) 10.615 (1H, m) 10.33 (1H, s) 8.80—'8.66 (2'1—1,
m) 7.82 (2H, 4, J = 8.7 Hz) 7.75-7.69 (3H, m) 7.43 (1H, 4,
J= 7.8‘Hz) 7.25 (1H, t, J=. 7.8 Hz) 4.50 (2H, s) 4.42-4.38
(1H, m) 4.18-4.09 (1H, m) 3.74-3.25 (8H, m) 3.08-3.01 (4H,
10 m) 2.87-2.70 (4H, m) 2.09 (3H, s) 2.08-1.87 (2H, m) 1.47-
1.39 (2H, m).
[0124]
Hereinafter, some examples of pharmaceutical
compositions comprising the present compounds are shown.
15 [0125]
Example 8
To a 5 L stainless beaker was added purified water
(about 4.5 kg). Concentrated glycerin (130 g) as an
isotonic agent and succinic acid (3.5,g) as a buffer were
20 added thereto, and the mixture was stirred to be dissolved.
Then, N-(4-(6-amino-5-cyano-2-((6-{3-oxo-3- (4~ (piperidin-4-
ylmethyl)piperazin-1-yl)propyl)pyridin-2-yl)methylthio) -
pyrimidin-4-yl)phenyl)acetamide (the compound of Example

1) (0.5 g) was added to the solution, and the mixture was

25 stirred to be dissolved. To the solution was added



20Example 15 A pharmaceutical composition of Example 15 Was prepared using benzalkonium

chloride (QxaxB g @Esservative instead of benzododecinium bromide in g gipyRhH [RE8E to Example
B. 25[0133] WO 2010/090299PCT/JP2010/051738 82 Hereinafter, the examples of the

pharmacological tests using the compounds of the inygntion are described. Test 1: c-AMP Generating
Action in Cell Expressing Adenosine A2a Receptor 5The test was carried out as mentioned below
with reference to the method disclosed in the reference (Klotz k.N. et al., Naunyn-Schmiedeberg's
Arch. Phaimacol., (1998) 357, 1-9; Shryock J.C. et al., Molecular Pharmacology, (1998) 53, -888-893).
10As to the belhtookidsed initive testorEk293 el expressing aderssine A2avecepiod (Himan)
(PerkinElmer Life Sciences, Code No. REHA2AC) was used. As to the culture medium,
Dulbecco's mbdified €agks raediody(DMEMY #éluding19%s BEBYFoml bovse Setimpant$ 15mM of
sodium pyruvate was used. The cell was placed on 96 well plate (1 x 105/well), and cultured
overnight. ATiéfiefdowing BT th&BaPernaliht [ riICGrEIMEN Wiitehdd FES) tbkitaARAg204hM
HEPES, 0.1 mM IBM (3-isobuty1-1-methylxanthine) and 2 unit/mL adenosine 20 deaminase were
added to ealW (W&l FEIREY SverPMtHBatdy SES7C 15t 3bMiRteLSFheRs.1 Rif ofthe Bukure
medigm cont 'nin% the DNS solution qof the test com gund in the predetermfj’ygg concentration was

e , a ?ﬁle%/tvj\‘lrell% indiibatel ¥radditfonal 30 FhinulEES AfE l%m&ﬁngté he

added to each we
Supernatants@fu(yi(%l%tiCt%olH{[éqpewggewgo%%lpl%%oi%%g CST/ 829(]90,1055%53%§g solution
was gently stirred. The solution was aseptically filtrated,
then the filtraﬁe was aseptically put into an eye drop
bottle and the bottle was sealed.
10 [0126]
Example 9
A pharmaceutical composition of Example 9 was prepared
using sodium dihydrogen phosphate (3.00 g) as a buffer
instead of succinic acid in a similar manner to Example 8.
15 [0127]

Example 10

A pharmaceutical composition of Example 10 was
prepared using glucose (275 g) as an isotonic agent instead
of concentrated glycerin in a similar manner to Example 8.
20 [o128]

Example 11

A pharmaceutical composition of Example 11 was
prepared using mannitol (255 g) as an isotonic agent
instead of concentrated glycerin in a similar manner to

