- 1 - DESCRI PTI ON COVPOUNDS HAVI NG TAFl a | NHI BI TORY ACTIVITY

TECHNI CAL FI ELD [ 0001] The present invention relates to conpounds
havi ng TAFl a (thronbi n-activated thronbin-activatable fibrinolysis
inhibitor) inhibitory activity. Background Art

[ 0002] Thr onmbi n-acti vatable fibrinolysis inhibitor (TAFT) is a

car boxypepti dase that is activated by thronmbin and thronbonodulin to
cl eave the lysine residues at the C termaus of the a-chain of
fibrin. On the fibrin clot, tissue plasm nogen activator (t-PA) and
pl asm nogen bind to the IyS| ne resiggdesiptrdhe C termnus of the
a-chain of fibrin, whereby plasmn is generated efficiently and
fibrinolysis is evenr:onPd)u}'NmH oAV RG. TAAT 4 NEHOBDEOR YT IVIAFI a
decreases the affinity of t-PA and plasm nogen for the fibrin clot
and fibrinolysis activity through the cl eavage of |ysine residues at

the Cterm h rin clot. Hence, TAFla inhibitors, which
efficientl fq}&%’ﬁ‘gﬁ%}é f%ﬂsél ssolution of fibrin clots but do not
directly Inﬂvo@u? coagil afieQBnt ALHA1 off gefm%%dceﬂp&ﬂmg Yt fort
the discovery of antithronbotics or fibrinolysis pronbters that %ave
hi gher cl otragpeci(thedrtyin-aanitieed ahivenbi onadt iaRitaeDagH M in® 188ds

thronbol ytics. Thereby, TAFla inhibitors are expected to be
anti-t hronﬁ@élllél‘a@éhtﬂéﬂtllbaﬁioﬁfe%@mﬂéw ower risk for bleeding and

feature hi saf % #0003] Several conpounds have heretofore been
reported a af EF3“3hH Wi tors and they include thiol derivatives, - 2
- phosphori; %0@@? d dei‘ﬂ%?rﬁo' ¥E€§et 4 vHidaa el 81 gherd ialsh %%nﬁﬂéjit%rre%ﬁm
derivatives chelating wth zinc at the active center of e

enzynme (seesPilcdridarptiPasd-that Heweyeivaiwat biynghham e andknown

about tricyclic conpounds typified by dihydroim dazoquinoline

derivati ve§h\nﬁl’fﬂ€‘PFn e ineltat @geﬁt‘tﬁ tthe Epdparimesiohes hat gitesénterminus
ji.nhi bitors are not

t ddi t
Lomel tor oa ot tha v A SP o2 T By Shn TN ga8F s B e ey el op
compounds uigtnl1Rys.r NRkEPEHLE O\ LEAECLSA NASANABLHS, AP Lagl bI tory

action and which hence are satisfactory as phar rraceutl cals. CI TATI ON

LI ST PATENILyE0884te A Buel: aPTthe:C EbTEBALURETE&ﬁphFemaIH dtagpbkeh, of

I nternational International
whereby plasmin is generated efficiently and fibrinolysis is
eventually promoted. On the other hand, TAFIa decreases the
affinity of t-PA and plasminocgen for the fibrin clot and
fibrineolysis activity through the cleavage of lysine residues
at the C terminus of the fibrin clot. Hence, TAFIa inhibitors,
which efficiently enhance the dissolution of fibrin clots but
do not directly inhibit coagulation factors, are expected to
contribute to the discovery ¢f antithrombotics or fibrinolysis
promoters that have higher clot specificity than the
conventional anticoagulants and thrombolytics. Thereby, TAFIa
inhibitors are expected to be anti-thrombosis agents that
present a lower risk for bleeding and feature higher safety.

[0003] Several compounds have heretofore been reported as

TAFIa inhibitors and they include thiol derivatives,
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phosphoric acid derivatives, imidazole derivatives and urea
derivatives, all chelating with zinc at the active center of
the enzyme (see PTL 1-13 and NPL 1-7). However, nothing has
been known about tricyclic compounds typified by
dihydroimidazoguinocline derivatives which are related to the
compounds of the present invention. In addition, theose known
TAFIa inhibitors are not considered to have adequate activity
and it is desired to develop compounds that have therapeutic
effects based on the TAFIa inhibitory action and which hence
are satisfactory as pharmaceuticals.
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SUMMARY OF INVENTION

TECHNICAL PROBLENM

[0006] An object of the present invention is to provide
compounds having superior TAFIa inhibitory activity.
SOLUTION TO PROBLEM

[0007] The present inventors conducted intensive studies

with a view to attaining the stated object and found that

compounds represented by the following formula {I) have

superior TAFIa inhibitory activity. Some of the compounds
represented by formula (I) are prodrugs for other compounds of
formula (I). In the section of EXAMPLES, 5-amino-2-(4,5-
dihydroimidazo[l, 5-alquinolin-3~ylmehyl)pentanoic acid
derivatives were chosen as exemplary prodrugs and subjected to
an animal experiment, whereupon these types of prodrug were
found to increase the in vivo exposure level of the parent

compound. The present invention has been accomplished on the
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basis of this finding.

[0008] Briefly, the present invention provides a compound
represented by the following formula (I} or a pharmaceutically
acceptable salt thereof:

[0008]

R N#N
AR
Y n A (1)
X

R1

wherein A is a benzene ring or a pyridine ring:;

X is the formula -{(CHz)-, the formula -{CH:).~, an oxygen atom,
a nitrogen atom or a single bond; J

Y is the formula - (CHz)s~NH-R® [where R® is a hydrogen atom, a
Ci-¢ alkyl group, or the formula -CO.R* {where R* is a C;.5 alkyl
group, the formula -CHR°OC(0)R®, or a substituent having the
structure represented by the following formula Ia {where R® is
a Cp-¢ alkyl group: R° is a Ci alkyl group, a Cz cycloalkyl
group, or a phenyl group; R’ is a Ci-s alkyl group or a phenyl
group) }1, the formula -(CH),-NH-R® or a 2-aminopyridyl group:

[0010]

0
o):j\}( (Ia)
R?

R is a hydrogen atom, a halogen atom, & Ci-4 alkyl group
substituted by 1-3 halogen atoms, a Ci-1g alkyl group, a Ci-g

alkoxy group, a Cz.g cycloalkyl group, a Cs-gz cycloalkoxy group,
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of the presentsidyant juHereSRE O PIOVEBogen atom, a Ciig alkyl group, or
a substituent having the structure represented by the

following formula Ib or Ic) or a tetrazolyl group;

[0011]
0
Q O CH3 0%
Aot (1b) (Ic)
Hy

m and n are each an integer of zero or one.
[0012] In another embodiment of the present invention, the
compound of formula (I) oxr a salt thereof is a compound
represented by the following formula (II) or a
pharmaceutically acceptable salt thereof:

RS

0 thﬁﬂ

H N‘me
Ne_ =
R~ Z h . A (I
X R’

wherein Z is the formula -(CHz)}3- or the formula - (CHz)s—:

A, X, RY, R*-R% m and n are as defined above in connection
with formula (I}.

[0013] In another embodiment of the present invention, the
compound of formula (II) or a salt therecof is a compound
represented by the following formula (III} or a

pharmaceutically acceptable salt thereof:



conpounds havi ng superior TAFla inhibitory activity. SOLUTION TO
PROBLEM [ 0007] The present inventors conducted intensive studies with
a viewto attaining the stated object and found that conpounds
represented by the following formula (1) have superior TAFla
inhibitory activity. Sonme of the compounds represented by forrmula (I)
are prodrugs for other conpounds of forrmula (I). In the section of
EXAMPLES, 5-ami no-2-(4, 5- ~ 6 -

di hydr oi m dazo[ 1, 5- a] gui nol i n- 3-yl nehyl ) pent anoi ¢ acid derivatives
wer e chosen as exenpl ary prodrugs and subjected to an ani nal
experinment, whereupon these types of prodrug were found to increase
the in vivo exposureﬂaevel of the parent conpound. The present

i nvention has been aggonpl i shed on_the - 4 - basis of this finding.
[0008] Briefly, the pre ntf on™provi des a compound represent ed
by the foll ow ng fornu ﬁ'ha me@@uti cal | y acceptabl e salt

t her eof : [0%9«]* s ring or a pyridine ring; Xis
the formula = (CH2) -, -(CH2)2-, an oxygen atom a nitrogen
atomor a single bond; Yis the fornmnula -(CH2)3-NHR3 [where R3 is a
hydr ogen atwWmrednCK- 6s athey[fogmalip, - 0TH:) Re fior fukraul DCR2RHfwheras R4 i s
a Cl-6 al kyl group, the formula -CHR50C(0) R6, or a substituent having
the struct P 9EEpREIBNtIX DPLERRIEDIATSHNg fornula la (where R5 is a
Cl -6 al kyl grqup,i:RQaiissa _Cl-6 al kyl u a .C3-8.cycloal kyl _group,
or a phenylpg’g%dug;'R%_lﬁg grC1 6 &t kays1 %%85%‘1oarboé’epﬁ@n??n%?%kyulpcﬁr?]wf‘%ﬁhe
formul a - ( G N B or a 2-am nopyridyl group; [0010] 0 a) R7 Rl is
a hydrogen atom a hal ogen atom a Cl..4 alkyl group substituted by
1- 3 hal ogentatidns, alChrblhakkytbatiogmt afClh8 adedsexy fnoen;icn,CBhE
cycl oal kyl group, a C3..8 cycl oal koxy grouE, - 5-at-14

cycl oal kyl #A%prugd otp, fgmugaphéhil oy gupalt thereof is a

dihydroimidazoquinoline compound represented by the following

formula (IV) or a pharmaceutically acceptable salt thereof:

RB
I

y 0.0 NAN _—
R3’N = N 32 (V)

wherein R! and R*-R® are as defined above in connection with
formula (III}).

[0015] In another embodiment of the present invention, the
compound of formula (IV) or a salt thereof is a
dihydreoimidazoquinoline compound represented by the following

formula (V) or a pharmaceutically acceptable salt thereof:



R2 is CO2R8 (where R8 is a hydrogen atom a Cl1_10 al kyl group, or a
substituent having the structure represented by the follow ng fornul a
b or Ic) or a tetrazolyl group; [0011] O O CH3 OAQ)-dc (I b) ( I
c) mand n are each an integer of zero or one. [0012]In another
enbodi ment of the present invention, the conpound of fornula (1) or a
salt thereof is a conpound represented by the followng formula (11)
or a pharmaceutically acceptable salt_thereof: HR3'-Nz(H X' Rl
wherein Zis the formula -(CH2)3- or the formula -(CH2)4-; A X R1,
R3-R8, in and n are as defined above in connection with formula (I).

[ 0013] I n anot her enbodi nent of the present invention, the conpound of
formula (I11) or a salt,thereof is a conpound represented by the
follow ng formul a (II? or a pharmaceutically acceptable salt

t her eof :
O @)
v,‘\
H v N=-

RN

ey

wherein R' and R*-R® are as defined above in connection with
formula (IV). The steric configuration of the asymmetric
carbon atom in formula (V) is the (S}-configuraticn.

[0016] In another embodiment of the present invention, the
compound of formula (V) or a salt thereof is a
dihydroimidazoquinoline compound represented by the following

formula (VI) or a pharmaceutically acceptable salt thereof:

wherein R! and R®*-R7 are as defined above in connection with
formula (V). The sterxic configuraticn of the asymmetric carbon
atom in formula (VI) is the (8)-configuration.

[0017] In another embodiment of the present invention, the
compound of formula (V) or a salt thereof is a
dihydroimidazoquincline compound represented by the following

formula (VII} or a pharmaceutically acceptable salt thereof:



- 6 - wherein X is the formula -(CH2)-, the formula -(CH2)2-, an

oxygen atom or a nitrogen atom A 2, R, R3-R8, and n are as

defi ned above in connection with forrmula (11). [0014]In anot her

enbodi ment of the present invention, the conpound of fornmula (111) or

a salt thereof is a dihydroim dazoqui noline conpound represented by

the following formula (IV) or a pharmaceutically acceptable salt

t her eof : wherein RI and R3-R8 are asgdefined above in connection

with formula (111). [0015]1n anot her enbodi ment of the present

i nvention, the conmpound of forrmula (IV) or a salt thereof is a

di hydr oi m dazoqui nol i ne conpound represented by the follow ng fornula

(V) or a pharmaceutiRdl |y acceptable salt thereof: - 7 - Ye" R3A

wherein RlL and R3-RB|are as defined above in connection with fornul a

(I'V). The steric codDLgth ggQ of asymmetric carbon atomin

formula (V) is the (S)zconfjl gufaL}
HoN -

wherein R and R® are as defined above in connection with
formula (V). The steric configuration of the asymmetric carbon
atom in formula (VII) is the (S)-configuration.

[0018] In another embocdiment of the present inventicon, the
compound of formula (III) or a salt thereof is a
dihydroimidazoquinoline compound represented by the following

formula (VIII} or a pharmaceutically acceptable salt thereof:

R12

I
O N
A VIE
zZ X R11

wherein A, X, Z and n are as defined above in connection with
formula {III); and

RM is a hydrogen atom, a halogen atom, a Ci-1p alkyl group, a
Ci1-g alkoxy group, a Cs-g cycloalkoxy group, or a phenyl group;
R¥ is a hydrogen atom or a Ci—g alkyl group.

[0019] In another embodiment ¢f the present invention,.the
compound of formula (VIII) or a salt thereof is a
dihydroimidazoguinoline compound represented by the following

formula (IX) or a pharmaceutically acceptable salt thereof:



(0016) I n anot her enbodi nent of the present invention, the conpound of
formula (V) or a salt thereof is a dihydroi m dazoqui noline conpound
represented by the following formula (VI) or a pharnaceutically
acceptabl e salt thereof: wherein RI and R3-R7 are as defined above in
connection with formula (V). The steric configuration of the
asymmetric carbon atomin formula (VI) is the (S)-configuration.
[0017] I n anot her enbodi nent of the present invention, the conpound of
formula (V) or a salt thereof is a dihydroi m dazoqui noline conpound
represented by the following formula (VIl) or a pharmaceutically
acceptable salt thereof: - 8 - wherein R1L and R8 are as defined
above in connection whth formula (V). The steric configuration of the
asynmetric carbon aftbmin formil a (VIl) is the (S)-configuration
[0018] I n anot her e di rgnt of the present invention, the conpound of
formula (111) or a sa HéeFeof i di hydr oi m dazoqui nol i ne conpound
repr esent ed, by, t he fol i Vlkmg)or a pharmaceutically
accept abl e g& % and n are as defined
above in connection with for (Illf? and Ru is a hydrogen atom a
hal ogen atom a Cl1.40 al kyl group, a Cl1-8 al koxy group, a C3-8
cycl oal koxy group, or a phenyl group; Ru is a hydrogen atomor a
Cl..6 al kyiwhgreip. R 0819|R'A muroekedetimprtiabene bh ¢drmeutésentith

i nvention, the conmpound of forrmula (VIIl) or a salt thereof is a

di hydr oi mi d&Z8Y4RnbY e ‘conpound represented by the fol | owi ng formul a

(I X) or a q%@&mﬁceUtinC%ln|o¥hg£C§mo%ﬁLn%n§aJ)f Eﬁlee‘ia?c%ént invention, the

compound of formula (IX) or a salt thereof is a

dihydreoimidazoquineoline compound represented by the following

formula (X) or a pharmaceutically acceptable salt thereof:

R12
|

O\-ﬁo Nﬁ\N

HoN

wherein R and R are as defined above in connection with
formula (IX). The steric configuration of the asymmetric
carbon atem in formula (X) is the (8)-configuration.
ADVANTAGEOUS EFFECTS OF INVENTION
[0021] According to the present invention, compounds having
superior TAFIa inhibitory activity can be provided.
DESCRIPTICN OF EMBODIMENTS
[(0022] The present invention provides compounds of formulas
{I) to (X), and pharmaceutically acceptable salts thereof,
having supericr TAFIa inhibitory activity.

In compeounds of formulas (I)-(III) and {(VIII), when A is

a pyridine ring, the position of nitrogen is not limited but



wherein RH and R12 are as defined above in connection with formul a
(M11). [0020] I n anot her enmbodi ment of the present invention, the
conpound of forrmula (1 X) or a salt thereof is a

di hydr oi m dazoqui nol i ne conpound represented by the followi ng fornula
(X) or a pharmaceutically acceptable salt thereof: Rl12 0 O N
wherein R11 and R12 are as defined above in connection with fornmula
(I'X). The steric configuration of the-asymetric carbon atomin
formula (X) is the (S)-configuration. ADVANTAGEQUS EFFECTS OF

| NVENTI ON [ i r Vi ng
superi or TA%%%%?%??O%QE%FF\??? ]3 %i?yggbg%{%% de .re%%gECQRme%S %CF
EMBODI MENT&410@22hdhet piesanrt ifoyenidon provi des conpounds of
formulas (1) to (X), and pharmaceutically acceptable salts thereof,

havi ng superior TAFla inhibitory activity I n conpounds of
formulas (I)> nd (VIII) |s a pyridine ring, the
position of niltrog i's not ted - 10 - the pyridine ring
portion is preferagbly r%ﬁresen the foll owi ng structural

formul a:

[0023] When A is a benzene ring, the position of
substitution of R' is not limited but R* is preferably located

at the following position:

0 - I,
Fﬁ

[0024] In the compound of formula (I), the position of
substitution of the tetrazolyl group as R%? is not limited and
it may be either a lH-tetrazol-4-yl group or a 1H-tetrazol-5-
yl group, with the 1BE-tetrazol-5-yl group being preferred.

In the compound of formula (I), when Y is a 2~
aminopyridyl group, Y may be any one of a 2-aminopyridin-3-yl
group, a 2-aminopyridin-4-yl group, a 2-aminopyridin-5-yl
group and a 2-aminopyridin-6-yl group, with the 2-
aminopyridin-4-yl group being preferred,

[0025] As for formula (VI), compounds where R' is a
hydrogen atom, a halogen atom or a Ci-ip alkyl group are
preferred, and compounds where R' is a hydrogen atom, a
fluorine atom, a methyl group, a n-propyl group or an

isopropyl group are more preferred. In addition, R! is

preferably located at 6-position or 7-position, more



[ 0023] When A is a benzene ring, the position of substitution of Rl is
not limted but RL is preferably |ocated at the foll ow ng position:
or R [0024] I n the conmpound of fornula (1), the position of
substitution of the tetrazolyl group as R2 is not limted and it nmay
be either a 1Htetrazol-4-yl group or a 1Htetrazol-5- yl group, with
the 1Htetrazol -5-yl group being preferred. In the conpound of
formula (1), when Y is a 2- am nopyri€yll group, Y nay be any one of a
2-am nopyridin-3-yl group, a 2-am nopyridin-4-yl group, a

2- ani nopyr ighdFepally 04 OUP R t o, HH RABYAL BN drd) 42950k ho Wnkh L he,
2- am nopyridi n-4-é1 group being preferred. (0025]As for fornula
(VI), conmpdumderwher @rRiersed duywghoogdn atomuch hhhbgen iat anhpdregen
Cl-10 al kyl group are greferred, and conpounds where Rl is a hydrogen
atom a fl FOMmeratltiF™weehyl group, a n-propyl group or an

i sopropyl gr.ou [ r referred. I.n addid. KL is preferabl

| ocated at 60% 618“5?1,[‘» ?8?\801? g-s pg}g?tfoorrﬁﬂramrggﬁ%rc 3§ é?atﬂry %a u}:}5-tplotsuletnl on,
of the di hydrehg gez afuiaehiberdinGenfsal 9y R fra&%@{ﬂ%cmgmguw;s
are such that it is a hydrogen atomor the fornmula -0O2R4 (where R4
is the formilas-CHRS0ELBYR6gwrupa 8fhist ire¢atahiawiangitshelsyY uptowpe a
represented by the following formula la, R6 is a ,Cl-6 alkyl J5_;roup, R6
i s preferalPy GYEIH Xk $FoBP otip,2 FLEBYE EFRYRvalkyls giredprerla Hiferyl
group, R7 i eferably a Cl1-6 al kyl grou nmore, preferably a

hydr ogen atagr]??%rg?%?gf'ognr?ﬁ - l@’mﬁel?gaﬁf@%nsai:ﬁ“é ?rortqrf‘uel )éormula

- CHRS0C( 0) Reogk! awadbstat dsnEndapd g hhecsisored re Jepr sgsntiadely the
following formula la, R6 is nore preferably a nethyl group or an

i sopropyl gredupy RE issmorerpreferabhyecd bpetingl fgi doyinArfoemhyd Ia,
group, a n-propyl group, an isoproE%/I group, an isobutyl group, a .,
cycl ohexyl Ryrisufpee ArpheriilygPolipthyy JXOURDPE #F cfsPaBPY I a0 FRitthy R
D005 2 MR AR SHRaR) L WAV br8ES n Uenfr P! SOhPdeya

group, an isopropyl group, an iscbutyl group, a cyclohexyl
group or a phenyl group, R’ is more preferably a methyl group,
a n-propyl group, an isopropyl group, or a t-butyl group).

