DESCRI PTI ON A NOVEL CYANOPYRI M DI NE DERI VATI VE TECHNI CAL FI ELD [ 0001] The
present invention relates to a novel cyanopyrim di ne conpound, and a

phar macewpcalo/mevposi ti on and formul ati on conpri si ng t kReTORIPOOFIA38 BACK
GROUND ART [0002] Adenosine is a substance that may exhibit various
physi ol ogi cal actions when it binds to & receptor on a cell surface. The
adenosi ne receptor on the cell surface belongs to G protein-coupled
receptor famly, and it is classifipggscriPriN. A2a, A2b and A3. Anpbng them
t he adenosine Al and adenosine A 3 receptors are coupled with G -protein

and the activation thergeafovms Wiy Anes e g tverivd racel lul ar c- AVP
| evel . In addition, adenosi ne A2a and adenosi ne A2b receptors are coupl ed

with Gs-protein and the activation thereof results in heightening of the
intracellular c-AMP | evel. These 4 kinds of adenosi ne receptor subtypes

each have bgepnshbepedrgf 003]
[0001]
5 The present invention relates to a novel
cyanopyrimidine compound, and a pharmaceutical composition

and formulation comprising the compound.

BACK GROUND ART
10 [0002]

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

15 classified into A1, A2a, A2b 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, adenosine
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



A variety of studies about agoni sts and antagoni sts which may work on each
of the above adenosi ne receptorsubtypes have been already reported. Anong

t hem thewadenwdawizse A2a receptor agoni sts have been rep®cCTd@#2monsig y to
exhibit the potent antihypertensive action and to be useful as
above-nentioned drugs such as an anti hypertensive drug, a nedi canent for
treating/ preventing cardiac or cerebral ischem c disease and
antiarteriosclerotic drug, but also to exhibit an ocul ar hypotensive action
(see J . Pharntol. Exp. Ther. 320-326, 273 (1995). [0004] WO 2005 / 105778

di scl oses gyppepy¥Ei Mgide goipounde Wy CRepheran . adengsily Ao, eCeRkor
agoni st. However, WO 2005/105778 does not discl ose any specific

cyanopyri mj gj 3 d L h t wLoxept.Len
RN € Rt e D e gt T s R

present i nygntd,on g tQhB“r’ﬁ’étde%@ HREEB@QQ?%EQVQG‘VA&S%&SQ 8 g Pgtﬂem

adenosi ne a receptor agori stic activi ans to ve the prob

[ 0006] useful as above-mentioned drugs such as an antihypertensive

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. Ther. 320-326, 273 (1995).
[0004]
10 WO 2005/ 105778 discloses cyanopyrimidine compounds
which are an adenosine A2a receptor agonist. However, WO

2005,/105778 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 inventors have extensively studied to reach for the above

obj ect, and have found that thefoll ow ng conpounds exhi bited a potent
adenosi newf2a1@o®pt or agoni stic action as well as an eyceljpanbosaiety. In
addition, the present inventors have also found that the foll ow ng
conpounds exhi bited vascul ar relaxation for ocular ciliary artery and

neur oprotection on retinal ganglion cell. The present invention has been
conpl eted by the additional studies based on these findings. [0007] The
present invention provides a cyanopyrim dine conpound shown in the

fol lowing Fehibhing? COMRRRILION S ALY 8l i OBocerPr | silgokheaccompatind,

use of the conpoun or treating or preventing a disease, and a

process [ o LBgcEOTRUL o LA00BL Tek ML oA oxanonyT Lot dencomaund of

formula (1 erei ogen, hydroxy (lTower a group,
hal ogenat (LA PhLY Lhedt RS, (LOURE P, Aoty d Lauy il
term1 Whi%@1&%w§%5ecﬂﬁ%qiﬁﬁmﬁér“% rf%%%g nsbggéggagf relaxation for
5 ocular ciliary 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 and
formulation comprising the compound, use of the compound, a
method for treating or preventing a disease, and a process
for the compound.

[0008]

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

o)

N

HN” “CH;

(M

wherein R 1is hydrogen, hydroxy (lower alkyl) group,
halogenated (lower alkyl) group or (lower alkoxy)carbonyl-
(lower alkyl) group

20 or a salt thereof.



(1) N- (4- (6-am no-5-cyano-2- ((6- (3-0x0-3- (4- (piperidin-4- ylnethyl)
pi perazin-1-yl) propyl) pyridin-2-yl) nmethylthio) - pyrimdin-4-yl) phenyl)
acet am dewo(28)o/0¥299( 4- (6-am no-5-cyano-2- ((6- (3- (4- PCEAP2010/051738
(2-hydroxyethyl) - piperidin-4-yl) methyl) piperazin-1-yl) -3-oxopropyl)
pyridin- 2-yl) nmethylthio) pyrimdin-4-y ) phenyl) acetamde, (3) N - (4-
(6-am no-5-cyano-2- ((6- (3- (4- ((1- (3-hydroxypropyl) piperidin-4-yl)

met hyl ) piperazin-1-yl) -3 -oxopropyl) - pyridin-2-yl) nethylthio)
pyrimdin-4-yl) phenyl) acetam de, (4) N - (4- (6-am no-5-cyano-2- ((6- (3-

(4- ((2- (%opo%yoroethyl) - piperidin-4-yl )nethyl )piperazin- 1-yl
) - 3- oxopr opy pyr idin- 2-yl) nmethylthio) pyrimdin-4-yl) phenyl)

acet ani de, ;apd (5) qu; égﬁéépgﬁﬁqéﬁﬁ%’%;%ﬁé 6o (Ferhdy ({r/lljr%ch is

(2- met hoxycar bonyl et hy € pi perazin-1 - 3-

oxopropyl) ridin-2-vl) t hyl 1 hi riLm.di n<4-yl) phenyl) - acetam de,
or a salt F%é?%g?a FﬁéTO H%e %?%P.géPgﬁﬁkﬁﬁgeﬁFrca| conposi tion conpri sing
2 or_a salt th armaceut.i.cal

Lhe compoupg of LIt bsOhedos s2c5akh LISTE0t, B0d o e mmeRyeally
For ylmethyl)piperazin-1-yl)propyl)pyridin-2-yl)methylthio) -
pyrimidin-4-yl)phenyl)acetamide,
(2) 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,

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-y1l)phenyl)acetamide,

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

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

oxopropyl)pyridin-2-yl)methylthio)pyrimidin-4-y1l)phenyl) -

acetamide,
20 or a salt thereof.
{o010]
Term 3. A pharmaceutical composition comprising the

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

25 [0011]



treating or preventing an eye disease. [0012] Term5 . The pharnaceuti cal
conposition of term4 for treating or preventing glaucoma. [0013] Term6 .
Use of thwocommomyd of term 1l or 2 or a salt thereof asPa#gRUEI/NHATIRA
receptor agonist. [0014] Term7 . A nethod for treating an eye di sease

whi ch conprises adm nistering an effectisve anount of the conpound of terml1
or 2 or a salt thereof to an aninmal or human being in need of such
treatment. [0015] Term 8 . An aqueous liquid preparation conprising the
pharmaceutical conposition of term3 . [0016] Term9 . The aqueous liquid
preparati ofieph t£r m 8THAI Chhd Hhdb&lht LOIPT IeRpIE idfn Meke edeht iveFor

sel ected from a pharnmaceutically acceptable buffer, isotonic agent,

preservatiggeagghgbggiﬁggvgggigg afli UgkeniskQQL7] Term 10. The aqueous

liquid preparation of Term9 whérein
[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 aqueous liquid preparation comprising the

pharmaceutical composition of term 3.

[0016]

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

20 pharmaceutically acceptable buffer, isotonic agent,

preservative, solubilizer and pH adjuster.

[0017]

Term 10. The aqueous liquid preparation of term 9 wherein
the buffer is selected from succinic acid, boric acid,

25 phosphoric acid and amino acid, and a pharmaceutically



the buffer is selected fromsuccinic acid, boric acid, phosphoric acid and
am no acid, and a pharnmaceutical | yacceptable salt thereof. [0018] Term 11.
The aqueow® 20ioed2¥9pr eparati on of term 10 wherein the beCTAP2018/0HGZCI Ni C
acid. [0019] Term 12. The aqueous |iquid preparation of term 8 wherein the
i sotonic agent is one or two isotonic agents selected from gl ucose,
sorbitol, mannitol, sodiumchloride, potassiumchloride, propylene glycol
and glycerin. [0020] Term 13. The aqueous liquid preparation of term9
wherein the preservative is selected from benzal koni um chl ori de,

benzet honi yar-ept ghi desaPenggdpdsei ni um broni de, chlorhexidine gluconate,
nmet hyl par a- oxybenzoate, propyl para-oxybenzoate, chlorobutanol and benzyl
al cohol . [QQ%}& Term 14 . The aqueous liquid preparation of any one of
ternms 8 to 1 m%erein the pHis about 5.0 to 9.0. [0022] Each group defi ned

in the aboyg;{eptiongf 9896L8Ls" 254U beBREGLELAALEY cHBANG 03FNnERLL NS
the buffer is succinic acid.
5 [0019]

Term 12. The aqueous liquid preparation of term 8 wherein
the isotonic agent is one or two isotonic agents selected
from glucose, sorbitol, mannitol, sodium chloride,
potassium chloride, propylene glycol and glycerin.

10 [0020]
Term 13. The aqueous liquid preparation of term 9 wherein
the preservative is 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 1liquid 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]



[ 0023] The hal ogen atom herein used includes fluorine, chlorine, brom ne
and iodine atons. [0024] The (| ower al koxy) carbonyl group herein used

i ncl udes ‘i 2ail0kO399Icar bonyl group wherei n the al koxy noPETYPREI/B5133& ai ght
or branched chain al koxy group containing 1 to 6 carbons. In nore detail,
It includes, for exanple, nethoxycarbonyl, ethoxycarbonyl,

n- pr opoxycar bonyl, isopropoxycarbonyl, n-butoxycarbonyl, isobutoxy
carbonyl, tert-butoxycarbonyl, sec-butoxycarbonyl, n-pentyloxycarbonyl,
neopent yl oxycar bonyl , n-hexyl oxy carbonyl, isohexyl oxycarbonyl,

3-met hyl pent yl oxyearhenylr, fHikoxy)@@3onine Jebggenatedn(Lewar ialkykesgr oup
herein used includes a | ower al kyl group (preferably a straight or branched

chain al kygngr%ﬂa&ﬁbmgg ngfo%ﬁfi §REPeNs) swbstiltdihed wbiBed tis 74
hal ogen atons, preferably td 3 halogen atons. In noré detail; it

i ncl udes, I t . di I j £ 4 hgl ,
I ncl udes Eﬁ%a?ﬁﬁp or n%%%}%?t%%ﬁ éikbkg;%fi%tg coﬁtrahlrrl,r’r{;girg”% %

chl or onet hy chl oro or onet ononet hy r ononet hyl ,

dichi or of Lugngmetny! . o2 oLl LUeLoetivhe 2:n2aufiel| f oior agtiifhe pent

| uor oet hyl , uor oe chloroe
5 methoxycarbonyl, ethoxycarbonyl, n-propoxycarbonyl,
isopropoxycarbonyl, n-butoxycarbonyl, isobutoxycarbonyl,
tert-butoxycarbonyl, sec-butoxycarbonyl, n-pentyloxy-
carbonyl, neopentyloxycarbonyl, n-hexyloxycarbonyl,

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

The halogenated (lower alkyl) group herein used
includes a 1lower 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,
dichlorofluoromethyl, 2,2-difluorocethyl, 2,2,2-trifluocro-
ethyl, pentafluoroethyl, 2-fluorcethyl, 2-chloreoethyl,

20 3,3,3-trifluoropropyl, heptafluoropropyl, 2,2,3,3,3-
pentafluoropropyl, heptafluoroisopropyl, 3-chloropropyl, 2-
chloropropyl, 3-bromopropyl, 4,4,4-trifluorobutyl,
4,4,4,3,3-pentafluorobutyl, 4-chlorobutyl, 4-bromobutyl, 2-
chlorobutyl, 5,5,5-trifluoropentyl, S5-chloropentyl, 6,6,6-

25 trifluorohexyl, 6-chlorohexyl, perfluorohexyl, etc.



3,3 ,3-trif luoropropyl, heptaf |uoropropyl, 2,2,3,3,3- pentaf
| uor opropyl, heptaf |uoroisopropyl, 3- chloropropyl 2 - chloropropyl ,

3- br onoprwpywb10/090294 , 4-trif luorobutyl, 4 ,4 ,4 ,3 ,3-pectrab20ivosiokut yl ,
4-chl orobutyl, 4-bronobutyl, 2 - chlorobutyl, 5,5 ,5-trif luoropentyl,
5-chl oropentyl, 6,6,6- trif Iuorohexyl,gﬁ-chlorohexyl, per f Iuorohexyl,
etc.[0026] The hydroxy (lower alkyl) group herein used includes the
above-nentioned | ower al kyl group (preferably a straight or branched chain
al kyl group containing 1 to 6 carbons) substituted with 1 to 5 hydroxy
groups, prepepghly 1 to 3 hydroxy groups. In nore detail, it includes, for
exanpl e, hydroxynethyl , 2-hydroxy ethyl, 1-hydroxyethyl, 3 - hydroxypropy

L, 2,3~ di hydr oxar aisrowyAidoxubutl) L grclyd- ndiBysd axydut tholybes

, 1- dlnethyl -2 -hydroxy et’hyl, hydroxypenty , 6- hydroxyhexy ,
, 3-di net hylg 3- yl
, 4- tr|hydrgxybu?%gk%%¥EﬁR§Tox§ﬁexy égtca?li(g%Z?] o%egfe? §)

o o UThHOEE R RS el DL 0ed Lovr
1 to @ Car989%$ns gs%lguted(g gke&ag 5 hygroxy 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, 6-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 1lower 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 Dbranched 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, 1l-ethoxycarbonylethyl

-~

2-tert-butoxycarbonylethyl, 3-methoxycarbonylpropyl, 3-

25 éthoxycarbonylpropyl, 4 -ethoxycarbonylbutyl, 5-1isSopropoxy-



2 ) of the above-nentioned (lower al koxy) carbonyl groups (preferably

strai ght or branched chai n al koxycarbonyl groups containing 1 to 6 carbons)
. I n nor ewdebaideg29pt i ncl udes, for exanple, nethoxycarbeaylestibyyiizs

et hoxycar bonyl net hyl , 1- et hoxycar bonyl et hyl , 2-nmet hoxycar bonyl et hyl ,

2- et hoxycar bonyl et hyl , 1-ethoxycarbonyl et hyl, 2-tert-butoxycarbonylethyl |,
3- net hoxycar bonyl propyl, 3 - ethoxycarbonyl propyl , 4-ethoxycarbonyl butyl,

5-i sopropoxycar bonyl pentyl , 6-n-propoxycarbonyl hexyl, 1

, | -di met hyl - 2- nbut oxycar bonyl ethyl, 1-methyl -1-nmethoxycarbonylethyl, 2 -
nethyl -1- 8§£B8ﬁ¥§ﬁé999Y|péoﬁy#ropgx 59%5ny§h§§?§ QUHQ&XﬁéEﬁ9ﬂybphopy| ,

Iﬁgionggthyl

3- net hyl -1 et hoxycar bonyl but'y d|e oxycarbony met hyl

thoxycarbo?Mﬁﬁﬁpggrbgn 1Q€H y! oxycay (ﬁfﬁ@ {ﬁa?%i

etc. [0028 e’ pyrirmtine terfivatives enote

general f of gy, 1(}%&@&&2&9%8@? gyyarious, nﬁggﬁ v143-pe

deri vati ves acco o "t he foI €

h Wh (1 Ik hal
Schers 1 et Foobty = Wony Lover sl suapmy, a el

hal oggn atom or, 2, g1 oup, v gh, 981e9ﬁ£L9£2} RSN 0 e

carbonylethyl, n-hexyloxycarbonylmethyl, etc.
[0028]

The pyrimidine derivatives denoted  in t

mes

gL

990

|

r@xs@e{ﬁyﬁ he

ted (I ower
=29

I|ke a
oXy-

he 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.



[ 0029] The hal ogen atom which is denoted as X in the conpound of fornula
(2) includes fluorine, chlorine, bromne, and iodine atons . [0030] The
group whiwb 20amop®pf orm a substitution reactionli ke a hatcogermiabsanms denot ed
as X, includes, for exanple, a |eaving group such as a (lower al kane)

sul fonyl oxy group, and an aryl sulfonyloxy group. [0031] The (| ower al kane)
sul fonyl oxy group herein used includes a straight or branched chain

al kanesul fonyl oxy group containing 1 to 6 carbons; in nore detail, it

i ncl udes, for exanple, nethanesul fonyl oxy, ethanesulfonyl oxy,
isopropanesglﬁgnél Xy, n-propanesul fonyl oxy, n-butanesulf onyl oxy,
tert-but aneZGI'fY yl oxy, n-pentanesul fonyl oxy, n-hexanesulf onyl oxy, etc.

[ 0032] The aryl subf onyl oxy group herein used includes, for exanple,

phenyl sul f onyl ox}k_group, naphthylsul f onyl oxy group, etc. The phenyl may
have 1 to 3 subbftitd¥nts selected fromthe group consisting of, for

exanpl e, a strarght or branched chain al kyl group containing 1 to 6 carbons
, a

NC I A o

H,N NJ\S IN\ N NH  (la)

~ LUN
Ra—X (2)
0]
HNJ\CH3
NG (1b)

/)\ N .Ra
2
e " ° I ) D\/O
P4 N

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
5 perform a substitution reaction like a halogen atom.

[0029]

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



straight or branched chain al koxy group containing 1 to 6 carbons, nitro
group, and a hal ogen atom Specific exanples of the arylsulf onyl oxy group
i ncl ude, woromx®me, phenyl sulf onyl oxy, 4-nethyl phenyPSTlIP20a0/g31338/,

2- met hyl phenyl sul f onyl oxy, 4-nitrophenyl sulf onyl oxy, 4-nethoxyphenyl sulf
onyl oxy, 2-nitrophenyl sul fonyl oxy, 3-chharophenyl sulf onyl oxy, etc.

Speci fic exanpl es of the naphthyl sul fonyl oxy group includes, for exanple,
a- napht hyl sul f onyl oxy, b-napht hyl sul f onyl oxy, etc. [0033] The compound of
formula (1b) can be prepared by reacting Conpound (la) and Conpound (2)

[0034] Theriracii pabsefieacon! | defatehiedsout hfic@u@@@veﬂbtoéﬁ&n@@éveat
whi ch does not adversely affect the reaction, for exanple mater

al cohol sojygpingueh netdgnals, £thapkr iSORRPANA sory ?!rou prif
| uor oet hanol, and ét hyl'ene egcoI a ketone sol vent such as acefone and

met hyl eth%hdkgﬁ % 1 ”1§5H§io§ ¥§8& such as tetrahydrofuran, dioxane,
di et hyl I glynme;” an oIvent such as nethyl acetate and

et hyl acetﬁ§@3lﬁn aprotic polar solvent such as acetonitrile, N ,N - dine
thy | fornma and di net hyl sul f oxi de; a hal ogenat ed

5 The (lower alkane)sulfonyloxy group herein wused
includes a straight or branched chain alkanesulfonyloxy
group containing 1 to 6 carbons; in more detail, it
includes, for example, methanesulfonyloxy, ethane-
sulfonyloxy, isopropanesulfonyloxy, n-propanesulfonyloxy,

10 n-butanesulfonyloxy, tert-butanesulfonyloxy, n-pentane-
sulfonyloxy, n-hexanesulfonyloxy, etc.
[0032]
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-
phenylsulfonyloxy,  4-nitrophenylsulfonyloxy, 4 -methoxy-
phenylsulfonyloxy, 2-nitrophenylsulfonyloxy, 3-chloro-
phenylsulfonyloxy, etc. Specific examples of the naphthyl-

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



hydr ocar bon sol vent such as net hyl ene chlori de and et hyl ene chloride; or

ot her organic solvents. In addition, the reaction nmay be carried out in a

m xt ur e ovVotzhw/@mygenenti oned conventi onal solvents. [O0®8FPANe051738
above-nentioned reactions are generally carried out in the presence of a
basi ¢ conpound. The basic conpound i ncl udes a general inorganic base and
organi ¢ base. [0036] The inorgani c base herein used includes, for
exanpl e, al kali nmetal such as sodium and potassium alkali netal hydrogen
carbonate such as |ithium hydrogen carbonate, sodi um hydrogen carbonate and

pot assi um BMQE_@E?'.‘!oS‘c?r,bﬁ!ﬂﬁbﬁhtﬁﬁikéhhf%gibxﬁ}yd%@.&i.de such as |ithium
hydr oxi de, sodi um hydr oxi de, potassi um hydr oxi de and cesi um hydr oxi de;

al kali metahpsafbonate such as |ithium carbonate, sodium carbonate,
pot assi um car bonate and cesi um carbonate; alkali netal (lower alkoxide)

such as sodi um %gho&ﬂ?ﬁ%g_ sgfli up gt hpxi d?lb) alégrlli BE:E ?ré[%\%%feﬁfe

conpound such as sodiu ri de and potassi um hydri de;

organic ba§gagg& inc guhBC|TQ S Eo&oﬁéggghewzgtialkylanine such as
tri met hyl am ne, sﬁle#ﬁg anlné aZd R
5 [0034]

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,

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,



et hyl - di i sopropyl am ne; pyridine; quinoline; piperidine; imdazole;

pi col i ne; di methyl am nopyridi ne; dinmethyl - aniline; N nethylnorpholine; 1

, 5- di azabivoyoiomephe. 3 .0 ] non-5- ene (DBN); 1 ,4-di azabipcygbmi)ads1zs . 2

] octane (DABCO); 1, 8- diazabicyclo [5 .4 .0 Jundec-7-ene (DBU); etc. [0038]
The basi c conpound nmay be used as a singlie ingredient or in any conbination
of two or nore ingredients. [0039] The ampunt of the basic conpound herein

used is generally 0.5 to 10 tinmes nole of Conpound (la), preferably O .5 to
6 times nole of Conpound (la) . The basic conpoundcan be al so used as a

sol vent wWhefichiii sddaQui Guch0Q40] sdheuRb QR r gaehbenufBdif Ry | pekude as a
reaction accelerant an al kali netal iodide such as potassiumiodi de and

oo 5B MERS CRPEORILE! S 004 Wity o beyngn, Cempapd.pl ) ond
?egggsa?Lr%@?g&ﬁggyégéggggfégﬁghgﬁgfaganB8EQgsghﬂ)hydkggé%]cgggohgﬁggion
alkali metal hydroxide such as lithium hydroxide, sodium
5 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
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; pyridine; quinoline; piperidine;

15 imidazole; picoline; dimethylaminopyridine; dimethyl-
aniline; N-methylmorpholine; 1,5-diazabicyclo[4.3.0]lnon-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 more ingredients.
[0039]

The amount of the basic compound herein used is

generally 0.5 to 10 times mole of Compound (la), preferably

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



reaction can be generally perfornmed under cooling, at roomtenperature or
under heating. Preferably, the above reaction nay be carried out around at
room t enpwoaviwmodfoor 1 to 30 hours. [0043] Schene 2 Wher ecmiaRdisnassgef i ned
above. [0044] Conpound (1) can be prepared by reacting Conmpound (3) or a
reactive derivative thereof whose carboxwy group is activated, and Conpound
(4) or a reactive derivative thereof whose imno group is activated. [0045]
The preferable reactive formof the carboxylic group in Conpound (3)

i ncludes an acid halide, an acid anhydri de, an active am de, an active

ester, etCeadhBePseiSr@bdeexap| 8810Enthgnepacti v fogmaf the carboxylic
group include an acid chloride; an acid azide,- a m xed anhydride of a

substi tut egdyophesphoric acid (e.g. dialkyl phosphoric acid, phenyl
phosphoric aC|d di phenyl phosphoric aci d, dibenzyl phosphoric acid, and

hal ogenat ed thleQO alGvACT fa et fof]! Zdéﬁ’l'a‘)hﬁ?gh%f&% I dg %SPEEHE%E aci d,

i
a thiosulfuric acrd, a suI?urlc aci a su nic aC| (e.g. nethanesulf
oni ¢ aCId)acgglgrégyaghca§ﬁégl(%eQal f%dldéu%&%h as potassium iodide

5 and sodium iodide where appropriate.
[0041]

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

10 [0042]

The reaction temperature 1is not iimited, and the
reaction can be generally performed under cooling, at room
temperature or wunder heating. Preferably, the above
reaction may be carried out around at room temperature for

15 1 to 30 hours.