25 Examplé 8.



added thereto to quench the reaction. The amount of c-AMP in each well was measured by using the
c-AMP engyimsigowdppassay (ETA) system (Amersham Eiosciences, CopeeidRN22Ex 5[0134]
The same assay was repeated using CGS-21680
(2-pcarboxyethyl)phenethylamino-5'-N-ethylcarboxapidoadenosine hydrochloride, (Sigma, code C141)
as a reference compound. The amount of resultant c-AMP in the reference medium, 10 caused by 1
pM of the reference compound, was defined to be 1001. The amount of resultant c-AMP in each test
medium was measured, and the concentration producing 50% c-AMP amount was calculated based
on the resuli®éR&ach test compound in the predetermined concentration, which is 15defined as EC50
value. The above test results obtained using the following compounds of the invention prepared in
the above-nigtifie? xamples are shown in the following Table. [0135] 20Result Example A2a

agonistic act|V|ty(ECso nM) 3.322931845.1
harmaceutical composition of - Example 12 was

prepared using concentrated glycerin (68 g) and propylene
5 glycol (50 g) as an isotonic agent instead of concentrated
glycerin in a similar manner to Example 8.
[0130]
Example 13
2 pharmaceutical composition of Example 13 was
10 prepared uéing concentrated glycerin (105 g) and sorbitol
(43 g) as an isotonic agent instead of concentrated
glycerin in a similar manner to Example 8.
[0131]
Example 14
15 A pharmaceutical' composition of Example 14 was
prepared using propylene glycel (50 g), mannitol (100 g)
and sorbitol (43 g) as an isotonic agent instead of
concentrated glycerin in a similar manner to Example 8.
[0132]
20 Example 15
A pharmaceutical composition of Example 15 was
prepared using benzalkonium chloride (0.5 g) as a
preservative instead of benzododecinium bromide in a
similar manner to Example 8.

25 [0133]



8.4 [0136] Test 2: Effect of the compound of Example 1 to corneal WO
2010/090499B§:d/ 64394 0/051738 84 epithelium cell [Method] Rabbit gorpgabsRitigliwym cell
(KURABO) was used as the cell for the test. To the rabbit corneal epithelium cell placed on 96 well
plate was added the compound of Example 1, and thg,sample was incubated for 60 minutes. Then,
. the sample was irradiated With UVA (3.5 mW/cm2) for 70 minutes using a solar simulator
(SOL500).After that, the cell was washed with a buffer.After 24 hours, the 10cell viability was
evaluated by the neutral red uptake assay. [Result] The result is shown in Figure 1. The cell
viabilities after the rediiDn=0f the-comipeuasahExampterl (ha5phodrtmand dgnivh anddems the
irradiation with the solar simulator were 106.3%, 115.0% and 100.7%, respectively, and thus the
decrease ofuthércell viabilitpmpsurol bsérvdaeat aflv ent Erom dlre aieve reshdtiit is obvious that the
present preparation can be used ina hlgh concentratlon even 20 outdoors in the sunshine since the
present comFaund g Gl g1 g HOH FIREEIE

present preparation is a medlcament WhICh can be safely used OI37]
Adenosine AZa Receptor :

5 ‘The test was carried out as mentioned below with
reference to the method disclosed in the reference (Klotz
k.N. et al., Naunyn-Schmiedeberg's Arch. Pharmacol., (1998)
357, 1-9; Shryock J.C. et al., Molecular Pharmacology,
(1998) 53, 886-893).

10 As to the cell teo be used in the test, HEK293 cell
expressing adenosine A2a receptor (Human) (PerkinElmer Life
Sciences, Code No. RRHA2AC) was used. |

As to the culture medium, Dulbecco's modified Eagles
medium (DMEM) including 10% FBS (Fetal bovine serum) and 1

15 mM of sodium pyruvate was used.

The cell was placed on 96 well plate (1 x 10%/well)
and cultured overnight. After removing off the supernatant,
0.1 ml of DMEM (without FBS) containing 20 mM HEPES, 0.1 mM
IBMX (3-isobutyl-l-methylxanthine) and 2 unit/mL adenosine

20 deamiriase were added to each well, and they were incubated
at 37°C for 30 minutes. Then, 0.1 ml of the eulture medium
containing the DMSO solution of the test compound in the
predetermined concentration was added to each well, and
they were incubated for additional 30 minutes. After