[0026]

0
M
(lf;i\;h( ( Ia)

R7

On the following pages, the compounds of the present
invention are described in greater detail.
[0027] The “halogen atom” may be exemplified by a fluorine
atom, a& chlorine atom, a bromine atom, or an iodine atom.
[00281] The “Ci-s alkyl group substituted by 1-3 halogen
atoms” refers to linear or branched alkyl groups that have 1

to 4 carbon atoms and which are substituted by 1-3 halogen



On the foll ow ng pages, the conpounds of the present invention are
described in greater detail. [0027] The "hal ogen atont may be
exenplified by a fluorine atom a chlorine atom a brom ne atom or
an iodine atom [0028] The "Cl1..4 al kyl group substituted by 1-3

hal ogen atons” refers to linear or branched al kyl groups that have 1
to 4 carbon atons and which are substituyted by 1-3 hal ogen - 12 -
atons. Exanples include a trifluoromet “group, a difl uoronethyl
group, a 2,2,2-trifluoroethyl group, and a 1, 1- difluoroethyl group.
[ 0029] The "¥E9m§-aﬁ%?ﬂpkﬁ%nH¥01PgPe@st%%fhwoﬁéﬁﬁtQﬁltﬁﬂ&ﬁ@heﬂ al kyl

groups having.l to 6_carbgon atons l, i ncl yde a_net hyl groyp

a0 et hyl - or B HoE RO EhyEgPoup. 2 i 1 930 OBy ST ip SR uRe TARGIR 1) 1-
group, an isohu¥bePhPURrdpSec-butyl group, a tert-butyl group, a

n- pentyl group, an isopentyP group, a neopentyl group, a n-hexyl
group, and Ero29gohexyhe gratpalkfD3Hcline retedd tvd Kyhegkobp brpfchied to
| i near or branched al kyl groups having 1 to 10 carbon atons. Exanpl es
i ncl ude a et ggperRd, haaningt Ryte gf cirboa atprop\Exagpdaep, inglude a

i sopropyl graqup, a n-butyl oup, an isobutyl group, a sec-butyl
aroup, & t ATTHY GFOG oD, SETKL R Gr BUPLORKL (€OHRNC ST GIRPYh
neopent vyl , ;QQ%M| , s /- up, Qgﬁg;yl up
a n-octyl g%gﬁ%f g ﬂ-nony gg?ggg,“gﬁ' 292§§é%jﬁﬁ§r%u6?°[oo f]?ﬁgﬁg'

"Cl_8 al koxy tgt-aupiityefdchipt 0al hAgaityar gbeapc had islokexyyyrawe, havi ng
1 to 8 carbon atons. Exanples include a nethoxy group, an ethoxy

_grogp'E a n-‘WSWYlQ‘JWbHP{ &nni'hﬁp&']omwt Pg:@%iamiﬁﬂbasmWWm, an
i sobut oxy gr a sec OoXy gr.oyp, a tert-butox roup, a

- pent yl oxyt SGrBhp, 214 S GpEhtIIORy TGPBRIp, "o Fopent Yoy % Bapched

n- hexyl oxy aarkglzapgr%bs-sf%@%&!, OX¥o I W bBn Na fUGHLY QXM SLOURLc130d &

n- oct yl oxy group. 032] The™ C3-8 cycl oal kyl group” refers to cyclic

al kyl groupgtha¥i goudb t @nSe€RYDOFraAiQNe. nExBsPleYrois| Usle iEopropyl
cycl opropyl group, a cyclobutyl group, a cyclopentyl group, a - 13 -
cycl ohexyl 9grsap, a2 andHYdhepeyP. @rodgoebuhdl ayape, oece§¢-Teyrtatdp group,

[00337The "3 8 SYEIPH KA 9" OUR L T SE8ut O & G shSe i oup, 2
neopentyl group, a n-hexyl group, an isohexyl group, a n- _
heptyl group, a n-octyl group, a n—-nonyl group, and a n-decyl
group.

[0031] The “Ci-g alkoxy group” refers to linear or branched
alkoxy greups having 1 to 8 carbon atoms. Examples include a
methoxy group, an ethoxy group, a n-propoxy group, an
isopropoxy grecup, a n-butoxy group, an isocbutoxy group, a sec-
butoxy group, a tert-butoxy group, a n-pentyloxy group, an
isopentyloxy group, a neopentyloxy group, a n-hexyloxy group,
an isohexyloxy group, a n-heptyloxy group, and a n-octyloxy
group.

[0032] The “C3-g cycloalkyl group” refers to cyclic alkyl
groups having 3 to 8 carbon atoms. Examples include a

cyclopropyl group, a cyclobutyl group, a cyclopentyl group, a



groups having 3 to 8 carbon atons. Exanples include a cycl opropoxy
group, a cycl obutoxy group, a cycl opentyl oxy group, a cycl ohexyl oxy
group, a cycl oheptyl oxy group, and a cycl ooctyl oxy group. [0034] The
"C4_14 cycl oal kyl al kyl group" refers to cyclic alkyl groups that have
3 to 8 carbon atons and which are substituted by |inear or branched
al kyl groups having 1 to 6 carbon atons. Exanples include a

cycl opropyl net hyl group, a cycl opropyl ethyl group, a cyclobutyl nethyl
group, a cyclobutylethyl group, a cyctopemtylnethyl group, a

cycl opentyl et hyl group, a cycl ohexyl net hyl group, a cycl ohexyl et hyl
group, a cyctdléptkylnetdyd, gr euplolernydl ghepd ylLidhyl cgededsty@l group.
cycl ooctyl net hyl group, and a cycl ooctyl ethyl group. [0035] The
conpounds cﬁOQiéé pr eSent " Garpy EHEL oM ke gEPRYE | tafegonpourdslitoy pilkped

by di hydroi m dazogui nol i derivatives, or they _may. be

phar maceut i €al £y g%‘é%’b a%lecg ga??%od’f az:ﬁg'ﬁ'c ds PR type is
her ei naf t ercyealb@dns e AR OUNGS: o dg, PLESEN o BYENL AN
appropriaté?%q[gos%?éggﬁplgg of the 5%ar%a%éﬁﬁ?c§ll% aé%%%?ﬁ%%@ salts
i ncl ude acigtoagdi &i oyclsiletslsxghgmsup) aecatl@cipd ysaky Sgfdud. and a
hydr ochl ori de, hydrobrom de, hydroi odi de, phosphate, sulfate, and
nitrate), SWCLOAFEY I %¥aPs (e.g. met hanesul f onat e,

et hanesul f benzengsul f onat.e, . p-1 o] uenesul fonate, and ,
Cr1 T vor ond R absul Bt S e GPoRHHEUHE: Group] o g5 toxavakie
tartarate, JQilfageoudPleakCnavdiCeidiake s, acst g:tt%m and4nii dpez0at e,
mandel ate, ascorbate, |actate, gluconate, an TRl at e ; amno acid
sal ts suchsabsghyetetk ksaltnedysoNeraakbhed adigiyli BEoSPs thavdmli Lhides

salt, glutamc acid salt, and aspartic acid salt; and inorganic salts
such as | i CRFRAR satams -s GepUM sl inclpde as stxrhopabpry Lsettinilugrsabt and

i | | | t i th i , lified
by amoni unrsh e St ey e ey PO Ry R A o B £, and
cycl ohexyl agkngp$@}ietnlieqsals s ar@t(,g@sp@ygu%%agﬁl ééo@ 0037] Sore of

vention are prodrugs. Sp

t he conpounds of t'he presént in ecifically,

t hose conpeowonlispeityflerchylagfdyp,i B BheTohokiismetReLf @rdsad,aa
-(C112)3-NH-R8 or the fornmula -(CH2)4-US118, with R8 being -0O2R4, or
t hose conpBYRERNGFYedFhiy areun, ian cwhielreRy lmetaZR RB-ous.t B R8 being a

substituent_ ot her .than,a. hydrogen ato or .those_ conmpounds of fornula
(1) in whi EH‘:w?%PTtY StpgH o -'(@Eyéf%\ﬁﬁfiémﬁg%'%eg# pRd

- (CH2) 4- NH- 381 48 12 tnQP2Ruand R2 is CO2R8 (R8 is a substituent

ot her than a hydrogen aton) undergo enzymatic or chem cal hydrol ysis
in vivo so[0033] t he Tari nemgoids afdthd e asehex hvén @iend age OUP. Gf ic
deprotected, yielding conpounds in which both R8 and R8 are a

hydr ogen afefRaHtAsWrYEhIhet va dbydneiniminzsardngl g ideirtya bivSAFIo.

[ 00383For Lgstanceb an, ester erixﬁtive havhgg a frotected car boxylic
aci d group ot d¥3d PEnPPRE ST IGN2E hli £ BRERIF nIP Fromtt FESP i dazol e

ring, or ac&ﬁfmﬁmtqeéeﬁéya@p\éﬁigaﬂw&irﬁﬁ%w 861 £ a*{;'?ao IhOMMA $2

| ocated on the sanme carbon chain, typically a conpoun thattis

repr esent ethdypdesent! antéMiow” as dpprograBaell 0..00 O N..e% N =N
[0036] Examples of the pharmaceutically acceptable salts
include acid addition salts such as mineral acid salts (e.qg.
hydrochloride, hydrobromide, hydroiodide, phosphate, sulfate,
and nitrate), sulfonic acid salts (e.g. methanesulfonate,
ethanesulfonate, benzenesulfonate, p-toluenesulfonate, and

trifluoromethanesulfonate), and organic acid salts (e.g.

oxalate, tartarate, citrate, maleate, succinate, acetate,



HH wherein either R3 or Re is other than a hydrogen atomis
converted to a 5-am no-2-(4, 5-di hydroi m dazo[ 1, 5-a] gui nol i n- 3-

yl ) pentanoi ¢ acid derivative that has the structure represented by
the following fornmula (XI) or (XIl) (where RI is as defined in
connection with formula IV or V) and which has a strong inhibitory
activity on TAFla: (XI)H2N (XI'1) R [0039] Thus, the above-descri bed
ester derivative and carbamate derivative which function as prodrugs
are extrenely useful conpounds. [0040] #fe conpounds of the present

i nvention sonetines have an asymmetric center and in that case they
occur as vaenauvsteptmaadeliasepesscotbawe! hlyatiatous gdorbngur atandns.
Hence, the conpounds of the present invention may be able to occur as
separ at e optEilearly ekl @cddbstbcaych fh TheeitrR) sahl (ysine salt,
configurations; .alternatively,.they nay be able to occur a

racemat e or’argﬁh(‘ﬁ%)sﬁ%(t l?rrél}}é]ilhn? r%‘léas 916 a%lccc?ﬁﬁguﬁﬁyﬁavaﬁlﬁg two or
more asymeldber 8N &I P 152+ aSEed SURLEnEaNs & &0 REehUhs Ol 3AGAUBE1 Of
the optical isonerismof each asymretric center. The conpounds of the
present i nsedibmansane] ydeagpeemtddit, calbium corittaicndahdgrofsitimeselt,
forms in desired proportions. For exanple, diastereoners can be
separ at ed Iap wethows afElts KRABMCIGBNiKoBaSEHr tife exeiplifird favact i onal
crystallization, and opti_cal ct.ive supstances can.be. obtai.ned_b
Cenhn; ques FTSBHEAM T enars by TR S0 netT SRS R S Thioe Bar Bobe.
The COWDOU%géleﬁeLmrﬁrr{%sga&ttnﬁ?éﬂsla@@snm GNRIR kS OUBISs Such as a
cis formand a trans form The conpounds o¥ the present invention

i ncl ude thggesvsonersomeasfwehé @snpoarpsusfistHdatreeent alnvdntdse are
isonmers in desired proportions. [0041] The conpounds of the present

i nventi on BEeErTAF| SHawilbeably, deSei coupeinasarthécrmekr od) 1in

t herapeutics.o ro | actics. for diseasessinval vi TAFIl a,, .such. as
deep vein t"’%r‘SF’rbgerg% %é’éﬁ?h%t—e(&%?ﬁ?%%gsccm %Pecggﬁrﬁﬁ; i_o(ﬁ:ﬁz)"_l\]g
syndrome, gal npnar wiegbold sk, ear di- ogesu £ &%E%Qﬁ&é dfRuehiON(r) in

i schem ¢ heart disease, sepsis, pulnmonary fibrosis, respiratory

di stress syndennk’ ieecelm®al witit éebe Dbgta Wtbistétoenalottiesotber | a

Behcet's di sease, nouth cancer, obesity, tissue degeneration, X
preecl anpshadreeed nionveicn bettSIBROUNAT | s ai Afedn wafch Y is

di sease, arthritis. . meningococcem a, and_conplicatjons. of_Xigdne
transpl ant Fo_h‘.’r'ﬁ*hlea c_o(ﬁg'g{ﬁfgg—gf Otrh(gg%_rg%%ma\ n3éh?)i"o.ﬁgc%n(%gl%

admi ni ster ,e@ogﬂt) hghaakong ep, 0@t Her oWt PhRIMRCQLRGH CGaldny s0T
pharmaceutically acceptable carriers or diluents. |If the conpounds of
t he presenhytipygat i domar entiorde aizgtatypi ealdherdeaT ARVdrdlysiibi tor s,
they may be admi nistered as such either orally or parenterally. |f

desired, tWéveorpoUtds toF BRENYrESERt 2aNAVER iCRFPrEY I be Hdf AFSERr¥F
orally or par enter alcl y as.f.ornul ati ogast hat _cont L)ghtﬁtergngsRarér%cgi ve

i ngr edi ent SSRA°ERENi7e YoF 1HHRY compounds 1 which

hydrogen atom and which have a strong inhibitory activity on
TAFIa.

[0038] For instance, an ester deriwvative having a protected
carboxylic acid group located on the carbon chain extending
from the imidazole ring, or a carbamate derivative having a
protected amino group alsoc located on the same carbon chain,

typically a compound that 1s represented by formula (IV) or

{v)



- 17 - parenteral admnistration is intravenous adm nistration by
injection. [0042] Since the conpounds of the present invention have
TAFl a inhibitory activity, patients who are suspected of the

devel opnent of thronbotic di seases such as deep vein thronbosis
caused by risk factors including a surgical operation such as
artificial joint replacenent, as well as pul nonary enbolism

cardi ogeni c cerebral infarction and i 3cherfi ¢ heart di sease, or
patients in whomthe manifestation of such di seases has been
confirmed may be administered with these conpounds as antithronbotics
or fibrinolysis pronoters to prevent or treat those di seases.

[ 0043] The conpoun®&8d of the present invention be adm nistered in
anounts of, say, g to 1000 ny, preferably 1 S o 200 ng, per

dose, and thepfrequgn inistration gay befo ’@m TRree tines
RS of t he- Fient ofgcal be
t he age, body wei ght, and npt ons of the

a day. The gel
adj usted as appropriate

patient under treatnment. [0044] The conmpounds of the present invention
can be eval yated for their TAFl,a activity by known procedures, such
as the net WOGT8e8cTT T Fn ?%é‘té%tc’%céaﬁ?& OBt PR i naf t er .
[ 0045] The f. produci the can .Of. res .lnyenti on
are herei nar%%}thke}rggg%gcﬁot?eg %}E %té;i (14'%3139#2%5013{135%{Pbgrate]ir&gc'lﬁfjgrT‘?/ 3
limted toyihperxangmlescshonnrbeltowe Thet sl emeSstoubeiesed in
reactions may be of any kinds that do not interfere with the

respect i ve nepaeseniesl dyd thhejobkavimgt formiB -(XFar oF c(KEN)| Ywhemet®d t o

the follow,ng descriptiqn. [0046] Production Method 1 The conpound (1)
of the presé&nfSi SR PRADRRT CIPRAYE B of HraanéV r g lorrd BHEFRI ne

ring; Xis e_f ‘= =y LG : )z-, oOr an oxygen
atom Y isht%lgeaf%)léltrrglﬂggl-I1 %%%EYNISQ%B%%%ZT%% a hydrogen aton);
Rl is a hydrogen atom a hal ogen atom a Cl-ﬂ

by 1-3 hal ogen atif) Oa}g 1 10 al kyl group, a @&?éy
C3-8 cyclog{ﬁyl a BB-

cycl oal kyl al? group;” oK a phe
hydrogen atom); mis an i gér Rof zero and n is an i egerRof one,
can be synthesized by the follow ng nethod (schene 1). In schene 1,
Ra is RL or a hydroxyl group, a benzyloxy group, a triflate group, a
1-cycl ohexenedsyl graup, thd ldHovk-pESPLIbelt VE+8F Odkivtive and

(12) - 1- propen-1-y1 group, or a l1l-propen-2-yl group. [0047]

carbamate derivative which function as prodrugs are extremely

| group substituted
a|-oxy group, a

useful compounds.

[0040] The compounds of the present invention sometimes
have an asymmetric center and in that case they occur as
various optical isomers or with various configurations. Hence,
the compounds of the present invention may be able to occur as
separate optically active substances with the (R) and (8)
configurations; altexnatively, they may be able to occur as a
racemate or an (RS) mixture. In the case of a compound having
two or more asymmetric centers, diastereomers can also occur
on account of the optical isomerism of each asymmetric center.

The compounds of the present invention include ones that



Step 5 (dehydration) Roe O Step 7 (hydrolysis) BocHN Step 6 Nr-ral
N(reduction) r.,, hi-C:\ ----2?2 8m N‘- N OX (7) SCHEME 1

- 16 -

contain all of these forms in desired proporticns. For
example, diastereomers can bhe separated by methods well known
to those in the art, say, fractional crystallization, and
optically active substances can be obtained by techniques in
organic chemistry that are well known for this purpose. The
compounds of the present invention may contain isomexrs such as
a cis form and a trans form. The compounds of the present
invention include these isomers, as well as compounds that
contain these isomers in desired proportions.

[0041] The compounds of the present invention have TAFIa
inhibitory activity and can be used as therapeutics or
prophylactics for diseases involving TAFIa, such as deep vein
thrombosis, disseminated intravascular coagulation syndrome,
pulmonary embolism, cardiogenic cerebral infarction, ischemic
heart disease, sepsis, pulmonary fibrosis, respiratory
distress syndrome, cerebral stroke, obstructive remnal
disorder, Behcet’s disease, mouth cancer, obesity, tissue
degeneration, preeclampsia, retinal vein occlusion,
inflammatory intestinal disease, arthritis, meningococcemia,
and complications of kidney transplantation. The compounds of
the present invention can be administered either alone or
together with pharmacologically or pharmaceutically acceptable
carriers or diluents. If the compounds of the present
invention are to be used typically as TAFIa inhibitors, they
may be administered as such either orally or parenterally. If
desired, the compcunds of the present invention may be
administered orally or parenterally as formulations that

contain them as an active ingredient. An example of the




[0048] (1) Step 1 (cyclization reaction)- Compound (1) i s reacted
with a suitable am de activator such as diethyl chlorophosphate in
the presence of a suitable base, whereupon an internedi ate can be
obtained in the reaction system The intermnmediate can be reacted with
et hyl isocyanoacetate in the presence of a suitable base, to give
conmpound (2). The bases to be used in this step include potassium
tert-butoxide, sodium hydride, n-butyllithium [ithium

di i sopropyl am de, |ithium hexanethyl d+si1azane, etc. The solvents to
be used in the reactions include tetrahydrofuran, diethyl ether,

di oxane, tqldieneerel CadnilM@ck88¢hh ONS GARPENEH dREnOt r&ion by
tenperatures ranging from- - 20 - 78C to roomtenperature.