[0043]



propionic acid, butyric acid, isobutyric acid, pivalic acid, pentanoic
acid, isopentanoic acid, 2-ethylbutyric acid, trichloroacetic acid) or
aromat i ¢ WOi2010(®0299 benzoic acid); symetry acid anhydr ipd@JP2zmo/ezivss/e am de
of imdazole, 4 - substituted im dazole, dinethylpyrazole, triazole or
tetrazole; an active ester (e.g. cyanomatshyl ester, nethoxynethyl ester,

di met hyl i m nonethyl ester, vinyl ester, propargyl ester, p-nitrophenyl
ester, 2 ,4-dinitrophenyl ester, trichlorophenyl ester, pentachl orophenyl
ester, mesyl phenyl ester, etc.) or an ester with an N hydroxy conpound
(e.g. N, N diSseemd pydroxyl am ne, |-hydroxy-2- (IH) - pyridone,

N- hydr oxysucci ni m de, N hydroxyphthalimde, 1 - hydroxy-|H benzotri azol e,
etc.). It is possDble to select any noderate conpound fromthese reactive
derivatives de l on the type of Conmpound (3) to be used. [0046] In
case that Conp cié%% is used as a free acid or asalt thereof in the above
reaction, the tion can be preferably carried out in the presence of a
condensi ng agel The condensi ng agent includes a conventional and

wel | - known one, Jtor exanple, N ,N 1-dBxhl orohexyl carbodii m de;

N- cycl ohexyNc r phol i noet hyl carbodi i m de; N cycl ohexyl-N 1-

(4-di ethylam n cz&lohexx&) car lpodi i m de;
H,NT N7 s [ OH
R
7
HN N
Q\/Q @
Y
O
HN’U\CH3
NG (1)

l =N 0O

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 is
activated, and Compound (4) or a reactive derivative
thereof whose imino group is activated.
[0045]
The preferable reactive form of the carboxylic group
10 in Compound (3) inciudes an acid halide, an acid anhydride,

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



N ,N'-diethylcarbodiimde; N ,N 1-diisopropylcarbodiimde; N - ethyl-N -

(3-di net hyl am nopropyl ) carbodiimde or a hydrochloride thereof; N ,N

1- car bonywoRkp®/O299 et hyl - i m dazol e) ; PCT/JP2010/051738

pent amet hyl eneket ene- N- cycl ohexyl i mi ne; di phenyl ket ene- N-cycl ohexyl i m ne;

et hoxyacetyl ene, 1 - al koxy-1-chloroethyjgene; trial kyl phosphite; ethyl

pol yphosphat e; isopropyl polyphosphate; phosphorus oxychloride (sulfonyl

chl oride) ; phosphorus trichloride; diphenyl sulfonyl azide; thionyl

chl oride; oxalyl chloride; a (lower alkyl) haloformate (e.g. ethyl

chl or of or mak@mph 88Pr 8PY | t K| Ff A iNEL €. £c8C- dE tEhPhUIBARROSPIE Nroud -

et hyl - 7- hydr oxybenzi soxazol ium salt; 2-ethyl-5- (nsul fophenyl) isoxazolium

hydr oxi de HHE@ﬁdéahhid@%&“ﬁﬂlé?%&éﬁ‘¥ﬁ0§¥iaré%idé?'He%mﬁé@“éﬂﬂydride

phosphoni um hexaf | uorophosphate ; 1 - (p-chlorobenzenesul fonyl oxy) -6-

chl oro- | H henzot £.i ; I L gent: } IS e 11 ng
B? A éﬁ%@i@ut%{at ﬁ%'sgflo% g %!Hd.(i]\'h{o %2% dEB???FLC%kg%’sgnel-ﬁﬁﬁt ¢

N, N- di net hyl f or mam de w t I on l'ori de, gene,

chl or of or ”?E?Ea,pﬂéﬁé’&g{ uﬁ)l’%%ﬁ'ﬂ%)ﬁiré de. ;8 C. d@’?ﬁ&n ie‘:}?ﬂdg?%ﬁfor{@e daagtionts

carried out in't preserice e above-nenttoned condensi ng agent, ‘and in

connection with an active - .esterif ication a en% uch as . .

- hydPoxys BCEERF R dBRORPRORGT Ghyiht AR Rrdedeanged Photbhoric acid),

1-hydroxy-gHaggTﬁ9&£ gégkgrous acid, a sulfurous acid, a thiosulfuric
acid, a sulfuric acid,- a sulfonic acid (e.g.
methanesulfonic acid), an aliphatic acid (e.g. acetic acid,
propionic acid, butyric acid, isobutyric acid, pivalic acid,

10 pentanoic acid, isopentanoic acid, 2-ethylbutyric acid,

trichloroacetic 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.g. 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, 1l-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



[0047] The preferable reactive derivative of the imno group in Conpound
(4) includes a Schiff base- type imno group or an enam ne -type tautoner

t her eof wWNDeh10/®0Yener at ed by reacti ng Conpound (4) andPeTgR2BONIAIIECONMPouUnd
such as al dehyde and ketone; a silyl derivative which is generated by
reacting Conpound (4) and a silyl conmpoumnd such as bis (trinethylsilyl)
acetam de, nono (trinethylsilyl) acetam de, and bis (trinethylsilyl) urea;
a derivative which is generated by reacting Conpound (4), and phosphorus
trichloride, phosgene, etc. [0048] The reaction is generally carried out in

a conventiggat Stqié&@etf Whih Clr hdoeshipd 3RSy, athectehbe ibaactd®npef or
exanpl e, water,- an al cohol solvent such as nethanol, ethanol, isopropanol,

n-butanol , Eéfarw@g/oeém%d ane ethylane ghicelice et anecsakuaatnsuch as
acet one and met hyl et hyl ketone an et her solvent such as tetrahydrofuran,

di oxane, ﬁ&{%' etheL . cg EEFIB e{ér&erlnéﬂgdgbg'ay”@on@éh@ %r‘?&lsgh‘de”t

such as net acetate an an aprotic po ar vent such

asacetonlt&éif N dlqgﬁgylf cﬁpﬁldQXaﬁggjylnE;thSUhgcﬁibgghex§l-

hydr ocar bon~s0l vént "such as’ n- pentane,

5 carbodiimide; N-cyclohexyl-N'-morpholinoethylcarbodiimide;
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-1l-chloroethylene; trialkyl phosphite; ethyl
polyphosphate; isopropyl polyphosphate; 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-1l-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



hept ane, and cycl ohexane; a hal ogenat ed hydrocarbon sol vent such as

nmet hyl ene chl oride and et hyl ene chloride; or other organic solvents. In
addi ti on,wORe1wmea9pi on nay be carried out in a m xture SCTUR10/051738
above-nenti oned conventional solvents . [0049] The above reaction may be
carried out in the presence of a base. Tlge base includes a variety of known
i norgani ¢ or organi c bases. The inorganic base herein used includes, for
exanpl e, alkali netal such as sodi um and potassiunm alkali metal hydrogen
carbonate such as |ithium hydrogen carbonate, sodi um hydrogen carbonate and
pot assi um hydregen &ar kaat en akkal i pret@hcdy BOXitde SHBBvRS menthioned
hydr oxi de, sodi um hydr oxi de, potassi um hydroxi de and cesi um hydr oxi de;

al kal i et abnganbongt eagdal ,as ard hijyn cadhanal fon SOFL £ CaRbORREEve -
pot assi um car bonat e” and cesi um car bonate; al kali netal | ower al koxide such

as sodi um get boxt dea idnSodigkmiet haxie; 5 &l kﬁlf%@&ﬁyswé&h%ieetm%hﬂd such

as sodi um hydride and potasSium hydride; etc. e organi c base herein used

i ncl udes, ﬁ?&r&ég%g{ﬁal L higbkylag Telhﬁgf&é?1¥I%HEEB¥L:§EEB§8i.t riethyl am ne

and N -ethyf drl ropyl am ne; pyrid i nol 1'ne, - piperidine; imdazole;
pi col Lne; [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(trimethylsilyl)acetamide,

and bis(trimethylsilyl)urea; a derivative which is

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

[0048]

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

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



di met hyl am nopyridine; dine thy lani |ine; N nethylnorpholine;1

, 5-di azabicyclo [4 .3 .0 ]non-5-ene (DBN); 1 ,4-diazabicyclo- [2 .2 .2]

oct ane ( BABGD)0/09d2998- di azabicyclo [5 .4 .0 ]Jundec-7-enepChBRo1p/0atrss And,

t he base can be al so used as a solvent when it is liquid. The base nay be
used as a single ingredient or in any comgpi nation of two or nore

I ngredi ents. The anpbunt of the basic conpound herein used is generally 0.1
to 10 nole per 1 nole of Compound (3), preferably 0.1 to 3 nole per 1 nole
of Conpound (3) . [0050] The ratio between Conpound (3) and Conpound (4)

used in thgcé@@ﬂ?tlsﬁm@maNzN'—§1ﬁéth?§-§brﬂaa@h€ Rhaf aiaBkhyisho rFexTelee Of
Conmpound (3) per 1 nole of Compound (4) . The reaction temperature i s not

imted, 28] Eherseackban SaNGs: JSRIR! |4k Do iR INdRr reaakng, A Toom

tenperature or” under heating. Prefe reaction nmay 'be carried

out at rOOHEbEHHEraSHéO n%Qléggfg% oL ?igsl@g@&{k‘éédt 8559098%8 BE%%‘}&b' y 30

m nutes to ours Used start mat er | t he "above

reaction ig,a,kg %"‘%eﬁ%&@%}% chal%d e BPCESS, Pind h&fQPP&”“do'rso‘E%%%“ bed

be|OM/(SCh6ﬁE 4

5 organic solvents. 1In addition, the reaction may be carried
out in a mixture of the above-mentioned conventional
solvents.

[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 1lithium 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
trimethylamine, triethylamine and N-ethyl diisopropylamine;
pyridine; quinoline; piperidine; imidazole; picoline;

25 dimethylaminopyridine; dimethylaniline; N-methylmorpholine;



El i mnation of N-protective groupWerein Wis N-protective group. [0052]
Compound (6) can be prepared by reacting Conpound (3) and Conmpound (5) in a
sim | ar rsorero/wmIschenme 2 . Further Conpound (1a) can BETEPEpaOPBA3DY t he
elimnation of the N - protective group. The N-protective group herein used
as Wincludes, for exanple, a (lower al ksxxy) carbonyl group, a |ower

al kanoyl group, an aryl-substituted (I ower al kyl) group, etc. The (I ower

al koxy) carbonyl group herein used includes a straight or branched chain

al koxycar bonyl group containing 1 to 6 carbons, for exanple, nethoxy

carbonyl, at BOWMeERAMIC1TMOROXY ¢RIReNne  DWHKY: Ccal PMiazabicyclo-
t ert but oxycarbonyl , pentyl oxycarbonyl , hexyl oxycarbonyl , etc. The | ower

al kanoyl greup hereivanésed gardgydes 1a gstqiai i Qfc R Encheas whad L Al danoyl

group containing 1 to 6 carbons, for exanmple, fornyl, acetyl, propionyl,

butyryl, i%g%wyéu penhapoy eyt esats:é)%a{%cs@b%%o @gé@nggl a Y& vd{053]
sSupst | ude

The aryl - t'uted (I ower "alkyl) group herein used incl s, ftor exanple,

benzyl © 2 Rpem! gty daplemy! ot el Baphenupr 80 usdaPlg VP Wiklgre
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 Compound (3), preferably 0.1
to 3 mole per 1 mole of Compound (3).
[0050]
10 The ratio between Compound (3) and Compound (4) wused
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 1is not 1limited, 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 30 minutes to 5
hours.
Compound (3) used as a starting material in the above
20 reaction is a known compound, and the process of the

compound is described below (Scheme 4).

[0051]



phenyl hexyl , di phenyl nmethyl, trityl, etc., and a straight or branched chain
al kyl group containing 1 to 6 carbons which is substituted with 1 to 3
phenyl grwops10/00bsubsti tuent on the phenyl groups incl adggp2ofienpsigssanpl e, a
straight or branched chain alkyl group containing 1 to 6 carbons which may
be optionally substituted with 1 to 3 grqups selected fromthe group

consi sting of hal ogen atom and hydroxy group (e.g. nethyl, ethyl, propyl,
n-butyl, sec -butyl, tert -butyl, n-pentyl, n-hexyl, hydroxynethyl , 2 -
hydroxyet hyl, 1 -hydroxy ethyl, 3-hydroxypropyl, 2,3- dihydroxypropyl ,

4- hydr oxyb |, 1,,1-dimethyl -2 -hydroxy - ethyl, 5,5

,4-trihydro éﬁﬁ% |, 5-hydroxypentyl, 6-hydroxyhexyl, 1 -hydroxy isopropyl,
2-met hyl -3-hydrexypropyl, trif luoromethyl , trichloronethyl,

chl oronet hyl, br met hyl, fluoronethyl , iodonmethyl, dif |uoronethyl,

di brononet hyl ,HR" -"Celpl oroethyl, 2 ,2,2-trif luoroethyl, 2

,2,2-trichloro yl, 3 - chloropropyl, 2 ,3-dichloropropyl, 4 ,4
,4-trichlorob , 4 - fluorobutyl, 5-chloropentyl,

3-chl oro- 2- et propyl, 5 - bronDheK%l, 5 , 6-di chl or ohexyl
3-hydroxy-3«§hl\ropropyl, etc.); a str/aight or branched chai n al koxy group
containing 1 o car bons whi may be optionally substituted with 1 to 3
groups sel ggy-ed\#re LN pnsi sting of hal ogen atom and hydroxy group
(e.g. methoky, ethoxy,( prbpoxy, n -

(6)
=N O

I/)\/\LNJ/\)‘\ W

Elimination of N-protective group




but oxy, sec-butoxy, tert-butoxy, n-pentyloxy, n-hexyloxy, hydroxynethoxy,

2- hydroxyet hoxy, 1 -hydroxy ethoxy, 3 - hydroxypropoxy , 2,3- dihydroxypr
opoxy , 4whydro/omsbu toxy , 1,1- dinmethyl- 2-hydroxyet h@<FIPH10/851738

, 4-tri hydroxypentyl oxy, 5 - hydroxypentyl oxy, 6-hydroxyhexyl oxy, 1 -hydroxy
i sopropoxy, 2- met hyl - 3- hydr oxypr opoxy, tmigf |uoromethoxy, trichloronethoxy,
chl or onet hoxy, brononet hoxy, fluoronethoxy, iodonethoxy, dif |uoronethoxy,
di br ononet hoxy, 2-chl oroethoxy, 2 ,2 ,2-trif |uoroethoxy, 2 ,2
,2-trichloroethoxy, 3 - chloropropoxy, 2 ,3-dichloropropoxy, 4 ,4

,4-trichl ogRbHE oxYw 4sfnlypbebut 9%¥, gPoGPl or opent yl oxy,
3-chl or o- 2- net hyl propoxy, ~ 5- bronohexyl oxy, 5 , 6-di chl orohexyl oxy,

3-hydroxy-[ﬁO§§ioro propoxy, etc.); and a hal ogen atom (e.g. fluorine,
brom ne, chlorine, iodine atons) . In case that there are 2 or nore

subst i Luent s oncLigobhank) SLQUP vl b AN AP sa BBYmbeCLBOLRAR 30"

different. [0052 e elimnation o ect1ve group: e carried

out via a gggveg&%gpghcg??ingé such as ol yst se and-Hyge Og,ena%{l%@laglhe

reaction i s gener _ out” i n"a conventional “sorvent whic es not
adver el Y BLhESatnT 072580y LOLRAIPS, W oL il el sehye such
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 Dbranched 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, 1l-phenylethyl,
3-phenylpropyl, 4 -phenylbutyl, 5-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



trif luoroethanol, and ethylene glycol; a ketone solvent such as acetone
and net hyl ethyl ketone; an ether solvent such as tetrahydrofuran, dioxane,
di et hyl ewbenio/@bmwet hoxyet hane, and di gl yne; an ester sokygptoisuahsas

met hyl acetate and ethyl acetate; an aprotic polar solvent such as
acetonitrile, N, N-dinethylformam de, dinggthylsulfoxide and

N- et hyl pyrrol i done; a hal ogenat edhydrocarbon sol vent such as net hyl ene

chl oride and et hylene chloride; or other organic solvents. In addition, the
reaction nmay be carried out in a mxture of the abovenenti oned conventi onal

solvents. [0090]¢§dhc Hedr oér}/é; '%%- h:ae ?%gflggyiin%lillﬁeQF,Effcf@béXalﬁﬁi%i egd out

i n the presence of a base or ding a Lews acid. The base

herein usegeLpckides cuMaNAaL,LO0T A3 basss, ABEne00RRLG Boses. cThe

pr ef er abl e rnorgani ¢ base i ncl udes, e an a such as
cal ci um araeRons v BRE, AT s e L R Crub e S R SR R v
For exampl SE00T | PATRSERA 2 BUcH 5s0tPPRe RyEATEASoE (PRCORGT aRHE.
5 and hydroxy group (e.g. methyl, ethyl, propyl, n-butyl,
sec-butyl, tert-butyl, n-pentyl, n-hexyl, hydroxymethyl, 2-
hydroxyethyl, 1-hydroxyethyl, 3-hydroxypropyl, 2,3-
dihydroxypropyl, 4 -hydroxybutyl, 1,1-dimethyl-2-hydroxy-
ethyl, 5,5,4-trihydroxypentyl, 5—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-chloro-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,



picoline; 1 ,5-diazabicyclo [4 ,3 ,0 ]non-5-ene; etc. [0056] The acid
herein used includes conventional organic acids and inorganic acids. The
pr ef er ablwoapanddz99aci d i ncl udes, for exanple, an ali ph&CroP2iad/s51888ch as
formc acid, acetic acid and propionic acid; and trihal oacetic acid such as
trichloroacetic acid and trif |uoroacetioa acid. The preferable inorganic
acid includes, for exanple, hydrochloric acid, hydrobromc acid, sulfuric
aci d, hydrogen chl ori de, hydrogen bronm de, etc. The Lewis acid herein used
i ncl udes, for exanple, boron trifluoride etherate, boron tribrom de,

al um ni um shhathge,. 3t Ryarexeptepbie, et eriknueasmethakylri hakeaaebire-acid
or a Lewis acid Is used as an acid, the reaction is preferably carried out
in the pregeprexpl a cahicPBmetRURIIEr Sk%‘cbtn@fﬁe@%ﬁfl e apduBPeRethoxk0057]
The anmount of the base or acid herein used is not Timted as |ong as the

amount is t he | VS r ' Shpsrat ur g _j erally
0 to 120 o%??aggéﬁg%%b|ydgggkgfgﬁ%gfﬁ%hﬂe ?%9%%%ﬂgﬂc , gﬁd ngrgﬁégggerably

room tenpeLaf il g t0,890,C v FRGoLEBERLRD, 11 B! 5 08PER R Yethoxy, 3-
5 chloropropoxy, 2,3-dichloropropoxy, 4,4,4-trichlorobutoxy,
4-fluorobutoxy, 5-chloropentyloxy, 3-chloro-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-butanocl,
trifluoroethanol, and ethylene glycol; 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



30 mnutes to 24 hours, preferably 30 mnutes to 12 hours, and nore
preferably 1 to 8 hours. [0058] (ii) Hydrogenation: The hydrogenati on

her ei n usgd 20mob@9ocarri ed out by nmeans of a conventi onabrkrfmyesi73s

hydr ogenati on. The conventional hydrogenation includes, for exanple,

chemi cal reduction, catalytic reductionggetc. [0059] The preferable
reduci ng agent used in the chem cal reduction includes a hydride such as
hydr ogen i odi de, hydrogen sul fide, |ithium al um nium hydride, sodium
borohydride and sodi um cyanobor ohydride ; or a nmetal such as tin, zinc and

iron; or QPPJ:Q%&H”ﬁivénﬁ"%é&h%%é‘@ﬂyi@n@- cﬁ%?&‘h "%BB' QEngene

chrom um ac tate, etc an organi ¢ oOr norgani ¢ aci rmc acid,

acetic aci onic. a tr g acid,
hydrochlor?% g%?@é hy ro%kgﬁfb %% %#Petg&ﬁgk%he preferaq{ a yst used in

t he cat al ytl§$£egHCt |a§)n focl udes a p a{__l nlkunm tal tf}}ﬁesu& ac%eol gg tg_
pl ate, spongi orn1p|a inum P atlnun1 ac al~ plati num p I num
g;??;g?un1m%ﬁ?}%%%gﬁg%ﬁ%%ﬂtlongf Veg%catalyst such as spongi form
5 [0055]
(i) Hydrolysis:
The hydrolysis is 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, carbonate 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 trichloroacetic acid and trifluorocacetic acid.
The preferable inorganic acid includes, for example,

25 hydrochloric acid, hydrobromic acid, sulfuric acid,



pal | adi um oxi de, pal | adi um carbon, palladi um barium sulfate, and

pal | adi um bari um car bonate; a nickel catalyst such as reduced nickel

ni ckel oxWoep199Raney ni ckel ; a cobalt catal yst such &sToeaueesi7sobal t,
and Raney cobalt; an iron catalyst such as reduced iron; etc. The acid used
in the chem cal reduction can be also uged as a solvent when it is liquid.
[0060] The ampunt of the reducing agent or the catalyst used in the

catal ytic reduction may be, but not |limted, a generally-used amount . The
reaction tenperature is generally 0 to 120 0OC , preferably roomtenperature

to 100 0 GhyapbgeADk@1REGRS, al i i ePPShAde eete .80 fe . LdREsT @RGH ON
tinme is generalTy 30 mnutes to 24 hours, preferably 30 mnutes to 10

hours, and,gpgenpr gherablin3Qquut egot 0 S s, [8864% [ 9962h wCeeeund
(3) can be prepared by reacti ng Conpound (5) and Conpound (6) . The

el e S L KL o e
or a sinilgﬁlggiggg &pg(eto.