25 removing off the supernatant, the cytolytic solution was



~ 25Test 3: Vascular relaxation WO 2010/090299PCT/JP2010/031738 85 Ocular circulatory
disorder ogegraohyglapgoma, retinitis pigmentcsa, macular degeneration, isgheppis Qpika T3uropathy,
retinal artery occlusion, retinal vein occlusion,diabeticretinopathy,andiridocyclitis. 5Especially,
circulatory disorder in optic nerve head is consideredgn important factor in glaucoma. Ocular
blood flow has two circulatory systems. One is a route through ciliary artery and the other is a route
through central retinal artery. Ciliary artery passes to 10 arteries in choroid, optic nerve head, iris, and
ciliary body. On the other hand, central retinal artery passes to artery in retina, and a part of central
retinal arterysstaachdsherate@iokindite Hervd ke datk THelcdmpouRideof Exarpte OLrefdddtiliary
artery, is 15 considered to improve ocular blood flow. Therefore the compound of Example 1 is
expected to BE anSSHektiveittdy fofRerdbi ot HishseR0f eyeiiiRh dd'§laucorh¥PrettayBi§mentosa,
macular degeneration, ischemicg%%%f neuropathy, retinal artery occlusjon, retinal vein occlusion,

diabetic 20retABPRATSSAY i idd is. [FE38) Materit AREHERodF L OS CREBG RS were SitFificed

with an over %s' odium pentobarbital by intravenous administration. The eyes were 25enucleated
and ciliary arteries wéereisolated.Vascular WO 2010/090299PCTLTP2010/051738 86
5 [0134]

The same assay was repeated using CGS-21680 (2-p-
carboxyethyl) phenethylamino-5'-N-ethylcarboxamidoadenosine
hydrochloride, (Sigma, code Cl41) ‘as a reference compound.

The amount of resultant ¢-AMP in the reference medium,

10 caused by 1 uM of_the reference compound, was defined to be
100%. The amount of resultant c¢-AMP in éach test medium
was measured, and the concentration producing 50% ’c-AMP
amount was calculated based on the results of each test
compound in the predetermined concentration, which 1is

15 defined as EC;, value.

The above test results obtained using the following
compounds of the invention prepared in the above-mentioned

examples are shown in the following Table.

[0125]
20 Result »

Example A2a agonistic activity (ECsy, nM)
1 3.3

2 2.9

3 1.8

4 6.1

5 8.4

[0136]

Test 2: Effect of the compound of Example 1 to corneal



rings were cut 2 mm in length from ciliary arteries and set to Danish Multi Myograph System 610M
(Danish m\%’o technologé) under microscopic observation. The vessels were equilibrated in oxygenated
krebs solliShAM 8% €02 5and 95% 02 at 37C. To confirm the endoﬁ%m%o&%(ﬂ?%sg of vessels,
the relaxation of ciliary artery by 100 gM carbachol was tested. If relaxation by carbachol was more
than 30%, the vessels whose endothelium had no damage were used for the 10experiments. After
ciliary artery was contracted with High K"-krebs solution, the compound of Example 1 was serially
administrated to chamber from 0.3 gM to 300 M. The tension was measured by Myodaq ver 2.01
(Danish mye$5teghnelegy)40139] <Result> The results are shown in the following table and
Figure 2.The compound of Example 1 dose-dependently 20 relaxed ciliary artery in rabbits, and its
EC52 was 17M=gModherefore it is concluded that the compound of Example 1 shows relaxation in
ciliary artery. :Concentration (4M) Relaxation(%) 0.3 2.6+0.5 1 4.8+1.2 3 7.9+2.3

Rabbit corneal epithelium cell (KURABO) was used as

the cell for the test. To the rabbit corneal epithelium
5 cell placed on 96 well plate was added the compound of
EXample 1, and the sample was incubated for 60 minutes.v
Then, the sample was irradiated with Uva (3.5 mw/cmz).fori
70 minutes using a solar simulator (SOL500). After that,
the cell was washed with a buffer. After 24 hours, the
10 cell viability was evaluated by the neutral red uptake
assay.
[Result]
The result is shown in Figure 1. The cell viabilities
after the addition of the compound of Example 1 (0.25, 0.5
15 and 1 mM) and then the irradiation with the solar simulator
were 106.3%, 115.0% and 100.7%, respectively, and thus the
decrease of the cell wviability was not observed at all.
From the above result, it is obvious that the present
preparation can be used in a high concentration even
20 outdoors in the sunshine since the present compound did not
exhibit any cytotoxicity even in using it. in a high
concentration, and the present preparation is a medicament
which can be safely used.
[0137]