(0049] (2) Strgpc2ipneduction) Compound (2) is reduced with a
reduci ng agent such as |ithium alum num hydride, to give conpound
(3). The sdiPédds t SHruddbs FAmRSS edcEherPiasentidénvention have

t et rahydr of yran, .di |_.ether,.d oxane ol uene, etc. The reactjon
can be car r#gggoﬁgﬁgj%woéﬁbgfgfm%%’ rpaanﬁfb‘ﬁésf‘%bcfna-r%&u?%e%%{n& the
t enper at ur evAl bphaet 'd@!%ro%&@@%s@&e@u&?_a&eglégﬁqvé@& h a
reduci ng agent such as diisobutyl alum num hydride, diisopropyl

al um num hydwiodbes et czgusted divrecdk fasyptrheshamddaapausnedidal The
solvents to be used in this reaction include tetrahydrofuran, diethyl
et her, di oPRRE3CLOT (BIRE, 2di 8RFbEbHethdRént crADRERBERT eat welllhas
reaction c rried.out at_ tenperatures . ranging from-78C to room
t enper aturgglﬁgﬁg (%[?Doétlglﬁ' 310 :B)(?aefqilSn?erebraq EBRPOTPY ?)ngcan be
reacted W tiRclestld i@ @Xk8hgd NG AYERE en PP ORALLY + MS M 1FSULL AN €
base such as triethylam ne or diisopropylethylamne, to give conmpound
(4). The oxifdszchmglizgenes has becarsednifiridd snast Bp adtd nide ctiemed hyh

sul f oxi deoxal y1 chl oride, dinethyl sulfoxide-N N -
diCyCIOheX§P€§@tﬁﬁﬂﬂqﬁn&é gpc titdineebRyics or fibrinolysis promoters

sul f oxi de- 1gh oL opyr roli d!an?'t%i 5- diglgne NCS), di net hyl

sul of i xde- acefT & Anhydr 88" nHGAnE48°8F3%1 de, Dess-Martin

peri odi nangoopiy i di RiHdM-6RbOLRLNFTRELE %P&@m RhGLSE UM ghr omat e
(PDC), etc. The solvents to be used in this reaction include

di chl or onetfimie s iddedr dhoamourits?-odi, chhpy aetrane, 10 @t mahy drefor s, v
di et hyl ether, dioxane, toluene, etc.; the reaction can be carried

out at tenpBrif fre<L00aRgr e e 780d the frequgneyomh rempei attatdon

[ 0051] (4) 4 (al dol acti.an ound (4) can be reacted
with a 6- rrlg%vgg?ee n@fc%f’é e etrlﬁr?elsnat ﬂ%ybr&gls?eﬁ%‘?“‘%? OafcsFEﬁ_et SBFRCHY .,
to give coppouy rekenthenPasesnt aRepdisad dshelinis @pﬁ:@p‘r_@gjcéld@or

pot assi um tertbutoxi de, sodium hydride, n-butyllithium "Iithium

di i sopropytlasi alss, bietifi wed dtexareihy o sirhsazdnehe ep£tichiteusabyents to
be used in the reaction include tetrahydrofuran, diethyl ether,

di oxane, tbFeR¥tetc.; the reaction can be carried out at

t enper at ur ngi ng,. from-76C to_rpomtenperature. [0052](5) Step 5
(dehydr at i ﬁﬁg“ﬂl gﬁesﬁ?'?%cbqng{sechﬁg%&ﬁﬁr%nfsl%'f?rb%& FSLa]_B% on the
hydroxyl  g&PattidtfedC @BROMKE { ThraRdEE8C1d PRy §nBRE FJRALLSL NGy
sui tabl e base, to give conpound (6). The "el éctrophiles to be used in
this step ancihadamerbbiadesutitenybinchhoride, ppbetdienas dekanybed
chloride, acetyl chloride, trifluoromethanesul fonyl chloride, acetic
anhydr i de, heieinafferpases to be used in the reaction include
triethyl am di i sgpropyl.ethylam ne, etc. The solvents to be used in
the react %@aﬁsﬂcl udgp‘%ir@%ﬁlbor%n@?hgﬁ%‘,ﬂu%lmgoFBFO‘F?ﬂ‘Pm_L{“?-S Of.‘the

di chl or oet fiafeuntt ehtehy a0 iaRe L Oh 4ENG, 8%%8ribéé‘%f QRELE PN\ GAN HRG
carried out at tenperatures ranging from to roomtenperature.

[ 0053] (6) &temdd preducilarlly 1imitedorpamrdekSplidss GhbahybeTat] Yhe
hydr ogenated in a hydrogen atnosphere using a catal yst such as
solvents to be used in reactions may be of any kinds that do

not interfere with the respective reactions and they are not



gi ve compound (7). The solvents to be used in this reaction include
met hanol , et hanol, isopropanol, ethyl acetate, tetrahydrofuran,

m xtures thereof, etc; the reaction can be carried out at
tenperatures ranging fromroomtenperature to the reflux tenperature.
[0054] (7) Step 7 (hydrolysis) Compound (7) is hydrolyzed using
a suitable base, to give conpound (8). The bases to be used in this
step include |ithium hydroxide, sodium hydroxi de, potassium

hydroxi de, etc. The solvents to be usedd m this reaction include

met hanol , et hanol, isopropanol, tetrahydrofuran, water, m xtures

t her eof , etmmrttihelaehetliion tedntbetloarfulédwoing dscréppeemt ures rangi ng
fromOC to the reflux terrperature.qAOOSS](S) Step 8 (deprotection)
Compound ( 8)°04§1 deprpterédonsiat,e dui t abl e aci d, whereupon the
conmpound (1) of the present ,invention_can synt hesi zed. The .
sui tabl e aci ds Fgeb%gm Sel Iai r(I![Ph?lg % %leﬁ%%egdle ﬁ?&%%hl%}iw}lé:a e
sul furic aq genh¥fs OPIYIcs AChEeidird iapPagetd GnaCkdrmula - (CH,) -,
met hanesul foni ¢ aci d, benzenesul fonic acid, p-toluenesul fonic acid,
10- canphor sitlef doraubei-CHel £, dheas obxseruns atombpey lisedhentohmslia
reaction include chlofoform djchloronethane, nethanol, ethanol,

i sopr opanol-, (C8ttayNHaRet Gheret Bt Agh¢dPBETIET a4rBt hyR éfharlYydiiedne,
tol uene, water, etc.. the _reacti can, be carried, out, at ratures
anging {1 aeBe RO IRSTerraR (enpet dutive, Srots Sun8tlefieq BIPTLE,
where Ra i $,;20h8hogeshat @, §, mmthaﬁm%,mw,cl_? bensw Febugl 04Pe; 2
triflate group, a 1-cycl ohexen-1- "yl group, a (1lE)-1-propen-I-yl
group, a (EXpidaprgbeirdupyla €;-23yclgndlpxy agroup,opedr2- Y1 group or
the like, a suitable internmediate in schene | may Fe_ subjected to
t r ansf or matciyehoal kel Fiiyet B6RaP: itodp PhasybydP s upl iify GPeBctBfre R
typi fied by the S%zuki c%uggi_n ,ith% Mn guggbouf rzgggtgl%,n an

al kyl ati onFe8cPYDPE™ &-PRUUCT i 'h FedBFFeF To285°t 3™ VitI'd fRe
conpound Ofinttgﬁepr&.s%ﬁe,' BYEMEd Ay rthksiE0@5H} RiQdusiiop MetRedod

The conpound (I') of the present invention, in which Ais a benzene
ring or a pgchdnaely.i ng sxhése al Nikfr bgeR’ atoa hMdexyiherdar,md a
-(Ct12) 3-NH R8 Evvhere 118 is a hydrogen atom); Rl _is a hydrogen atom
a hal ogen &E8AY1exCIHURN k§| LHYORF o GBSEPL Ut e B 2RS¥ 9l logdn I5PBRs,
a Cl1-10 al kyl o a Cl.13. al kox r _a C3-.8 cycl oal kyl oup,
a C3-8 cyclaoéﬂggxgp%ﬁoé’ﬁﬁ, BChos ’c;%c?gg{ k@lpz%%@ﬁ Jgr)éiu % ’ag%hgnyl
group; R2 i1spCERRB-dWhey8of8.1s a hydrogen aton); mis an integer of
zero and n is an integer of one, can be synthesized by the follow ng
met hod (scheme72). In schene 2, R8 is R or a hydroxyl group, a
benzyl oxy group, a triflate group, a 1-cycl ohexen-1-y1l group, a
(1E) - 1- propen-1-y1 group, a (12)-1-propen-1-yl group, or a

1- propen-2-yl group. [0057] (0)



Step 11 (reduction) o Step 5 (dehydration) X 00(1) Boo SCHEME 2
[0058] (9) Step 9 (cyclization reaction) Compound (9) is reacted
with a suitable am de activator such as diethyl chlorophosphate in
the presence of a suitable base, whereupon an internediate can be
obtained in the reaction system The internediate can be reacted with
ethyl isocyanoacetate in the presence_ o{ a suitable base, to give
conpound (10). The bases to be used in %is step include potassium
tert-butoxide, sodium hydride, n-butyllithium Iithium

di i sopropyl am de, |ithium hexanethyldisilazane, etc. The solvents to
be used in the reactions gipgliude tetrahydrofuran, diethyl ether,

di oxane, tol uene, etc. jctdezdteacti ons can be catap 2d out at
tenperatures ranging frometi@8C to roomtenpé?ea’tﬂa?lém) - 25 -

[0059] (10) Step 0 (prokggtign) o—u und (10) ca,Qe act ed
with di-tert- carbonate in nce of e of a sulla ase
to gi ve conpou . The base%‘OZPo e in This step |

triethyl am ne, {l sopf‘opyl et hyl ani ne, zgyrl d| ne, 4-
di met hyl am nopyri di ne, potassiu tert ut oxi de, sodi um hy‘a’rl de,
n-butyllithiym lithiumdiiso opylamdq lélﬁia@t

hexanet hyl QJX% ﬂggpe,N, C. e sol en s to be Used 1'n the reactl on
i nclude tetrahydrof urlan it hyI Bce't , i oxan olnmn c.; the
reacti on can _b_¢.=;,,car\r/|)8¥_01 j C to the
reflux tenperature. [00 (11 Step 11 (reduct| n) Compound

(11) is reduced with a r®ducing agent such as dii solhﬁltyl al um num
hydride or did, STelel) opyl al um num hydri destd0egi ve conpound (12). The

sol vent s t@ep@ﬁsg&)l hi ma\ea N (taumbuca) t ahyg,t\of u , di et hyl
et her, di oxane, toI u el di t hane, chl of,of .A Yhe
reaction can—betaifi el out a‘mﬂas BpeAng Ny’ f T Lo room

t enper at ur e. AIternatl?/er,(s)coﬁpoun (12) may bé syn&,hes’f zed Trom
conpound (11) Vi a an al cohol form as in steps 2 and 3 described in

producti on {’ﬂ; A y51s) Step 8

N,\ {deprotection)
i be

SCHEME 1
{0048] (1) Step 1 (cyclization reaction)

Compound (1) is reacted with a suitable amide zctivator
such as diethyl chlorophosphate in the presence of a suitable
base, whereupcn an intermediate can be obtained in the
reaction system. The intermediate can be reacted with ethyl
isocyanoacetate in the presence of a suitable base, to give
compound (2). The bases to be used in this step include
potassium tert-butoxide, sodium hydride, n-butyllithium,
lithium diisopropylamide, lithium hexamethyldisilazane, etc.
The solvents to be used in the reactions include
tetrahydrofuran, diethyl ether, dioxane, toluene, etc.; the

reactions can be carried out at temperatures ranging from -



From conpound (12), the conpound (I) of the present invention can be
synt hesi zed by the sane procedures as steps 4 to 8 described in
production nethod 1. In the case where |l e is a hal ogen
atom a hydroxyl group, a benzyloxy group, a triflate group, a

1-cycl ohexen-1- yl group, a (1lE)-1-propen-l-yl group, a
(1Z)-1-propen-1-yl group, a 1-propen-2-94l _group or the like, a
suitable - 26 - internediate in schene 2 may be subjected to
transformatjqQn of a functional group, as by a coupling reaction
typified by & he*SUAR *EBRRTITY,°t he M tsunobu reaction, an

al kyl ati on ion r.educt ] ion, so as to yield the
conpound (If)b%g?tjthe g%?&ﬁ? ?n&%%%ﬁ%%%l] Production Method 3

The conpound (| ropoddie (2)eseniedue@Niti@n, aifediftiial Agést asdadnaene
ring or a pyridine ring; Xis the fornula -(CH2)-, the fornul a

-(CH2) 2-, Cdritadvoxyhenramonydyide thee ofge nedrepoyn@HI$ - NHPRS LtkeEe R3
is a hydrogen atom; 121 is a hydrogen atogm a hal qgep atom_ ,a Cl-4
al kyl groupSsHBstreditay HyS15%2 J%i‘iodbéﬁcg’r“g‘?rs{fegagfggﬁ WAy Gr&hEt a
Cl1- 8 al koxy..group,,. 8 | kyl. g p -8 KOX%Y 40 p,
a C4-14 cycﬁt%ggky?%ﬁa%g}z%%g%’r %Cﬁhgﬁglr%%ot%? I %Cl%)és)aéCOZR%d(E> gre
R8 is a hydrogenpetfires Rah§imd fiheges°®ftoz @bomatshgeriatuas. i Nt eger
of zero, can be synthesized by the follow ng nethod (schenme 3). In
schene 3, Ritesn®iwlya kypupowyd Glompy be besdudedxyigh cupeductingf| ate
group, a 1l-cycl ohexen-1-yl 8rou}g, a 1E21-1- ropen-1-y1l group, a
(12) - 1- pr of&52E- §4eRyAsu 18P YE l-ﬁrlb’%‘éﬁ-lz-‘ﬁd lﬂp‘.ﬂl¥ SCHEI dE 3
[0063] (12) ti : ; t with
a cyanati or?g"télg@ﬁ%rgs{?cﬁ gg’s%g%U’mtgygrll?ggygw%&(tgasag?%?n %ng%l%?i‘g grq) a
car bonat i omrnhagesi v&uah rasbet hydd Ghl enekorsmdionophtoi@d |y in the
presence of a phase transfer catalyst such as tetrabutyl anmoni um
chlori de, ttetghiedromreunddid?)yl Hibesol dbrrtane,otbéuemsed in this
reaction ingclude dichloronethane, chloroform 1,2- dichlor %et hane,

t et r ahydr o dFBRCE PR HERE, GRIJTOT . StEhe TisadPRGh YAF ATk PeaFRFBEFD
t at t I f ; o 41 (13
out -a e”%g%%.‘:'@%;:%@%%?%) n%%{?ﬁl.gig Q£ 0018 Eegpef@&&”t%mp%g%@uié. )

Step 13 (reductrion (17) is catalytically rogenat ed
in a hydrogensal nospigr etdpi RY(axidAtabyst such as pal | adi um acti vat ed
carbon, pall adi um hydroxi de, or platinumactivated carbon, to - 28 -

gi ve conpound (3&poufide (Sbl vamtlze trgabsedseitt B shitablacriighzing! ude
met hanol , et hanol, .isopropano], et h¥1|‘ a}():Jgt te, tet}rla{}%/drqfu%ag_l, )
mi xt ures t ROFBOf  CRSHOIELNE THE ifoi ChR %%a'ﬁw@a ott H-ethylemine

t enper at ur i f 11 e r refl ; e.
[ 0082] ( 14) 5% BERGLPEPY BT PR TRE! LU edrbokll 6L Whel SHRELELG S

wi th ethyl agbhes of®wEtieetinid hehipr esepcendive Sihnbaspl slidsaidko give
conmpound (19). The bases to be used in this step include potassium

t ert - but oxiode ysodilanikpdr ddesthylt sl fedidsdprpyl ani de, |ithium
hexanet hyl di si |l azane, etc he solvents to be used.in the _reaction

, . .The I
i ncl ude tefjllﬁﬁ‘g?h‘?llﬁ’i}’_rléﬁ?ba?lb:tr?fﬁe SORE 1 GHBRANE, _SH)’F ~I8tc.; the
reaction cag, g de ﬂigglzﬁé-&i TRENRES ©SaihRRALNIs i HRxal8GL s & OOM
t enper at ur e. (1f tep 15 (reaction for introduci ng am ne side
anhydride, manganese dioxide, Dess-Martin periocdinane,
piridinivm chlorochromate (PCC), piridinium dichromate (FPDC),
etc., The sclvents to be used in this reaction include
dichloromethane, chlorofcorm, 1,2-dichloroethane,

tetrahydrofuran, diethyl ether, dioxane, toluene, etc.; the

reaction can be carried out at temperatures ranging from -78°C




chai n) Conpound (19) can be reacted with an al kyl halide such
as tert-butyl 4-iodobutyl carbamate in the presence of a suitable
base, to give conpound (20). The bases to be used in this step

i ncl ude potassiumtert-butoxide, sodiumhydride, etc. The solvents to
be used in the reaction include N, Ndi nethylformam de, N, N-di net hyl
acetam de, N-nethyl pyrrolidone etc.; the reaction can be carried out
at tenperatures ranging from-78C to the reflux tenperature.