5 In 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]
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°C;
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 hours.
[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,



[ 0063] The reaction is generally carried out in a conventional solvent

whi ch does not adversely affect thereaction, for exanple, water; an al cohol
sol vent swohkowgIM®®hanol , et hanol, isopropanol, n-butan®CT/JP2016/051738

| uor oet hanol, and et hyl ene glycol ; a ketone solvent such as acetone and
met hyl ethyl ketone; an ether solvent sych as tetrahydrofuran, dioxane,

di ethyl ether, and diglyne,- an ester solvent such as nethyl acetate and

et hyl acetate; an aprotic polar solvent such as acetonitrile, N ,N -

di et hyl f or mam de, and di net hyl sul f oxi de, - a hal ogenat ed hydrocar bon

sol vent Suf d@éaeﬁt hydeine gl or nderangh et hylgng;ah! orfss i &, ot Bekigrgani c
sol vents. ition, the reaction may be carried out” in a mixture of the

abov_enent'geﬁshﬁepyaat 59&61 oaehmeeg%mfo @ﬁyd};@aeabg\fe rﬁ@eauoeueanage

carried ou out a catalytic conhpoun he presence of an acid

catalyst. Ceperal.l 'ng afﬂ:e %PS&“B’} 5 Bsr%‘fﬁg@gxn%rfﬂae opLqing Buiesence

of a basic cohpoun asi ¢t conmpound 1 es genera I norganfc an

Tetal Such 8aTsod TG pECASEEaR & KAPToWD Aeatate, LEE.FXARA Cant k2!

5 organic or‘inorganlc acid (e.g. formic acid, acetic acid,
propionic acid, trifluorocacetic acid, p-toluenesulfonic
acid, hydrochloric acid, hydrobromic acid, etc.).

The preferable catalyst wused 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 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 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 1limited, a
generally-used amount.
The reaction temperature is generally 0 to 120°C,

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



hydr ogen carbonate such as |ithium hydrogen carbonate, sodi um hydrogen
carbonat e and pot assi um hydrogen carbonate; al kali netal hydroxi de such as
| it hi um hyodrow/@ezesodi um hydr oxi de, potassi um hydr oxi decand201e831958

hydr oxi de; al kali netal carbonate such as |ithium carbonate, sodium

car bonat e, pot assi um car bonate and cesi umgarbonate; alkali netal (I ower

al koxi de) such as sodi um net hoxi de and sodi um et hoxi de; al kali netal
hydri de compound such as sodi um hydri de and potassi um hydride; etc. [0065]
The organi c base herein used includes, for exanple, trialkylamne such as
trimethyl aphpg, tehifRithad NS apge N - atfayl i d S 0pyhaiBegdnuidilne:;

qui nol i ne, - piperidine; 1 mdazole; picoline; dinethylam nopyridine;

di mret hyl -,aniline. N.nethyl ol.ines - .2BN @e} : CioT@EnH%§iC
conpound n%9 éhgggé égFéngﬁ%gP%Q gﬁ%ﬁﬁent %E?EH 3ﬂgﬁg8n§%nation of ‘two or
nore ingredjgn T t of .t i.C,CO herein used is generally
a catalytighgnﬁéﬁ? E%e%g?ggl sgﬁnﬁgngﬁééo%%ogﬁggpgfj pref erably equival ent
nole to 3.i8b%gﬁs nol e of Conmpound (5) . The basic conpound can be al so

used as a t when it is liquid. [0066]
o)
Scheme 4
HNJLCH3
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P HNTN" s [ OMe
Z
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Z
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[0062]
Compound (3) can be prepared by reacting Compound (5)
and Compound (6). The reaction is carried out according to
the reference (El-Sharabsy, S.A.; Abdel Gawad, S. 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



The rati o between Conpound (6) and Conpound (5) is at least 1 nole per 1
nol e of Conpound (6) , preferably 1 to 5 nole of Conpound (5) per 1 nole of
Conpound w6)010/0bb@9r eacti on tenperature is not |imted, pamdridigosiesscti on
can be generally perforned under cooling, at roomtenperature or under
heating. Preferably, the above reactionomay be carried out under reflux for
1 to 30 hours.[0067] Wen the di hydro-form Conpound (7) as an internedi ate
is produced in the reaction, Conpound (7) can be further oxidated to give
Compound (8) . The oxidation of Conpound (7) can be carried out via a

conventiongl, deihed ysed dihddies teqhrkeal ff ehfl-odbe RbafeMRDI S,Oxi dating
agent includes, for exanple, 2,3- dichloro-5 ,6-di cyano- p-benzoqui none

(DDQ, N-bf OpRSUGE! né@i%&'ﬁoi!\IB%op%ganLQPGﬁle sne;i,deﬂ%uegagzhgﬂohs,
generally carried out neat or 1n a ctonventional solvent I C oes not

d | '
woversel Y SACEL bepkossian, T HaND! outicel SR P UEioC L

nmet hanol , ano I'sop anol’, anol | uoroe and et
ol yool : a ketone solyehi Sugbcgeacetne aDfnlBt Loyl kelgag: aggether
5 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-
dimethylformamide, and dimethylsulfoxide; 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.
Generally, the reaction is preferably carried out in the
presence of a basic compound. The basic compound 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 1lithium hydroxide, sodium

hydroxide, potassium hydroxide and cesium hydroxide; alkali

25 metal carbonate such as lithium carbonate, sodium carbonate,



such as tetrahydrofuran, dioxane, diethyl ether, and diglyne; an ester

sol vent such as nethyl acetate and ethyl acetate; an aprotic polar solvent
such as aweteormnidve, N , N -di nethyl formam de, and di meCygPauDH51G38 de; a
hal ogenat ed hydrocarbon sol vent such as nethyl ene chloride and et hyl ene
chloride; or other organic solvents. Inz3gddition, the reaction may be
carried out in a mxture of the abovenenti oned conventional solvents.

[ 0069] The anbunt of the oxidizing agent herein used is generally a

catal ytic amount to excess nole of Conmpound (7) . The reaction tenperature

is not |inpbedssalfl tBErhEASEE OMaedN R8s daneral dnomerd or rakaundemeeaal i ng,
at roomtenperature or under heating. Preferably, the ‘above reaction may be

carried oufydpder LekbUXaEPr Quent 0aé5 BBHESm EQ%BB%&@e(7Lan Lheiahove
Schene 4 includes an isomer about the double -bond site in the ring.

Compound (&Lniizedleds aypded ! 1Rt Liidl des aBn@uahiobleck o commoNnd

The starting nmaierial use Ve schene e an appropriate salt

t her eof , aﬂgdkgﬁedgﬁhrSgtggg?ﬁHnﬂ§dk9d§?CQtE?aCt'On may be al so appropriate

salts
5 [0065]

The organic base herein 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 basic 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 1limited, 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.



[ 0070] The desired conmpounds of each process shown in above each schene and
t he conpounds of the invention can be isolated or purified according to a
convent i omal2omavhayd, for exanple, separating a crude re&CTiJeR1pPRAASKCt by
cooling, filtrating, concentration, extraction, etc. and then purifying the
crude product by chromatography, recrystaallization, etc. [0071] The
preferable salt of Conmpound (1) . is a pharmaceutically acceptable salt, and

i ncl udes, for exanple,a salt with inorganic base such as netal salt (e.qg.

an alkali netal salt such as sodiumsalt and potassiumsalt, an al kaline
earth nmetalpgayf such as calciumsalt and magnesiumsalt), ammoniumsalt,

al kali nmetal carbonate (e.g. lithium carbonate, potassium carbonate, sodi um

carbonate, cesigLfathanali®y &t -tornflddoutRl a{) 7 NY4E OgaN ieRERARAL G tEE: -
| it hi um hydrogen car bonat e, sodlun1hydrogen car onate pot assi um hydr ogen

carbonat e, i §t ?) Bdu@:@% airg(a{:hﬁ”gf’e%ct 36‘# Oxé&ﬁ%rc](\ﬁr;/@ t *H&H“ Qe\!drf%)ijt‘iix%fr With

sodi um hydr ox potassi um e, cesi drOX|de etc.)

organic bn§%e§g§€ go %VélG&ﬁé%§ﬁ§E¥ég?]ne (e.g. trinethylanm ne,

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

15 trifluorocethanol, 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,

20 N,N-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 gf the above-
mentioned conventional solvents.

25 [0069]



etc.), pyridine, quinoline, piperidine, imdazole, picoline,

di met hyl am nopyri dine, dinmethylaniline, N - (lower) alkyl-norpholine (e.g.
N- net hyl reophw/aon®9 etc.), DBN, DBU, and DABCO, a salt @CTiJrunges7s8 aci d
such as hydrochl ori de, hydrobrom de , hydroi odide, sulfate, nitrate,
phosphate; and a salt of organic acid such as formate, acetate, propionate,
oxal ate, mal onate, succinate, funarate, naleate, lactate, nalate, citrate,
tartrate, carbonate, picrate, nethanesul fonate, ethanesulfonate, and

p-tol uenesul fonate, glutamate . [0072] The starting material used in the

above schenes mayebegsald tdrereak | bkeal hengboygeSompusnd 1Ls,edanqst he

desired conpounds in each reaction nay be al So appropriate salts.

addi ti on, g@hé@‘éf of, &Q@a’fgé‘%&'ﬁﬂoﬁﬁ&e{:ba&cégg hBgcdsgi &SEIRSHHHOW‘?S

(e.g. hydr Znol at e are included I n each general

formila. The preferabls %Mat - é@m hydrate. 1The reseancoppaunds
of the general ornu ? i nc an 1soner as géonet'ri ¢ I soner,
StereoisonPéacéggnogahC% @%allgoléyformed under cooling, at room
5 temperature 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 isomer
about the double-bond site in the ring.

10 Compound (4) wused 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 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 <c¢rude product by chromatography, re-
crystallization, etc.

[0071]
The preferable salt of Compound (1) is a pharmaceutically

25 acceptable salt, and includes, for example,



The present invention also includes the conpound of fornula (1) wherein one
or nore atons included in the conpound are replaced with one or nore

i sot opes wbensafo299 The exanpl es of the isotope which carclvgrroigosipsy ated in
t he present compound include, for exanple, isotopes of hydrogen, carbon®
nitrogen, oxygen, sulfur, fluorine, and-ghlorine, and in nore detail, 2H,
3H, 13C, 14C, 15N, 170, 180, 18F , 360, etc. The specific

i sot ope-1 abel i ng conmpound cont ai ni ng the above-nentioned i sotope (s) and/or
i sotope (s) of the other aton(s), for exanple, the conpound including

radi oi sot ope (s} §§;{E @vitﬁHlﬁBg?éﬂgc’ b §e”§'EEH' astFne% 10%%91rtaR'%' %5." adsSay

of the conpound and/or the substance ritium /| abel ng (i. or C-14

|abel ing (Lyga1 140k IiSALORE SOUROUDA Soti; 5Pl | X %@;l@ghsm T he

Vi ewpoi nt S ease of e preéparation and sde ect

Furt her mor e ound i ch he i ot gpe such deut rium
s agflg J(éx%e(:(':‘tar\cllgq_{ EI ng ?%i/ Onseu 28 é?liClum &

(i.e. 2H) erapeu ner i suc as the
i mprovenent of met abol st abi in i,n.vivo, hal f i fe) and
the reductiﬂaﬁn‘aﬁleesaéiégeamﬂ*ﬁeléw sadt ﬁr%sﬁﬁdg‘etﬁa GERRGTRES! dfe 9

aton( s) can be  general | repared by . neans t he abovg ment | oned scherres
and/ oP t heltbREBR FF s, PRk*AGL YRy CAF: qnz%lee i SOEOPR ICRFEC:

reagents. cesium carbonate, etc.), alkali metal hydrogen carbonate

(e.g. lithium hydrogen carbonate, sodium hydrogen carbonate,
potassium hydrogen carbonate, etc.), and alkali metal
hydroxide (e.qg. lithium hydroxide, sodium hydroxide,

10 potassium hydroxide, cesium hydroxide, etc.);
a salt with organic base such as tri(lower)alkylamine

(e.g. trimethylamine, 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 hydrochloride,
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



[ 0074] The conpounds of the invention and the salts thereof have an
adenosi ne A2a receptor agonistic activity and thus they are useful as an
adenosi newf2a1wm®empt or agoni st for mammal s i ncl udi ng humram/JBI1HGS1738
Accordi ngly, the present inventions also provide pharnmaceuti cal
conpositions as a nedi canent such as thesadenosi ne A2a receptor agonist.
Hereinafter, the pharnmaceutical conposition is optionally called as "the
present pharmaceutical conposition” . [0075] The present pharmaceuti cal
conposition can be prepared to a usual pharnmaceutical fornulation

conpri si nga aga et f egtr¥eramuat tak aboleasbmpBan@oMMOYNdsasehected ifie@m t he
group consisting of the conpounds of the invention and the salts thereof,

and some phahpBGRYLi ¢al bycacceRtabba mayr ber a1sdhapphapragedt kgakky _
acceptabl e carriers used inthe pharmaceutical conposition of the invention

may be a solid sychs @ pi 91voEed lrlirk Ut R3nd ety i Jhe gxap! es

of these carriers in exanpl e, lactose, magnési um stearate,

i;g;ghbut {“&elﬁe %lhs%.ltrje%e’c é?nBSCt(ier!zg.gbﬁ%@{é‘PéF’ cehh¥81%tk, SE3AMRnQ !
) yl'ene ¢ ol, purified er, etc.
5 like) are included in each general formula. The preferable
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
chlorine, and in more detail, °H, °3%H, ¢, Mc, N, Y0, %o,
¥p, 36C1, 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 ¢, is wuseful for a
topographical assay of the compound and/or the substance.
Tritium labeling (i.e. °H) or C-14 labeling (i.e. *C)
isotope compound 1is especially preferable from the

25 viewpoint of its ease of the preparation and its



[0076] In addition, the present pharmaceutical conposition can be prepared
in a formul ati on of dosage unit suitable for adm nistration. The exanpl es

i ncl ude aweabiodhead |iquid forrmulation suitable for oralPCadrRmd/ei173g i on
such as tablet, pill, capsule, granule, powder and liquid as well as a
formul ation for parenteral admnistrati @s such as injection (intravenous

i njection, intranuscular injection, etc.), eye drops, ophthal m c ointnent,
suppository, percutaneous absorption agent and the like. In particular, the
pref erabl e pharmaceutical fornulation is eye drops since it is considered

that the phargeegyiicey . CopneshtiaABref the LBEBLhANWRABHDBaYSBdadsean
i ntraocul ar pressure reduci ng agent, a nedicine for the treatnent of

gl aucona aggowg F subAsed Qs jadenesine A%acffcgpésreﬁgeeté&' €o

activity thereo 0077] The present pharnmaceuti conposition can

prepared ag, ap que%’%e'tHé'kQ eé‘E‘@cfHEEﬂ@E Bﬁ‘éﬁ 4z e igproyement of

ophthalnlcpﬁar ceutr cal conp tion exanpl e, such agueous [iquid
formul ati OﬁeEgﬂo{Pe pé@%‘& T§c9> Af Oltgl O‘QBncrE%s”?f i = f\% g&g?oﬂg § 0gludi ng
a salt thereo sane i nafr fer ) "are opt 1 onal ad ong of fbre _
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 adenosine A2a receptor agonist for

mammals including human beings. Accordingly, the present

inventions also provide pharmaceutical compositions as a

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

to a usual pharmaceutical formulation comprising an
effective amount 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



additives selected froma pharnmaceutically acceptabl e buffer,

agent, preservative, solubilizer, and pH adjuster, where necessary,

i sotonic

and t he

desi red awoeows9dzpul ation is prepared via a conventi omalr/Jproe/essss [ 0078]
The buffer used in the aqueous liquid preparation includes, for exanple,
i norgani c acid such as boric acid and phgsphoric acid; an organic acid such
as an am no acid and succinic acid; and a pharmaceutically acceptable salt.
The preferable buffer is succinic acid, phosphoric acid and sodi um

di hydrogen phosphate. The buffer can be used as a single ingredient or in

any conbi nghs ORHafrufab@ i 8l ecd SOt £84 S of T PhaPaRALbAN neherstna
succinic acid or a pharmaceutically salt thereof is used as a buffer can

prevent { hgopsgOLREkALIDN0Li d1ithaChi v haghedl eilerlWid ng; pubppg- { ek

storage since the salt of the active ingre

high sol ubLlLf¥sedhe ccancantralipn.pl t0e BuLl ersdn éQ&m@ﬂHeoti c

preparation s preferabl'y a m ninum concentration to prevent

e

ient wth succinic acid has a

Lcig%‘éi, d

vari ot on nlghe SRl e Al dTOTE 1180, 2UMY) e SRR APLYaPO! SRR DA

0.6 % (w v}

5 gum arabic, olive o0il, sesame o0il, cacao butter,

nore preferab

glycol, purified water, etc.

[0076]

ethylene

In addition, the present pharmaceutical composition

can be prepared in a formulation of dosage unit suitable

10 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,

percutaneous absorption agent and the like. 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 aqueous liquid, and further used as an ophthalmic

an



[0079] The pH adjuster used in the aqueous liquid preparation includes, for
exanpl e, hydrochloric acid, sulfuric acid, lactic acid, acetic acid,

pot assi urwbydromedzse, sodi um hydr oxi de, cal ci um hydr oxi d@CTIBM@8F1038

hydr oxi de, nonoet hanol am ne, tri et hanol am ne, dii sopropanol am ne,
triisopropanol am ne, and a pharmaceuticajty acceptable salt thereof. The
preferable pH adjuster includes hydrochloric acid and sodi um hydr oxi de. The
pH adj uster can be used as a single ingredient or in any conbination of two
or nore ingredients . [0080] The isotonic agent used in the aqueous liquid

preparati OBnhh$mhOEUIRKANY EBRPBEERARAL | ON k&Pt ANifmd 1k AQURRYS RRJecubne
i sotonic agent herein used is a conventional agent for eye drop, and

| ncl udes S@?%‘H%P?E%h@!ﬁti@ﬂt esnl ul phbobde, JR0ELG 186k, sodi um borate,
manni tol, glycerin, propylene glycol, polyethylene glycol, naltose,

sucrose, sorbi tﬁbéﬁgégg?%%egﬁf %BB\PBh%fder@?ﬂcYLu@'ﬂ&I%f%ﬂ EallQ' ‘&%%?%pf;rﬁe%@iet ol ,

propyl ene gl yco e preferably, is glycer

'sotonic agent cd,beused s &, sLnole.ingedient fed N @Y cEbi pabion of

two or

5 additives selected from a pharmaceutically acceptable
buffer, isotonic agent, preservative, solubilizer, and pH
adjuster, where necessary, and the desired aqueous
formulation is prepared via a conventional process.