25 Test 3: Vascular relaxation




~ WO 2010/090299PCT/3P2010/051738 87 10 35.3+14.4 30 65.6+9.5 100 82.4+3.7 300 90.1+2.4

10140] Teg, ﬁ ﬁwﬁﬁg@tection In glaucoma, one of the diseases PE%).’ﬁ’iﬁﬂ%Q&Hﬁ 5blindness,
- retinal ganglion cell (RGC) is selectively injured.Subsequently the optic nerve is injured, and finally the
visual field defect is appeared.Retinal artery occlusigyretinal vein occlusion,diabetic retinopathy and
ischemic optic neuropathy are also diseases 10 of eye related optic nerve disorder. In addition,
macular degeneration, retinitis pigmentosa and Leber's hereditary optic neuropathy are diseases of
eye related the damage of neuronal cell in retina.

Ocular circulatory disorder occurs in glaucoma,

retinitis pigmentosa, macular degeneration, ischemic optic

neuropathy, retinal artery occlusion, retinal vein
occlusioh, diabetic retinopathy, and iridocyclitis.
5 ‘Especially, circulatory disorder in optic nerve head is

considered an important factor in glaucoma.
Ocular blood flow has two circulatofy systems. One is
a route through ciliary artery . and the other is a route
through central retinal artery. Ciliary artery passes to
10 arteries in choroid, optic nervé head, iris, and ciliary
body. On the other hand, central retinal artery passes to
artery in retina, and a ‘pért of central retinal artery
branches to arteriole in optic nerve head.
The compound of Example 1, relaxes ciliary artery, is
15 congidered to improve ocular blood £flow. Therefore the
compound of Example 1 is expected to be an effective drug
for therapy of diseases of eye such as glaucoma, retinitis
pigmentosa, macular degeneration, ischemic optic neuropathy,
retinal artery occlusion, retinal véin occlusion, diabetic
20 retinopathy, and iridocyclitis.
[0138]
<Material and methods>
Rabbits were sacrificed with an overdose of sodium
pentobarbital by intravenous administration. The eyes were

25 enucleated and ciliary arteries were isolated. Vascular



The compound of Example 1, shows the neuroprotective 15 effects on RGC, is expected to be

neuroprotegEd Ve @ibshibat is used for therapy of diseases of eye such as refipa)pHig0/Reelysion, retinal
vein occlusion, diabetic  retinopathy,ischemicopticneuropathy,macular degeneration, retinitis

pigmentosa and Leber's hereditary 20optic neuropathyy [0141] <Material and method> This experiment
was performed according to a method. WO 2010/090299PCT/3P2010/051738 88 reported by Otori et
al. (Invest Opthalmol Vie Sci. 29: 972-9131, 1998).  Eyes were enucleated from 7 day old Long.
Evans rat. Retinas were isolated from the eyes.The retinas were 5dissociated by incubating with
Neurobasal medismvectadingt12 WmLipapbimagt3y G famB3Gminldey. The tretinad sugpensiert was
prepared. The retinal suspension was incubated in anti-SIRP antibody (Chemicon)-coated flask at
room tempetature F&r8 10 miviuidst Thélneg aedrenteds sere Hacdt in ARtahER antitioely
(Chemicon)-coated flask. The cells were incubated at room temperature for 30 minutes. Finally the
“adherent celiSFMEkARRTE WHEKEF WithlIERDBaBA et TARSH i@ htrifugatidh alVSTPMHRS for 5
minutes, the purified RGC was prepared. The cells were seeded on%q(lﬁss, coverslips that had been

coated with BERAL-FEe GRFERTTEN TPhEFuERIREE WedRRIGREih 1eEury6&h medfta

containing E27 su %ement, 1 mM glutamine 50 ng/mL CNTF, 10 iM Forskolin. Culture was

maintained &%7¢ #°

“h@nidified 20 tmosphere containing 5% CO2 and 95% air. BUMF (50 ng/mL) or
the compound of E%%mpfl% A final ggncenyation of %R‘#él (CQQM%)@ 4. 10 Q’L%&go M yigs
g e

administered immediately after cell seeding. survival {cell viability) was deteLmined by

25counting staned RGGEivedaysiaftercullurestgrigd, ReE v carbachol was tested.

If relaxation by carbachol wés more than 30%, the vessels
whose endothelium had no damage were used for the
10 experiments.