[0067] (16) Step 16 (hydrolysis, decarbanati on, deprotection)
Compound (20) is hydrolyzed, decarbonated and deprotected

si mul t aneoug) % odai BOmSeSti@bl e acid, to give the conpound (I) - 29
- of the present invention. The suitable acids to be used in this
step i ncl ud@dwdr ochl oy idtepcid(akidlf wekethehd, hydrobrom c acid,
trifluoroacetic acid, nethanesul fonic acid, benzenesulfonic acid,

p-t ol uenesul f onfFEmMaRYRE (F0- ceanphoresgitrenvitiag d-merberstheysdhivent s
to be used irétt hese r.eactions in(g% ude cgl ogoform di ch] or onet hane,
met hanol , etRARGI Ti SOpFESARBFS %t Ky PUAcabht &3 Fet FAnGHFDATRAI"Y
diethyl ethe, dhoxanss Q] YENEsedahekni &t Seap LML 1 HEAGL QRS 1 GAN: DS -
carried out at tenperatures ranging fromOC to the reflux

t enper at ur dutoxide, sodiuml hyfhid€asebwhelrifRa urs aibel@gen atom a
hydroxyl group, a benzyloxy group, a triflate group, a

1-cycl ohexé’ﬂliopwpiglratﬁu-ﬁ,eralgnf@mhﬁﬁém@thﬂl%ﬁﬁi@,ﬁ@ap% @tc. The
(1Z)-1-propen-1-y1 grou a.l:propen-2-yl1 grou r the like, a
suitabl e i ﬁ—’fjgyﬁlé%? a'?oe%legz"‘%ﬂeﬂg errﬁﬁaﬁ‘gl%lgﬂjr\?gf‘ga FORAYREPER R on
of ‘a functigeghy HroUR:,a88:bYaR CQURLERY, r&ACLT Rt yRidd ed Dyt he
Suzuki coupling, the Mtsunobu reaction, an al kyFatl on reaction or a
reducti on reaeitdmuis@taseindeydir@dst henghipate F3°tot heopr esent

i nvention. [0068] Production Method 4 The conmpound (V) of the
present i nFERPEBRLUEY which R is a hydrogen atom a hal ogen atom a

Cl-4 al kyl igégéo sub(% i% ted. b %gg hal ogen atonms, a C1-10 al kyl
group, a Ct° koxy (Lﬁr gﬁp A é? E§LtoH kyl group, a C3-8
cycl oal koxy gr oMRyuiaabdeldr EHClRRlKY! 8 kil QeQUPs L+ &PREDYL, &L )
R3 is a hydrogen atom and R8 Is a hydrogen atom can be synt¥|e5| ed
by the fol bowimg frefchpdutschEnend) refOO6H is pdPformed Q[EHhEYE 4
suitable base, to give compound (6). The electrophiles to be
used in this step include methanesulfonyl chloride, p-
toluenesulfonyl chloride, acetyl chloride,
trifluoromethanesulfonyl chloride, acetic anhydride, etc. The
bases to be used in the reaction include triethylamine,
diisopropylethylamine, etc. The sclvents to be used in the
reaction include dichlorxomethane, chloroform, 1,2-
dichloroethane, tetrahydrofuran, toluene, etc.; the reaction
can be carried out at temperatures ranging from 0°C to room
temperature.
[0053] {6) Step & (reduction)
Compound (6) is catalytically hydrogenated in a hydrogen
atmosphere using a catalyst such as palladium-activated

carbon, palladium hydroxide, or platinum-activated carbon, to



[0070] (17) Step 17 (esterification) Compound (21) synthesized
by the sane procedures as steps 1 to 7 described in Production Method
1 can be reacted wwth a chiral al cohol (RbOH) such as

(1R, 2S) - 1- pheny1- 2- (pyrrolidi nl-yl)propan-1-ol, (1R)-1-phenyl ethanol
(19, 2R, 55) - 5-met hyl- 2- (propan-2-yl)cycl ohexanol, or

(3R) - 3- hydr oxy- 4, 4- di met hyl di hydr of uran-2(3H)-one using a condensi ng
agent in the presence or absence of a syjtable base, to give conpound
(22) and conpound (23) that are diasteréoners separable by silica gel
col uimm chromat ography. Suitabl e bases include triethyl am ne, )

di i sopr opyl@vienecmpyiidi (e - Ihedf pstanfsafP nepyticdl A8, thig. remrdion
condensi ng .agents to be used. in this step inc]ud

N-[ 3- (di rretlﬁk%l éiﬁ?n%?jﬂ?aonpo;ji] -eﬁbg??ly’l clas’rogggf"?rﬁ?ide %@H&o%ﬁ?%ﬁede, N, N -

- 31 - di Cytfé&'aﬁgaﬂc&ﬁiﬂoaqg' Tk 88 re i enkltebll dazo! -they k=08t hatDONRE, net C.
The sol vents to be used i'n the reaction include dichl oronet hane,

chl or of or mcakr2edi sl arivetchaneatheis abpndi nof ufam roohueaeperature to

N, N- di met hyl f ormam de, etc.; the reaction can be carried out at

t enper at ur éder FAGHWY FIRRTGEUES- t he refl ux tenperature. [0071] (18)

Step 18 (hy%& nol ysi.s Qr hydrol ysi.s) . Compound (22) is
catal yticall %%idrogghafgﬁpiﬁ R é%éﬁ)atnnsphere usi ng a catal yst

such as pal | adi BgkaGHiY 8891625 Do 1 PRI adi AN DY eXhde e, to give
pl ati num acti vated carbon, to give conmpound (24). The solvents t0 be

used in thicsmpeasdi ) . mMhlkudessettmrel nsed hanahisi sappoparialde et hyl
acetate, tetrahydrofuran, mxtures thereof, etc; the reaction can be
carri ed outlijhivenpedziides faREimdydremitoomatarsérat iydraxgdeheete-

reflux tenperature. Alternpatively, ound (222) .may bhe hydrol yzed
Using a SulERLPELTERE 8 VESt peana. Foat i Pryede i Psthe
used in thigeshep, | NGdeahbl N U GLeYEGRan SQRlWm, hydeoxide,
pot assi um hydroxi de, etc. The solvents to be used in this reaction
i ncl ude netdnarebs, eddtgnahe resptparah, bt etdaahiydr efhar ah, tasgicentures

m Xt ur es thereqf, etc; ghe reactions can be carried out at
t enper at ur gangangi fgPd 1o 0T the rRELRef tsBPerafpBErat ur e. From

conmpound ( he ¢ nd of the present invention can be
synthesize§%%§5§he sgﬂg%EFBCé;%?%?ﬁﬁ§e§Fgﬁn described in production
method 1. [0072}Broduct i@) MethgtkRected udfity GONROURG1L 1M10f the

present invention, in which 111 s a hydrogen atom a halogen atom a
Cl-4 al kyl wgpeesppon the compbsidt (t)ecfbyhd -@rdminagenvatoiey «anChe. 10
al kyl group, a C _Ei al koxy group, a C3-8 cycloal kyl group, a 03-8
cycloalkoxﬁygﬁbaﬁeZ%ﬁ(yihf4séyé¢ki%Iéﬂléﬁk?? Rt nged or BhphethEP group;

R3 is a hydroge to d R8is a C1.10 al kyl. grou can .be .

oynt heel zod 6y SBRGTHAIRC RO i Had TEERe B O8T5r SRR acte
[0074](19) E%H?@uafkééggﬂ%rEEH&?IﬁéHHanesulfoﬁEHn¥¥i@g ﬁgﬁéeﬁégﬁlg%nig
reacted wth an al cohol such as nethanol, ethanol or propanol using a
condensi ng aagant p+tpldmepitsente aridabiencangforaudibtabd| acikgsegct o

gi ve conpound (25). Suitable bases include triethylam ne,

di i sopr opyITasi pelveyas dionke used gt MLanFeRparditReluge cchipreform,
condensi ng ggents to.be used in this _step include

N[ 3- ( o motHy Pt PGSy 17 AP P FBAPBb: | TREEEPAYE oeHiTBHY de,

N, 14°-. di %%g'tgbgfy{ect@f podi-brhAe,, dilhyi ddasol gloyhalPthanane, etc.
The sol vents to be Used I'h the reaction includé di chl or onet hane,

chl or of or mwate?; déedl ;onpet basesidretoanhydr e tiriam, otial denesmperatures

N, N-di net hyl fornmam de, etc.; the reaction can be carried out at

t enper at ur @snpgangi figprf (006 0C the Z8fluxtipmuegatvfeux t enperature.

Al ternatively, conpound, (21) may be reacted with an al kyl hal.ide such
as nethyl iodide, etfyth oﬂ%ﬂ% S5 8§y’r5 iaoﬁl\ig/bj8g?’?1 ?tr%“'praeg@ﬂﬁ%’%lf a

sui tabl e base, .t o, 4iNe SRTPOYDL.S 2% o PeLLabl G lases Ingldderen-1-

yl group, a (lE)-l-propen-1l-yl group, a (lZ)-l-propen-1l-yl



tenperature. As a further approach, compound (21) may be reacted with
an al cohol such as nethanol, ethanol or propanol using a suitable azo
reagent in the presence of a suitable phosphine reagent, to give
conmpound (25). Suitable phosphine reagents include

tri phenyl phosphi ne, tri-n-butyl phosphine, tri-tert-butyl phosphi ne,
etc. Suitable azo reagents include diethyl azodicarboxyl ate,

di i sopropyl azodi.carboxyl ate, tetranethyl azodi carboxam de,
azodi car bonyl di pi peridine, etc. ~Fm conpound (25), the
conmpound (IV) of the present invention can be synthesized by the sane
" procedure %ros,mepa81d@$,@n€irb@dyilngmtudw¢t itba Jme‘teho@ knitable

[ 0075] Producti on Net hod The conpound ( I%% of the present

i nvention, ¥ %ﬁﬂﬁéﬁaFﬁ %Q;%&hﬁ?ar%dﬁﬁ’éﬁoﬁPbé??ﬁﬁ déentas OQFQSIDH of

ol g o AbSLULME Gl 1Tl o0en BLORD - & GEA0COLI B0 R 2

gr OUIO a Chukékeyebasd iy, a'th§)é|MQ{EQH{bbuOE:eac@f@ﬂWangéQléﬁlaﬁ%d s a Cl-6
al kyl group; and R8 is a hydrogen atom can be synthesized by the
fol | owi ng rr@tahd;dO(IS@hefrrBfe@)lct[L@@@actSGHEl\/Eo 6 G077} ¢ 29)tHet epmpOund
(al kyl ati on) Corrpound (25) can, be react ed with an al kyl halide such
as nethyl iVditH® BYe®TyAVEREHR™ i (F)t-he presence of a suitabl e base,
to give co (2 i I ) i ncl ude potassi um

ey Gar%d'ﬁgt%%a FefiR%FY |

tert - but oxi di um e solvents to be used in the
reaction includend, d\b@dmahytf O fTfHedBro DoAY dinRhBYbn ACHT 3/FiES, A is
N-nmet hyl pyrrolidone, tetrahydrofuran, toluene, etc. the reaction can
be carri edaobena¢ng enqyer at:uaegy:r:a:hgnenglﬁgorﬁ ae 'aonh.heog‘ee‘f |lattom ; Y is
tenperature, [Q078](21) Step 21 (hydrolysjs) npound (26) can
be hydr ol yf@& aP¥mLa sdcfia)cﬂ 5 b%se"'"hﬁéeg‘i‘véscén‘bb%ﬁfwe(nﬁ)tc’mﬁhef‘ b&ged

to be used |n dro sodi um_hydr o
pot assi um ﬁ?g %%eﬁo c? %u%j‘g r: \7p’1tetrlgl5 é é(g PROthis rsnbr éalc’c: %r(%‘%
i ncl ude newhanos ,hBlRRAOk L ohS O nggoenkytlebssabwr@fdireaalkw@§egnoup,
m xtures thereof, etc; the reaction can be carried out at

t enper at ur @sCr-anfgs{qigDaflmm ot tth€srefyaboadldoper atoue. aFCemy conpound
(27), the conpound (1V) of the present - 35 - invgntion can be
synt hesi ze@YByPR HY IS e pFERRIUIE 4sPRERY @T¢8BérRhed CR2Bor duexs dhn

Tt hod 1 SO0 ATIAYE! L0 LAY Ly sneeqdth@ COMPOUNG, (1L Of the

present i nventi nzen ring IS a Si ng e bond;

Z is the fontader (fCHRR3- calRdbd %yathagmg%ya&gm Rl dvind R¥Eragen
atom a halogen atom a Cl..4 al kyl group substituted by 1-3 hal ogen

atoms, a Clsdierd ). gnosphere CL. R8 & ROxyr gr dupiroayC3yBoupycloal kyl

group, a C3-13 cycl oal koxy grofgha a C4-14 cycl oal kyl al kyl group, or a
pheny!| groaﬁnzﬁ?’iys JEOHY dr D b TR s San~FRELYI*SE LloHe; IER/IP N

is an IntegeY1§qZpeﬁbpgﬁn1QEl%M%hg?séZE&HQX~EQgp££ﬂ£—Q% oHE,W%Qa

(schene 7).
l-propen-2-yl group.

[0057]



(0080] - 36 - OH Step 23 (addition reaction) SCHEME 7 [0081] (22)
Step 22 (reduction) Compound (28) can be reduced with a

reduci ng agent such as diisobutyl alum num hydride, diisopropyl

al um num hydride, etc., to give conpound (29). The solvents to be
used in this reaction include tetrahydrofuran, diethyl ether,

di oxane, toluene, dichloronmethane, chloroform etc.; the reaction can
be carried out at tenperatures ranging from-78C to roomtenperature.
Al ternatively, conpound (29) may be syrdfesi zed from conpound (28)
via an al cohol formas in steps - 37 - 2 and 3 described in
production nmethod 1. [0082] (23) Step 23 (addition reaction)

Conmpound (29) can be react ed with a bronobenzene prelimnarily
treated wWith a suitable b¥s$e %to |ve conpo ngt IBG The bases to be
used in this ste (ﬁ%cfldaﬁtﬁ?ﬁuﬁflcfz p’b‘iﬁ GHH9 hi um
tert-butyllit o c. TP st vent u@sedlnthe Faagf 0

i ncl ude tetrahydrgf n, —ei-ethyl agthé ane——t-o&; 5 etcy this
reacti on can be Har+i out at tenperatttes Tanging from=¥8C % room
tenperature. [0083§(24) Step 2.4 (cycljygation reaction) ;y Boe  The
prinmary hydroxyl group of conpound (30) cansbg, lromi nated and heated,
to give conpound (31). The brom nat | agent srdsotie)used in this step
i ncl ude cafbRltet r abr §mnd pheggy(gaosphi ne,

1 br omopyVPOE e 53 RES> Bri pheny) phos

brom ne-tri phenyl phosphl n ) hy&r ogen brom de-acegt i
tribromde, 1- brom)pyrﬁallﬂl ne- 2, 5-di one (NBS),
be used in the brom nation reaction i ncI ude di chl or onet hane

chl or of or PR hydr ofGran, v e 1 HER. i oxane, rts&l
N, N- di met hfl %%r mam%g %ﬁa{%lor’flg%}'/ at
tenperatures ranging fr¢m OC t L€TTUX tenmpeg ature

cyclization reaction can bear rgmed out at tenperat ufses r‘aegngl ng from
roomterrperature to t he refl ux t enper at uge, g0084](25) Step 25

(deprotectio g& Corrp@ur}pl (31) cam@goiﬁg@ggrg usi ng net hanol, to
gi ve corrpoun ? 2? hIS rdac f’ an be carri ed Buti* merrperatures
rangi ng from room £& t\he f efTux™ Y/L,.{*‘(\ o
(15’ N‘Bﬂc R {I) X R1
SCHEME 2
[0058] {9) Step 9 (cyclization reaction)

Compound (92) is reacted with a sultable amide activator
such as diethyl chlorophosphate in the presence of a suitable
base, whereupon an intermedizte can be obtained in the
reaction system, The intermediate can be reacted with ethyl
isocyanoacetate in the presence of a suitable base, to give
compound {(10). The bases to be used in this step include
potassium tert-butoxide, sodium hydride, n-butyllithium,
lithium diisopropylamide, lithium hexamethyldisilazane, etc.
The solvents to be used in the reactions include
tetrahydrofuran, diethyl ether, dioxane, tecluene, etc.; the
reactions can be carried out at temperatures ranging from -

78°C to room temperature.



- 38 - tenperature. [0085](26) Step 26 (reduction) Compound
(32) is catalytically hydrogenated in a hydrogen atnosphere using a
catal yst such as pall adium activated carbon, palladi um hydroxi de, or
pl ati num activated carbon, to give conmpound (33). The solvents to be
used in this reaction include nethanol, ethanol, isopropanol, ethyl
acetate, tetrahydrofuran, mxtures thereof, etc; the reaction can be
carried out at tenperatures ranging f+ah roomtenperature to the
reflux tenperature. [0086](27) Step 27 (reduction) Conmpound
(33) can be[geedyced widh sacpedoctinbragenbypuch as diisobutyl al um num
hydri de, diisopropyl alum num hydride, etc., to give conpound (34).
The sol vents toCbhespuget] (19}t hag beackicondi nttlude -tett abyidrlof ur an,

di ethyl ether, dioxane, toluene, dichloronethane, chloroform etc.;
the reacti SH<CEROPREC A 88 BHEESeRcH dpar sitiirasdleahgrag 19 ¢3Ve78C to

oo eTper Aty g ALLET Nk VLY. SOTBRUNG L 3 By B, sunties) zed

from conpoun an ‘al coho orm as i n steps Scri bed

in product itenefByhaflink, diisopropyldthQIhGOHPOWIEiG34d, 4-he conpound
(I'l') O the present invention can be Synthesizéd by the sane
procedur e aEmetbpbamiinopy8idéses igechsshupr ochticbivanx fi@é hatbdium

[ 0087] Production Met hod 8 _The conpound (In%i_of t he fre.sent i nvention,
in which ANYETadpeqydyevLlhfhbina LhFpian nét isopgorXxl smidee 1ishiuma
-(CH2)-, t |-a,.- (CH2)2-, an o en_ato r a nitrogen atom Y
is a2-am %%S%ﬁ%%ﬁglr%%?%%e'a atfdr}éégns% ot rpsa ﬁa?%g"ésr?dagBmtg - 39 -

a Cl_4 al kybagt oo isidashit vtk rbr3rha) QBRANK3E 08Bned GholQnal kYl
group, a C..8 al koxy group, a 03. ElI cycloal kyl group, a C3..8

cycl oal koxyodgreup, etcad. thddreydlical kyh bk ydargiedpoutorata tphpayitures
group; R2 is 002R8 (where R8 is a hydrogen aton%; inis an integer of
zero and n*PEILRT TOByer 8¢t tonshechdf B SPRPRBRT YD by the fol | ow ng

met hod (sc ). | C , le.ds Rl _or a hydroxyl group, a
benzyl oxy g?gﬁ%? a t(?l"l?l gﬁgglﬁodﬁ?dgcﬁ%or@ycl ohexen-| -yl group, a

(1E) - 1- propen-|cobo@n@upal A {sl ecthee BN PRGN rELuS QY Rge®k Buch as
1- propen-2-yl group. [0088] Step 28Step 29
(protectiof}ischrioiplaniom 1StdepddOof alidcloprepgl abuminum hydride, to
give compound (12). The solvents to be used in this reaction
include tetrahydrofuran, diethyl ether, dioxane, toluene,
dichloromethane, chloroform, etc.; the reaction can be carried
out at temperatures ranging from 78°C to room temperature.
Alternatively, compound (12) may be synthesized f£rom compound
{11) via an alcohol form, as in steps 2 and 3 described in
production method 1.
From compound (12), the compound (I) of the present
invention can be synthesized by the same procedures as steps 4
to 8 described in production method 1.
In the case where R* is a halogen atom, a hydroxyl
group, a benzyloxy group, a triflate group, a l-cyclohexen-1-
yl group, a (1E)-l-propen-l-yl group, a (1Z)-l-propen-l-yl

group, & l-propen—2-yl group or the like, a suitable



Step 32 (dehydration)co2EtN..., (PMB)2N (44) SCHEME 8 [ 0089] (28)
Step 28 (protection) Compound (39) can be reacted with

p- met hoxybenzyl chloride in the presence of a suitasble base, to give
conmpound - 40 - (40). The bases to be used in this step include

pot assium tert-but oxi de, sodium hydride, n-butyllithium [Iithium

di i sopropyl am de, Iithium hexanethyldisjlazane, etc. The solvents to
be used in the reaction include N, Ndi net'hyl formam de, N, N-di net hyl

acet am de, Nmet hyl pyrrolidone, tetrahydrofuran, diethyl ether,
di oxane, tdN¥EABRAERES ;1n FENPBACE MG PEnSWRIHHST &4 bhtnsformation of

tenperatures ranging from-78C t.o the r.at . +0(29)...S

29 (car bonfl aff’llng%o al greélﬁ*poﬁ?]dbli fofoég%l%i I}'egaa@c%ﬁgg ﬁ%hﬂfﬁ%e%)ﬁy[:gg
carbonat e igh-hRe @‘5‘?&0&3@, Qhe austhdrdBherbaseior,0 8 Mekgonmnd (41).
The bases to be used in this step include potassiumtert-butoxide,

sodi um hydriedefionbot yd [detdokctiben [ddauitaomdi $sopr dapy lvdelde;hd icohpoammd
hexamet hyl di sil azane, etc. The solvents to be used in the reaction
i ncl ude tet@ahgfr BrerRtesedtet AYA €t er, di oxane, toluene, etc.; the

reaction c carrjed out at t rLatures ranging from-78C to room
tenperaturggogngO](%ﬁﬁdu§géﬁn3%ﬁéﬂg%sgl reaction) Compound (41)

can be reacted whih GREWNd: (s idhel BeePEOSSNRRNRE AR, SUH Lithle Rase,
to give conpound (42)." The bases to be used in this step include

pot assi um tzebbnbatoxtide; ozodi pymidichel déng n-buitsylthiet Boomld i-t{RHLM,
-di i sopropyl am de, |ithium hexanethyl disilazane, etc. The solvents to
be used i nthrefpaaetd onlGiabdi-udexrt ¥t ratgglorbean, Y disethy! TeMHER

tenpor at ur S8 PTG 1ehEF96E 68 OB TENBeraPl o, | Obot] T4E 96 ep

31 (protectit@A) a halogen atom, a Cis alkyl group substituted by 1-3
halogen atoms, a Ci-1¢0 alkyl group, a Ci-g alkoxy group, a Csg
cycloalkyl group, a Cig cycloalkoxy group, a Csag
cycloalkylalkyl group, or a phenyl group; R® is COsR? (where R®
is a hydrogen atom); m is an integer of zero and n is an
integer of zero, can be synthesized by the following method
(scheme 3). In scheme 3, R* is R* or a hydroxyl group, a
benzyloxy group, a triflate group, a l-cyclohexen-l-yl group,
a (lE)-l-propen-l-yl group, a (l1Z)-l-propen-1l-yl group, or a
l-propen-2-yl group.
[0062]