[0078]

10 The buffer used in the aqueous 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 wused 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 liquid
preparation is preferably a minimum concentration to

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



nore ingredients. The preparation wherein glycerin is used as an isotonic
agent can prevent the deposition of the active ingredient or related

subst ancesotbhay®oef9duri ng a | ong-term storage since gl y®eTiyr2edees 73t
adversely affect the solubility of the active ingredient. The osnotic
pressure of the aqueous |iquid preparatizgn which includes an isotonic agent
is, for exanple, 170 to 460 ng sm kg, preferable 229 to 372 ngsnm kg, and
nore preferable 256 to 316 ng sni kg. [0081] The preservative herein used

i ncl udes, for exanple, a quaternary ammoni um salt such as benzal koni um

benzet honi ygyvand Hedwodadei AbdM mdr&atddh CQMROURD SlER) 3Sand more
chl or hexi di ne, - a "para- oxybenzoate such as nethyl paraoxybenzoate, and

propyl parﬁfgfgpggggaggé ang,ap al cohol compound such as chl orobutanol and
benzyl al cohol . The” preferable preservative includes benzal koni um chl ori de

and benzod?ggggpiun1bronide, and nore preferably benzal koni um hydrochl ori de
and benzododeci ni um brom de wherein the alkyl chain is conposed of just 12

carbons. [0082] Jhe prggenl. RhanoBgerh! €AL SQURGEL! h 94uTRY pEOBRELEE LR
5 includes, for example, hydrochloric acid, sulfuric acid,
lactic acid, acetic acid, potassium hydroxide, sodium
hydroxide, calcium hydroxide, magnesium hydroxide,
monoethanolamine, triethanolamine, diisopropanolamine,
triisopropanolamine, 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 1isotonic agent wused in the agqueous 1liquid

preparation is for making the preparation isotonic to
agqueous tear. The isotonic agent herein used 1is a
conventional agent for eye drop, and includes sodium
chloride, potassium chloride, boric acid, sodium borate,
20 mannitol, glycerin, 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.



sol ubili zer where necessary. The solubilizer herein used includes, for

exanpl e, a polyner such as polyvinyl - pyrrolidone, nacrogol (polyethylene
gl ycol ), WwoOl29wia9919al cohol , and hydr oxypropyl net hyl cel | ulP6S8P20a0/83473%8Ct ant
such as pol ysorbate, pol yoxyethyl ene hydrogenated castor oil, and

pol yoxyet hyl ene pol yoxypr opyl ene ; a polyghydric al cohol such as propyl ene
gl ycol; an organic acid such as benzoic acid and sorbic acid; an amno acid
such as aspartic acid, histidine, glycine, and |ysine; and a xanthi ne
derivative such as caffeine. The preferable solubilizer includes

pol yvi nyl pyrrol tHeneprepei-a@dbn paheHeAyl ieahatin beigoi Gsagi dassoshi C
acid, and alginic acid; especially polyvinylpyrrolidone and macrogol. The

sol ubi | i zef s688n be taScanSi Rt OE BEI RpY i d FbRANY £CORAM NALIEGRe0f two
or nore ingredients. 70083] The pH of the aqueous |iquid preparation

i ncluding {he-pgesgpt ophaLTREEH! E%EtQHQQSEBEQQOESdQQQH%D% 5ng-term
ut 5 to 8 [ bout 6 to 7 and

preferably abo , especially abou , re préferably 6.3

ggmﬁh?-s . £ g I@é‘lﬁaérgghﬁglsli:ga‘;%?lﬂlaéﬁhond8£st nEopr e?ﬁ%ris@‘ﬁ“t Legeler ehal
, powder and granule can
5 solubility of the active ingredient. The osmotic pressure
of the aqueous 1liquid preparation which includes an
isotonic 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-oxybenzoate; and an alcohol
compound such as chlorobutanol 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



be prepared by m xing the conpound of the invention with at |east one inert
carriers such as | actose, mannitol, glucose, hydroxypropylcellul ose,

m cr ocr yswel2niongo29el | ul ose, starch, pol yvinyl pyrroli don®@CTHe2006/83173%i ¢ aci d
and magnesi um al um nate, and fornulating the m xture according to
aconventional nethod. The preparation may further be fornulated with

addi tional appropriate additives, for exanple, a |ubricant such as
magnesi um stearate; a disintegrator such as calciumcellul ose glycolate; a
stabilizer such as | actose; a solubilizing agent such as glutamc acid and

aspartic agidonand tdigy ! h&arokypgﬁa;syﬁu\ém%cléq1h%@!él,-at ed wshibracswaet ener,
a flavor, a perfune, a preservative agent and the |ike. The tablet and pil

may be coatgdnwidd fgoigge&_baeat,i 13b09 08 ni DEh8Yas I Sge it &N €RkEvEOAL i NG
film wusing sucrose, gélatin, hydroxypropyltcellul ose and

T i

medi canent Ion, sol uti spensi on,

AP o EULHELCALCHE A SRS e SalLgg, ohod MBI e sgmoged of
ethangl ) g@%zgggUigcggdiéﬁgmﬁgogg9gEﬂgéﬁd; an amino acid such as
aspartic acid, histidine, glycine, and 1lysine; and a
xanthine derivative such as caffeine. The preferable
solubilizer includes polyvinylpyrrolidone, macrogol,
polyvinyl alcohol, benzoic acid, sorbic acid, and alginic
10 acid; especially 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 aqueous liquid preparation including the
15 present pharmaceutical composition 1is about 4 to 9,
preferably about 5 to 8, especially about 6 to 7, and more
preferably 6.3 to 6.9.
[0084]
The solid formuiation. 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,
hydroxypropylcelluiose, microcrystalline cellulose, starch,
polyvinylpyrrolidone, meta-silicic acid and magnesium

25 aluminate, and formulating the mixture according to a



contain an auxiliary agent such as wetting agent and suspendi ng agent, a
sweetener, a flavor, perfune, a preservative agent and the |ike. [0086] The
i nj ecti orvban1op®p298t er al adm ni stration includes asepti @CAHBZIWESIGPS
nonaqueous sol ution, suspension, enulsion and the |ike, and the aqueous

i njection can beprepared according to aggonventional nethod, for exanple,
using distilled water for injection and saline as a diluent. The nonagueous
i njection can be prepared according to a conventional nethod, for exanple,
using diluent or carrier such as propylene glycol, polyethylene glycol or

veget abl e gbhveHEhoAa10! hkeneil. ; a'@ﬁ@°'§ré§%§a@%o%th%ﬁ9| £RPILHRQr bafe 80.
The injection may further contain an auxiliary agent suCh as a preservative

agent, a WebiH09aREAN widh e’HdicﬁJBB a0gH oarﬁéégeraaagtﬁgeet or

stabilizer (e.g., lactose) a soI g agent (e.g., tamc acid

and aspartj Th £¢ n terlllqﬁg in .
conventlona ﬁgP% ehgggnpjdg ﬁltratlo ﬁ%%?ﬁﬂ ?t%% ?br ferova
of bacteri ition of nlcroblal radj ation such _as ray.. In
addi tion, ?ﬁsm egcﬁgSn c%n llt?e %o cparlecpl"%med asiiﬁgoéxteﬁggfg gggsl

e

a
prepaglng EQaE“H§%29”su ICh t e % %arag solubilizing agent such as
glutamic acid and aspartic acid; and the 1like. It may

further be formulated with a sweetener, a flavor, a perfume,
a preservative agent and the like. The tablet and pill may
be coated with a sugar-coating film or intragastric- or
10 enteric-coating - film, using sucrose, gelatin,
hydroxypropylcellulose and hydroxypropylmethylcellulose
phthalate, when necessary.
[0085]
The liquid 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 liquid 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 aqueous or nonaqueous solution, suspension,

25 emulsion and the 1like, and the aqueous injection can be



aseptic solid nedicanment is dissolved with aseptic water or aseptic sol vent
for injection before use. [0087] The dosage regi nen for the pharnaceuti cal
conposi t W0 20f0/M9pr esent i nvention in each the fornmul RCITGR2040/D$175se
determ ned in each case depending on the condition of the patients to which
t he pharnmaceutical conposition is adm nigstered (subject for adm nistration)
, age, sex and so on. In general, the dosage of the eye drops which
conpri set he pharnmaceuti cal conposition of the present invention can be
determ ned to be the amobunt so that the eye drops containing the active

conpound i Brép&£P8§eakatie 80Hx9 000LnTA¥r(Wh¥) mdtRIEr apby BxafPiel . 0%
(wv) , nore preferably O 1-0 .3% (W vVv) , can be dropped or swabbed once

to severaly, iH?SdﬁsEl?YleJh@aégPuEErOEn;';Q@t?%ﬁ dn@PSal PheOBE HSAYG ubRL .
general ly a 0.001-1 for an adul [0088] In the case of the oral

medi cament 19% tr%glsaggie%‘ifé Ognﬁ’%cUESanaa[ SBS“hd x%%*pgébbkgllngf t%c?e

I nventi on, e can eterm ne e conpoun

it Theoady P Aotal nibehEd o e SR tdﬁfc%solano 1 R T A

leIdgd Insgggegglp%5g§iene glycol, polyethylene glycol or vegetable

0il such as o©olive o0il; alcohols such as ethanol;
polysorbate 80. The injection may further contain an

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 1is

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 prepared
aseptic solid medicament is dissolved 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 1is
administered (subject for administration), age, sex and so

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



above dosage is only guideline and hence it may be al so increased or
decreased. As nentioned above, it is hopeful to determ ne the dosage every
time to bEouswdId®pendi ng on various conditions. Accordipagiyo10esessdi ng on
the conditions, the reduced dosage may still exhibit sufficient effects.
(Effect of the Invention) [0089] The prasent pharnmaceutical conpositions
and conpounds can have as an adenosi ne A2a receptor agoni st
variousactivities such as ocul ar hypotensive, increased blood flowto optic
nerve head, protection of optic nerve, vasodilation, coronary dilatation,

fall in bl epd PheshtEBut PEAL ek8hpagdt egat b@nthehpbebea@, iafththpanbahi C
effect, ant iinflammation, broncﬁlecta3|s and i nmunosuppressi on. [0090]

Therefore phe quesapindharFRCeu! i Gak GOMAS tisenscARd COmPOWS @apphe
adapted for treating an eye di sease such as gl aucoma (e.g. nornal tenS|on

gl auconm, gsﬂkﬁinbxgerEﬁQSIQetgbéuce offAat-$ rgacakoaegﬂegaexoalau%ona

etc.), ocu ypertension, diabetic t1 nopat hy, agerel ated macul ar

degeneratlgnob by, I qlyghL!s qar@g@}ta%aa,mpa 000l bELLIG , di sgase

caused by graucona hyper si on;
5 preferably 0.01-0.3%(w/v), can be dropped or swabbed once
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 compound 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 dosage 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 dosage may still exhibit sufficient

20 effects.

(Effect of the Invention)
[0089]
The present pharmaceutical compositions and compounds

25 can have as an adenosine A2a receptor agonist various



congestive heart failure; coronary ail nent; angina; atherosclerosis;

I schem ¢ heart disease,- cerebrovascular ischem a; reperfusion injury;

t hr ombosiwp 2ef/doepsy; rhinitis; sinusitis; enphysema; clptenetiobsitzssuicti ve
pul nonary di sease (COPD); asthma,- bronchitis; respiratory disease;
respiratory insufficiency syndronme; septisc shock; pul nonary fibrosis;
gastritis; netastasis gastritis; ulcerative colitis; Crohn's di sease;

i nflammat ory col oni ¢ di sease; wound heal i ng; eczemm; cutaneous
hypersensitivity; dermatitis; psoriasis; chronic rheumatoid arthritis;

di abetes; mutiipleesCLEEASHS: oAHLQLTHYPELShseaae: iREFeakBaaddbbiioRi olihe
present pharmaceutical conpositionsand conpounds can be used as a

di agnosti c. age Q i akl, .Lnf arct] 1] reipafter, pr esent
i nvention Fg'i[qqé%éafg§ﬁ§$pReb§%gﬁce gﬁ%?gggﬁor(%ﬁepégﬁﬁéﬁthgggsgfting

compounds 9@908¥%§éggggecE%Eangp%ﬁh%gaﬁq%nFOWREHPd n 288y 8rg¥%§EL%§S of

the invention, a eXpertments o he pharracol ogrcal t t
shoul d not_be, construed to be limted thereto. 0 The, nucl ear, ghetic
resonance ¥ ?ggec?gngﬁaFﬁgnexéﬁ§F8§ ﬁ%ﬂtioﬁ%glgé}SWFﬁé?g nﬁggﬁggd under
t he fgllomﬁng,, . , . . .

antiinflammation, bronchiectasis, and immunosuppression.
[0090]

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



conditions. The abbreviate synbols are defined as foll ows. Apparatus:

JNM AL300 (JEQL) Internal standard substance : TMS s : singlet, d:

doubl et, wO:20twaopd9et , g : quartet, quint: quintet, sextPCTIeM1&D5IBRN EF
DESCRI PTI ON OF DRAW NGS [0093] Figure 1 shows the cell viabilities that the
conpound of Exanple 1 in 0.25, 0.5 and l4%M was added to rabbit corneal
epitheliumcells. Figure 2 shows the effects of the conpound of Exanple 1
on ciliary artery in rabbits. Figure 3 shows the effect of the conpound of
Exanpl e 1on cell survival in Rat Retinal Granglion Cell. BEST MODE FOR

CARRYI NG OdhdTHEohPWENGEON-2R094¢ Resedenge %ar@l?rﬂod\ﬁtdﬂ)"a dept - For
(6- hydroxynet hyl pyridin-2-yl) acrylate 2-Bronopyri di ne-6-nethanol (50.0 g )

was di ssol yedcaaday Nnebhdiashhyl f ormamide (250 m) . To the solution
wer e added met hyl acrylate (47.9 ml), tetra (n-butyl) anmonium chl ori de

(73.9 ¢ O@gdqun1hydrogen carbonate (47.7 g ) and Ml ecul ar Sieves
3A(I/16) (é , and further

Herelnafter, the present invention is illustrated by
5 Reference Examples for preparing the starting compounds and
by Example for preparing the compounds and formulations of
the invention, and also experiments of the pharmacological
tests, but should not be construed to be limited thereto.
[0092]

10 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
15 s: singlet, d: doublet, t: triplet, g : quartet,

quint: quintet, sext: sextet

BRIEF DESCRIPTION OF DRAWINGS
[0093]

20 Figure 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 compound of Example
1 on ciliary artery in rabbits.

25 Figure 3 shows the effect of the compound of Example 1



palladium (11) acetate (2.98 g ) was added thereto under argon atnosphere.
The m xture was stirred at 800C for 5 hours. After cooling the reaction

m xt ure, wbeoroawudwi ng precipitate was filtered of f, an#CrRarPanom#g3sadded to
the filtrate, which was extracted with ethyl acetate. The organic |ayer was
washed with brine, dried over anhydrousamagnesi um sul fate and concentrated
in vacuo to give 50.2 g of nmethyl (E) -3- (6-hydroxynethyl pyridin-2-yl)
acrylate . Brown powder. 1H-NMR (CDCO3) 7.72 (IH t , J =7.5 Hz), 7.68
(IH d, J =15.6 Hz), 7.32 (IH d, J =7.5H), 7.21 (IH d, J =7.5
Hz), 6.97 éhteell, sdrvi®@16ihZRat 4REBihd, GHangdiondcéihiz), 3.85 (IH t , J
= 4.2 H), 3.83 (3H, s ) . [0095] Reference Exanple 2 Methyl 3 -

(6- hydroxymet hyl pyri din-2-yl) propionate Methyl (E) -3-
(6-hydroxymet hyl pyridin-2-yl) acrylate (50.2 g ) was al nost dissolved in

| sopropyl gk&phib ﬁ@éw&@{w&h@ﬁ%ﬁﬁ! SlviRgragded 5% pal | adi um
(activate carbon? (2.51 ¢ , and the m xture was stirred at 500C under
nor mal pref§¢§gp hydr ogen atnosphere for 2.5 hours. After cooling the
reaction mxture, the catalyst was filtered off and the filtrate was

concegtratﬁgfépegggugxggpggv§ 50.0 g of nethyl

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 (47.9 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 concentrated in vacuo to give 50.2 g
of methyl (E)-3-(6-hydroxymethylpyridin-2-yl)acrylate.
20 Brown powder.

'H-NMR (CDC1;) 7.72 (1H, t, J = 7.5 Hz), 7.68 (1H, 4, J

15.6 Hz), 7.32 (1H, 4, J = 7.5 Hz), 7.21 (1H, d4, J = 7.5
Hz), 6.97 (1H, 4, 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]



)

3 - (6-hydroxynet hyl pyridin-2-yl) propionate . Brown oil. 1H NVR (CDC 3
J=17.5
J =

7.58 (IH t , J =7.5H), 7.09 (IH d, J =7.5H), 7.03 (IH d,
Hz), 4.71W02b0/90399, 4.01 (IH, br s ) , 3.69 (3H, s ) , PBIUB201@P51788 ,
7.2 Hz), 2.81 (2H, t , J = 7.2 Hz) . [0096] Reference Exanple 3 Methyl 3 -
( 6- net hanesul f onyl oxynet hyl pyridin- 2 -wy9 propionate Methyl 3 -

(6- hydr oxynet hyl pyri din-2-yl) propionate (50.0 g ) was dissolved in ethyl
acetate (1000 m) . To the solution was added triethylamne (53.5 m), and
the m xture was stirred at ice tenperature for 10 mnutes. To the m xture
was added netbasged! Examyphechl oride (23 8 m) dropwi se over 10 m nutes, and
the resultTng mxture was stirred at ice tenperature for 30 m nutes. To t he

reactionm MéHﬁlV\@s(é‘dHQr&@ ; dvi-hai ALyt yigpyepibhagaferred into a
separating ' ; ] ed—sodium hydr ogen

carbonate and b dried e h fat
Mé@ﬁﬁl (RYER_q8 )ﬁ%%ﬁgﬁﬁglﬂﬁwﬂa% 3 91%% late

concentrated in vacto to glve 63.0 nmet hanesul

onyl oxymet fyhpyr § i P54~ 2 YhSBECR Q88 Gea BhOWMIOBEbpy1 alcohol (502 ml) .

5 To the solution was added 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
10 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 s), 3.69 (3H, s), 3.15 (2H, t, J = 7.2 Hz), 2.81 (2H, t,
15 J = 7.2 Hz).

[0096]

Reference Example 3

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

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

20 g) was dissolved in ethyl acetate (1000 ml). To 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 (23.8 ml)
dropwise over 10 minutes, and the resulting mixture was

25 stirred at ice temperature for 30 minutes. To the reaction



IH-NMVR (CDCI3) 7.63 (IH, t , J =7.5H), 7.26 (IH d, J = 7.5 Hz), 7.19

(IH, d, J

= 7.5 H), 5.28 (2H, s ) , 3.67 (3H, s ), 3.12 (2H t , J

7.2

Hz), 3.0A&03bho/o8h2992. 79 (2H, t , J = 7.2 Hz) . [0097] Retereraeofixsspl e 4

Met hyl 3 -

2-yl thionmethyl] pyridin-2-yl

was di ssol
mal ononi tr

was stirred under reflux for 2 hours. The reaction m xture was cooled to

{6 - [4- (4-acetyl am nophenyl) -6-am no-5-cyanopyri m di n-

ved in ethanol (16000 m) . To the m xture were added

} propi onat ¢ g4- Acet am de- benzal dehyde (1000 g )

ile (607 g ) and piperidine (40 g ) , and the resulting m xture

room t enpepaltliecand d NeRasa | Wadrf,0raP PhaULBES.cuthe PLSCiRhakedehyst al
was col lected on a filter, washed with ethanol (2000 m ) and dried to give

Mol & pbpafarciheyBIAKLTY] kninGakhEa GE AT RBRL LB ACRONCCT

1049 g of
Met hyl 3 -
was di ssol

nmet hahesul nyl oxymnet

propi onate (7.0 g )

t hereto. Tﬁggh{l@t l%%%l & fa‘fjﬁk?(ge%at}%pg?&g%%&&%o%f%é 18§§F?ﬁ)é1h\éy§30?{gg§? i on

m Xture, t

5

10

15

20

25

riet am n 1 was a ereto. and_the.m

Y,
of methyl 3- (6-methanesulfonyloxymethylpyridin-2-

yl)propionate.

Brown oil.

'H-NMR (CDC1l;) 7.63 (1H, t, J = 7.5 Hz), 7.26 (1H, 4, J =
7.5 Hz), 7.19 (1H, 4, J = 7.5 Hz), 5.28 (2H, s), 3.67 (3H,
s), 3.12 (2H, t, J = 7.2 Hz), 3.07 (3H, S8), 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-vl}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-

hyl e 7. ded t Xtyre was
Stirreq roreGhahi P SEeata el PIRARERGAL F fac BB G EYLE 8



(75 m), the above N - [4- (2 ,2-dicyanovinyl) phenyl] acetam de (4.33 g )

, and then N-bronosuccinimde (3.67 g ) were added thereto, and the m xture
was stirrwd 20mood2dbour. The precipitated crystal was colptegbadoosizas filter,
washed with nmethanol (40 m ), and dried to give 5.5 g of nethyl 3-{6- [4-
(4-acetyl am nophenyl) -6-am no-5-cyanopygd m di n-2- ylthionethyl ]
pyridin-2-yl }propionate . Wiite powder. 1H NMR (DVsQd 6) 10.23 (IH, s ) ,
8.20-7.60 (2H, br s), 7.83 (2H, d, J =8.7 Hz), 7.72 (2H, d, J = 8.7 Hz),
7.63 (IH t , J=7.8H), 7.35 (IH, d, J =7.8 H), 7.15 (IH d, J =7.8
t

Hz), 4.45 %&H rd Xona%e57'f§ﬁ, ?)wé%sﬁh§§$ﬁvéd if vé&ﬁ%ﬁgﬁ é3574ﬂ92H )
J=7.2 B 8 S S . [8098] Ref erence Exanple 5

(4- pcetyl aEhBOFE'E%W sz 0r SEVANORE | ShELE- 2neybibl Oneﬁﬁ]@y'nh,&med' n-

2-yl} propionic aci 4- acet yl am nophenyl)

-6-ami no- 5 gyang 4,}{@&" B2 1y'§hhgn§ghy' 1A9x Eididbordid ) prepLangta &b o )

was suspen ter-conta|n|ng aceton

Irors east s AL R A Bt Y
CltrI% acig &turegags stlrred for a while. Subsequently, methanol
(75 ml), the above N-[4-(2,2-dicyanovinyl)phenyl]acetamide
(4.33 g), and then N-bromosuccinimide (3.67 g) were added
thereto, and the mixture was stirred for 1 hour. The
precipitated crystal was collected on a filter, washed with
10 methanol (40 ml), and dried to give 5.5 g of methyl 3-{6-

[4- (4-acetylaminophenyl) -6-amino-5-cyanopyrimidin-2-

ylthiomethyllpyridin-2-yl}propionate.

White powder.

'H-NMR (DMSO-dg) 10.23 (1H, s), 8.20-7.60 (2H, br s), 7.83
15 (2H, 4, J = 8.7 Hz), 7.72 (2H, 4, J = 8.7 Hz), 7.63 (1lH, t,

Jd = 7.8 Hz), 7.35 (1H, 4, 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]

20 Reference Example 5

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

ylthiomethyllpyridin-2-yl}propionic acid

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

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



water (20 m) was gradually added to the reaction m xture, and the reaction
m xture was stirred at roomtenperature for additional 2 hours. The

preci pi t avedotwoseical was collected on a filter, washed wctrhryatmesi7§s/'5 m)
and dried to give 5 g of 3 - {6- [4- (4-acetylam nophenyl) -6-am no-5-
cyanopyri m din-2-ylthionmethyl] pyridin-2qgyl}propionic acid. Wite powder.
1H NWR (DVMBO-d6) 10.25 (IH, s ) , 7.84 (2H, d, J =8.7 Hz), 7.72 (2H, d ,
J =8.7Hz), 7.64 (IH t , J =7.8H), 7.36 (IH d, J =7.8 Hz), 7.16
(IH, d, J =7.8 H), 4.47 (2H, s ) , 2.95 (2H, t , J = 7.2 Hz), 2.65 (2H,

t, J=7.2Hhe %dgﬁéﬁgioﬁ;Qas EQ@%&lﬂ%ﬂﬁﬁﬁH“%&&¥@ﬁPéé Ronohydrate

| -tert-Butoxycarbonyl™-4- (plperazin-1-yl) neth y p| peridine

| -tert-But BXYS8! BN Laiflr et e a0 déét Lo Srgaﬁseﬁgg§ag}1§&hy'

acetate (1 e solution was a | am ne

the m xturg wag shcgurrr ed e },rlcg%l on‘gEi‘%ﬁ % J\_I\(:t‘ll ‘L:lgldTo t]ﬁhg%)xt yre was

sl owly added" net hanesul f ony opvm SE, and reaction
e vegagbr 1S ! %gﬁ;%zwﬂfeafcséeﬁtt}oan@r;l%?%salﬁﬁ%aeg&%@g%zt“i )
funneé, masﬁs the reaction mixture was stirred at room temperature
for additional 2 hours. The precipitated crystal was
collected 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, 4, J = 8.7 Hz),
7.72 (2H, 4, J = 8.7 Hz), 7.64 (1H, t, J = 7.8 Hz), 7.36
(l1H, 4, J = 7.8 Hz), 7.16 (1H, 4, J = 7.8 Hz), 4.47 (2H, s),
2.95 (2H, t, J = 7.2 Hz), 2.65 (2H, t, J = 7.2 Hz), 2.09
15 (3H, s).
[0099]

Reference Example 6

1-tert-Butoxycarbonyl-4- (piperazin-1-yl)methylpiperidine

l-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 slowly
added methanesulfonyl chloride (5.4 ml) dropwise, and the
reaction mixture was stirred at ice temperature for 30

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



with water (50 m) , and extracted with ethyl acetate (50 m, twice) . The
conbi ned organic | ayer was dried over anhydrous magnesi um sul fate and
concent r aveaoiown9r®euo. The resi due was di ssol ved i n acetcmiJpralh/esia00 m ) ,
and piperazine (18 g ) was added to the solution. The m xture was stirred
under reflux for 3 hours. The reaction mixture was concentrated i n vacuo,
then the precipitated piperazine was filtrated off. To the filtrate were
added brine (50 m) and ethyl acetate (50 m) , and the m xture was stirred
overnight. The mi xture was transferred into a separating funnel, and the

organi c | ayercWRs SRRAT&F£Asr¥RSHEd Wt £ isRealal ifly fWhEE), . wakted
concentrated in vacuo. To the residue was added water (50 m), and the

m xture m&6egﬂu§£@é£2@go%i?hl anaye&egak%hcwaehdeeh hcsc.tn.%gmgr syl @ Et hy!

acetate (10 was added ereto and the m xture s stirred for a while.