After ciliary artery was contracted with High K'-krebs
solutiénq the compound o©f  Example 1 was serially
administrated to chamber from 0.3 uM to 300 uM. The
tension was measured by Myodag ver 2.01‘ (Danish myo

15 technology) .
[0139]
<Results>
The results are shown in the following table and
Figure 2. The compound of Example 1 dose~dependently
20 relaxed ciliary artery in fabbits, and 1ts ECsp; was 17.0 uM.
Therefore it is concluded that the compound of Example 1

shows relaxation in ciliary artery.

Concentration | Relaxation (%)
(uM)

0.3 2.6+0.5

1 4.8+1.2

3 7.942.3




- WO 2010/090299PCTISP2010/051738 89 were stained with 1 4M Calcein-AM (Molecular probe). The
number ofyiR§>£a1wasoeeinted using fluorescence microscope. The percentage;af6el,gargyal (cell
viability) was calculated by using the counts of control group as 0%, and 5the counts of EDMF group
as 100%. [0142] cResult> The results are showngin the following table and Figurée 3. The
compound of Example 1 showed increase in 10 cell survival dose-dependently. This result suggested
that the compound of Example 1 had the neuroprotective effects on RGC. Groups n Cell survival '9- \I)
Control 8 0:6+6-5 E;i%mple +-3mv-8 ‘

35.3+14.4
30 65.6+9.5
100 82.443.7
300 950.1+2.4

[0140]

Test 4: Neuroprotection

In glaucoma, one of the diseases of eye leading to

5 blindness, retinal ganglion cell (RGC) 1is selectively
injured. Subsequently the optic nerve is injured, and
finally the wvisual field defect is appeared. Retinal
artery  occlusion, retinal vein occlusion, diabetic

retinopathy and ischemic optic neuropathy are also diseases
10 of eye related optic nerve disorder. In addition, macular

degeneration, retinitis pigmentosa and Leber's hereditary

optic neuropathy are diseases of eye related the damage of

neuronal cell in retina. |

The compound of Example 1, shows the neuroprotective

15 effects on RGC, is expected to be neuroprotective drug that

is used for therapy of diseases of eye such as retinal

artery occlusion, retinal vein occlusion, diabetic

retinopathy, ischemic ~ optic neuropathy, macular

degenerétion, retinitis pigmentosa and Leber's hereditary
20 optic neuropathy;

[0141]

<Material and methods

This experiment was performed according to a method



10.9+7.0 Example 1 10 nM 8 i46.5+7.0 Example 1 30 nM 8 41.9+5.5 Data=Mean+SE 15The cell

survival Wﬁ@rg&sﬁﬁ@l_ 9by using the counts of control groups as 0% and t%w@%ﬁ%@T groups

as 100%. Claims .1.A cyanopyrimidine compound of formula (1):
88

reported by Otori et al. (Invest Opthalmol Vis Sci. 39:
972-981, 1998).

Eyes were enucleated from 7 day old Long Evans rat.

Retinas were isolated £rom the eyes. The retinas were
5 dissociated by incubating with Neurobasal medium including

15 U/mL papain at 37°C for 30 minutes. ‘The retinal
suspension'was prepared.

Thé retinal suspension was incubated in anti-SIRP

antibody (Chemicon) -coated flask at room temperature for 30

10 miﬁutes. The non adherent cells were placed in énti—thy-l

antibody (Chemicon)—coated flask. The cells were incubated

at room temperature for 30 minutes. Finally the adherent

cells in flask were washed with Neurobasal medium. After

centrifugation at 800 rpm for 5 minutes, the purified RGC

15 was prepared. The cells were seeded on glass coverslips

that had been coated with pély~L~lysine and laminin. The

purified RGC were cultured in Neurobasal medium containing

B27 supplement, 1 wmM glutamine 50 ng/mL CNTF, 10 uM

Forskolin. Culture was maintained at 37°C in humidified

20 atmosphere containing 5% CO, and 95% air. BDNF (50 ng/mL)

or the compound of Example 1 at final concentration of 0 nM

(control), 3 nM, 10 M or 30 nM was administered
‘immediately after cell seeding.