A suitable electrophile is allowed to act on the hydroxyl - 41 -
group of conmpound (42) and reaction is perforned using a suitable
base, to give conpound (43). The el ectrophiles to be used in this
step include tert-butyldinethylsilyl chloride, trinmethylsilyl

chl oride, nethanesul fonyl chloride, ptoluenesul fonyl chloride, acetyl
chloride, trifluoronethanesul fonyl chloride, acetic anhydride, etc.
The bases to be used in the reaction include imdazole,
triethylam ne, diisopropylethylam ne,-@yri-dine, etc. The solvents to
be used in this reaction include dichloronethane, chloroform

1, 2-di chl or oet hane, tetrahydrofuran, toluene, etc.; the reaction can
be carried out at tenperatures rangiswgsf12m 000 to room tenperature.
[0092] (32) Step 32 (dehydration) (cvanaGompound (43) can be subjected

to reaction in a sy ablessol verb.Ln the presencg_Qf a suitable base,
to give conpoungd (A4)N—The)bases BE be usgd ipg_t gp\i ncl ude
di azabi cycl oundetene t h sopﬁﬁp a ne ridine,

4- di met hyl ani nopyr i di ie, pd?a55|un1tert but éki d¢, iun1ﬁydride
n- butyl||th|Uﬁ] I|th|dﬁ1d||$0propylgg1 I|th|umun

hexanet hyl di gne, etc. The selyg Bgaﬁgmbe used in the reaction
i ncl ude N, ]EngéhMjfoNﬁhnl N, N- ebneghyl acet gpnde,

N- net hyl pyrrol i done, ar furan, \rﬁl et hydo,cet eJ ane,

t ol uene, etc.7ttre regct abe—eaﬁ¥+ed*out enperst ures

ranging from-78C to the,feflux tenperature. [0@@3] 3) Sfep 33
(reduction) stepCosrpound (44) is catal yiskgahky hy®® ogenated in a

hydr ogen at nogpitapdrcdsd ng a catalyst suchy&elysdkl adi um acti vat ed
car bon, pal F&atieu d@XHPﬁ%lde ndﬁ?ﬁ%@?#ﬁ?@dpgambﬂn to - 42 -
gi ve conpound_Léz; Eg%;%e UREA"h T it¥p—ncl ude
met hanol , et hanol, |sopro L' racetate, t¥tr dnof w

R1

m xtures thereof, etc; the pgaction can be carried outhat*
temmrmeesranmngfromroomtemmrmureto the refl ux tenperature.
[ 0094] (34) Step 34 (hydrolysis) Sedfdod (45) can be hydrol yzed
with a suitable base, to give conmpound (46). The bases to be used in
this step include lithium hydroxide, sodium hydroxide, potassium
hydroxi de, etc. The solvents to be used in this reaction include

met hanol , et hanol, isopropanol, tetrahydrofuran, water, m xtures

t hereof, etB96%he ré&@?i%ﬁﬁ%éﬁ3U§Yéa¢¥i@ﬁ out at tenperatures ranging

fromOC to the reflux t erat 009 é%135) Step 35 (de rotectlon)
Conpound (46) iCBEFFEt ZgFe%a% anrﬁ tg acﬂﬁg GPBRE R
conmpound ( 1 t sypt

sui tabl e aé%dﬁéﬁl&mﬁg%ggt%lonf '?J\é:%ggg?%%ﬁqggexﬁy%s%c%ﬁg?;ﬂ(}:-&gcﬁgcfnt
sul furic asueh dvye@dthbloshlomicdmate] fdpGromaceli cn atidd presence of a
met hanesul foni ¢ aci d, benzenesul fonic acid, p-toluenesulfonic acid,
10-canphorBh##Qnﬁnﬁnaéﬁa,C%#Qiysthéusblm%ﬁﬁ@rﬁbUDElqmﬂamihm thigride,
reaction i clude chl or of dlcgloro t hane, net hanol, ethanol

i sopropanol$ €ty ICCRR_EA e tetF Ry 0 0FEn EOdPRIIRATY éPhERIS di oxane,
tol uene, V‘@é@étlo%t Gne1ble Jl%ﬁ%&gﬂegﬂhéoe c%%EEbJ.e&n‘()Utl %t tenperatures

ranging fromOC to the reflux tenperatu In the case
where Ra ig&iehlhalcegianat O&th&hlywdbﬁagzydn,grtauaen@, benza, 0%Yc 0y i a
triflate group, a 1-cycl ohexen-1- yl group, a (1lE)-1-propen-1-yl
group, a (1FH=thopr epenbe -garriedigut agrisuperathces openiagyirgr &ip or
the like, a suitable internediate in schene 8 may be subjected to

tr ansf or maf? orPF TEMPERRY¥Sal group, as by a coupling reaction

typified by @ﬁ Suzqgg) &ggwrgggagggﬁunobu reaction, an
al kyl ati on ' reaction or” a réduction reactlon so as to yleld t he

conpound (1) Ofcdnbeuﬂdeﬁmt 1|sn‘é§{3§l}0tflca[lqggﬁiigf&fgiﬁatﬂe@.nlﬁ/bé hadir®gen
atmosphere using a catalyst such as palladium-activated

carbon, palladium hydroxide, or platinum-activated carbon, to



The conpound (1) of the present invention, in which Ais a benzene
ring; Xis the formula -(CH2)-; Y is the fornmula - (CH2)3-NH R3
(where R3 is a hydrogen atom; Rl is a hydrogen atom a hal ogen atom
a Cl-4 al kyl group substituted by 1-3 hal ogen atons, a Cl-10 al kyl
group, a Cl1-8 al koxy group, a C3..3 cycloal kyl group, a Cl-8
cycl oal koxy group, a C4-74 cycl oal kyl al kyl group, or a phenyl group;
R2 is a tetrazolyl group; mis an integer of zero and n is an integer
of one, can be synthesized by the fol+d#& mg nmethod (schene 9). [0097]
- 44 - [0098](36) Step 36 (am dation) Compound (21) and

3- am nopr opgiR@NicbiipbenL a1 she rrRacs A utsNgo db& axdanshngh g &dacitAchhe
presence or absence of a suitable base and in the presence or absence
of a suit ablreladdi nétiemnale gibeanconpewpndopdmyl, Swhydbseelbses i ncl ude

triethylamne, diisopropylamne, pyridi 4- dlnethylanlnopyrldlne
etc. Suit abIETABUFEP Y A P B b EaEP ErBTS e, reaction Can be

1- hydr oxypycrf %H%gl Q@ Zat5 t@'mgg%ﬁﬂﬂres ran J.ng om roo temperature to

3- hydr oxyl, enzo riazin- e cond ensing agents to
be used indHRi s8iep ddiglerdenle] 3- (dlnethylan1no)propy1] N -

et hyl car bodi i m de hydrochl oride, N, Nrdicycl ohexyl carbodii m de,

di - 1H i mi dddelesl- yl nEtHassre, 1ét tcarbeeydatients to be used in the
reaction include dlchloronethane chloroform. 1, 2-di ch] or oet hane,

t et r ahydr of ur anCOTRPIchd 18N, RERi Re IRFEE SR nikhi & P cChLIRF Gr@aEe| b

can be carr d e g n 0 qu

t enper at ur elh% 835%?‘?%97) %gtge%)é%gg%iongtgrggc??%\ﬁt ot ?gltﬁl ISrn:irai(lr’%) e
Conpound (%E)segnﬁlotwé nRthyksi tivls aziede i ganude Jorashedn Usd MG ratoxide,
sui tabl e azo reagent in the presence of a suitable phosphine reagent,

to give compddnd myﬁﬁldeSuﬂﬁahiwm;ﬁﬂiephrqeyl@m@@ntéithtMMde

tri phenyl phosphi ne,_ tri-n-butyl phosphine,_ tri-tert-butyl hosphlne
etc. SU|taEFé33?6h¥%§§%ﬁF§aPﬁcl 5P§tﬁ9¥V%EGUF8a?Bd%VFg
diisopropyl I La I i.Ga m
azodlcarbony?%g?%ggg?ﬁéﬁ E§t¥$ﬁ§§ﬁ Fg%gétlveq%igcéggép dﬂéﬁiﬁ
trinmethyl sicbyliefg) da:-d18Y the r&asiied whhhba RhespRObaNE &%@@@Eaﬁ@ﬁé\s
as cyanonet hyl ene trinethyl phosphor ane, cyanonet hyl ene tri butyl
phosphoraneangln@SﬁmeFGB<Idxgkwemcbﬁmnuw¢U¢48) The solvents to be
used in the reactlon i_ncl.ude dichl oronet hane, chloroform 1, 2-

di chl or oet H4R&%1 ¢ et rdmydrEfRIr&h, (B6FGERR, TN N@Fﬁﬁ?ﬂ?%?Qnﬁﬂ&HFdéld%tc
t he reactlgpg gan be carried out at tenperatures ranging fromOC to
the reflux tenperature. [0100](38) Step 38 (hydrolysis)

Conpound (48) cesmfrtindydLo) yZad vesirBgcBesWiitablag barel HaQigeVeuch as
compound (49). The bases to be used in this step include |ithium
hydr oxi de, tsotilmt iy drdefdeut potcasbruathyidr dliederesence e asohveale

to be used in this reaction include nethanol, ethanol, |sopropanol,

t et r ahydr oP&F &N, Enetide, CATRE IS S 290 hefBD 2355 For R Ye8st fifofPEans B
carried ou S m I
tenperature En@iu&&ﬁ%ﬁ%%%ggﬁpgﬁﬁg fggfgaghégé%%%bhgg { % %%Cthe pr esent
invention ganvbersSWY hbeshzed Dy thkersas®idl agedune mw-step 8
described in production nmethod 1. [0101] Producti on Method 10

The conpourdn¢dhybforrhelge esteiit-dimeshy oxgetigpnidhi CRiR3:Hyd parhydidyen
atom Rl is a hydrogen atom a hal ogen atom a Cl.-4 al kyl group
substit ut e@tBy’ 1EHe HEREGEA" FBhPe FaEried Pufi ﬁ§|t@??ﬁﬁ?tW§e€1an%F%%xy

group, oal k cl oal koxy group, a C4-14
cycloalkylcgfﬁ1§ Cé?%u§° %%eQ£ﬁﬂBx ?I§§]ﬁﬁu%§nd R8 is a Cl..10 alkyl

group or arghewp haviiey 5hep Sid UGkUES] F&1¥ esRBEeHoRy 16 fol | owi ng
formula | b or Ic, can be synthesized by t he fol |l ow ng met hod (schene
10). deprotection)

Compound (20) is hydrolyzed, decarbonated and deprotected

simultanecusly using a suitable acid, to give the compound (I)



- 46 - do0 CH3 Acy,LA (I b) (I c) [0102] SCHEME 10 [0103] From
conpound (24), the conpound (V) of the present invention can be

synt hesi zed by the sane procedure as steps 19 and 8 described in
production nmethod 5. [0104] Producti on Method 11 The conpound
(V) of the present invention, in which R3 is the fornula -002R4
(where R4 is a C1-5 al kyl group, the forpula -C8R50C(0)R6, or a
substituent having the structure représ%ﬁt“ed by the follow ng formul a
la - 47 - R7/ R5 is Cl-6 alkyl group; R6 is Cl-8 alkyl group, a C3_8
cycl oal kyl &f ot Ereaephehyiendienp; TIRY S5 tablt- &cidkydo yroupedrim

phony! SEovBlin oo s DL e Ao, 8 Jaoosy, atom .1 Al

al koxy gr0L&Q{dz%b%fﬁccé@icﬂa@%'fl%}?ﬁ ke c%&?dfyrﬁétgl%%h% Q058

C4- 14 cycl oal kyl al kyl group, or a phenyl group; an 'S a ydarogén

atom can beemynicbaiizet: keihepfobl emarg1mBh®hdischepe 11).

[ 0105] Step 39 (carbamate formation)
camphorsulfonic acid, etc. The solvents to be used in these
reactions include chloroform, dichloromethane, methanol,
ethanol, isopropanol, ethyl acetate, tetrahydrofuran, diethyl
ether, dioxane, teoluene, water, etc.; the reactions can be
carried out at temperatures ranging from 0°C to the reflux
temperature.

In the case where R® is a halogen atom, a hydroxyl
group, a benzyloxy group, a triflate group, a l-cyclohexen-1-
yl group, a (lE)-1-propen-l1l-yl group, a (lz)-l-propen-1-yl
group, a l-propen-2-yl group or the like, a suitable
intermediate in scheme 3 may be subjected to transformation of
a functional group,.as by a coupling reaction typified by the
Suzuki coupling, the Mitsunobu reaction, an alkylation
reaction or a reduction reaction, so as to yield the compound
{I) of the present invention.

[0068] Production Method 4

The compound (V) of the present invention, in which R! is
a hydrogen atom, a halogen atom, a Ci;-4 alkyl group substituted
by 1-3 halogen atoms, a Cj-1p0 alkyl group, a Cig alkoxy group,
a Cs-g cycloalkyl group, a Ci.z cycloalkoxy group, a Cg-1a
cycloalkylalkyl group, or a phenyl group; R? is a hydrogen
atom, and R is a hydrogen atom, can be synthesized by the

following method (scheme 4).

[0069]



SCHEME 11 [0106] (39) Step 39 (carbamate formation) Compound
(51) can be reacted with active carbonate (52), to give the conpound
(V) of the present invention. The solvents to be used in this
reaction include N, Ndi net hyl formam de, N, N-di nethyl acetan de,
Nmet hyl pyrrol i done, tetrahydrofuran, toluene, dichloronethane,
chloroform water, etc.; the reaction cgn be carried out at
.tenperatures ranging fromOC to the ref%x tenperature. - 48 -
On the followi ng pages, the present invention is described even nore
specifically by showi ng Exanples of the invention and Tests. EXAMPLES
[0107] The NH silica gel colum chronatography as referred to in the
fol |l owm ng Exanpl esns ificati o&slgyriféggmgn)chronat ogr aphi c
separation using an I Nica gel 1,&HChromatorex NH2 type; FUJI
SILYSI A CHENPHR . | puritres—ef conpounds of the
present invention were cal based on neasurenents under the
foll om ng conditions: Coézﬂnn: CHI RALPACE AD- 3, 40 x 250 mm 3 pm
(DAl CEL CHEM CAL | NDUSTRIES, LTD.) tenp.: 10C, 24C or 25C flow rate:
1 nmb/mn det.: W, 240 nmsanple conc: 1.0 ng/nL inj. Vol.: 2 pL
Mbbi | e phase: n- Hexafie PPA_TEA DEA = 90: 10: 0. 57
5.

| PA: TFA: DEA -, 85/ 15: 0.5: 0./9; N I—|e>'€'anefBJc,ErA TEA 0.5:0.5;
[ 0108] Exanpl e 'L t Rési 5- ani no- 2> &} ] z0[ 1, 5-
a] gui nol i n-3-yl net hyl ) pent arre¥c acR (1) Synt hesis) of yl R

4, 5- di hydroi m dazo[ 1, 5;:a] ui nol i ne-3- carboxyl ate To a solution
of 3, 4-di hydroqui nol i jh%rf?g%clr}\%; %gd%)dég{}{nsgg} rahydrofuran (1 L),

pot assi um tert - but oxi|de s adde er cooling with ice and
the m xture was stirried for <8
Step 8 |
Ho\ﬂfo N {deprotection) Ckgﬁo NEN
oot e SN M
el \\ >/\ [T R?
24) R! (V)
SCHEME 4
[0070] (17) Step 17 (esterification)

Compound (21) synthesized by the same procedures as steps
1 to 7 described in Production Method 1 can be reacted with a
chiral alcohol (R°0H) such as (1R,28)-1l-phenyl-2-(pyrrolidin-
1-yl)propan-1-ol, {1R)~1l-phenylethancl, (18,2R,5S}-5-methyl-2-
(propan-2-yl)cyclohexanol, or (3R})-3-hydroxy-4,4-
dimethyldihydrofuran-2(3H)-one using a condensing agent in the
presence or absence of a sultable base, to give compound (22}
and compound {23) that are diastereomers separable by silica
gel column chromatography. Suitable bases include
triethylamine, diisopropylamine, pyridine, 4-
dimethylaminopyridine, etc. The condensing agents to be used
in this step include N-{3-(dimethylamino)propyl]-N’-

ethylcarbodiimide hydrochloride, N,N'-



- 49 - 30 mnutes at the sane tenperature. Diethyl chlorophosphate
(70 g) was added and after stirring the mxture for 30 mnutes at the
sane tenperature, ethyl isocyanoacetate (31 g) and potassium
tert-butoxide (46 g) were added at -30C and the m xture was stirred
for an hour at roomtenperature. To the reaction m xture, an agueous
solution of 15%citric acid was added and extracting wth ethyl
acetate and washing with brine were p_er3)c ormed. After drying over
anhydrous sodium sul fate, the desiccant MWas filtered off and the

sol vent was renoved in vacuo. The resulting residue was purified by

silica gel Hoeraherybmreghaphye( dirdfrinpdaridaierérhgthanaseat ete.

1:1to 1:3)..,to give the titled co nd (64.4, ,as.a_ brown powder.
NVB( ESI /APC|Th6J§?;“:’e’éé% t(Ch/h’ﬁ) i§ed %hesﬁssam?q? CEEGFEEORM d) 5 ppm
1.43 (t, JhR1bZomdtlane?: 28160 rhm)- 2, Bai dhidroeBndne (1. J=7.2 Hz, 2
H, 4.41 (q, J=7.2 Hz, 2 H), 7.20 - '7.30 (m 1 H), 7.30 - 7.41 (m 2
Hy, 7.42 - tktrahgtroinddn, 8o03=Aes, N NHYihOADA]fo2mabydé hesics ;0the

4, 5-di hydr oi m dazo[ 1, 5-a] qui nol i n- 3-yl net hanol To a solution
of ethyl 4TagthydreAhitgagefiisd AltqaitnbePprREE1ESF bHXYIdte I8, 4°Q)
in tet rahyq:r otCHr an ff 58% m %t | ithium al um num hydride (10.6 g) was
added under-%&0Fi 1 Wt 88~ AW S he mixture was stirred for an hour
at the samggpgaper at . s!éreg?yis aGRLRbGe RO, VAT §F w@afoﬂ%ng to the
reaction systemand the mxture was filtered; brine was added to the
filtrate and theompoundr d20@sis uytedyedcs DL extycaetbnatad tilh ahhogedoarm
After drying over anhydrous sodium sulfate, the desiccant was
filtered offmasphetre WSdhdedtCalslyst 50ch ag gpdvedipmragidyoted give

the titled compound .(.50.1 g s a brown ojl.. "' h N 300, Mz
mLOROmecﬁfgg“'pan%JZ‘.ag&“@ %Y.Cg‘f"(ll%e'4°ﬂ)?,’i%1é‘2fm(‘ E!C\@z‘gﬁ“-‘,d #213°0 £95
(m 1H), i@Z éoﬁ%éﬁ%d(jh4?.r$he %oﬂgeﬁtg-€gsﬁé”hsédrﬂn éﬂﬂgoré§ctﬂnﬁﬂ
[0110] (3) Synthesi's of 4,5-di hydroi mdazol| 1, 5-a] qui nol I ne-

3- car bal delhydeude methb@od, SOthHricAn @Okopropanol, ethyl acetate,

4, 5-di hydroi m dazo[ 1, 5-a] qui nol i n-3- yl nmethanol (50.1 g) in

chl or of or mte¥rar¥AnOLUkAR g apese rgiSokheee 0 Btg) Whe ZRRRddcandan Hee

m xture was_stirred 5 hours at roomteg_erature. The reaction

for

syst em was “FT1% _eodltt ﬁFoé@rﬁP%ﬁﬁ%gsaﬁﬁnqw PReht WIS PERBYREE i 1P
vacuo. Theghestd g t_BQrPQE&tLW%S. wasBedh Wl 1 LoRs ANSLet YY) be
acetate to give the titled conpound (20 g) as a light brown powder.
V5( ESI / APChy@u@l yzedl B9 1 hdtdd)suiitaNVR B30, Mdz gi ChiLEIADORM d2 48 ¢
2.97 (t, 3=7.2 Hz, 2 , 3.35 (t, 3=7.2 Hz, 2 H), 7.21 - 7.31 (m 1
H, 7.31 -TFe4R{aR t2 Pp useydn thisssyen ipcipde glighivs, hydepxideg. 02
(s, 1 H [g%&gdé¢£@d§%§593§|§%€%%558&tﬁ;&gégidg§EgE§:(f%éséolvents to be

used in this reaction include methanol, ethanol, isopropanol,

tetrahydrofuran, water, mixtures thereof, etc; the reactions
can be carried out at temperatures ranging from 0°C to- the
reflux temperature.