Then the mMLULP Was EansLeREALA QA SRR A0 T Uas! : gaBdal heyagueous

| ayer was separaf ed. € aqueous layer S stro basrfied wth sodi um

hydr oxi de at, ice tenper te. Th ixture was _extr d.with ethyl et at e,
0t ed over ARKGEPBE o RRanRELrnPaar Faret A B BN earr BErly it asEhe ¢ 478 Ve

9-96 g of 1 LehlePulgxyeaiRomilel (Rl Perazl e M de MIOYLPIRE! dl 08y
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 precipitated piperazine
was filtrated off. To the filtrate were added brine (50

10 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 ml, twice), and concentrated in wvacuo. To the
residue was added water (50 ml), and the mixture was

15 neutralized with 1IN hydrochloric acid at ice temperature.
Ethyl acetate (100 ml) was added thereto and the mixture
was stirred for a while. Then the mixture was transferred
into a separating funnel, and the aqueous Ilayer was
separated. The aqueous layer was strongly basified with 5N

20 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)methylpiperidine.
Colorless oil.

25 'H-NMR (CDCl;) 4.11-4.05 (2H, m), 2.87 (4H, t, J = 4.8 Hz),



Colorless oil. 1HNWR (CDA 3) 4.11-4.05 (2H, m) , 2.87 (4H, t , J =
Hz),2 . 72 - 2. 64 (2H m , 2. 36 (4H, br s ) , 2. 14 (2H, d , J
Hz) , 1 .w02010/002985 (3H, nm) , 1 .45 (9H, m) , 1 . 13 - POT/JOD1(/BH738T)
[0100] Reference Exanple 7 4 - ((4- (3- (6- ((4- (4-Acetam dophenyl)
- 6-am no- 5-cyanopyri mdin- 2-ylthio) nmetdgyl )pyridin- 2-yl )propanoyl
) pi perazin- 1-yl) nmethyl) -1- tert-butoxycarbonyl pi peridi ne di hydrochl ori de
3 - {6- [4- (4-Acetyl am nophenyl) -6-an no-5-cyanopyri m di n-

2-yl thionmethyl ] pyridin-2-yl}propionic acid (2.16 g ) was suspended in
acetone (44 nb)2. 610 (e syspension (ware wdded 1ohydr Qow, |4} hgnzotr isazol e

4.8
=6. 9

(781 ng) , |-ethyl-3- (3-dinmethylam nopropyl) -carbodiimde hydrochloride
(1.19) ’HQT(}' h-H8rh- Byt exucapbonyl 24- (6@l PeHazihnil-yl bomebhyl m
piperidine (1.5 g ) in order, and the mxture was refluxed for 1 hour. The

acetone wagyh@ ved off in vacuo, and then ethyl acetate (30 nl) and water
(30 M) were added thereto, and the m xture was stirred for 30 mnutes. The

m xture wa r fer [hto-a separating funnel, washed with saturated
ge e%%%g% ER mg'i‘gl 7 :
aqueous so nate and brine in order, dried over anhydrous

magne§|umili”(f(%t—?fmg-((4—(4—Acetamidopheny1)-6—amino—5—cyano—

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

l1-yl)methyl)-1-tert-butoxycarbonylpiperidine

dihydrochloride

3—{6—[4—(4—Acetylaminophenyl)—65amino—5—cyano-

10 pyrimidin-2-ylthiomethyl]pyridin-2-yl}propionic acid (2.16
g) was suspended in acetone (44 ml). To the suspension
were added 1l-hydroxy-1lH-benzotriazole (781 mg), 1l-ethyl-3-
(3-dimethylaminopropyl) -carbodiimide hydrochloride (1.1 g),
and l-tert-butoxycarbonyl-4- (piperazin-1-yl)methyl-

15 piperidine (1.5 g) in order, and the mixture was refluxed
for 1 hour. The acetone 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

20 saturated aqueous 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

25 temperature, and the mixture was stirred at room



concentrated in vacuo. The residue was conpl etely dissolved in nethanol (25
m ), then cone, hydrochloric acid (0.85 m) was slowy added thereto

dr opwi se WO 2090®aper at ure, and the m xture was stirre@#CaPooNiEsRoer at ur e
for 1 hour. Then, ethanol (50 nm) was added thereto, and the m xture was
stirred at 500C for 1 hour. After coolimpthe reaction m xture, the
precipitated crystal was collected on a filter, and dried to give 2.95 g of
4 - ((4- (3- (6- ((4- (4-acetanm dophenyl) -6-am no-5-cyanopyri m din-
2-ylthio) methyl) pyridin-2-yl) propanoyl) piperazin- 1-yl) nethyl) -1-

tert-but oxyeapbeayupeperdi ne iy dr eaBhor |é1:@1and'lh| { sopander wadHaldMz2a
(DMSO-d 6) 10.30 (IH s ) 10.15 (IH, br-s) 8.00-7.81 (4H, m) 7.72 (2H, d ,

J = 8.7 Hz}ndyB88o(! 'éndortﬁé %u&Qu(rtaH,wa@r $01fe&d SEH,so%c) foB3614 ppuA I H m
) 4.02-3.85 (30, M) 3. 8H, m) 3.17-2.73 (8H m) 2.09 (3H s )

1.99 (IH Retel- 7%0%6?%9(2%hén)réa%%)é?p’m§x& re OIQ%L f%fkéﬂed(4'

(6 am no- 5- cyano- 3- 0x0-3 Iperidin-4 -

B'hgﬁ;f‘)z' gcé é%kaerggllé'h ?é%lﬁfé%& ényl ) fT8kay thhe) dm%\’ir 't@ ‘i_l,'lr?ze X9 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—butoxycarbonylbiperidine
dihydrochloride.
White powder.

10 'H-NMR (DMSO-d¢) 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 (1H, 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) 1.39 (9H, s).

15 [0101]

Example 1

N-(4- (6-amino-5-cyano-2-((6-(3-0ox0-3-(4- (piperidin-4-vyl-

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

pyrimidin-4-yl)phenyl)acetamide trihydrochloride

20 To 4-((4-(3-(6-((4-(4-acetamidephenyl) -6-amino-5-
cyanopyrimidin-2-ylthio)methyl)pyridin-2-yl)propanoyl) -
piperazin-1-yl)methyl)-1-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



To 4 - ((4- (3- (6- ((4- (4-acetam dephenyl) -6-am no-5- cyanopyrim din-
2-yl thio) nethyl )pyridin- 2-yl )propanoyl )- piperazin- 1-yl )nethyl

) - 1-t ert -Wwot20mymardbonyl pi peri di ne di hydrochloride (4 0 gcCr/ivagomesided 400 m
| of hydrogen chloride [1 nol/L in ethyl acetate] , and the m xture was
stirred at roomtenperature for 24 hourss4 The precipitatewas 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 (24 5
m) at roomtenperature, and filtrated. To the filtrate was slowly added

acetone (873smby11.80dat BR 41 ¥i vEeraaashhshed With @tﬁ?@daEEfﬁEél (elaer eof
for 6 hours. The precipitated crystal was collected on filter, washed

with aceto (140 ), ri t Of 4N no- 5-
cyano- 2- ‘?g (3- g)@g 91{3 p?%%rlv%%n Aelrghret yl %lg’. per az“?lnl(tde E?uaglr opyl)

L S R 1

| H, 9. 05 b - 93 (IH_.b
i 33? 285 oot Odrsdrdt i | Bha) il i (LMool ongd £ifp 8008 W02
4 4.02-3.74 3-3. 45
g 3502 ng?Wé Hadg%? fcfﬁofe9189%Hm#E) ng the mlﬁgufe w;s sglrre%s (5H

with a seed crystal thereof for 6 hours. The precipitated

S
m

crystal was collected on a filter, washed with acetone (140

ml), and then dried to give 29.8 g of N-(4-(6-amino-5-

cyano-2-((6-(3-0x0-3-(4- (piperidin-4-ylmethyl)piperazin-1-
10 y1l) 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, 4,
15 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 (3H, 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]

20 Example 2

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

25 ylmethyl)piperazin-1-y1l)propyl)pyridin-2-yl)methylthio) -



1.50-1.39 (2H, m) . [0102] Exanple 2 N - (4- (6-am no-5-cyano-2- ((6- (3-
(4- ((1- (2-hydroxyethyl) - piper idin- 4-yl )nethyl )piperazin- 1-yl

) - 3- oxoprwpybioy@yrvdi n- 2-yl )nmethylthio) pyrimdin- 4 pyhrgpphensibss
)acetam de mal eate N - (4- (6-Am no-5-cyano-2- ((6- (3-ox0-3- (4-

(pi peridin-4- ylnmethyl) piperazin- 1-yl)sgpropyl) pyridin-2-yl) nethylthio)
-pyrimdin- 4-yl) phenyl) acetam de trihydrochloride (1.01 g ) was
dissolved in dry N,Ndinethylf ormam de (15 m) . To the solution were
added 2-chl oroethanol (186 m ) , triethylamne (0.6 nl), potassium

carbonat e ggﬁﬁm@ain%agq)w@h ) bedkda i G300 PBhyar88H15D8q81 X{UI & WS

stirred at 500C for ours he reaction m xture was concentr ated Under

reduced prgssuREssBRdLNe. asidie épwaiggg;sgmqm%a@ TR N3RPT 0

gel (methylene c Forid gueous annnnla =

to give ZzggggFg prerg4ag%§da?;ggl%r9%¥3g§p|pe&%% q%ﬁé lamlne

(2- hydr oxye i perrdi Fazi i oxopr opyl
) pyridin- yl thyI - thio n- en I acetanlde
conpound mgg i vetP i3 Y aﬁ%FE?%ah? 3§ﬁé“ﬁﬂle¥% AcPRIEE8. §qﬂdfghas
added _t her m xture was, stirred for a w@al The s%lutlon mas
conceﬁtratza an9 u@qﬂ)gﬁguﬁﬁﬁﬁP§ﬁ)Yﬁsrf 1yyed at 50°C for 3 hours

The reaction mixture was concentrated under reduced
pressure, and the residue was purified by chromatography on
silica gel (methylene chloride : methanol : 28% aqueous
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-yl) -
methyl)piperazin-1-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-dg) 10.25 (1H, s) 7.83 (2H, d, J = 8.7 Hz)
7.71 (2H, 4, J = 8.7 Hz) 7.63 (1H, t, J = 7.5 Hz) 7.35 (1H,
d, Jd = 7.5 Hz) 7.15 (1H, 4, 0§ = 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) 2.73-2.69 (2H, m)

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



(6 -am no- 5-cyano-2- ((6- (3- (4- ((1- (2-hydroxyethyl) piperidin- 4-yl)
met hyl ) pi perazin-1-yl) -3-oxopropyl) pyridin-2-yl) - nethylthio)

pyri m di rwo-2910009p29enyl ) acetam de nal eate . Wiite powdePCTUPROWBSIZEIVEO- d 6)
10.25 (IH, s ) 7.83 (2H, d, J =8.7 Hz) 7.71 (2H, d, J = 8.7 Hz) 7.63
(l1H t , J =7.5H) 7.35 (IH d, J =66 Hz) 7.15 (IH d, J =7.5 Hz),
6.04 (2H, s ) 5.76 (IH, 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) 2.73-2.69 (2H, m) 2.36-2.19
(3H, m) 2.09 (3H, s ) 1.88-1.83 (3H m) 1.35-1.31(2H, m . [0103] The
following examphes 3 - 5 were prepared according to a simlar process to
Exanple 2 .[0104] Exanple 6 N - (4- (6-am no-5-cyano-2- (6- (3-o0xo0-3- (4-
(piperidin{grysethyl) piperazin-1-yl) propyl) pyridin-2-yl) nmethylthio) -
pyri mdin-4-yl) phenyl) acet-D3 -am de trihydrochloride (6-3)6-1 6-2 1N
HCl / AcCEt 6-3 tpBUt ¥hidoulidg ddimdilss (4 = 64 vl pLBpa A0G dQRRBRYL nY -
6-am no- 5- cyanopyrlnldln-g-ylthlo) met hyl ) pyridin-2-yl) - propanoyl)

pi perazin-dsyh) s iRt hyl) pPLRELs! BbnBxdnpaLbexy late

(@]
HNJLCH:;
NC I \i o
HNTNZ s IN\ N NR
. Z Y
Example R NMR data Salt

1H-NMR (DMSO-d6) 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, d, J = 8.7 Hz) 7.78-|. . .

1 H 7.73 (3H, m) 4.77 (2H, s) 4.36-| c¥ibydrochloride
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
(6H, m) 1.50-1.39 (2H, m).
DMSOd-6 : 10.25 (1H, s) 7.83
(2H, d, J = 8.7 Hz) 7.71 (2H, 4,
J = 8.7 Hz) 7.63 (1H, t, J = 7.5
Hz) 7.35 (1H, d, J = 7.5 Hz)
7.15 (1H, d, J = 7.5 Hz), 6.04

: (2H, s) 5.76 (lH, br-s) 4.47-

2 oM 4.35 (4H, m) 3.71 (2H, br-s) maleate
3.45-3.32 (9H, m ) 3.11 (2H, br-
s) 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-
1.31 (2H, m)
DMSOd-6 : 10.25 (1H, s) 7.83
(2H, d, J = 8.7 Hz) 7.72 (2H, 4,
J = 8.7 Hz) 7.62 (1H, t, J = 7.8
Hz) 7.34 (1H, d, J = 7.8 Hz)
7.14 (1H, d, J = 7.8 Hz), 4.46

3 ZN"Son |(2H, s) 3.44-3.29 (8H, m) 2.94
(2H, t, J = 7.5 Hz ) 2.87-2.83
(2H, m) 2.73-2.66 (2H, m) 2.34
(2H, Dbr-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-




di hydrochloride (6-2) t-Butyl 4 - (4- (3- (6- ((4- amno -6- (4- am nopheny
1)-5- cyanopyrimdin-2-ylthio) nethyl) pyridin-2-yl) propanoyl) -

pi perazi rwo-2910009m9 hyl ) pi per idine-1-carboxy |ate (6-1PCTEP2D100J178%aS

di ssolved in nethylene chloride (68 m) . To the solution was added
triethylamne (1.4 nl) at ice tenperaturseg, and the m xture was stirred for
a while. Acetyl -D3 chloride (532 ml ) was slowy added thereto dropw se,

and the m xture was stirred at roomtenperature overnight . Water was added
thereto and_the mxture was transferred _into a separating funnel T

aqueous Ia%%%wh%&e%—@%ma—and—ph&
conbi ned grgani d | ayer was SP@Z?& 93 Haﬁﬁ?/a? %i fjum sul fate and

concentratled in |vacuo. The [es Bﬁ.ch@ogatography on siflica
gel (nethyl ene dhloride : m@[tzharaof7 —(12.15 a,1p 10,061 vg)3l 1 g of t-butyl 4 -
(4- (3- (8- (4- |(4-acet-D3-gnegogheayly)- b- @m(ag 5 cyagopyri m di n-
2-yl thio) [methyl|) pyridin-25yl)peopansyh)spi per,azin-2.29yl ) net hyl) piper

i di ne- 1-darboxyl ate . The Genpoﬂnd.MBgleompI@tely.@n3$olved i n nmet hano
(20 m), tlhen cdne. KO €1. - P33 -dRs(Bl.om y3 dddeédHt fer 8t o dropwi se at |ice
t enper at urle, and tfie ntxturg vas$ s‘fﬁ)rr%d’oa%’ %Oooh%}’c ergJe?ature for 3 hodrrs.
Then, ethanol (40 m) was a %ﬁ (2 ' :

t, J = 4 8 Hz) 2 63 (lH t,
4.8 Hz) 2.38-2.25 (4H, m)
.21 (3H, s) 2.14 (2H, d, J =
.5 Hz) 2.10-1.97 (2H, m) 1.85-
.60 (2H, m) 1.55-1.40 (1H, m)
.35-1.15 (2H, m)
DMSOd-6 : 10.25 (1H, s) 7.84
(2H, 4, J = 8.7 Hz) 7.72 (2H, 4,
J = 8.7 Hz) 7.62 (1H, t, J = 7.8
Hz) 7.34 (1H, d, J = 7.8 Hz)
7.14 (1H, d, J = 7.8 Hz) 4.46
5 (2H, s) 3.59 (3H, s) 3.50-3.25
//\\v/ﬂ\ ~ |(aH, m) 2.98-2.76 (3H, m ) 2.75-
0" .so (34, m) 2.50-2.40 (4H, m)
.25-2.13 (4H, m) 2.09 (3H, s)
.04 (2H, 4, J = 7.2 Hz) 1.68-
.55 (2H, m) 1.50-1.35 (1H, m)
.15-0.98 (2H, m)

l—‘l—'\INqusmfﬂl
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[0104]

Example 6

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

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

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



thereto and the m xture was stirred at 50 OC for 1 hour. After cooling the
reaction mxture, the precipitated crystal was collected on a filter, and
dried to woweisdhedBog of t-butyl 4 - ((4- (3- (6- ((4- PCT/IP2010/051738

(4- acet - D3- am dophenyl ) -6-am no- 5-cyanopyrimdin- 2-yl thio )nethyl
)pyridin- 2-yl )propanoyl )- piperazin-Xgyl) nethyl) piper idine- 1-carboxy
| ate di hydrochloride (6-2) . White powder. 1H NVMR (DVBO d6) 10.29 (IH s )
10.15 (IH, br-s) 8.00-7.90 (IH m) 7.82 (2H, d, J =8.7 Hz) 7.73 (2H, d ,
J=8.7 Hz) 7.59 (IH m) 7.40 (IH, m) 4.57 (2H, s ) 4.36-4.31 (IH, m)
4.02-3.89 (3H, m) 3.70-3.30 (8H, m) 3.17-2.73 (*8 ,om) 1.99 (IH m)
1.78-1.73 (2H":m) 1.39 (9H, s ) . [0105] N - (4% (¥® Ani no-5-cyano-2- (6-

(3-0x0-3- (44 X piperidin-4- ylnet hVPcez"gicgeida% n- yl )propyl )pyridin-
2-yl )Ynmethylt fhio) -pyrinmdin-4-yl T cat.: - aei dg, t ndihydgochl ori de

(6-3) To t- bty 4n- (4 (3-- @6k (#eHiiMmeaset - D3; - B Lo K

am no- 5- cyﬁ’ﬁo%y??@rﬁf‘w‘i g)J< mettll ) pyri g?%miy - p&\@pﬁ;\dyl

) pi perazin- 1-yl )methyl )piper idine -1-carboxyl ate dihydrochl oride (6-2)
(2.0 g ) was added 20 of hydrogen chloride [1 nmol/L if2%thyl acetate] ,
and the mxture was stirred at roomtenperature for 41 hours. The

precipitate HNJ\Kg
D

1N HCI/ACOEt
~  NC SN WO g HCI  HCI
2k N
HNTNZ ST N NH
6-3
t-Butyl 4-(4-(3-(6-(4-(4-acet-D3-amidophenyl) -6-amino-5-

cyanopyrimidin-2-ylthio)methyl)pyridin-2-y1) -

propanoyl)piperazin-1-yl)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-1l-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 Was
15 transferred into a separating funnel. The aqueous layer
was extracted with methylene chloride (twice), and the
combined organic layer was dried over anhydrous magnesium

sulfate and concentrated in vacuo. The residue was



was collected on a filter and washed with ethyl acetate (4.0 ml) . The
crude crystal was dissolved in water (10 m) at roomtenperature, and
filtratedwODol0f9e2%i ltrate was sl oWy added acet one (40PgiIrpP018/03173¢he

m xture was stirred with a seed crystal thereof for 2 hours. The
precipitated crystal was collected on asfalter, washed with acetone (4 m),
and then dried to give 1.75 g of N - (4- (6-am no-5- cyano-2- (6- (3-o0xo0-3-
(4- (piperidin-4-ylmethyl) piperazin-1- yl) propyl) pyridin-2-yl)

met hyl t hi o) pyrimdin-4-yl) phenyl) - acet-D3-am de trihydrochloride (6-3).
Wi te powdpﬁriﬁté&NRbQDwﬁaﬁbﬁatdgriﬁhjIanbrsﬁnihaiﬂﬁéikt(&eth§1%ﬁe8.81
(2H, m) 8.16 (IH t , J=7.8 Hz) 7.83-7.80 (3H, m) 7.75 (2H, d, J 8.7

Hz) 7.64 (thhofided:=mécBabal 4 Ak (2H1)Std 4i38 #1315 (b4 t bt $104~ 3.74
(3H m) 3.53-3.45 (2H, m) 3.26-3.23 (5H m) 3.02-2.81 (8H, m) 2.10-1.91

(3H, m) 1 505% g@ (£H4 Mot - b919ﬁ158ﬁﬂgb?}7(§ éélﬂgtBYEyénBLtr0benzoate 2

, 3 5, Nltroben20|c D4 acid was di ssol ved in

nethanol (éQPlﬂiéln-pri@ﬁ1§9$8£59f)ﬁ@?lagﬂeg-§9pﬁr0panoyl )piperazin-

5 1-yl)methyl)piperidine-1l-carboxylate. The compound was
completely dissolved in methanol (20 ml), then conc. HCl
(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-

5-cyanopyrimidin-2-ylthio)methyl)pyridin-2-yl)propanoyl) -
15 piperazin-1l-yl)methyl)piperidine-1l-carboxylate

dihydrochloride (6-2).