Cell survival (cell viability) was determined by

25 counting stained RGC. Five days after culture started, RGC



or a salt thereof. 2.N-(4-(6-amino-5-cyano-2-((6-(3-oxo0-3-(4-(piperidin-4-
ylmethyl)pipgraaimebytypropyl)pyridine-2- yl)methylthio)pyrimidine-4-yl)phepylhiageigimide;wr a salt
thereof. 3.A pharmaceutical composition comprising the compound of claim 1 or 2 or a salt thereof,
and a pharmaceutically" acceptable carrier for treatirgpor preventing an eye disease selected from the -
group consisting of glaucoma, ocular hypertension, diabetic retinopathy, age-related macular
degeneration (ARDM), retinitis pigmentosa (RP), and retinal disease caused by glaucoma;
hypertension; congestive heart failure; coronary ailment; angina; atherosclerosis; ischemic heart
disease; cefébitvastdaniéherhid? rédpedsicr ifjeyntidmbdSs-cespiibpsy; RHPRE) sinusitis
emphysema; chronic obstructive pulmonary disease (COPD); asthma,; bronchitis; respiratory disease;
respiratory iRStREENG sy RFomEaSeptie ShoEL pHifidifryiidioS 8 SGEatfits; MetdlssisRastritis;
ulcerative caolitis; Crohn's disease; inflammatqry colonic disease; wqund healing; eczema; cutaneous

hypersensitivity: derfatifis Fsbtiast chion rheﬁ%\f&iﬁaajrthrit(ig\?eligi&bet‘é%,aﬁh?[f’p‘fé’ clel&Ts; or

autoimmune disease, MdCIE LLP 91 5. th}(?ephgé@gg%utiocgl comlgg:%iﬁon of Claim 4 fog tregting or .
preventing gﬁaucoma. i heypharma%eu ical compaosition of Claim fo?ﬁeaﬁng or préVer?tlng normal
tensign glaucgma, oGUlaL hggeg%@sﬁlo%]g o, pp gest-Surgical secondary glaucoma. 7.
Medicament comprising the compound Of claim 1 or 2 or a salt thereof for treating or preventing an
eye disease s¢lected from the group consisting of glaucoma, ocular hypertension, diabetic retinopathy,
age-related macular degeneration (ARDM), retinitis pigmentosa (RP), and retinal disease caused by
glaucoma; hypegensian; congestive heart failure; coronary ailment; angina; atherosclerosis; ischemic
heart disease; cerebrovascular ischemia; reperfusion injury; thrombosis; epilepsy; rhinitis; sinusitis;
emphysema; chrorit:ebstraetivie-pulnsorsary shekease (GOPE)sasthoia] brdnchitis;ae3piratanddisease;
respiratory insufficiency syndrome; septic shock; pulmonary fibrosis; gastritis; metastasis gastritis;
ulcerative cdlitigu€eohi's dis€ase; aflapmmatdryxbloBicadiséase lwahminvechlingyeczesm; dutaneous
hypersensitivity; dermatitis; psoriasis; chronic rheumatoid .arthritis; diabetes; multiple sclerosis; or
attohPmune@isehsauBY Avisdq oS idaRERepaiation comprsiniehelthasragestied cormosition of
claim 3. 9. The aqueous liquid preparation of claim 8 which further comprises one of more additives
selected frof& plraifRieiticaly detepRbf pufféRdsotdific AFeHtOpresERRAVE Ssofibifrer aind pH
adjuster. 10. The agueous liquid preparation of claim 9 wherein the buffer is selected from succinic
acid, boric a2id, %ﬁSSphoric acid, amino acid and a pharmaceutically acceptable salt thereof. MOSUP
92

Groups n Cell survival
(%)
Control 8 0.0+6.5
Example 1 8 10.9+7.0
3 nM
Example 1 8 46.5+7.0
10 nM
Example 1 8 41.8+5.5
30 nM

Data=MeansSE
15 The cell survival was calculated by using the counts of

contreol groups as 0% and the counts of BDNF groups as 100%.



11. The aqueous liquid preparation of claim 10 wherein the buffer is §uccin.i_c acid. 12. The aqueous
liquid preparation of claim 9 wherein the isotonic agent is one or two isotonic agents selected from
glucose, sorbitol, mannitol, sodium chloride, .potassium chloride, propylenﬁ(g@tqql, and glycerin. 13.
The aqueous liquid preparation of claim 9 wherein the preservative is selected from benzalkonium
chloride, benzethoniumchloride,benzododeciniumhygmide, chlorhexidine gluconate, methyl o
para-oxybenzoate, propyl para-oxybenzoate, chlorobutanol qnd benzyl alcqhol. 14. The_ aqueous liquid
preparationsof ¢laim 8 wherein the pH is 5.0 to 9.0. 15: Medicament of Claim 7 fo.r treating or
preventing normal tension glaucoma, ocular hype/tension glaucoma, or post-surgical secondary

glaucoma. 1. A cyanopyrimidine compound of formula (1):

£3

or a salt thereof.