From compecund {24), the compound (V) of the present
invention can be synthesized by the same procedure as step 8
described in production method 1.

[0072] Preoduction Method 5
The compound (IV) of the present invention, in which R!

is a hydrcgen atom, a halogen atom, a Ci-4 alkyl group



di hydr oi m dazo[ 1, 5-a] qui nol i n- 3-yl net hyl i den) - 2- oxopi peri di nel - car box
yl ate To a solution of tert-butyl 2-oxopiperidine-1-carboxylate
(666 ng) in tetrahydrofuran (5.2 m), lithium hexanethyl disilazane
(3.3 M, as 1 Msolution in tetrahydrofuran) was added at -78 C and
the m xture was stirred for 30 m nutes under cooling with ice.
Subsequently, a suspension of 4,5-dihydroim dazo[ 1, 5-a] qui nol i ne- 3-

- 51 - carbal dehyde (510 ng) in tetrahydcofuran was added at -78 C
and the m xture was stirred for an hour at the sane tenperature. A

saturated agueous sol ytiqn_o nmoni_ ym chl or | de dded to_the
Fenot | on sy UEBILERER A doet BACER CORdet B et ROBH Dy oxBer &1 B
After dryi r ﬁggxdro . SOGL 100154k T 8L 8up t he J§SEGERM 1 MBS ,
filtered o;}%kgyﬁg ? e solavg?ltB vvg% re?réglveg inpvaCl(J:g‘.?B ¥ The gromp
resul ting resi,dyecwAsadkssal mad drauphl e of @hengb. grady; aidiafd er
adding triethylamne (780 ng) and nethanesul fonyl chloride (353 )
under cool imgregeh dt; @hd Boligt pofi-wasléyi r yerif.ocaanba oty tdesiesth
t enper at ur e. ter s .,added to the reactjon system and extraction
was conducﬁ%ﬁ¥gftﬁ°¥ﬁ%WﬁﬂﬁfQFH?OQW{%ﬁheHFy%Lg over anhydrous sodi um

sul fate, t 0@}§§i ccant was filtered off and the solvent was renoved
i n vacuo. e residue was purified by NH silica gel colum

ng) as a pal e e B

MHz, CHLOROFORM d) 5 ppm.1.58(s, 9 H), 1. 86 -

2.02(m 2H), 2. 88-2. 99(fi{'2H) , 3. 02- 3. 13(m 2H), (25)

3.20-3.34(m 2H), 3.70-3.80(m 2H),7.8%7 - 7.25 (m1

H) . 7.29-7.40(m 2H) Ftep187. 50 (m 1Ho Zo70(t, J=1.9 Hz, 1H),8.08(s, 1H)
H N

eprotection)
RG/N = \ /S R
(V)
SCHEME b5
[0074] (19) Step 19 (esterification)

Compound (21) can be reacted with an alcchel such as
methanol, ethanol or propanol using a condensing agent in the
presence or absence of a suitable base, to give compound (25).
Suitable bases include triethylamine, diisopropylamine,
pyridine, 4-dimethylaminopyridine, etc. The condensing agents
to be used in this step include N-[3-(dimethylamino)preopyl]-
N’ -ethylcarbodiimide hydrochloride, N,N'—‘
dicyclohexylcarbodiimide, di-l1H-imidazol-1-yl-methanone, etc.
The solvents to be used in the reaction include
dichloromethane, chloroform, 1,2-dichlecroethane,
tetrahydrofuran, toluene, N,N-dimethylformamide, etc.; the

reaction can be carried out at temperatures ranging from 0°C



[0112] (5) Synthesis of tert-butyl 3-(4,5-

di hydr oi m dazo[ 1, 5- a] qui nol i n- 3-yl net hyl ) - 2- oxopi peri di ne-| car boxyl at
e - 52 - To a solution of tert-butyl (3E)-3-(4,5-

di hydr oi m dazo[ 1, 5- a] qui nol i n- 3-yl et hyl i den) - 2- oxopi per i di nel - car box
ylate (300 ng) in a nethanol -tetrahydrofuran solution (1:1, 15.8 m),

10% pal | adi um activated carbon (60 ng) was added and the n1xture was

stirred under hydrogen purge for an hour at 60C. The reaction system
was filtered through Celite and the sol3%emt was renoved in vacuo. The
resulting residue was purified by NH silica gel colum chromat ography
(el uent: n-texaeretefhyt wopeabeure.lAl)ketroagiwa w,hechbbhet @anpadpdoe

(301 ny) as a colorless oil. MS(ESI/APCI Dual): 382(MrH) I'H NMR (300

MHz C}LCIK}WEQV¢GF8WfﬁthP 52@319h4%1q§ 58ch as methyl iodide, ethyl

L0 1 %L A 10T 2 MU A, 20T A 00 2 1,

3.72 - 3'9%nme compound (25). Suitable bases include potassium
carbonate, cesium carbonate, etc. The solvents to be used in
this reaction include tetrahydrofuran, toluene, N,N-
dimethylformamide, acetone, etc.; the reaction can be carried
out at temperatures ranging from 0°C to the reflux
temperature. As a further approach, compound (21) may be
reacted with an alcohol such as methanol, ethanol or propanol
using a suitable azo reagent in the presence of a suitable
phosphine reagent, to give compound (25). Suitable phosphine
reagents include triphenylphosphine, tri-n-butylphosphine,
tri-tert-butylphosphine, etc. Suitable azc reagents include
diethyl azodicarboxylate, diiscpropyl azodicarboxylate,
tetramethyl azodicarboxamide, azodicarbonyl dipiperidine, etc.

From compound (25), the compound (IV} of the present
invention can be synthesized by the same procedure as step 8
described in production method 1.
[0075] Production Method 6
The compound (IV} of the present invention, in which R?!

is a hydrogen atom, a halogen atom, a Ci.4 alkyl group
substituted by 1-3 halogen atoms, a Cj_i9 alkyl group, a Ci-g
alkoxy group, & C3z-s cycloalkyl group, a Ci-g cyclocalkoxy group,
a Cy-14 cycloalkylalkyl group, or a phenyl group; R® is a Cig
alkyl group; and R® is a hydrogen atom, can be synthesized
by the following method (scheme 6}.

[0076]



(m1H,7.11-7.22(m 1H),7.23-7.34(m2 H), 7.35 - 7.45
(m1H),7.95(s,1 H) [0113] (6) Synthesis of

5-am no- 2- (4, 5-di hydroi m dazo[ 1, 5- a] qui nol i n-3-yl net hyl ) pent anoi c
acid To a solution of tert-butyl 3-(4,5-

di hydr oi m dazo[ 1, 5- a] qui nol i n- 3-yl net hyl ) - 2- oxopi peri di ne-| car boxyl at
e (301 nmg) in tetrahydrofuran (4.0 m ), an aqueous solution of 0.9 M
lithium hydroxide (2.6 m) was added a the m xture was stirred for
15 hours at roomtenperature. An aqueous solution of 6 M hydrochloric
acid (4.0 M) was added and the m xture was stirred for 5 hours at
roomtenperature. The reaction systemwas purified by cation exchange
chromat ogr aphy ( DOVNEX 50WK8- 100; ammoni a/water - 0:1 to 3:97) - 53 -
to give the titled_gonpound (conpousiepl20 110 ng) @s a colorless
powder. MS(ESI/APCI| Dual): 300( M+HEIHRRR 600 MHA %. 62-1.72(m

o) 0.
N.’\N ﬂ t|3oc N-”\N
RI R1

{25) {26)
Step 21 Step 8 1?8
(hydrolysis} {deprotection)
Boc o~ N’\N == O#®
.-fll e \ ¢ —_— u o
RY '\R.l RSI R!
27 ()
SCHEME 6
fa077] {20) Step 20 (alkylation)

Compound (25) can be reacted with an alkyl halide such as
methyl iodide or ethyl iodide in the presence of a suitable
base, to give compound (26). Suitable bases include potassium
tert-butoxide, sodium hydride, etc. The solvents to be used in
the reaction include N,N-dimethylformamide, N,N-dimethyl
acetamide, N-methylpyrrolidone, tetrahydrofuran, toluene,
etc.; the reaction can be carried out at temperatures ranging
from 0°C to the reflux temperature.

[0078] (21) Step 21 (hydrolysis)

Compound (26) can be hydrolyzed with a suitable base, to
give compound (27). The bases to be used in this step include
lithium hydroxide, sodium hydroxide, potassium hydroxide, etc.
The solvents to be used in this reaction include methanol,
ethanol, isopropanol, tetrahydrofuran, water, mixtures
thereof, etc; the reaction can be carried out at temperatures
ranging from G°C to the reflux temperature.

From compound (27}, the compound (IV} of the present



H),2.92-3.04 (m2H),7.51 DEUTERIUM OXIDE)5 ppm 1.48 - 1.62(m2 H), 2
H,2.55 - 2.64(m2 H),2.74- 2.90(m5 (m2H),7.22- 7.27(m 1H), 7. 30-
7.40 (d,J=7.8Hz, 1H),8.11(s,1H) [0114] Exanple 2 Synt hesi s of
(25) - 5-am no- 2- (4, 5-di hydroi m dazo[ 1, 5-

a] qui nol i n-3-yl met hyl ) pentanoic acid (1) Synthesis of

5-[(tert-but oxycarbonyl)am no] - 2- (4, 5-

di hydroi m dazo[ 1, 5- a] qui nol i n- 3-yl methyds pent anoi ¢ aci d To a
solution of tert-butyl 3-(4,5-

di hydroi m d 1.5:-a 0ol ns3: r 2- i.peridine-1-

car boxyl at e %1{{§§8)Lgﬁ]$£fW§ﬁ§§¥%%%%gﬁl%E§§8%ﬁ§fggﬁeggﬂ%6ﬁg5§8Pu§iOn
of 0.9 M I idd¥dsphydioxbaRuctd8n mhdthas 1added and the m xture was
stirred for 15 hours at roomtenperature. Water was added to the

reacti on systdland Piedwguieoudetimyder’7 was washed with di ethyl ether.
The aqueous | ayer was neutralized with an aquoeus sol ution of 15%
citric acid andTBRt FARTET WAS! cohdiet Beffth EWSHEoPBr i AER A 1s

drying over, gnhydrous; sodiugsyl éﬁg?gre ifhsddez%!iw%ﬂte %@rsmélia'f }_ggﬁg, B;Qf;f

and the solvent was renbved I'n vac e tesi'due was puri

silica gel rPolsinn 3hneaahogtaRNYR> (84 UeMyar6BLRr A, MaMBL NSO atohd: d)
to give the titled conmpound (11.7 g) as a col orl ess powder.

MS( ESI / APCIC1Rual kyl 4D0(ud )b s Hi fiNR | 3Q0 1 MHZ a2 ICiHeGROEGRM &) Cr-1pprhikly141
(s, 9H, 1.46 - 1.68 (m 3 H, 1.68 - 1.87 (m. .1 H, 2.68 - 3.00 (m
7 H), - 5§%0UB:r01 Cige PEERYY2§OURE. P2CpproYcloalkyl group, a Cag

cycloalkoxy group, a Csg-14 cycloalkylalkyl group, or a phenyl
group; R® is a hydrogen atom; m is an integer of one; and n is
an integer of one, can be synthesized by the following method
{scheme 7).

f0080]



s.,1H, 7.13 - 724 (m 1 H, 7.24- 7.35 (m2 H), 7.35 - 7.47 (m
1H), 8.11 (s,1 H [0115](2) Synthesis of

(1R, 2S) - 1- phenyl-2- (pyrrolidin-1- yl)propyl
(25)-5-[(tert-butoxycarbonyl)am no] - 2-(4, 5-

di hydr oi m dazo[ 1, 5- a] qui nol i n- 3-yl net hyl ) pent anoat e and

(1R, 25) - 1- pheny1-2-(pyrrolidin-1-yl)propyl

(2R)-5-[ (tertbutoxycarbonyl)am no] - 2-{4&&~di hydr oi m dazo[ 1, 5- a] qui nol
i n-3- yl met hyl ) pent anoat e

OH
B Step 23 (addition reaction)
"
/
Tr\ Step 22 Tes, Tr
N‘"\\N {reduction) N:\\ \\11 \N"\\N OH
) R
Msozc)\<COM MB%C)\{HD MeOL”
M
(28) (29) (30) MO -
Step 24 B Step 25 Step 26

) . =)
N

reaction} \\
o
—e Mo0,C” %S \>— > MQZC% Mwﬁ%
(31} no - (32) Me =/ gt {33) Ri

Step 4 (aldol reaction)

Step ?7 Step 5
(reduction) N;KN Boe™ (dehydration)
—_— 0\ = / \ BOD’N
(34 =gt (35) R’
4
Step_s @ Step 7
{reduction) (hydrolysis)
50ch —_— BOG/N ——
(36) RI 7 R
Rﬂ
HO. o] Step 28 6
{deprotection} N
BocHN. H e/ T
N o 7t @
(38) R (1) X R'
SCHEME 7
[00BL] {22) Step 22 (reduction)

Compound {28) can be reduced with a reducing agent such
as diisobutyl aluminum hydride, diisopropyl aluminum hydride,
etc,, to give compound {29). The solvents to be used in this
reaction include tetrahydrofuran, diethyl ether, dioxane,
toluene, dichloromethane, chloroform, etc.; the reaction can
be carried out at temperatures ranging from
~78°C to room temperature. Alternatively, compound (28) may be

synthesized from compound (28} via an alcohel form as in steps



To a solution of 5-[(tert-butoxycarbonyl)am no]-2-(4, 5- '

di hydr oi m dazo[ 1, 5- a] qui nol i n-3-yl net hyl ) pentanoic acid (2.00 g) in
chloroform (50.1 m), (1R 2S)-1-phenyl-2-
(pyrrolidin-1-yl)propan-1-ol (1.54 g), 4-dinethylam nopyridine (61
ng) and N-[ 3-(di nmet hyl am no) propyl] - N - et hyl carbodii m de

hydrochl oride (1.44 g) were added and the m xture was stirred for 15
hours at roomtenperature. A saturated aqueous solution of sodium
hydr ogencar bonat e was added to the reacidi on system and extracti on was
conducted with chloroform After drying over anhydrous sodi um

sul fate, the deisBceantrmmst finl besakiifdn agghéde .sol vent was renoved
in vacuo. The residue was purified by silica gel colum

chr omat ogr agiyg2( el uefd3) éitiepl 23ctaddid/ippt hamoiion)10: 1), then by NH
silica gel column chropmatography (el uent: n-hexane/2-propanol = 40:1)
to give the tmoc?i“??'é‘b‘{n;(@(r??goﬁgﬂsbeasreé‘cﬁﬁfieww lBoRrBPPLeRzede  t he

| ow pol ari = 1-phenyl- 2- rol.idi p-1-yl) propyl
(25)-5-[ (t tgﬁﬁgﬁggﬁ% s f}?ﬁé?%ﬁ% ho %%ﬁ?% Raseoi Jrer‘i"’cl%‘ﬁz/‘;o‘ff PopBéund

a] qui nol i n-Goyl. resdypentansatesddl 157 t8)s awdd hachh@h-pol arity
compound (1R, 2S)-1-phenyl-2-(pyrrolidin-1-yl)propyl

(2R) - 5- [ (t etybut oixiwar iserybyayd HdhiRm( 44 Setehbwedi i vh dar,0[etc5- The 55
- aj]guinoli n-3-x| met hyl ) pent anoate (590 ng) ..

[0116] (1R, S5)VEE Eﬁeﬂ%—%%ﬁ?rjﬁbﬁh& AEREVED g de oy tmhydrofuran,

tert- but 00l - 2- (4, 5-di hydroi mi 5. .
1] gl not 1 n gESRE RS ThRakade | LR DY R ThRE S PSR R
(300 MHz, GHkOREFRM d) Beppiit 34 s( dand oy Eridh, -P89d) tolrddm- 1. 56
(m 10 H), 1.58 - 1.85 (m 7 H), 1.93 - 2.12 (m 1 H), 2.34 - 2.47
(m 1 H), Zemgeraturz2 (m 8 H), 2.77 - 2.96 (m 1 H), 3.08 - 3.31
3 H, 5. br. s.. 1 H),.6.04 - 6.17 1 H, 6.66 - 6.80 1
I(—I)m 6.5?) -?8%@((% ‘f%‘%) ?tgbf?o%-(c?’.ciazﬁﬁof(?@ﬁ)ﬁ?t;g@4 - 7.34 (m (1mH),

7.35 - 7.46 (m .
[0117] (1R 29) - 1" EhemiTos? CuiFronbiabrowe 95 sempoing s oan be

[ (tert-but pxyeatdy bhamhéd]ed- (4, §idé hyshuabdago] 1, e brominating

a] gui nol i n-3-yl met hyl ) pent anoate MS(ESI/APCI Dual ): 587(M+H) 1H NWVR
(300 MHz, EBROROFRCRWMEd)sed piymthi@0step UnGuBleHzari®prHtettalBorisje-9 H),

1.45 - 1.92 9 , 2.43 - 2.69 5 ,, 2.69 - 2.88 4 :
2.88 - 3. 26%%6%%’?5@’1‘?( &"Prgmg’g]{rwl@dé%zz e SFliAme( rﬂ(“g]ﬁm) H) 7.08
- 7.35 (m .8; = o 43 1 H . H_[0118] (3
synihest s o UPg s PrEnind slnse Che sty beady .| babbiel

di hydr oi m deze{ds-acalgui a0ld,npBoybrst by | DpertaN: C 1aci d To a
solution of (1R, 2S)-1-phenyl-2-(pyrrolidin-Ilyl)propyl

(25) - 5- [ (t eromdnureey st bomdsddddone] {¥85)4, Btc. The solvents to be used
di hydr oi m daz&[ 1, 5- ag uj pol i n-3-yl met hyl ) pent anoate (2.62 g) in

met hanol  (#2. ¥ 5P om 8%13% |r§&FG#%d Sdsdde s inrresbarsy) - 56 -
was added 1 X WAS irred,. g urge far 10
hours at G%IECI:POEI' er?éa%%%an m Q’?E%éﬁﬁlﬁﬁl&?e%%ﬁhﬁgﬁgﬁn%el?cf e cand

af ter washit ng-dsirelhyet bamnolidet hets0) viants WascELIRE bE ¥aEHQq Tt he
resulting residue, a saturated aqueous sol ution of sodium

hydr ogencaaborratcerabsraddedigand fhemn difGebustieayerflwast smgstredunit h
ethyl acetate. The aqueous |ayer was neutralized with an aqueous
sol ution ofPABHCLTERTEORAGSRCARAR X3 R iGN HRS QHndGcEepPHatres

chl oroforn}__dé{i%gfg i over anhydr ouys diumsul fate, the desiccant
was filtered © anéxtﬁ%r%\é%{/nggfa%%%e lr{é)n%\gteadr?n%nlu\fagﬁf)@éﬁ%uﬁeési due
was purifipghduy sil g9 gRlepCobUldesiyligdy aphy (el uent:
Compound {31) can be heated using methanol, to give
compound (32). This reaction can be carried ocut at

temperatures ranging from room temperature to the reflux



chl orof orm met hanol = 10:1) to give the titled conpound (1.50 g)as a
colorl ess powder. 1H NVR(300 MHz, CHLOROFORM-d) 5 ppm 1.41(s,9 H), 1. 46
1.68 (m3H),1.68-1.87(m1H), 2.68-3.00 (m7H), 3.01 -3.21(m?2
H),4.53-4.70(m 1H),7.13 - 7.28(m 1 H), 7.28-7.38(m 2H),7.38-7.47
8.15(s,1 H [0119](4) Synthesis of (2S)-5-am no-2-(4,5-

..38._

temperature.
[0085] {26) Step 26 (reduction)

Compound ({32) is catalytically hydrogenated in a hydrogen
atmosphere using a catalyst such as palladium-activated
carbon, palladium hydroxide, or platinum-activated carbon, to
give compound {33). The solvents toc be used in this reaction
include methanol, ethanol, isopropanol, ethyl acetate,
tetrahydrofuran, mixtures thereof, etc; the reaction can be
carried out at temperatures ranging from room temperature to
the reflux temperature.