White powder.

'H-NMR (DMSO-d¢) 10.29 (1H, s) 10.15 (1H, 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 (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-(3-0xo0-3- (4-(piperidin-4-

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




hydrochloric acid (1.0 m), and the m xture was refluxed for 15 hours. The
reaction m xture was concentrated in vacuo and then water was added to the
resi due. wbeormogoiswe was extracted wi th nethyl ene chl or PAEJPXh&0TNTEaN] C

| ayer was washed wi th aqueous sodi um hydrogen carbonate, dried over

anhydr ous magnesi um sul fate, and concentge@ated in vacuo to give 5.3 g of

net hyl 4-nitrobenzoate-2 ,3 ,5 ,6-D4 (7-2). Wiite powder. 1H NMR (CDd 3)
3.99 (3H, s ) . [0107]4-Nitrobenzyl-2 ,3,5,6-D4 alcohol (7-3 ) Methyl 4 -
nitrobenzoate-2 ,3 ,5 ,6-D4 (7-2) (5.3 g ) was suspended in a m xture of

di oxane (53yihihiand-vai,en phedylh hcet TO3L BRI SES REARIARF ORI AddRd (3ad)um
borohydride (9.4 g ) , and the mxture was stirred at roomtenperature for
6 hours. After fhe reagiipn M@S(QQQBL3%QQ4_Raeakﬁﬁptngﬂﬂh%kMk% S gweakl y
acidified with 5 N HC and transferred into a separating funnel. The

agueous 'a%ﬁ&n§@§-8?5%%§§§§mWEEH-§Lgikhﬁ%?hékgggﬂgxgqﬁi%gﬁbkp?d or gani c

layer was dried over ¢ fous magnési um sul concéntrated in vacuo
P R BBy LB EREERRY 3P er i fopted IR g afbondbtay povier.

5 dihydrochloride (6-2) (2.0 g) was added 20 ml of hydrogen

chloride [1 mol/L in ethyl acetate], and the 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 precipitated
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-oxo-3-(4-(piperidin-4-ylmethyl)piperazin-1-
yl)propyl)pyridin—Z—yl)methylthio)pyrimidin~4—yl)phenyl)-v
acet-D3-amide trihydrochloride (6-3).
White powder.
'H-NMR (DMSO-d¢) 11.06 (1H, br-s) 10.38 (1H, s) 8.94-8.81
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, d, 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
(5H, m) 3.02-2.81 (8H, m) 2.10-1.91 (3H, m) 1.50-1.39 (2H,
m) .

25 [0106]



5.7 Hz) . [0108] 4-Am nobenzyl-2, 3 ,5 ,6-D4 al cohol (7-4)

4-Ni trobenzyl -2,3,5,6-D4 al cohol (7-3) (3.75 g ) was dissolved in a mxture
of ethyl woebaym®of987 m) and di nethyl formani de (10 m) pcToriheosiosduti on
was added 5% pal | adium (activated carbon) (400 ng) , and the m xture was
stirred under atnospheric hydrogen pressgye for 6 hours. After the reaction
was conpleted, the catalyst was filtered off and the filtrate was
concentrated in vacuo to give 2.65 g of 4-am nobenzyl-2, 3 ,5 ,6-D4 al cohol
(7-4). Yellow oil.1HNWR (CDCl 3) 4.56 (2H, s ) . [0109] 4-Acetam dobenzyl -
, 3,5 ,6-Di.apetate (7-5) 4-Am nobenzyl-2, 3 ,5 ,6-D4 alcohol (7-4) (2.65 g
) vvas d| sso#vr—rﬁ—rnﬂet hyl acetate (53 m) . To the solution was added
triethylamne (12.9 m) at ice tenperature, and the m xture wgs stirred for
a while. Anng hen acetyINOChI ori de (5.05 rr1) was S|NQW| dded Jhereto

dr opwi se, h&"TH t e & Mash&hj ro ction was
conpl et ed, D r Me@is a Dt@lmtahe B g |9.,na/amux D ameF't he ¥t ure was

transferred ;C:M 0 a separ® "1°ng funnel ouTh@“"dﬁﬂEbous oH OAc
- o) 7-5 [«]
A JK uso ™~ N o~
K.CO, Hit 0 Mn()z D Malonomtnle D HN p Thiourea o H D -
—_— J—— _——
MeOH 0 o DMF P|pendme 0 D‘ Na, EtOH D p K,CO, DMF,NBS
EtOH NG
NC. -~ NH
OM (N
7-6 CN HN""N""SH
0 7-8 o719
NN HNJ\ 1) WSC, HOBt HNS
LiOH o Acetone o o
= D 0" D
NC MeCN/H ,0  NC o o n’u“ok NC.; N HCI o HCI 9 %
HN Lk s HN N’,\s'\@/\)LOH G HNTN s’\L"j/\)LN’\‘/O o
# 2) conc. HCI, - N
7-1 MeOH 7-12
1) 1N HCI/ACOEt unﬂ\
- . D )
2) recryst. from D D
H,O/Acetone NC HCI

H,Nlu SWN’\\/CNH

7-13

Methyl 4-nitrobenzoate-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 conc.
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 layer
10 was washed with aqueous sodium hydrogen carbonate, dried
over anhydrous magnesium sulfate, and concentrated in vacuo
to give 5.3 g of methyl 4-nitrobenzoate-2,3,5,6-D4 (7-2).
White powder.
'H-NMR (CDC1;) 3.99 (3H, s).

15 [0107]



| ayer was extracted with ethyl acetate and the conbined organic | ayer was
dried over anhydrous magnesi um sul fate and concentrated in vacuo to give
4.28 g ofwo 201049629anm dobenzyl -2, 3 ,5 ,6-D4 acetate (7-BCTAIRHID/O373S | .

1H NVR (DVMBO-d6) 4.99 (2H, s ) 2.09 (6H, s). [0110] N - (4-

(Hydr oxynet hyl ) phenyl -2, 3 ,5 ,6-D4) acetzanm de (7-6) 4-Acetam debenzyl-2, 3
,5 ,6-D4 acetate (7-5) (4.28 g ) was dissolved in nethanol (80 m) . To the
sol uti on was added potassium carbonate (2.9 g ) , and the m xture was
stirred for 1.5 hours. After the reaction was conpleted, the reaction

m xture wag_fik bi6BERdy1Thesf bl frphesyasne@ngengrated in vacuo to give 3.4 g
of N - (4-(‘hy’drcxyﬂm‘%y1—j‘pﬁ‘6'ﬁyT—2*‘3—WDzrr acetami de (7-6) . Yellow

ol IHNR (DVROLG) 10 Of bersedade 42 {25 c5pd 2703 (8.5 &) - bgLIL] N

- (4-Fornyl pheny acet am

(FNdroxynE%Q¥§QH8g¥| ﬁ %gm%?§u§?o %hQES%?HEd?5§7m§3a§§d4w9t£r“@§ d 3§Olved

i n di met hy ham dé e solution was ed nanganése di oxi de

(
(17.9) . ?gd Qesﬂgéggégo%a%agtéddgg sod?ggcbggghydgoars AftSS,ta d

5 the mixture was stirred at room temperature for 6 hours.
After the reaction was completed, the reaction mixture was
weakly acidified with 5 N HC1 and transferred into a
separating funnel. The aqueous layer was extracted with
ethyl acetate and the combined organic layer was dried over

10 anhydrous magnesium sulfate and céncentrated in vacuo 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 [0108]

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 alcohol (7-4).

25 Yellow oil.



reaction was conpleted, the reaction mxture was filtrated. To the filtrate

was added water, and the m xture was extracted wth ethyl acetate. The

or gani ¢ &@ep1oes29dri ed over anhydrous magnesi um sul f at @CaE200NTIEN r at ed
in vacuo to give 2.5 g of N- (4-fornylphenyl-2 ,3 ,5, 6-D4) acetamde (7- 7

) . Wite powder. 1H-NWR (CDA 3) 9.93 (@3H, s ) 7.50 (IH, br-s) 2.23 (3H m

) . [0112] N - (4- (2,2-Di cyanovinyl)phenyl-2, 3,5 6-D4) acetamde (7-8) N
- (4-Fornyl phenyl -2,3, 5 ,6-D4) acetamide (7-7) (2.5 g ) was dissolved in
ethanol (50 mM) . To the solution were added mal ononitrile (1.1 g ) and

pi peri di nely Akt opSic1And e Xt We was stirred at roomtenperature for 8
hours. The precipitated crystal was collected on a filter, washed with

et hanol , angi@pjed to give 2.1 g of N - (4- (2, 2 -dicyanovinyl) phenyl -2
, 3,5 , 6- D4) acetam de (7-8) . Yellow powder. 1H NWVR (DMSO-d6) 10.52 (IH, s

) 8'37 (lkh—ﬁcétgmlaoﬁéﬁz -2, 6= € e (7-
no- 5= yl') phenyl- 2 ,3,5,
6-D4) acetam de4(Zm?)1oi§8n§91mz' OE 80pgt NANalnSP! YA qn Whsr gsn giet <’a‘JasSOO" um

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 ml) was slowly added thereto dropwise, 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 vacuo 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-



(276 nmg) was dissol ved was added thiourea (760 ng) , and the m xture was
stirred at roomtenperature for 1 hour. Then, N - (4- (2,

2- di cyanowonyloy@beayl -2, 3 ,5 ,6-D4) acetamide (7-8) (2ptTgrloiwasi7sdded
thereto and the m xture was stirred under reflux for 3 hours. After the
reacti on was conpl eted, the ethanol was ggnoved of f under reduced pressure.
The residue was dissolved in warmwater and weakly acidified with acetic
acid. The precipitate was collected on a filter and dried to give 2.91 g of
N - (4 (6 am no- 5-cyano- 2- nercapto-3 , 4-di hydropyrimdin-4-yl) phenyl -2
R g‘k}lydx%sz?&naﬁhgi@ bﬁe%z,l z\(f@,l Iso% m%%retagﬂ-lala'\/w YSO-d6 ) 9 . 99

,(IH s 07(3H s)
[0114] Met Ryl 1%w (4- (4 acetylanlnophenyl 2 ,3,5, 6- Eﬂ) - 6- am no- 5-
cyanopyr iﬁl&l yIthlonethyI ypyr idin- 2-yl )propionate (7- 10)N - (4-

(6- A no- S4Viiae- EuESCal &3 o~ CLEYAORYTAAn Bl & W dohey] o2 3

, 6-D4) acet sso1ved for nfam ‘de. (60 m )
. To the 53 gﬁ En wer e added net hyl 3 -
( 6- met hanesul S yl oxynet hyl pyridin-2- yl) propionate (2.73 g ) and

pOtaS%lunl%qngqggggy&%hég 5,3,5,6-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 vacuo
to give 2.5 g of N-(4-formylphenyl-2,3,5,6-D4)acetamide (7-
15 7).
White powder.
'H-NMR (CDC1l;) 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 g)
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-



and the mxture was stirred at room tenperature overnight. Then,

N- br onosuccinimde (1.77 g ) was added thereto, and the m xture was stirred
f or anot hwo 20100199 After the reaction was conpl et ed, watenpyasoadsked to
the reaction mxture and the m xture was extracted with ethyl acetate. The
organic layer was dried over anhydrous rpgnesi umsul fate, and concentrated
in vacuo. The residue was purified by chromatography on silica gel

(methyl ene chloride : nethanol = 20 : 1 ) to give 3.52 g of methyl 3 - (6-
(4- (4-acetyl am nophenyl-2 ,3 ,5,6-D4 )-6-am no-5-cyanopyri m din-

2.yl t hi t @ powder . 1H NMVR
(DMBO-d 6) 5?‘8958%?4%%% ’7‘1%3'92?psogabqjg&?%%)“ﬁz‘%e\'\?'7 Wh 4. 9= 7.8 H)
7.16 (IH, 4.46 (2H, 3.57 (3H, 2.99 (2H 't , J= 7.2
Hz) 2.(73 ( ﬁil{pw pﬁPW%‘?@Z)Hz) 2, 89 (BSH)S ) . E0115iS é ) (6-((4—

b7y et U0 g S " AR B - o

(4- acetylag1no%genyl 2 ,3,5,6-D4) -6-am no- 5-cyanopyrimdin- 2-yl thione
thyl )pyri proplonate (7-10) (3.52 g ) was suspended in 50%

wat er cont ai ni ng acetonltrlle (100 M) . To the suspen5|on Was
5 N- (4- (6-Amino-5-cyaho-2-mercapto-3,4-dihydropyrimidin-4-

yl)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-

cyanopyrimidin-2-ylthiomethyl)pyridin-2-yl)propionate (7-

25 10)



added |ithi um hydroxi de nonohydrate (331 ng) , and the m xture was refl uxed
for 2 hours. Then a solution of citric acid (1.59 g ) in water (10 m) was
gr adual | yweaaded9299t he reaction m xture, and the reacti @ATAPXNYPH 7SS
stirred at 500C for 1 hour. After cooling the reaction m xture, the
precipitated crystal was collected on adglter, washed with water, and
dried to give 2.29 g of 3 - (6- (4- (4- acetylam nophenyl-2 ,3,5,6-D4) -6
-am no- 5-cyanopyrimdin- 2 - ylthionethyl) pyridin- 2-yl) propionic acid
(7-11) . Wiite powder. 1H NWR (DNBC)d 6) 10.25 (IH s), 7.64 (IH t , J =

7.8 Hz), 7.36 (hH(4d(6- ﬂmrng £n0721§egb td-3 alﬁgarHﬁbr4m4@ith: S )
2.92 (2H, t , J =17. 2 Hz) 2.65 ( , .2 FE) 2.0 . [0116]

t -Butyl 43(41(Bnéfyi4> é4sa€eb@WhQQEBﬁEME 2 é 56 D42~ 6 g) as
ani no- 5- cyanopyri m di n- 2=yl t hi 0) "methyl) pyri - propanoyl)

pi perazin- 4; ¥k, yEghyly) &&y?éh?iPSr&a&gé%AKKba%ﬁjd'hYQEPCQEQrEQQu&Zo 2) 3 -

(6- (4- (4-Acetylam nophen - 6-am no- cyanopyri m di n-

2-yl thiong thyl)spyyi g@%%zlyl}f rerOageﬂgﬁe@ﬁhQo%;é&ggggga%pgﬂd%%2-

suspended I n acetone ( o thesuspensi on

1- hydgoxy &i*B?Qé?éﬁé@zm‘Eﬁf?ongéﬂd potassium carbonate (2.76 g),

and the mixture was stirred at room temperature overnight.
Then, N-bromosuccinimide (1.77 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 mixture was extracted with ethyl acetate.
The organic 1layer was dried over anhydrous magnesium
sulfate, and concentrated in wvacuo. 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
(1H, d, J= 7.8 Hz) 7.16é (1H, d, 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-yl)propionic acid (7-11)

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



| - et hyl -3- (3-dinmethyl am nopropyl) -carbodiimde hydrochloride (1.16 g ) ,
and t-butyl 4-piperazin-I-ylnethylpiperidine- 1l-carboxylate (1.43 g ) in
order, arorhw/9¥Pure was refluxed for 1 hour. The acePCmgPEE051@I0OVed of f
in vacuo, and then ethyl acetate (23 m) and water (23 m) were added
thereto, and the m xture was stirred forg®80 m nutes. The m xture was
transferred into a separating funnel. The organic | ayer was washed with

sat urat ed aqueous sodi um hydrogen carbonate and brine in order, dried over
anhydr ous magnesi um sul fate and concentrated in vacuo. After the residue

was conpl ehfkinodsssohyegyrimiBiRapol 1 tB2ohelthyl) p9ReaiHCR -(1)43 ) was
slowy added thereto dropwi se at ice tenperature and the m xture was

stirred atprggapherRer gLy @) f Qs kohoyy. Jhensuudiapela (48 Moy Wascadded

t hereto and tEe m xture was stirred at 500C for 1 hour. After cooling the

ti ] : | pid.ated t al |1 Lt d
O G S i R A U @ KT T Ll - AT -

3,5 ,6- zadédﬁ-mﬁ?-&g-yﬁxﬁ%cﬁég gglgp%cgﬁg%m@ (%’éfy'n)g}%[ieﬂdﬁ- 2nyl) -

propanoyl Jprperazin ) Iné -1-carbo
di hydEOChlgrﬂcggrg7_vg‘§g 're\éyihtx%dpo):ﬂgxer ‘2 hours. Then a solution of

citric acid (1.59 g) in water (10 ml) was gradually added

to the reaction mixture, and 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-

acetylaminophenyl-2,3,5,6-D4) -6-amino-5-cyanopyrimidin-2-

ylthiomethyl)pyridin-2-yl)propionic acid(7-11).

White powder.

'H-NMR (DMSO-d¢) 10.25 (1H, s), 7.64 (1H, t, J = 7.8 Hz),
15 7.36 (1H, d, J = 7.8 Hz), 7.16 (1H, d, 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

(3H, s).

[0116]

t-Butyl 4-(4-(3-(6-(4-(4-acetamidophenyl-2,3,5,6-D4) -6-
20 amino-5-cyanopyrimidin-2-ylthio)methyl)pyridin-2-yl) -

propanoyl)piperazin-1-yl)methyl)piperidine-1l-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



1H NWVR (DVMBSO-d6) 10.30 (IH, s ) 7.95 (IH, m) 7.65 (IH, m) 7.45 (IH, m)
4.59 (2H, s ) 4.40-4.31 (IH m) 4.10-3.85 (3HmM 3. 70-3 . 30 (8H m 3.
17 - 2 . Wwé20Bkoomp» 2 . 09 (3H, s ) 1 . 99 (IH m 1 . P8rardor0dsi742H, M 1
.39 (9H, s ) . [0117] N - (4- (6-Am no-5-cyano-2- (6- (3-o0xo0-3- (4-

(pi peridin-4-ylnmethyl) piperazin-1-yl) ggpyl) pyridin-2-yl)nmethylthio) -
pyrimdi n-4-yl)phenyl-2, 3,5 6-D4) acetam de trihydrochloride (7-13) To
-butyl 4 - (4- (3- (6- (4- (4-acetam dophenyl-2 ,3 ,5 ,6 - D4)

- 6- am no- 5-cyanopyrimdin-2-ylthio) nethyl) pyridin-2-yl) - propanoyl)

bi per azi n- LukbboBeblhy bl RRIALH e o GALROX YL 20 S Y L060LOT RS () 12)
(2.35 g ) was added 23 m of hydrogen chloride [1 In ethyl acetate] |,

and the i xtute, a3 shibted Al 1LAYMLENREn It ULeLLO lﬁéd ours. The

preC|p|tate was- coll ecte ethyl acetate (4.7
and 71117 afBHESFELEReRR E7 2P Hds 4L obm”y“?ﬁeé%q& SRE i AT e
pr eci pi ¢ Qféaf‘%i‘fééﬁaﬁ%gas!?????e?&yiﬁ 43t Bt of Offégﬁgd% %hslﬁﬁmr& ;
)1 el st diae 1908 of N (4 L0 2 SIBRes (O
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 aqueous 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-((4-(3-(6-((4-(4-acetamidophenyl-2,3,5,6-D4) -
20 6-amino-5-cyanopyrimidin-2-ylthio)methyl)pyridin-2-y1l) -
propanoyl)piperazin-1-yl)methyl)piperidine-1-carboxylate
dihydrochloride (7-12).
White powder.
'H-NMR (DMSO-dg) 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,



yl) propyl) pyridin-2-yl) nmethylthio) pyrimdin-4-yl) phenyl - 2 ,3 ,5
,6-D4) acetam de trihydrochloride (7-13). Wite powder. 1H NVR (DVSCQd 6)
11. 04 (| Ryohkwtezpodo. 38 (IH, s ) 8.92-8.80(2H, m 8 . 10pCichr20md/05738 79 (| H,
m 7. 5 (IHL m 4. 67 (2H, s ) 4 . 37-4 . 33 (IH mM 4 . 07-4 . 03 (IH,
m) 3. 70-2 . 82 (17H, m 2 . 10-1 . 9&46H m 1 . 48- 1 . 37 (2H m
[0118] Hereinafter, processes of the follow ng conpounds are shown as

ref erence exanples. WBC, HOBt, Acetone 8-3 8-4 3 - (6- (4-Am no-6-

(4-am nophenyl ) -5-cyanopyrim din-2-ylthionmethyl) pyridin- 2-yl) propionic
acid (8-2) ¥ 3.(&-3(40 (dficehy! amipaphenyl )gy 5- &M BO09- CyANOPYY i A1, Gion-
2-ylthionmethyl) pyridin-2-yl) propionic acid (8-1) (23 0 ng) was suspended
in acetonitkil e (2 )+.-40 e SPeRns was,yadded 5N hydrochloric acid
(2 m) , atr(lgiht' hren§ mgk%ré'\;/\gs(E?fr%d&é?%ggé'o%r'ni ght. After cooling the
reaction m'[&% , aqueous citric acid was gradually added thereto in order
to neutralize the reaction mxture. The precipitated crystal was collected
on a filteyr, ,washed withethanol, ~a [ i 50_nmg.of ,3.+ (6-
(4-am no-6f\1' ' 4 g g v Q‘;' 2k Lt e
2-

5 methyl)piperazin-1-vyl)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-
D4) -6-amino-5-cyanopyrimidin-2-ylthio)methyl)pyridin-2-yl) -
10 propanoyl)piperazin-1-yl)methyl)piperidine-1l-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

15 (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
20 ml), and then dried to give 1.93 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-

2,3,5,6-D4)acetamide trihydrochloride (7-13).

White powder.

25 'H-NMR (DMSO-d¢) 11.04 (1H, br-s) 10.38 (1H, s) 8.92-8.80



yl) pr op onic acid (8-2). Light yellow powder. 1H NWR (DVSQd 6) 7.83 (2H, d
, J =8.7Hz) 7.74 (IH t , J =7.5Hz) 7.30 (IH, d, J =7.5Hz) 7.12 (IH,
d, J = Avb2bim)oo6re6l (2H, d , J = 8.7 Hz) 5. 90 (2H, br-erTAr®do/(Aks s )

2.91 (2H t , J=7.5H) 2.48 (2H, t . J =7.5 Hz). [0119] t-Butyl 4 - (4-

(3- (6- ((4-am no-6- (4-am nophenyl) -5-gyanopyrimdin- 2-yl thio) nethyl
)pyridin- 2-yl )propanoyl )piperazin- 1-yl) nethyl)

pi peri di ne- 1-car boxyl ate (8-3) 3 - (6- (4-Am no-6- (4-am nophenyl)
-5-cyanopyrimdin- 2-yl - sulf any Inethyl) pyridin- 2-yl) propionic acid
(8-2) (2. 5329[ ) m¥@g §WSReRded)i B goetqne (m‘ro Ml - If tnhe SUSPERY, 0%)""‘”6

added 1- hydr oxy- IH-benzotrlazoIe (1 28 , I-eth (3-
di et hyl anhn?p)rgpgg) far b%ll imge hygy oc(;tfhorlnge (J3 87(9_2) 82 a?g ;I byt r%
4- pi perazin--yl et hy pi peri di ne-1-Tcarboxyl ate % in o d the

m xture wa fLuxed faor hqu h acet,one,was rermved off in vacuo, and
t hen et hyl Ea(r%gt gt )éﬁ 8% gh)a(r%d wa §7 ggh %)were added thereto, and the

m Xt ure vva% Etﬁhired for 30 mnutes The m Xture was transferred into a
separating P The organic | ayer was washed with saturated aqueous

sodi um h dro en_carbonate
y HeYeinafter, processes of the following compounds are shown

as reference examples.