2‘N—(4~(6~amin0w5-cyano—2~((6~(3~ox0w3w(4*(piperidin-4~
'ylmethyl)piperazin~1~yl)propyl)pyridine—z—
yl)methylthio)pyrimidine~4~yl)phenyl)acetamide, or a salt
thereof,

3. A pharmaceutical composition comprising the compound of
claim 1 or 2 or a salt thereof, and a pharmaceutically’
acceptable carrier for treating or preventing an eye
disease selected from the group consisting of glaucoma,
ocular hypertension, diabetic retinopathy, age-related
macular degeneration (ARDM), retinitis pigmentosa (RP),
and retinal disease caused by glaucoma; hypertension;
congestive heart failure; coronary ailment; angina;
atherosclerosis; ischemic heart disease; cerebrovascular
ischemia; reperfusion injury; thrombosis; epilepsy;
rhinitis; sinusitis; emphysema; chronic obstructive
pulmonary disease (COPD); asthma; bronchitis; respiratory
disease; respiratory insufficiency syndrome; septic shock;
pulmonary fibrosis; gastritis; metastasis gastritis;
ulcerative colitis; Crohn's disease; inflammatory colonic
disease; wound healing; eczema; cutaneous
hypersensitivity; dermatitis; pscoriasis; chronic
rheumatoid arthritis; diabetes; multiple sclerosis; or
autoimmune disease.

4. The pharmaceutical composition of Claim 3 for treating or
preventing an eye disease



S.

6. The pharmaceutical composition of Claim 5 for treating or
preventing normal tension glaucoma, ocular hypertension
glaucoma, or post-surgical secondary glaucoma.

7. Medicament comprising the compound of claim 1 or 2 or a
salt thereof for treating or preventing an eye disease
selected from the group consisting of glaucoma, ocular
hypertension, diabetic retinopathy, age-related macular
degeneration (ARDM), retinitis pigmentosa (RP), and
retinal disease caused by glaucoma; hypertension;
congestive heart failure; coronary ailment; angina;
atherosclerosis; ischemic heart disease; cerebrovascular
ischemia; reperfusion injury; thrombosis; epilepsy;
rhinitis; sinusitis; emphysema; chronic obstructive
pulmonary disease (COPD); asthma; bronchitis; respiratory
disease; respiratory insufficiency syndrome; septic shock;
pulmonary fibrosis; gastritis; metastasis gastritis;
ulcerative colitis; Crohn's disease; inflammatory colonic
disease; wound healing; eczema; cutaneous
hypersensitivity; dermatitis; psoriasis; chronic
rheumatoid arthritis; diabetes; multiple sclerosis; or
autoimmune disease. '

8. An agueous liquid preparation comprising the
pharmaceutical composition of claim 3.

9. The aqueous liquid preparation of claim 8 which further
comprises one of more additives selected from a
pharmaceutically acceptable buffer, isotonic agent,
preservative, solubilizer and pH adjuster.

10. - The aqueous liquid preparation of claim 9 wherein

MCSLLP
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The pharmaceutical composition of Claim 4 for treating or
preventing glaucoma.

the buffer is selected from succinic acid, boric acid,
phosphoric acid, amino acid and a pharmaceutically
acceptable salt thereof.



MCSLLP
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11. The agueous liguid preparation of claim 10 wherein
the buffer is succinic acid.

12. The aqueous liquid preparation of claim 9 wherein
the isotonic agent is one or two isotonic agents selected
from glucose, sorbitol, mannitol, sodium chloride,
potassium chloride, propylene glycol and glycerin.

13. The aqueous liquid preparation‘of claim 9 wherein
the preservative is selected from benzalkonium chloride,
benzethonium chloride, benzododecinium bromide,

chlorhexidine gluconate, methyl para-oxybenzoate, propyl
para-oxybenzoate, chlorobutanol and benzyl alcohol.

14, The aqueous ligquid preparation of claim 8 wherein
"the pH is 5.0 to 9.0.

15. Medicament of Claim 7 for treating or preventing
normal tension glaucoma, ocular hypertension glaucoma, or
post-surgical secondary glaucoma.