[0086] {27} Step 27 {reducticn)

Compound (33) can be reduced with a reducing agent such
as diisobutyl aluminum hydride, diisopropyl aluminum hydride,
etc., to give compound (34). The solvents to be used in this
reaction include tetrahydrofuran, diethyl ether, dioxane,
toluene, dichloromethane, chloroform, etc.; the reaction can
be carried out at temperatures ranging from
-78°C to room temperature. Alternatively, compound (34) may be
synthesized from compound (33) via an alcohol form as in steps
2 and 3 described in production method 1.

From compound (34), the compound (II) of the present
invention can be synthesized by the same procedure as steps 4
to 8 described in production method 1.
[0087] Production Method 8

The compound (I) of the present invention, in which A is
a benzene ring or a pyridine ring; X is the formula -(CH2)-,
the formula —(CHs)z~, an oxygen atom, or a nitrogen atom; Y is

a 2-aminopyridyl group; R! is a hydrogen atom, a halogen atom,



di hydr oi m dazo[ 1, 5- a] qui nol i n- 3-yl net hyl ) pent anoi ¢ aci d To a
solution of (2S)-5-[(tert-butoxycarbonyl)am no]-2-

(4, 5-di hydroi m dazo[ 1, 5- al qui nol i n-3-yl nmet hyl ) pentanoic acid (700 ng)
in tetrahydrofuran (4.4 m), an aqueous solution of 6 M hydrochloric
acid (8.8 mM) was added and the m xture was stirred for 3 hours at
roomtenperature. The reaction systemwas concentrated in vacuo and
the resulting residue was purified by cgtion exchange chromat ography
( DONEX 50WK8- 200; ammoni a/ wat er 0 1 t0 3:97) to give the titled
conpound (conpound 2, 360 ng) as pal e brown powder. - 57 -

MB( ESI / APCI2 ga}l plk 379(;(34\%%) Sphﬁwf(e@o@ym3 I’BE@FERI T BEF150 ppm

1.48 - 1.62 2.51 - 2. 64

2.74 - 2. 9(?]("[%)1 gr?%fﬁf 7 8%‘3 a%k?ﬁ?’ %%0“5 Er)}‘ Caze fé":l"?l@?l Egrﬁouf't%l Cs-5

7.30 - 7.4 s a 14 ; , . D21

T30 3 o ol oa Rk Fetot £ opRy chelbaridhi B Holgy, of Bghediied
. Mobi | e pjrase: R I:desxanmsl P dFARDERs - & 0ividoGeh: H:dm)Q. k. h'.s #6.56 mn

[0120]Exanp|e 3 Synt hesi s of
(2R) - 5- am ﬁ@tgg@a gfcﬁqﬁpdla@;iml(pasz@[nllgteger of one, can be synthesized

al qui nolin-3 ntan0|c aC| a

(2R) - 5- [(té’ryt ¥'bat %]t F‘):Ié?ﬁl ((ﬂc ?mf4&£5 %yn scﬁeme 8, R* is R or a
di hydroi ni gagobd,b- geﬂaw ngl b&l%wxrmw dgpea“tq&%gt@%f%up a 110
solution of (1R, % y1l-2-(pyrrolidin-1yl)pro

(2R) - 5- [(teﬁytibuémqyda{ybogybx)@mmq]lﬂ {4pbtopen-1-yl group, a (1Z)-1-
di hydroi m dazo[ 1, 5- a] qui nol i n- 3-yl nmet hyl ) pent anoate (590 ng) in

met hanol ( PgoRentd-ylagragheods &dl-grPpanoi-33%-su8Ei um hydr oxi de (3. 4
m) was adg%g ﬁgd the m xture was stirred for 39 hours at room

t enper at ur $HE reaction system was neutralized with an aqueous
solution of 2 M hydg CQ%OfIC acid apd the solvent was renoved in
vacuo. To the rqu}ggeeglgn@m due, (A 5aluEateq aquiédrislsbridet gvagtion!

sodi um hydr ogencar bonat e was added and the aqueous | ayg: shed
with diethyl ether. The aqueous |ayg S neutraliz '%%ah %queous

sol ution of ka¥ Qi tohy ¢ aglgyand extractign.nas conducteg
chl orof orm Afﬁ%ﬁgary+ﬂg*over1a deGHS~SO§I &a=_suLLaLe? t he
desi ccant was fi¥tered of f afd#t he sol vent wa¥Fenoved in vacuo to

give the titled®®onpound (340t#y) as a pal e yekbhow powder. |,

Step 31
COEL, (protection) COzEt
PMB)N
{PMB}, m (PMBYN.
&
(42) (u)
Step 32 Step 33
{dehydration) c025, {reduction) cogt,
- (PMBJZN\O/L/‘{‘( (PMBhNM
{44) (45)
Step 34 Step 35
(hydrolysis) COH (deprotectlon) R2
(PMBhN\T:::T,L\,,L‘<L~ /,lval\<;;me
SCHEME B8
[0089] {28) Step 28 (protection)

Compound (32) can be reacted with p-methoxybenzyl

chloride in the presence of a suitasble base, to give compound



111 NWR (300 MHz, CHLOROFORMd) 5 ppm 1.41 (s, 9 H), 1.46 - 1.68 (m

3 H, 1.68- 1.87 (m 1 H, 2.68 - 3.00(m 7 H, 3.01 - 3.21 (m 2

H, 4.62 - 480 (m 1 H, 7.13 - 7.28(m 1 H, 7.28 - 7.38 (m 2 H),

7.38 - 7.47 (m 1 H), 8.26 (5, 1 H [0121](2) Synthesis of

(2R) - 5- am no- 2- (4, 5-

di hydr oi m dazo[ 1, 5- a] gui nol i n- 3-yl net hyl ) pent anoi ¢ acid Usi ng

(2R)-5-[ (tert-butoxycarbonyl)am no]-2- (4, 5

di hydr oi m dazo[ 1, 5- a] gui nol i n- 3-yl net hy pent anoic acid (300 ng),

reaction and urifi cati on were Eerfor med . by the sane grocedur,es as in
d

Exanpl e 2(4Y*%o §ioePIIRe &Pt PR "tﬁrd&u Blfc%frﬁi’o&ﬁlﬁlgd REHPEE a

al e brown ES| 3

DEUTER! UM é%‘%‘é?ﬁ? 15‘/2@?81“1&%@ (i e ﬁ%@ﬂf %%”‘“MN%&%Q‘W
2.51 - 2. 64hﬁ@bp20bﬂlaﬁﬁdé4 1iZh 08 {HBxahethyldiNdazade Ddeddn) TReH),
7.21 - 7.27 (m 1 H, 7.30 - 7.40 (m 2 H), 7.51 (d, J=7.8 Hz, 1 H),
8.13 (s, 1 ddlvieafsD2w be ¥8e@ {m thel r@acH2O) Jrl22EENa¥ple 4

Synt hesi s of 5-ami no-2- (5, 6-di hydro-4H-i mi dazo[ 1, 5-

aj [ 1] benzai%ﬁieﬁhng%WF) p n‘?aﬁw‘dflecthé(&l ﬂce@rSldgynFﬁem s of

N- hydr oxy ha e T ol of

3, 4-di hydrgdnggg’?ﬁg%&q%%ghj LS&%&E&H dleth %ug‘%ﬁef (ﬂ}tbhgﬁ%f (30
m) and pyridiege( 38:d1;) thBYds ot ciricas iaaclfmhle_ar b€ 45.12%pg}rav@ses
added at roomtenperature and the m xture was stirred for 2 hours

with - 59 rangéati figprundéfC rtef Ithe. rFhbuy exoPEOAtEYSL em was
concentrated in vacuo and, after being dissolved in chloroform it
was washed i° ﬂhs’ée%agc%r(&laéﬁo%&ﬁdt?é”sol uti on of ammoni um chloride and

brine. After dr qulié]e( %f)g ;ackg ayer t‘é“dt? a_pq:lllé% ill‘gg%n%t he ihe

desi ccant was fc ered of e so was re ved I n vacuo

After azeotrepibficdist id lsat tam aviddsel, okbegeve tdnbBeangr yst)al THYSBA 41
from evaporation in vacuuo for renoving sol vent, n-hexane was added

and the ni xtoube wesd sitni théd siep furﬂqlededpwtﬁase@mvéertmuqmﬁed

conpound (5.73 g). as a pal e brown powder. NS(ESI/APC Dual ;n 162( M+H)
| H NMR (30(§°R‘rHEm Y REF ORVP Y 8- e, ghithipmg it fppernylamddss
2.90 (m 4 ; - 7. 0 (
Synt hesi s (% ?lém%??atmé%t?g% g%oﬁazz@nf b%ﬁ%azTe}ﬁ %@18&@6%% 2 bLa &gl%l{ #
N- hydr oxy- 3nhé- Qé@a@ﬂ&ﬂaﬂbw@é efethzANrb e, ( 9ié88y1 Plahhasphotd c
acid (57 g) was added and the m xture was stirred for an hour udner
heat i ng at t®20&ne Wdtar. (Sberﬁe)aq/va@naddecbe carré edeaet i an teingenpeures

under cooling with ice. _The preci catl crystal was recovered by
filtrati on TARELIGERA™ HaP iy t\ﬁa§f?8 &F: it was dried in vacuo

H,I) ?l) VelgS?ObE{?H ed c(%ragogggp(g‘ﬁ 9(%19{)31a§e£c15 ¥ powder. MS(ESI/ APCI

Compound (41) can be reacted with compound (4} in the
presence of a suitable base, to give compound (42). The bases
to be used in this step include potassium tert-—butoxide,
sodium hydride, n-butyllithium, lithium diiscpropylamide,
lithium hexamethyldisilazane, etc. The solvents to be used in
the reaction include tetrahydrofuran, diethyl ether, dioxane,
toluene, etc.; the reaction can be carried out at temperatures
ranging from -78°C to room temperature.

[0091)] (31) Step 31 (protection}

A suitable electrophile is allowed to act on the hydroxyl



NVR (300 MHz, CHLOROFORM d) oppm 2.17 - 2.31 (m 2 H), 2.32 - 2.43
2 H, 2.81 (t, 3=7.1 Hz, 2 H, 6.96 (d, 3=7.6 Hz, 1 H, 7.11 -
(m 3 H, 7.48 (br. s., 1 H [0124](3) Synthesis of ethyl

-di hydro-4Hi m dazo[1,5- - 60 - a] [1] benzazepin-3-carboxyl ate

ng 1, 3, 4, 5-tetrahydro-2H 1- benzazepi n-2-one (4.18 g), reaction and

purificaton were perfornmed by the sane procedures as in Exanple 1(1)

to give the titled conmpound (1.80 g) as a pale yell ow powder.

MS(ESI/ APCI Dual ): 257(M+H) 1H NVR (300fIMHz, CHLOROFORM d) oppm 1.43

(t, J=7.1 Hz, 3 H), 2.22 (quin, J=7.1 Hz, 2 H), 2.59 (t, J=7.1 Hz, 2

H)y, 3.06 (tgraw/ocf tbmpdind) (42) 4dnd qreadtiod iz pe?fhlimed. Ring &. 45 (M

4 H, 7.69 (s, 1 H [0125](4) Synthesis of

5, 6- di hydr GRUIabAE R3%T 1, B5- APE 15TEerase pE R 3-Bienelnahetphiles toghbeg

ethl56d|hdro4H-|mda2015a] b pi n- 3- | ate (1.80
9. yr eact i on %né pur| i TaPo L’ﬁ)}a?de tx[?rr%t Eﬂég-f%ﬁnettﬂgl%ﬁ%f)pﬁﬁl@éaﬁ?ES as
in Exampl e didkthOr iMe theotisd e%e‘&ﬂﬁﬁ@é‘@ﬁf&é{l‘lghgér% g)%dgr ange
powder. MS(ESI/APT Dual): 215(M#H) 1H NVR (3 , ORM d)
5ppm 2. 06 -tcduBAeém] féhH) chRobide, &céﬁiy(trrcthyoﬂui)d,eA 66 (s, 2 H, 7.23

- 7.42 (m 4 , .71 (s, 1 H) [0126](5) Synthesis of
5, 6- di hydr G-T4RRAT eRe/d[apesul &9y isddpaiepi R tdar baméw@e etc. The

Usi 5, 6-di_hyd H- 5-a benzaze t hanol (1.48
g)I n?eactl (;ﬂn én&g%ﬂi?l :‘ulsé" ?ZO[ ?@‘%‘%%‘%’8?% tﬁ@lg%/ﬁgepr ocedur es as
in Exanpl etJ:(LélhﬁPar&n\ée Hﬁﬁsﬁ_ﬁéﬁqe‘iﬂ (éﬁglme as.& Pahg orange
oil. rTB(ESI/ApCI Dual ): 213 (300 OROFORM- d)  5ppm

2.19 - 2. 33c(pents Hg k2. ESed 1ﬁi&his reactlon include dichloromethane,

»

chloroform, 1,2-dichloroethane, tetrahydrofuran, toluene,
etc.; the reaction can be carried out at temperatures ranging
from 0°C to room temperature.

[0092] (32) Step 32 (dehydration)

Compound (43) can be subjected to reaction in a suitable
solvent in the presence of a suitable base, to give compound
{44) . The bases to be used in this step include
diazabicycloundecene, triethylamine, diisopropylamine,
pyridine, 4-dimethylaminopyridine, potassium tert-butoxide,
sodium hydride, n-butyllithium, lithium diisopropylamide,
lithium hexamethyldisilazane, etc. The solvents to be used in
the reaction include N,N-dimethylformamide, N,N-dimethyl
acetamide, N-methylpyrrolidone, tetrahydrofuran, diethyl
ether, dioxane, toluene, etc.; the reaction can be carried out
at temperatures ranging from -78°C to the reflux temperature.
[0053] {33) Step 33 (reduction)

Compound (44) is catalytically hydrogenated in a hydrogen
atmosphere using a catalyst such as palladium-activated

carbon, palladium hydroxide, or platinum-activated carbon, to



- 269 (m 2 H, 2.96 - 3.11 (m 2 H, 7.30 - 7.51 (m 4 H), 7.76 (s,
1 H, 10.04 (s, 1 H) [0127](6) Synthesis of tert-butyl

(3E)-3-(5, 6-di hydro-4H :

i mdazo[ 1, 5-al [ 1) benzazepi n- 3-yl met hyl i den) - 2- oxopi peri di ne- 1- car boxy
| ate To tert-butyl 2-oxopiperidine-1-carboxylate (891 ng) in
tetrahydrofuran (6.9 m), lithium hexanmethyldisilazane (4.47 m as 1
M solution in tetrahydrofuran) was added and the m xture was stirred
for 30 ninutes at the same tenperature.42ar - 78C,

5, 6-di hydro-4Hi m dazo[ 1, 5-a] [ 1] benzazepi n- 3- car bal dehyde (730 ng)
in tetrahydriofeucampoasd addéd Fhe sdleremitst te eoanassest iinr bl $ oreagiihour
at the sanme tenperature. To the reaction system a saturated aqueous

sol ution ofinEhieRi HPr T Yri GERGRRL addeBraRdP et YL oRAC SR % onduct ed
wi th ethyl t _ After dryln ver. . anbhydr.ous g i aLe,
t he desi ccat?\ét%%\/a\gg&f‘?ﬁéea%édg%ﬁug%% tt?heé“%gc?)f véeér)f#’ vi\:/aﬁgg ?g%%j/{egdﬂgﬁfnvgguo.
The resul tingri:eal e W% HbeSt Ve irﬁn@hﬁ?rﬂfc@d’ Foofnbt dnpBratdird to
triethylamne (1.40 m) and net hanesul fonyl chloride (0.3 m) were
added undertheoakifihgx widnperaéprand the m xture was stirred for 50

m nutes at roomtenperautre. To the reaction system water was added

and extracti®9%as cbHdusiten Wt Hheduelvsigbtate. After drying over
anhydr ous nmagnesium suj f , the desicc iltere f f t

sol vent was ren%%%lo?nn \}gtéﬁo?g”rﬁ%e ?‘é’g‘ﬁ augé%x\gﬁﬁzfﬁlr Pt ?%ﬁg%}%esib%?gé g‘%
col  um chrrat eghsihy (@leyenthe shrsans/ 8 hdedagat 8k s StkpllinkOuge ve
the titled conmpound (750 ng) as a pale yellow oil. MS(ESI/APCI Dual):
394(M+H)  -1iGRium Kydrdkidp, 2o@bum hWyd22x{dg, Dddpss2ubShydidxBle( nptl.
H, 2.71 - 2.81 (m 2 H, 3.25- 3.35 (m 2 H, 3.73 - 3.81 ( 2 H,
7.29 - 7.4AFhensoavepts Foybe ugedgin fhis pgactiopgipgluge H)Et[hﬁ‘fg]é](?)

Synthesis of .tert-butyl 3-(5,6-di.hydrqg-4 .

i mdazo[ 1, §-thflf’?L]{belnsz zréDBia%‘_?é’- ytrerrteﬁt/ahy? ?E{}%{%(ndpiwﬁé:refﬁinrllle}ftﬁrgasr boxyl at e
To tert-butoplerE3E) -d;5 +o=di-Bygl Qs ldabMbdagM b ed- out at temperatures

a] [ 1] benzazepi n- 3-yl net hyl i den) - 2- oxopi peri di ne- 1- car boxyl ate (610
ng) in tet rahydnofiran 0GOtarithe 1@%d pal teagperratacei vat ed carbon (300

ng) was added and the m xture_was stirred under hydrogen purge for an
hour at 60C00PRE realctd o tAP xEUr €8RESTEFT1¥ed and the sol vent was

removed in vacu The t] i - puri £ i lsi,ca gel
col umm chr omat og?%ﬂuynd(’ Z?Eh e%%]gie(r;%%ggg?%c\#\ﬁ?lne ﬁa%g?g%%%:séfj)ldt’ o] gi ve
the titled Qrpepéwl {RO6CAPIuAS @ )COFOLhESSrelicht MB(&ES {APCanDyal ) :
396 (MtH) 1H NWR (300 MHz, CHLOROFORMd) oppm 1.53 (s, 9 H), 1.77 -
1.91 (m 2skpth@sDfed. The8shifalleHpcids4fo -be2 uged(p thid) st2p82 -
2.95(m 1 H, 3.26 (dd, J=14.5, 4.7 Hz, 1 H), 3.51 - 3.70 (m .2 H),
3.78 - 3.8¢NCARde hydrophderic mcisl,suliurhc aFigs prdrabigmico?séfy )
nthesis of .5:-[(tert-hutoxyca ' -2 ;
Sy %r}gﬁééroa etQFlgg¥§ I%%%%&%gﬂlﬂghxgac1FhE??£ﬁ3nesulfonlc

r
(5, 6-di hydro i'mdazo[1, -a]_[ nzazepin-3-y pentanol c
aci d Usi ng zeR! - Putdiuedebil Boti hydia, bl ddrdeekdiBonic acid, etc.

a] [ 1] benzazepi n- 3-yl met hyl ) - 2- oxopi peri di ne- 1- car boxyl ate (560 ng),
reacti on afftiepacl¥erat itonbrersedenf chiedréncttive $aobtudr adddypdsrms in
Exanple 2(1) to give the titled conpound i

ichloromethane, methanol, ethanol, isopropancl, ethyl

acetate, tetrahydrofuran, diethyl ether, dioxane, toluene,

water, etc.; the reaction can be carried out at temperatures

ranging from 0°C to the reflux temperature.