0
HNAS
5N HCI WM, | WSC, HOBt, Acetone
—_—
MeCN i
NC ~y o NC A o K//\N Lo
HNT NSNS OH HNT NS (s OH
P o
8-1 8-2
NH, NH, HCI
1N HCV/
NC AcOEt
Oy 0 J? - NC AN HCL o HCI HC
P N P
HNT NS h(/\ o) rt. HN NS s IN\ N
& N = K,N
8-3 8-4

3-(6-(4-Amino-6- (4-aminophenyl) -5-cyanopyrimidin-2-ylthio-

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

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

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



and brine in order, dried over anhydrous magnesi um sul f at eand concentr at ed
in vacuo. The residue was purified by chromatography on silica gel

(et hyl engocblogworde : net hanol : 28% aqueous amoni a = 20@/p20k0l0s1738 ) to
give 3.9 g of t-butyl 4 - (4- (3- (6- (4-am no-6- (4-am nophenyl)
-5-cyanopyrimdin- 2-ylthio) methyl) pyridin-2-yl) propanoyl) piperazin-
1-yl )nethyl )piper idine -1-carboxy late (8-3). Light yell ow powder.
IHNWR (CDA 3) 7.95 (2H, d, J =8.7 Hz) 7.50 (IH t , J =7.5 Hz) 7.28
(lI1H d, J =7.5H) 7.08 (IH d, J =7.5 Hz) 6 71 (2H, d, J = 8.7 Hz)

5.70 (2H, b 51 69,091 66H 26t dt- Rty
5. 70 EZH %Elﬁénél 43 §§é%3 g: l_?:flvé)l\%é m 3 36(8-3@ g.hlnto],G (41 ' )

721 o %ﬁ?o&nﬁ%‘w% zs%ngp§91“35ﬂ% v?&hﬁoﬁ%@hﬁ rdsaghed

4- am nophe 4- [ di n- 4-yl net hyl
élpera2|g XTzP%OB%SﬁéF) %ygl §|) gg;ﬁs{;h:g) _y rethyh)
pyri m di n- ﬁbgggb rile t trahydrochlorlde (8-4) To t-butyl 4 - (4- (3-

(6- (4-am f'nBp H Rylr) - 5- cyanopyrlnldln 2-ylthio) nethyl)
pyr|d|n 2- yl) an 2|n yl.) meth pi per i di ne- 1- carboxylate
(8-3) (3 6 EDIQ%% %1654'Pré) IFﬁydiiogt;,[n =i c?y%?e) 'El)?ﬁ)lﬂ: i ntet Hyl‘
acetate] , and the m xture was stlrred at roomte erature

7.5 Hz) 7.30 (1H, 4, J 7.5 Hz) 7.12 (1H, d4, J = 7.5 Hz)

6.61 (2H, 4, J = 8.7 Hz) 5.90 (2H, br-s) 4.44 (2H, s) 2.91

(2H, t, 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-yl)propanoyl)piperazin-

1-yl)methyl)piperidine-1-carboxylate (8-3)

3-(6-(4-Amino-6- (4-aminophenyl) -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 1-hydroxy-1H-benzotriazole (1.28 g), 1l-ethyl-3-(3-
dimethylaminopropyl) -carbodiimide hydrochloride (1.8 g),

and t-butyl 4-piperazin-l-ylmethyl-piperidine-1l-carboxylate

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

20 The acetone 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. The organic layer

was washed with saturated aqueous sodium hydrogen carbonate

25 and brine in order, dried over anhydrous magnesium sulfate



for 24 hours. The precipitated crystal was collected on a filter, washed
with ethyl acetate, and dried to give 4.3 g of 4-am no-6- (4-am nophenyl)
-2- (6- (WoX0/0%02904- (pi peridin-4-ylnethyl) piperazin-2eylipamoonyss
pyridin-2-yl) nethylthio) - pyrimdine-5-carbonitrile tetrahydrochloride
(8-4). Light yellow powder. 1H NVR (DMSG-d 6) 11.23 (IH, br-s) 9.05 (IH,
br-s) 8.93 (IH, br-s) 830 (IH t , J =7.5Hz) 7.79-7.68 (4H, m) 6.92
(2H, d, J =8.7 Hz) 4.77 (2H, s ) 4.40-4.31 (84 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]
Her i naf t epnaPIRERSSfRS dtled Nen' kit N9 a@iEPOHALPaRE © BB APE{&] CBgNCe
exanples. 9-6 9-7 1) 1IN HCUAcCOEt H2QO Acet one Methyl 3 -
( 6- hydr oxy |- yridin-2-ylL)_praopionat - hyl - .
(6- hydr oxygrrg%‘ﬁgé%%%?%?g%QZy prg(l)%l%ﬁat g% -1)(918%%%}%8’ m%%lolls%e()l ved in
met hyl ene chlori (15,4 and _asol uti.on of chl ox oper bepzoi cid, (1. 46
g) in netﬂ?l:gﬁrelgghl'o?igde)a seogfo%]%yloél&ﬁled tlhde%r et o?6ahdi?hgo g%’%rg'\?\/as
stirred for 2_hours he reacti | uti.on washed with_ 10% aqueous
sodi um sul Pi OF, CaRibs e 56k Ghr RGal SgeN-Bar Bondr e ERE ARGV ~Froarasr . The
organgc lagg%i%?gig[5?91thio)methyl)pyridin—z—yl)propanoyl)piperazin—
l-yl)methyl)piperidine-1l-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, 4, 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-

4.09 (4H, m ) 3.59 (2H, £, J = 4.8 Hz) 3.45 (2H, t, J

1
1N
©

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- (3-0x0-3- (4- (piperidin-4-y1-

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

pyrimidin-5-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-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

25 of 4-amino-6-(4-aminophenyl)-2-(6-(3-0xo0-3-(4-(piperidin-4-



over anhydrous magnesium sulfate to g
(6- hydr oxynet hyl -1 - oxy-pyridi n-2-yl)
1H NVR ( GROI28)0/06028-7.29 (IH, m) 7.2
(2H, S ) 3.67 (3H, s ) 3.23 (2H, t ,
N - (4- (6-Am no-5-cyano-2-nercaptopy
(9-4) Thiourea (1.52 g ) was suspende

carbonate (2.12 g ) was added thereto,

ive 880 ng of nethyl 3 -

propionate (9-2) . \Wite powder.
5-7.22 (2H, m) 5. @tr(Pidi0/031)7384. 80
J=7.2 Hz) 2.87 (2H, t , J= 7.2 Hz)
rimidi n-4-yl) phenyl) - acetam de
din ethanol (15 m), and then sodi um
and the mxture was stirred at 600C

for 30 mnutes. Then, N - (4- (2 ,2-dicyanovinyl) phenyl) acetam de (9-3)
SR e R L e TG S i (e
ncidified B EEEab e a R e R g E P B AP R R e M et et o o
Eglgﬁ{noagﬂégékgd ;892é§yé832|glgfnw A 5?5 phenyl) acetanlde (9-4)

Ye||9w Poeraitt MRS USO8 £) 0 2P £ M) phom 606 A1

6- [4- (4-acetylam nophenyl -6 am no- 5 cyang rimdin-
{6- 514 {-apetylgm ngphe yJ) Y &N PRI LA ") .92 (2w,
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}
HNJ\
Q
HO |N\ - mCPBA HO |N\ . 1)MsCl, Et N, CH,CI, ne L, .
p CH,CI, 7 2) 94, K,CO,, DMF NN N o
91 9-2 P
[o} 0 9-5
HNJK HNJk
WSC, HOBt
LiOH N Acetone, DMF NC? o
> SN o] 0 o (N il o o
MeCN/H ,0 lu*s’\(‘j\)‘on 'O«\/O%k HN NJ\S,\LNJ/\)L,Q\/OJLOK
9-6 9.7
" 7 7
HN ,
1) 1N HCVACOEt NC?E)N\ oHcl HCI HCI Lglo(;lore:a HN
2) recryst. from N N NH
98 CN H,N N sH
93 9-4
Methyl 3-(6-hydroxymethyl-1l-oxy-pyridin-2-yl)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



2-ylsulf anylnmethyl] -1-oxy-pyridin-2-yl }propionate (9-5) Methyl 3 -
(6-hydroxy tnethyl-I|-oxy-pyridin-2-yl) - propionate (9-4) (880 ng) was

di ssol veawpreomammobene chloride (18 m) . To the sol uti @ETERY1NATEES
triethylamne (1.15 m), and the m xture was stirred at ice tenperature for
10 m nutes. Methanesulf onyl chloride (48 nl) was slowy added thereto
dropwi se, and the m xture was stirred at ice tenperature for 30 mnutes. To
the reaction mxture was added water, and the m xture was transferred into
a separating funnel. The organic | ayer was washed with saturated agueous
sodi um hydgegeniénr b@nai-a sk difd fisenddtec oagaai q 1l.agergwasn dmeetyoeele
anhydrous nmagnesium sulfate to give nethyl 3-

(6- net haneghh bonyé oxuERt BYbwlyoXyaayai dikerety) ) aREOPtREALE xt e Nwalshe
conmpound was di ssolved in dimethyl fornan de (10 m) , and N - (4-

(6-am no- 5s€Y§PQdeoPEéCH8&PBYr'ﬁhg'Beaétibh BReQyhbnagatamhdaetl wi4ng )
and potassium carbonate (1.1 g ) were added thereto and the m xture was

stirred atpgomempegar Lgfdﬂyrﬁrmsaﬁhtéfter i actb@nuHRs oRIBIeLed.

wat er was added thereto e preC|p|tate was l'ected on a fi

Sy sSeto BoieuBBRLID ShaTELON B offer Y abl BEBNLETMRDEBCI) e
over anhydrous magnesium sulfate to give 880 mg of methyl
- (6 -hydroxymethyl-1l-oxy-pyridin-2-yl)propionate (9-2).
White powder. |
'H-NMR (CDC1l;) 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-yl)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 30 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 of N-(4-(6-amino-5-cyano-2-mercapto-
pyrimidin-4-yl)phenyl)acetamide (9-4).

25 Yellow powder.



propi onat e
d, J =28

(9-5) . White powder. 1HNWR (DVSO-d 6) 10.26 (IH s ) 7.83 (2H,

7 Hz) 7.74-7.69 (3H, m) 7.37 (IH d, J= 7.8 Hz) 7.23 (IH,

t,

J= 7.8 Hayodofof®b, s ) 3.59 (3H, s ) 3.05 (2H, t , J=pcTAPiRA)0A7FH (2H,
, J= 7.2 Hz) 2.09 (3H, s ) . [0121] 3 - {6 - [4- (4-Acetyl am nophenyl)

- 6- am no- 5-

- - oxy- pyr

cyanopyrim di n-2- ylsul fanyl i hyl ]
I din-2-yl}propionic acid (9-6) Methyl 3 - {6- [4-

(4-acetyl am nophenyl) -6-am no-5-cyanopyrim din- 2-ylsul fanyl met hyl ]
-1 -oxy-pyridin-2-yl}propionate (9-5) (580 ng) was suspended in 50% wat er -

cont ai ni ng
hydr oxi de
hours. The
stirred at
precipitat
dried to g
5- cyanopyr
(9-6). Wi

5

10

15

20

25

LRGN blﬁsbed§17ldﬁﬁ9 119 the suspepsiiongvag-addedyt hi wm
nonohydrate ( ,

dthe mxture was stirred at 800C for 2

Q§80|hr|9 -agi ¢ ﬁ%§3?ngb wag adged thereto, and the nixture was

Arter coollng the reaction mxture, the

O0C for 1 hour
fdcglystal wag qalliect gd 00,8, L1 h8hnpd5heq.

LyLdio 2yl syl soutee AU Oxxy%g,'rq'dqh% AR

PU

(9-5)

Methyl 3- (6-hydroxymethyl-1l-oxy-pyridin-2-yl) -
propionate (9-4) (880 mg) was dissolved in methylene
chloride (18 ml). To the solution was added triethylamine
(1.15 ml), and the mixture was stirred at ice temperature
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 added water, and the mixture was transferred into a
separating funnel. The organic layer was washed with
saturated aqueous sodium hydrogen carbonate and brine. The
organic layer was dried over anhydrous magnesium sulfate to
give methyl 3—(6-methanesulfonyloxymethyl—1—oxy-pyridin—2—
yl)propionate. Then, the compound was dissolved in
dimethylformamide (10 ml), and N-(4-(6-amino-5-cyano-2-
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. The
precipitate was collected on a filter, and dried to give

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

acid

t



1HNWR (DVMBO-d 6) 10.25 (IH, s ) 7.83 (2H, d, J =8.7 Hz) 7.74-7.68 (3H, m
) 7.37 (IH, d, J=7.8 Hz) 7.23 (IH t , J=7 . 8 Hz) 4 . 50 (2H, s ) 3 . 02
(2H, t , WOo=20l0/09029Hz) 2 . 67 (2H, t , J =7 . 2 Hz) 2 PCOOPIBHN5133Y
[0122] t-Butyl 4 - (4- (3- (6- (4- (4-acetam dophenyl)
- 6-am no- 5-cyanopyrimdin- 2-ylthio) mettgyl) -I|-oxy-pyridin-2-yl)
propanoyl) -. piperazin-1-yl) nmethyl) piper idin-1-carboxy late (9-7) 3 -
{6- [4- (4-Acetyl am nophenyl) -6-an no-5-cyanopyri m di n-
2-yl sul fanyl methyl] -1-oxy-pyridin-2-yl }propionic acid (9-6) (520 ng) was
di ssol ved ipafopy¥iriaifnt 2a¢gekaneab}Omethyandidogpt Byht senmenide -(10 m ) .
To the solu?ionﬁzere added g-hydrox%—lFkbgngotriggopg (224 ng?q? | - et hyl - 3-
(3-dinethybgg%@gggggykb_syarbodiinide hydrochl oride (318 ng) , t-butyl
4-pi perazin- 1l-ylnethyl -piper idine- 1-carboxylate (315 ng) in order, and
the m xturg ¥?é %8&5@¥?d for 2 hours. The acetone was renoved off in vacuo,
and t hen etﬂy acetate and water were added thereto, and the m xture was
stirred for i . aThe .mi xtur s tr re inio separat i

11 BlES ng 19 % @a%"ﬁea‘iw?‘f.ﬁéf (84,140 3 sepgra ‘5f}9m

Lugnel, anéfi e organlcb ayer ‘Wwas Wt saturéLed aqueous sodi'u
Ul f 2o and- Londentr Acka M vhoth, (e Fesraud Sadflort1ria R E UE

7.8 Hz) 4.50 (2H, s) 3.59 (3H, s) 3.05 (2H, t, J= 7.2 Hz)

8.
)

2.76 (2H, t, J= 7.2 Hz) 2.09 (3H, s).
[0121]

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

10 yvlsulfanylmethyl] -1-oxy-pyridin-2-yl}propionic acid (9-6)

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

pyrimidin-2-ylsulfanylmethyl] -1-oxy-pyridin-2-yl}propionate

(9-5) (580 mg) was suspended 1in ©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)-6-

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

yl}propionic 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=



chromat ography on silica gel (nmethylene chloride : nmethanol =50 : 1) to
give 470 ng of t-butyl 4 - (4- (3- (6- (4- (4- acetam dophenyl)

- 6- am no-wOoYEMMmei m di n-2-ylthio) nethyl) - [|-oxy-pyriP@raP21¢/n3j173s8
propanoyl) piperazin-1-yl) nmethyl) -piper idine-1-carboxy |late (9-7) .
White powder. 1H-NWR (CDC 3) 7.98 (2H, &7 J= 8.7 Hz) 7.69-7.61 (3H, m)
7.43 (IH dd, J =7.8, 1.8 Hz) 7.31 (IH, dd, J=7.8, 1.8 Hz) 7.09 (IH t
J=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) 23g-u2)29 .64H 2'1@) f 23, dz3H(2ﬁ ) £2. 5L (2B sz) 2]—6'93 92h12)t
1.71-1.67 (3H, ra) 1. 46 ( H s ) 1.07-0.97 (2H, m) . [0

(6- Ami no- 55cyane-gs) (£6p9( 33@X0s3- (4- (plperldln 4- ylnethyl)

pi perazin-1-yl) propyl) Zl1-oxy-pyridin-2-yl) nmethylthio) pyrimdin-4-yl)
phenyl ) acg gb e trihydrochloride (9-8) To t-butyl 4 - (4- (3- (6- (4-

(4- acet am dophenyl) -6-am no- 5- cyanopyrlnldln 2-ylthio) nethyl)
-I-oxypyrlg ng panoyl : h )

pi peridi ne=
mol /L_in eth |
for 23 hod® ¥ a

piperazin-1-yl)methyl)piperidin-1l-carboxylate (9-7)

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

10 (10 ml) and dimethylformamide (10 ml). To the solution
were added l-hydroxy-1lH-benzotriazole (224 mg), l-ethyl-3-
(3-dimethylaminopropyl) -carbodiimide hydrochloride (318 mg),
t-butyl 4—piperazin-1-y1methyl-piperidine—1—carboxyla£e
(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 aqueous sodium hydrogen carbonate and brine in

20 order, dried over anhydrous magnesium sulfate and
concentrated in vacuo. 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-1-yl)methyl) -



a filter, washed with ethyl acetate, and dried to give a white crude
crystal. The crude crystal was dissolved in water (2.5 nm) at room

t enper at Wwe,20em0f| trated. To the filtrate was sl oWy &dagumaeesigsse (10
m) , and the m xture was stirred for 6 hours. The precipitated crystal was
collected on a filter, washed with acetorge, and then driedto give 230 ng of
N - (4- (6-am no-5-cyano-2- ((6- (3-o0xo0-3- (4- (piperidin-4-ylnethyl)

pi perazin-1-yl) propyl) -1-oxy-pyridin- 2-yl )methyl thio) pyrimdin- 4-yl
) phenyl )acetam de trihydrochloride . Wiite powder. 1H NVR (DMSO-d 6) 10.65
(IH m) 1?ié§rﬂh|ﬂne51)-c§r5@x§’l§@e(2b|7-7'5n) 7.82 (2H, d , J = 8.7 H)
7.75-7.69 (3 m) 7.43 (IH, d, J=7.8 Hz) 7.25 (IH, t , J=7.8 Hz) 4.50
(2H, s ) 4yA2:4. égwggg. m) 4.18-4.09 (IH m) 3.74-3.25 (8H, m) 3.08-3.01
(4H, m) 2.87-2.70 (4H m) 2.09 (3H, s ) 2.08-1.97 (2H, m) 1.47- 1.39
(2H m) .t Q4ed] (Herelnahten sqme &Xama'e@ﬁfm?amwwecﬁ' (SRR Li ons
conprising the present conpounds ‘are shown. [0125] Exanpl e

stainl ess begker yas gdded purifi ed vater) - 37 (14, a4, J= 7.8, 1.8
5 Hz) 7.09 (1H, t, J= 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, d, J= 6.9 Hz) 1.71-1.67
(3H, m) 1.46 (9H, s) 1.07-0.97 (2H, m).
10 [0123]

N- (4- (6-Amino-5-cyano-2-((6-(3-oxo0-3-(4- (piperidin-4-y1-

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

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

To t-butyl 4-(4-(3-(6-(4-(4-acetamidophenyl)-6-amino-
15 5-cyanopyrimidin-2-ylthio)methyl) -1-oxypyridin-2-y1l) -
propanoyl)piperazin-1-yl)methyl)piperidine-1-carboxylate
(450 mg) was added 4.5 ml of hydrogen chloride [1 mol/L in
ethyl acetate]l, and the mixture was stirred at room
temperature for 24 hours. The precipitate was collected 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 A
was stirred for 6 hours. The precipitated crystal was

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



(about 4.5 kg) . Concentrated glycerin (130 g ) as an isotonic agent and
succinic acid (3.5 g ) as a buffer were added thereto, and the m xture was
stirred twobeiwtios®el ved. Then, N - (4- (6-ami no-5-cyanoreT/ipfde/n{1330x0- 3-
(4- (piperidin-4- ylnmethyl )piperazin- 1-yl )propyl )pyridin- 2-yl )nethyl
thio) - pyrimdin- 4-yl) phenyl) acetam-ge (the conpound of Exanple 1)
(0.5 g ) was added to the solution, and the m xture was stirred to be

di ssolved. To the solution was addedbenzododeci nium bromde (0.3 g ) as a
preservative, and the m xture was gently stirred. The conpl ete dissolution

was visual by ¢QRbi R md 0ok iy -3@l Yt 9&1%55912:@@&5@' |2¥ a@dgg A%l Y- Vt/)4-

aqueous sodi um hydroxi de to adjust the pH . After justing pH,

gﬁ%‘ﬁhidzﬁﬁégﬁsﬁ@%ﬁdgi H YR ?’%‘*%%2“2% %‘*58) &2&5222&?‘95?'?“3 Ikg’
and e bofi P13 HRETLE ﬂé%?a*f@%jﬁ‘éig%Z%@&W%ﬁ%@@% RCal composition of

Exanpl e 9 rLepa ing sodi um di hydrogen phosphate (3.00 g ) as a
buf f er inspaéaegrggﬁi8rﬁ§8 acid in a sinilar manner to Exanple 8 . [0127]

5 White powder.

'H-NMR (DMSO-ds) 10.65 (1H, m) 10.33 (1H, s) 8.80-8.66 (2H,
m) 7.82 (2H, 4, J = 8.7 Hz) 7.75-7.69 (3H, m) 7.43 (1H, d,
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) 2.08-1.97 (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-(3-0x0-3-(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



Exanpl e 10 A pharmaceutical conposition of Exanple 10 was prepared using
glucose (275 g ) as an isotonic agent instead of concentrated glycerinin a
sim | ar rsorzero/modeExanple 8 . [0128] Exanple 11 A phar nRCEUPR0D51738
conposition of Exanple 11 was prepared using mannitol (255 g ) as an

I sotoni c agent instead of concentrated ggcerin in a simlar manner to
Exanple 8 .[0129] Exanple 12 A pharmaceutical conposition of Exanple 12 was
prepared using concentrated glycerin (68 g ) and propyl ene glycol (50 g )
as an isotonic agent instead of concentrated glycerin in a simlar nmanner

to Exanpl ep8nzohkB43ClnExanBremideA (Rhar npcesd i gapregapostiven ahgbxaepl e 13
was prepared using concentrated glycerin (105 g and sorbitol (43 g ) as

an isotonig;agent Wad echoOfy copceptyat eary VeShpletd 8i85BLLRLCHRRAGS 1O
Example 8 . [0131]
visually confirmed. To the solution was gradually added 4%
(w/w) aqueous sodium hydroxide to adjust the pH to 6.6.
5 After adjusting pH, purified water was added to the
solution to make the total weight 5.0 kg, and the solution
was gently stirred. The solution was aseptically filtrated,
then the filtrate 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 [0128]

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 Example 8.



Exanpl e 14 A pharmaceutical conposition of Exanple 14 was prepared using
propyl ene glycol (50 g ) , mannitol (100 g ) and sorbitol (43 g ) as an

i sot oni ¢ wQento/vmewead of concentrated glycerin in a si RCTAP201e/NF1E38 t O
Exanple 8 . [0132] Exanple 15 A pharmaceutical conposition of Exanple 15
was prepared using benzal konium chloridey0.5 g ) as a preservative instead
of benzododeci nium bromde in a simlar manner to Exanple 8 .
[0133] Herei nafter, the exanpl es of the pharmacol ogi cal tests using the
conmpounds of the invention are described. Test 1 : c-AMP Cenerating Action
in Cell Exppessing Adenosi ne A2a Receptor The test was carried out as
mentioned below with reference to the nethod disclosed in the reference
(Klotz k. Ney&hpak- 12hbunyn Schmi edeberg’ s Arch. Pharnmacol ., (1998) 357,
1-9; Shryoctk—J J i al ., Mlecular Pharmacol ogy, (1998) 53, 886-893) .
As to the cell §\ %er e Jtlt%‘%,fte%mp&ﬁ??énceb'f e@gm@g adengsigne A2a

receptor (Human

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

A pharmaceutical 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.

[0131]
Example 14
15 A pharmaceutical composition of Example 14 was

prepared using propylene glycol (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]



Sci ences,

Code No. RBHA2AC) was used. As to the culture nmedium Dul becco's
nodi fi ed Eagl es nmedi um (DVEM i ncl uding 10% FBS (Fetal bovine serun) and 1
nmv of sodwOrwyeomeat e was used. The cel

was pl aced on ®6THerdio/piasse (1 x

105/well) , and cultured overnight. After renoving off the supernatant, 0.1
m of DVEM (wi thout FBS) containing 20 rgd HEPES, 0 .1 nM | BMX

(3-isobutyl -I-nethyl xanthine) and 2 unit/nlL adenosi ne deam nase were added

to each well, and they were incubated at 37 OC for 30 m nutes. Then, 0.1 m

of the culture nedium containing the DMSO solution of the test compound in

t he predet
i ncubat ed

the cytol yhger@%ﬂgl PBI\;\\E@ﬁﬁQQegft Eﬁéeaﬂvta_at%ﬁna@et Besteapkion. The ampunt

measured by using t

of c-AMP |
(EIA) syst
was r epeat

erm ngdrePHSEREFAl LAB WRAMBAEEU SO tBRCBHERacoaBYiktheY tuRie

for additional 30 mnutes. After rempving off thé supernatant,

n ea

%

-N—ethylc&rboxanldo enQS|ne h drochlorlde (Signa code C141) as a

ref erence

10

15

20

25

resultant c-AMP in the reference nedi um

~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).

As to the cell to be used in the test, HEK293 cell
expressing adenosine A2a receptor (Human) (PerkinElmer Life
Sciences, Code No. RBHA2AC) was used.

As to the culture medium, Dulbecco's modified Eagles
medium (DMEM) including 10% FBS (Fetal bovine serum) and 1
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
deaminase were added to each well, and they were incubated
at 37°C for 30 minutes. Then, 0.1 ml of the culture 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

removing off the supernatant, the cytolytic solution was

e c- AVP enzyne i munoassay

l%sgqgg assay



caused by 1 nM of the reference conpound, was defined to be 100% The
anount of resultant c-AWP in each test nedium was neasured, and the
concent r avpentogvesaci ng 50% c- AMP anmount was cal cul at ed Poagezd1onsivsse
results of each test conpound in the predeterm ned concentration, which is
defined as EC50 val ue. The above test results obtained using the follow ng
conpounds of the invention prepared in the above-nentioned exanples are
shown in the followi ng Table. [0135] Result [0136] Test 2 : Effect of the
conmpound of Exanple 1 to corneal epitheliumcell [Method] Rabbit corneal

epi thel i umpagkl ¢KEIRABY) teAsnUseth ashd heeg@tloh Or the tesuntTert he avabbit

corneal epitheliumcell placed on 96 well plate was added the compound of

Exanpl e 1 jpandathe wampl ewdes hagsbatgd ﬁg nuigs. Jhed thearple
was irradiated with UVA (3.5 M¥cm 2) for 70 m nutes using a solar

si mul at or Sﬁguﬁgg};sa Iﬂi)hat sysPEmcel (IArﬂ@:%H%?hegl%EQeﬁcQHf f erCod%f ter
24 hours, the cel |ty was evaluated by the neutral red uptake
No.RPN225) .
5 [0134]

The same assay was repeated using CGS-21680 (2-p-
carboxyethyl) phenethylamino-5'-N-ethylcarboxamidoadenosine
hydrochloride, (Sigma, code Cl41l) as a reference compound.

The amount of resultant c-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 each 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 ECs, 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.

[0135]
20 Result
Example A2a agonistic activity (ECsq, 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




assay. [Result] The result is showm in Figure 1 . The cell viabilities
after the addition of the conpound of Exanple 1 (0.25, 0.5 and 1 nVM and
t hen t he wonati®@bison with the sol ar sinulator were 106. ¢a/ikiddo0907sd
100. 7% respectively, and thus the decrease of the cell viability was not
observed at all. Fromthe above result, g4 is obvious that the present
preparation can be used in a high concentration even outdoors in the
sunshi ne since the present conpound did not exhibit any cytotoxicity even
inusing it in a high concentration, and the present preparation is a

nedicanenteg@tﬁglgaa beisafely used. [0137] Test 3 : Vascul ar
rel axationCcutar circutatory di sorder occurs in glauconma, retinitis

plgnentosa{Mggﬁgh?r degeneration, ischem c optic neuropathy, retinal artery
occl usion, retinal vein occlusion, diabetic retinopathy, and iridocyclitis.

Especi al ly, cirgubatoredianderol pnapiif Rerve figgehas) cony dered an

i nportant factor 1 n glaucoma. ow has tmn circul atory

cyStem. Opal sl b LREOUR, "'%yt%rtexra}gbaﬁd Lbengther i rarnon e

5 cell placed on 96 well plate was added the compound of
Example 1, and the sample was incubated for 60 minutes.
Then, the sample was irradiated with UVA (3.5 mW/cm®) for
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 viability 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 wusing it‘ in a high
concentration, and the present preparation is a medicament
which can be safely used.
[0137]

25 Test 3: Vascular relaxation




through central retinal artery. Cliary artery passes to arteries in
choroid, optic nerve head, iris, and ciliary body. On the other hand,
central rwbi2omloeatobery passes to artery in retina, and acpartoiobsicentral
retinal artery branches to arteriole in optic nerve head. The conpound of
Exanmple 1 , relaxes ciliary artery, is gasidered to inprove ocul ar bl ood
flow Therefore the conmpound of Exanple 1 is expected to be an effective
drug for therapy of diseases of eye such as glaucoma, retinitis pignentosa,
macul ar degeneration, ischem c optic neuropathy, retinal artery occlusion,

retinal vein ocglLysien, diahetdco et i 80pathyy angdduddocyg! i sy bRh38]

<Mat eri al and nmethod> Rabbits weré sacrificed with an overdose of sodi um

pent obarbi gl 4y | 0t LAVRRGS AAMISHIAL | ALy dliea £Y85 WSLERERYE! Baked and

ciliary arteries were isolate arrings were cut mmin | ength from

il i Fed” | | 11 1 ehy
Cechnol ogy P SRGER CAY 6 0SEOpL B bt ual Thn, A URabr s wiire TEhui | TEr of i

oxygenat ed krebs.solutign_ with 5% .and % O2 at 370C .. To caonfi.rmthe
ené%theliuﬁ?ﬂiﬂﬁbgnof V§§g§% }cthzggglnopa Ey% and 1r1docyc31t1s.

5 Especially, circulatory disorder in optic nerve head 1is
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 nerve head, iris, and ciliary
body. On the other hand, central retinal artery passes to
artery in retina, and a part of central retinal artery
branches to arteriole in optic nerve head.
The compound of Example 1, relaxes ciliary artery, is
15 considered 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 vein occlusion, diabetic
20 retinopathy, and iridocyclitis.
[0138]
<Material and method>
Rabbits were sacrificed with an overdose of sodium
pentobarbital by intravenous administration. The eyes were

25 enucleated and ciliary arteries were isolated. Vascular



rel axation of ciliary artery by 100 nM carbachol was tested. If relaxation
by carbachol was nore than 30% the vessels whose endot helium had no damage
wer e usedwbPapiwdee9experi nents. After ciliary artery wasPCOAPREGHHAIN t h

Hi gh K+-krebs sol ution, the conmpound of Exanple 1 was serially

adm nistrated to chanmber from0.3 mMMto gPd0 mMM. The tension was neasured
by Myodaq ver 2 .01 (Danish nyo technology) . [0139] <Result> The results
are shown in the following table and Figure 2 . The conpound of Exanple 1
dose -dependent Iy relaxed ciliary artery in rabbits, and its EC50 was 17.0

mM . Theret9ngsi ek eQRChudfdihhakn Eﬁlﬂﬁ ngoaadlafryEé%&a&@er sheWset
relaxation inciliary artery.[0140] Test . Neuroprotection In glaucons,

one of thecdi saagessof Qi eadnga gtQph! | ’E‘?_!}l@c%% rgibpal gengiden &R

(REQ) is selectlvely injured. Su sequently the optic nerve is injured, and

finally t h‘EeXhﬁB?Eg&') el &112] %eﬁlcdr%&%acr edysBetLRalpar t erp 0CClusign,

retinal veln occ

were equilibrated in oxygenated krebs solution with 5% CO,
S and 95% 0O, at 37°C.

To confirm the endothelium démage of wvessels, the
relaxation of ciliary artery by 100 uM carbachol was tested.
If relaxation by carbachol was 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
solution, the compound of 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 rabbits, and its ECsqo 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




retinopathy and i schem c optic neuropathy are al so di seases of eye rel ated
optic nerve disorder. In addition, macul ar degeneration, retinitis

pi gment oswoantydeeder ' s hereditary optic neuropathy are gcsgesasoafgye

rel ated the damage of neuronal cell in retina. The conpound of Exanple 1
shows the neuroprotective effects on RGgyis expected to be neuroprotective
drug that is used for therapy of diseases of eye such as retinal artery
occlusion, retinal vein occlusion, diabetic retinopathy, ischemc optic
neur opat hy, macular degeneration, retinitis pignentosa and Leber's
hereditary opticlheur opat hy. 360841K .4Mat erli al and met hod> This experi ment
was perfornmed acxording [to a #etéwereported by Gori et al . (Ilnvest

Opt hal mol [Vis Saibo 39: 972-9842.4€98) . Eyes were enucleated from 7 day old
Long Evang 1at. 3ggtinas |were ¢50]pg ey fromthe eyes. The retinas were

di ssoci at ed—by T ncubating wi th Neurobasal— nedi um i ncl udi ng 15 W nlL papain
at 37C for 30 mnutes. The retinal suspension was prepared. The retinal

suspensi on was incubated in ant i-SIRP
[0140]

Test 4: Neuroprotection

In glaucoma, one of the diseases of eye 1leading to
5 blindness, retinal ganglion cell (RGC) 1is selectively
injured. Subsequently the optic nerve 1is injured, and
finally the wvisual field defect 1is appeared. Retinal
artery occlusion, retinal vein occlusion, diabetic
retinopathy and ischemic optic neﬁropathy 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 method>

This experiment was performed according to a method



anti body (Chem con) -coated flask at roomtenperature for 30 m nutes. The
non adherent cells were placed in anti-thy-1 anti body (Chem con) -coated
flask. Thwoeeldmowere i ncubated at room tenperature for pe®gmnobvsasss Finally
t he adherent cells in flask were washed with Neurobasal nedium After
centrifugation at 800 rpmfor 5 mnutes,gg he purified RGC was prepared. The
cells were seeded on gl ass coverslips that had been coated with poly-L-

|l ysine and |lam nin. The purified RGC were cultured in Neurobasal medium
cont ai ni ng B27 suppl enent, 1 nM gl utam ne 50 ng/ nL CNTF, 10 nM Forskol i n.

Culture wagepgBLALA leéld @Eo:’?ZO%d ngpum dinfieed abPOSPIREE §QRt aghi ng 3% CO2
and 95% air. BDNF (50 ng/nL) or the corrpound of " Exanple 1 at final

concentrat ,99_ 9{31 P/ngontrol) , 3 nM 10 nMor 30 nMwas adm ni stered
i medi ately after’ce seedl ng Oel | survival (cel | vi abi lity) was

determ ned by c daysqaft Yl g &ﬁe t

RGCwer e st ai nedﬁ%g%hq%x?ﬁvl cel n- %\CR/I Téglne?ul zfyp?sg hEeé%ﬁ%bg%tof RGC

was counte SI ng fluoresce %&@bc 0SCOR! The gerce@%age oe‘ ceII sur.vi val
e

(cell wvi abi Tt %y? was cal cala y ﬂ%’f‘ng tount s con asgr g&ﬁ:eas 0%

and OSthe SgggéglgéengF % d%a:iﬁg)ﬁlth Neurobasal medium including

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

The retinal suspension was incubated in anti-SIRP

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

10 minutes. The non adherent cells were placed in anti-thy-1

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 poly-L-lysine and laminin. The

purified RGC were cultured in Neurobasal medium containing

B27 supplement, 1 mM 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 nM 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



[0142] <Result> The results are shown in the followng table and Figure 3 .
The conpound of Exanple 1 showed increase in cell survival dose-dependently
. Thi s rewsohviwgpest ed that the conmpound of Exanple 1 lpad/sphrons173s

neur oprotective effects on RGC. Goups n Cell survival (% Control 0 .06.5
Exanmple 1 8 10 .97.0 3 nM Exanple 1 8 445 .57.0 10 nM Exanple 1 8 4 1 .95.5
30 nM Dat a=MeanSE The cel |l survival was cal cul ated by using the counts of
control groups as 0% and the counts of BDNF groups as 100% CLAIMS 1 . A
cyanopyri m di ne conpound of formula (1): wherein R is hydrogen, hydroxy

f;;?‘é'ﬁﬁyf". K¥kre9's@uRnlRlAagnat edv(baele il ) (B 1UHLIYr (HPYEE) al kexy)
number of RGC was counted using fluorescence microscope.
The percentage of cell survival (cell viability) was
calculated by using the counts of control group as 0%, and
5 the counts of BDNF group as 100%.
{0142]
<Result>
The results are shown in the following table and
Figure 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
(%)
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 41.9+45.5
30 nM

Data=Mean+SE
15 The cell survival was calculated by using the counts of

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



(lower alkyl) group or a salt thereof. 2 . The cyanopyri m di ne conpound of
claim1l which is selected fromthe group consisting of (1) N - (4-

(6-am no-BOYWMeD9 ((6- (3-0x0-3- (4- (piperidin-4- yl RETHPR010/051738

pi perazin-1-yl) propyl) pyridine-2-yl) nethylthio) - pyr imdine -4-yl

) phenyl )acetamde , (2) N- (4- (6-am ng 5-cyano-2- ((6- (3- (4- ((1-

(2- hydroxyethyl) - piperidine-4-yl) methyl) piperazin-1-yl) -3-oxopropyl) -
pyridi ne-2-yl) methylthio) pyrimdine-4-yl) phenyl) acetam de, (3) N - (4-
(6-am no-5-cyano-2- ((6-(3-(4-((l- (3-hydroxypropyl) piperidine-4-yl)

met hyl ) pi perazin-1-yl) -3-oxopropyl )crafiyéi di ne-2-yl) nethylthio)

pyri m di ne-4-yl) phenyl) acetam de, (4) N - (4- (6-am no-5-cyano-2- ((6- (3-
(4- ((1- (2-f luoroethyl) - piperidine-4-yl) nethyl) piperazin-l-yl)
-3-oxopropyl) - pyridine- 2-yl) methylthio) pyrimdine-4-yl) phenyl)

t d d 5 2 4- 1-
?gengphoiycgpbo%y%g H$P¥ 6?%??% ng OB angf Eoﬁgggféeragln g(yl) - 3-

oxopropyl) pyridine -2-yl) nethylthlo) pyrlnldlne 4-yl) phenyl) -
acetam de, or a ?ﬁlt thereof . 3 . A pharmaceutical conposition conprising
t he conpound HN” “CH, .

(1)
NC S

0O

5 wherein R 1is hydrogen, hydroxy (lower alkyl) group,
halogenated (lower alkyl) group or (lower alkoxy)carbonyl-
(lower alkyl) group

or a salt thereof.

10 2. The cyanopyrimidine compound of c¢laim 1 which 1is
selected from the group consiéting of
(1) N- (4- (6-amino-5-cyano-2-((6- (3-0oxo-3- (4- (piperidin-4-
ylmethyl)piperazin-1-yl)propyl)pyridine-2-yl)methylthio) -
pyrimidine-4-yl)phenyl)acetamide,

15 (2) N-(4-(6-amino-5-cyano-2-((6-(3-(4-((1-(2-hydroxyethyl) -
piperidine-4-yl)methyl)piperazin-1-yl) -3-oxopropyl) -
pyridine-2-yl)methylthio)pyrimidine-4-yl)phenyl)acetamide,
(3) N-(4- (6-amino-5-cyano-2-((6-(3-(4-((1-(3-hydroxy-
propyl)piperidine-4-yl)methyl)piperazin-1-yl) -3-oxopropyl) -

20 pyridine-2-yl)methylthio)pyrimidine-4-yl)phenyl)acetamide,



of claiml1l or 2 or a salt thereof, and a pharnmaceutically acceptable
carrier. 4 . The pharmaceutical conposition of claim3 for treating or
prevent i yjoaniogpe29di sease. 5 . The pharmaceuti cal conpo®CTiJer1ehH51G8%i m 4
for treating or preventing glaucoma. 6 . Use of the conpound of claim1l or
2 or a salt thereof as adenosine A2a receptor agonist. 7 . A nmethod for
treating an eye di sease which conprises adm nistering an effective anpunt
of the compound of clainl or 2 or a salt thereof to an aninmal or hunan
being in need of such treatnent. 8 . An aqueous |iquid preparation

conpri si ng (4he ghanmgeedhkfal scerpas-bi-qneof(3cl@i-m(3 -.(29 £1ubiee2UHAQUS
liquid preparatlon of claim8 which further conprises one of nore additives

sel ect ed fbQﬁb%lHEﬁéﬂgc9M§hE€h§X)ﬁ&@%&%@gbﬁlbyﬁfe@»ok%@&%ﬁ&@)agent
preservative, solubilizer and pH adjuster. he aqueous |iquid

preparati OByQ&dEl’l glam Eﬁyﬁlth?% gg'ﬁr‘éﬁﬁd %esﬁ' gﬁﬁ)rgﬂehﬁ%%%;‘éhﬁ'd% aci d,

boric acid osp am no a pharnaceuti cal l acceptable
salt theregkd 11. The aqueous liquid preparation of claim10 wherein the

5 (5) N- (4- (6-amino-5-cyano-2-((6-(3-(4-((1-(2-methoxy-
carbonylethyl)piperidine-4-yl)methyl)piperazin-1-yl)-3-
oxopropyl)pyridine-2-yl)methylthio)pyrimidine-4-yl)phenyl) -
acetamide,

or a salt thereof.

10
3. A pharmaceutical composition comprising the compound
of claim 1 or 2 or a salt thereof, and a pharmaceutically
acceptable carrier.

15 4. The pharmaceutical composition of claim 3 for treating
or preventing an eye disease.
5. The pharmaceutical composition of claim 4 for treating
or preventing glaucoma.

20

6. Use of the compound of claim 1 or 2 or a salt thereof

as adenosine A2a receptor agonist.

7. A method for treating an eye disease which comprises

25 administering an effective amount of the compound of claim



buffer is succinic acid. 12. The aqueous liquid preparation of claims8
wherein the isotonic agent is one or two isotonic agents selected from

gl ucose, wonbidmbzoomanni tol, sodi um chl ori de, potassi umpciiyetaioesi7g opyl ene
gl ycol and glycerin. 13. The aqueous liquid preparation of claim9 wherein
thepreservative is selected from benzal kgni um chl ori de, benzet honi um

chl ori de, benzododeci ni um brom de, chl orhexidi ne gluconate, nethyl

par a- oxybenzoat e, propyl para-oxybenzoate, chl orobutanol and benzyl

al cohol. 14 . The aqueous |liquid preparation of any one of clains 8 to 13

wherein the pH is ghouwl &k 1Ph@r8of to an animal or human being in

need of such treatment.

8. An agueous liquid preparation comprising the

5 pharmaceutical composition of claim 3.
9. The aqueous 1liquid preparation of claim 8 which

further comprises one of more additives selected from a
pharmaceutically acceptable buffer, isotonic agent,

10 preservative, solubilizer and pH adjuster.

10. The aqueous liquid preparation of claim 9 wherein the

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

11. The aqueous liquid preparation of claim 10 wherein the

buffer is succinic acid.

20 12. The aqueous liquid preparation of claim 8 wherein the
isotonic agent is one or two isotonic agents selected from
glucose, sorbitol, mannitol, sodium chloride, potassium

chloride, propylene glycol and glycerin.

25 13. The aqueous liquid preparation of claim 9 wherein the
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preservative is selected from benzalkonium chloride,
benzethonium chlbride; benzododecinium bromide,
chlorhexidine gluconate, methyl para-oxybenzoate, propyl

para-oxybenzoate, chlorobutanol and benzyl alcohol.

14. The aqueous liquid preparation of any one of claims 8

to 13 wherein the pH is about 5.0 to 9.0.