In the case where R? is a halogen atom, a hydroxyl

group, a benzyloxy group, a triflate group, a l-cyclohexen-1-

vl group, a (l1E)-l-propen-l-yl group, a (1Z)-l-propen-l-yl



- 63 - (330 ng) as a colorless oil. MS(ESI/APCI Dual): 414(MH 1H
NVR (300 MHz, CHLOROFORMd) oppm 1.34 - 1.68 (m 13 1.1). 1.71 - 1.89
(m 1 H, 2.03- 2.19(m 2 H, 2.49 - 2.65(m 4 H, 2.71 - 2.94 (m
3 H, 305-3.20(m 2H, 456 - 473 (m 1H, 7.28- 7.43 (m 4
H, 7.77 (s, 1 H [0130](9) Synthesis of 5-am no-2-(5, 6-dihydro-4H

i mdazo[ 1, 5-a] [ 1] benzazepi n- 3-yl net hyl ) pent anoi ¢ aci d Usi ng
5-[(tert-butoxycarbonyl)am no]-2- (5, 6-di hydr o-4H m dazo[ 1, 5-a] [ 1] benz
azepi n- 3-yl net hyl ) pentanoi c acid (330 ng) ~ reaction and purification
were perfornmed by the sane procedures as in Exanple 2(4) to give the

titled co (go 4. l.e _br hous mass.
VB(ES! 1 APCIEOOAT ) & SEACHRE) 1T N -C600 RHE.— BEOTRRT AR DE) 6. pprm
1.47 - 1. 73 rtermddHte Z0dchedde 18/ rfaf b8 Hbjeti4d toltbthdfdrmBtidn of
2.83 (dd, J=14.0, 8.0 Hz, 1 H, 2.93 - 3.06 (m 2 H, 7.37 - 7.49 (m
4 H), 7.87y$unetHngdlopohbxaaply & coupligymehesien gfypified by the
5-am no- 2- (4H- | m dazq|[ .5, 1- ch 4] benzoxazi n3-yl net hyl ) pent anoi ¢ acid
(1) Synt hesSTPEUst EVIRAT it F &%ﬂ@??vcfﬂmoaen%x%%ﬁé;on
carboxyl at .enct 10 U %grgbtlg:‘tfb'rp%%%¥§éﬁ n-3( 44 Egggiél% QR g):chpound
reaction and purification were perorned by thé sa procegures as 1n
Exanpl e 1( X))t erotive ddeechttiwebmaapund (8.29 g) as a brown powder.
MS(ESI/ APClI Dual ): 245(MtH) - 64 - 1H NWR (300 MHz, CHLOROFORM d)
5ppm 1. 43 ((0098%7. 1 Bipdutihn Mpthdd(§, J=7.1 Hz, 2 H), 5.53 (s, 2 H),
7.06 - 7.17 (m_2 I-Q 7.19 -_7.26 (m 1 , .48 (dd, J=8.1, 1.4 Hz,
1 H), 8.01 (s, ?h?ﬂ ﬂm@fggf(QSJgyhgggspgeégnt invention, in which A is
4H i m dazo[.5:.1- , engo in- 3- t_ hano!| _Usj y 3
4H i i dazo 5?%{1%%%,r%§én§o§%§}%- Oéé’? oxy@fie ’(U?. B{% S?Q Fe2Hon and
purificati qoayereapet flaneed By ikhe B GRROGESHY 2R ass i) Hpgaspke 1(2)
to give the titled conmpound (1.23 g) as a pal e brown powder.

atom, a halogen atom, a Ci-y alkyl group substituted by 1-3

halogen atoms, a Cy-190 alkyl group, a Ci-g alkoxy group, a Ca.g
cycloalkyl group, a Czg cycloalkoxy group, a Cjg-14
cycloalkylalkyl group, or a phenyl group; R? is a tetrazolyl
group; m is an integer of zero and n is an integer of one, can

be synthesized by the following method (scheme 9).

[0C087)
Step 36
(amidation) NG
HO O NAN — NCNNHZ HN Ng\N

BocHN = N 3 ———————  BocHN o~
y 1
@n R (47 R

Step 37
. Step 38
{constructing ¢N =) (hydrolysis) N=N

tetrszole ring)

N, N
& N—;\N = Nf\ =
BotHN e \ & BocHN S \ ; >
Rt R
(48}

Step 8
(deprotection)

RZ N=\
S
Y n [ a
X R‘
(1)

SCHEME 9



MS(ESI / APCI Dual ): 203(M+H) 1H NMR (300 MHz, CHLOROFORMtd) oppm 4. 68
(s, 2 H, 525 (s, 2 H, 7.03- 7.23 (m 3 H, 7.45 (dd, J=7.9, 1.6
Hz, 1 H, 7.97 (s, 1 H [0133](3) Synthesis of

4H i m dazo[ 5, 1-c] [ 1, 4] benzoxazi ne- 3-car bal dehyde Usi ng

41-1-im dazo[ 5, 1-c] [ 1, 4] benzoxazi n- 3-yl met hanol (1.23 g), reaction
and purification were perfornmed by the sane procedures as in Exanple
1(3) to give the titled conmpound (1.03 g) as a brown powder. 1H NMR
(300 MHz, CHLOROFORMd) 5ppm 5.54 (s,-24H-, 7.07 - 7.18 (m 2 H),
7.22 - 7.32 (m 1 H), 7.49 (dd, J=7.9, 1.6 Hz, 1 H), 8.04 (s, 1 H,

9.99 (s, 1 134 hesi faa butl
030) - g (4H[r&nq|9[§gzo[]5(34é) REhesI sarpfaalcebhy buty

c] [1, 4] benzoxazcomBeyhdretly| bden)-arioxppopendditrdlecashoxy Irztaettdi ng
4Him dazo[ 5, 1-c][1, rgbenzoxam ne- 3- car bal dehyde (1.03 g), reaction
and puri fi CEEPEN3WEPRIIEINGr ABENBYiN besBARSCNCH B, aBF R Rfed as | n

Exanpl e 1(4 |vethet|tle caonmpound as bro wde

VS E&/Ap(cﬁ)”lz‘)%&lo? I—?lf\ﬁ\/FE’ 6CR/I(-Er %%65&:6%\71‘ "8 ‘389 27 57

(S 9 H) ]ad%lgtlvg Ogj(dﬂve cbhh ou?nd’zqtl'?)?’ é@l&dﬂlezb@)ses%ryc%.ude3 80 (m
> H), K | 7.53 50 (m L H), 7.55

- 7. 60 (m ﬁh:lld):hyﬁaxﬁ)ﬁw.e(,s dlisbbircﬁlﬂﬂ]&ﬁﬁl(lg) ﬁyﬁdlefﬂ,szlef tert but yl

3-(4Himdazo[ 5, 1-

c][1,4] benzﬂémihml@wqmtrnylwerz Popitpe el nadditdrpoigsiaide 1H-

Using tert

b daz
1104 e Ea b pt iy | oS BB B Re ST @M m SRV Y 00
ng), reactlloa §Dge1%ﬂxf1a9%L@ﬁsmiefo%epeg%ernﬁi.- R nkiBEs SRR SRS edyres

as in Exanmpl'e 1(5) to give the titl ed conpound (610 ny) as a pale

brown oil. UYBQESh/ APGE sbeal JhcBBI MHHB- (dimethylamino) propyl]-N’ -

‘ ethylcarbodiimide hydrochloride, N,N’-
dicyclohexylcarbodiimide, di-lH-imidazol-l-ylmethanone, etc.
The solvents to be used in the reaction include
dichloromethane, chleorcform, 1,2-dichloroethane,
tetrahydrofuran, toluene, N,N-dimethylformamide, etc.; the
reaction can be carried out at temperatures ranging from 0°C
to the reflux temperature.
[0089] (37) Step 37 {constructing tetrazole ring)

Compound (47) and trimethylsilyl azide can be reacted

using a suitable azo reagent in the presence of a suitable
phosphine reagent, to give compound (48). Suitable phosphine
reagents include triphenylpﬁosphine, tri-n-butylphosphine,
tri-tert;butylphosphine, etc. Suitable azo reagents include
diethyl azodicarboxylate, diisopropyl azodicarboxylate,
tetramethyl azodicarboxamide, azodicarbonyl dipiperidine, etc.
Alternatively, compound (47} and trimethylsilyl azide may be
reacted with a phosphorane reagent such as cyanomethylene

trimethyl phosphorane, cyanomethylene tributyl phosphorane,



1H NVR (300 MHz, CHLOROFORMid) Sppm 1.39 - 1.76 (m 10 H), 1.77
-1.93(m 2H),2.03-2.20(m 1H), 2.66 - 2.93(m2 H), (m 3.04 1H),
-3.17(m 1H),3.49 5.18-5.27(m2 H), - 3.65 6.99 (m1 - 7.22 H), (m
3.73 3H), - 3.87 7.38- 7.48

_45_

etc. to give compound (48). The solvents to be used in the
reaction include dichloromethane, chloroform, 1,2-
dichloroethane, tetrahydrofuran, toluene, N,N-
dimethylformamide, etc.; the reactions can be carried out at
temperatures ranging from 0°C to the reflux temperature.
[0100] {38) Step 38 (hydrolysis)

Compound (48) can be hydrolyzed using a suitable base, to
give compound (49). The bases to be used in this step include
lithium hydroxide, sodium hydroxide, potassium hydroxide, etc.
The solvents to be used in this reaction include methanol,
ethanol, isopropanol, tetrahydrofuran, water, mixtures
thereof, etc; the reaction can be carried out at temperatures
ranging from 0°C to the reflux temperature.

From compound (49), the compound (I) of the present
invention can be synthesized by the same procedure as step 8
described in production method 1.

[0101] Production Method 10

The compound (V) of the present invention, in which R® is
a hydrogen atom; R' is a hydrogen atom, a halogen atom, a Ci-y
alkyl group substituted by 1-3 halogen atoms, a Ci-ip alkyl
group, a Ci.g alkoxy group, a Cig cyclcoalkyl group, a Ci-g
cycloalkoxy group, a C4-14 cycloalkylalkyl group, or a phenyl
group; and R® is a C;_1g alkyl group or a group having the
structure represented by the following formula Ib or Ic, can

be synthesized by the following method {scheme 10).



(m 1 H,7.89 -7.96(m 1H) [0136] (6) Synthesis of

5- ani no- 2- (4H i mi dazo[ 5, 1- c¢][1, 4] benzoxazi n- 3-yl net hyl ) pent anoi ¢

aci d Using tert-butyl 3-(4Him dazo[5, 1-c][1, 4] benzoxazi n- 3-

yl met hyl ) - 2- oxopi peri di ne- 1- car boxyl ate (610 ng), reaction and
purification were performed by the same procedures as in Exanple 1(6)
to give the titled conpound (conpound 5, 280 ng) as a pale brown
powder. MS(ESI/APCI Dual): 302(N%FD %p - 1H NMR (300 MHz,
DEUTERIUM OXIDE) 5 ppm 1.49 - 1.75 (m , 2.48 - 2.69 (m 2 H),
2.72 - 2.84 (m 1 H, 2.93 - 3. 06 (m 2 FD 5.07 - 5.24 (m 2 H),
7.09 - 7.31 (m 3 H, 7.62 (d, J=9.3 Hz, 1 H, 8.17 (s, 1 H

[ 0137] Exanpl e 6 Synt hesi s of 5-am no-2-(4,5-di hydroi m dazo[ 1, 5-
a][1,7]naphthyridin-3-y|nethy|)pentanoic cid (1) Ethyl

4, 5-di hydroi m dazo[ 1, 5-a] [ 1, 7]naphthyrid|$L§ car boxyl at e Usi ng
3, 4-di hydr -naphthyﬂ din-2(1H) -one (L4 , reaction and

purificati ‘Hsg g ?@ t he sane V\)ln Exanple 1(1)
to give the 70 ny) asrg al e ye ow powder .
MS( ESI / APCI Dual) 244( M+H)

10102]

Step 19 Re
(esterification) |

MO0 N\ O NN
BocHN : = Y —_— BDCHNWR"
\R‘l
(24)

Step 8

(deprotection) 0\? Nf'\N ==
. H :
R NNWR‘I

SCHEME 10

[0103)] From compound (24}, the compound (V) of the present
invention can be synthesized by the same procedure as steps 19
and 8 described in production method 5.
[0104] Production Method 11

The compound (V) of the present invention, in which R® is
the formula -CO,R? (where R* is a Ci-s alkyl group, the formula
-CHR’0C(0)R®, or a substituent having the structure represented

by the following formula Ia



[0138] (2) Synthesis of 4,5-dihydroi m dazo[1, 5-

a] [ 1, 7] napht hyri di n- 3-yl net hanol Usi ng et hyl

4,5-di hydroi m dazo[ 1, 5-a] [ 1, 7] napht hyri di n-3- carboxylate (870 ng),
reaction was performed by the same procedure as in Exanple 1(2) to
give the titled conmpound (820 ng) as a brown oil. 1H NVR (300 MHz,
CHLOROFORMd) 5 ppm 2.93 - 3.08 (m 4 H), 4.66 (s, 2 H, 7.26 - 7.30
(m 1H, 812 (s, 1 H, 845 (d, J=5.0 Hz, 1 H), 8.78 (s, 1 H)

[0139] (3) Synthesis of 4,5-dihydroi mdazoll, 5-

a] [ 1, 7] napht hyri di n- 3- car bal dehyde Usi ng

4, 5-di hydroi m dazo[ 1, 5-a] [ 1, 7] napht hyri di n-3- yl met hanol (820 ng),
reaction and_purification were perfornmed by the sane procedures as in
Exanpl e 1(3%3 0 give the titled - 67 - conpound (190 ng) as an

or ange powdery (ESI/APCI Dual ): 200(Mt1-1) [0140](4) Synthesis of
tert-butyl Ex13+( 4, F-T a)

di hydroi m dazpl 1;™%a] [ 1, 7] napht hyri di n- 3-yl net hyl i den) - 2-

oxopi peri di nezl - car boxyl at e Usi ng
4,5-dihydroﬂﬁldazo[1,5-a][1,7]naphthyridin-3- car bal dehyde (190 ng),
reaction and purification were performed by the sane procedures as in
Exanpl e 1(4F 19 giyveairkbe §iddpdrEéomdayndafpd JihupdSadcyeldRWoROWEET .
VS( ESI / APCI Duaf?fy381 N%%D fgl41]g5$H%ynth§sis ofﬂtert¥gu€§¥!3-%g,5-
di hydr oi m dazopleo6-aldhenyLnaphidvy R’ di f1-8-Cylsnel kyl igemp- 2r a phenyl
oxopi peri di ne-| -carboxyl at e Using tert-butyl
(3E)_3_(4,§;apﬂyaﬁ6iﬁﬁd%ZQquqggn atom, a halogen atom, a Cj-4 alkyl

alj[1, 7] nap i di,n-3- thyl.) -2-oxopi per.i di ne-1-carh ate (60
T 1 eaot PERUB AR Y D B S h) e SURE B AURes
as in Exampl§ A(@®xy qrouys 4 he {idledacompouadp(53 P) Fe18aC00r | ess

oil.

group, a C4-14 cycloalkylalkyl group, or a phenyl group; and R?
is a hydrogen atom, can be synthesized by the following method
(scheme 11).

[0105] Step 39

(carbamate formation)

SCHEME, 11

[0106] (39) Step 39 {carbamate formation)

Compound (51) can be reacted with active carbonate {(52),
to give the compound (V) of the present invention. The
solvents to be used in this reaction include N, N~
dimethylformamide, N,N-dimethyl acetamide, N-
methylpyrrolidone, tetrahydrofuran, toluene, dichloromethane,
chloroform, water, etc.; the reaction can be carried out at

temperatures ranging from 0°C to the reflux temperature.



MS(ESI / APCI Dual ): 383(M+H) [0142](6) Synthesis of
5- am no- 2- (4, 5-di hydr oi m dazo[ 1, 5-
al[1, 7] napht hyri di n- 3-yl net hyl ) pent anoi ¢ aci d Using tert-butyl
3- (4, 5-di hydroi m dazo[ 1, 5-
al [ 1, 7] napht hyri di n- 3-yl met hyl ) - 2- oxopi peri di ne- 1- car boxyl ate (53
ng), reaction and purification were perforned by the sane procedures
as in Exanple 1(6) to give the titled conpound (conpound 6, 17 ng) as
a colorless oil. MS(ESI/APCH Dual): 301{38H) - 68 - 2.50 -2.60 (m 2
H,2. 71-2.92(m 5 H), 2.92 -3.04(m 2 H), 7.36(d, J=5.0
Hz, 1H), 8. 09(s, ©On the following pages, the present invention is
described even more specifically by showing Examples of the
invention and Tests.
EXAMPLES
[0107] The NH silica gel column chromatography as referred
to in the following Examples means purification by column
chromatographic separation using an NHZ2 type silica gel
(Chromatorex NH2 type; FUJI SILYSIA CHEMICAL LTD.) The optical
purities of compounds of the present invention were calculated
based on measurements under the following conditions:
Column: CHIRALPACK AD-3, 4® x 250 mm, 3 um (DAICEL CHEMICAL
INDUSTRIES, LTD.)
temp.: 10°C, 24°C or 25°C
flow rate: 1 mL/min
det.: UV, 240 nm
sample conc¢: 1.0 mg/mL
inj. Vol.: 2 uL
Mobile phase: n-Hexane:IPA:TFA:DEA = 90:10:0.5:0.5; n-Hexane:
IPA:TFA:DEA = B85:15:0.5:0.5; or n-Hexane:IPA;TFA:DEA =
80:20:0.5:0.5;
[0108] Example 1

Synthesis of 5-amino-2-{4,5~-dihydroimidazo[l, 5-

alJquinolin-3-ylmethyl)pentanoic acid

(1) Synthesis of ethyl 4,5-dihydroimidazol[l,5~alquinoline-~-3-
carboxylate

To a solution of 3,4-dihydroquinolin-2(lH)-one (50 g) in
tetrahydreofuran (1 L}, potassium tert-butoxide (46 g) was

added under cooling with ice and the mixture was stirred for



1 H, 822 (d,J=5.0 Hz, 1 H), 8.55 (s, 1 H [0143]Exanple 7
Synthesis of 5-am no-2-[(9-nethyl-4,5-dih droimdazo[1, 5-

a] qui nol i n-3-yl ) net hyl ] pentanoi ¢ aci d di hydrochl ori de Cl) Synthesis
of ethyl 9-methyl-4,5-di hydroi m dazo[1, 5- a] qui noline-3-carboxyl ate
Usi ng 8- net hyl -3, 4-di hydr oqui nolin-2(1H)-one (1.61 g), reaction and
purification were performed by the same procedures as in Exanple 1(1)
to give the titled conpound (1.63 g) ast%a-pale yell ow powder.

MS(ESI/ APClI Dual ): 257(MtH) [0144](2) Synthesis of

(9- net hy1- 8B rdinhyds o2 tmi tdaz ophe Sterg]equitnok i NBitpylmehbharmhddphage

et hyl 9- rret&yl-4, 5-di hydroi mi dazo[ 1, 5- a] qui nol i ne- 3-carboxyl ate
(1.63 g), r é?cfsi)oﬁawa%ad&@f FafnRECYy SHETspgethy séedure Zer 39 Eipptes
1(2) to giv e titled co und (1.0 as a br oi]. 11-1 NWR
(500 we' G BiEetry BB st Fhofverdads®ifs by ) Shayy
4.67 (s, 2ddras€iff cerk-23tbMad He g@ Qocd Saackathel 03¢l GRA the

Synt hesis of 9-nmethyl-4,5-di hydrol m dazo[ 1, 5-

a] qui nol i neri3<cae bed dednjdeed for disi@@r at room temperature. To the
(9-met hyl -4, 5-di hydroi m dazo[ 1, 5-a] qui nol i n-3- yl)nmethanol (1.01 g),
reaction af@afpttPRimativeRs - wark 2 Padugr Fedubion ind dafrecihivcedgidsvas in

E)(;\?\gg:*e £l %)ddgg glilaleeét@%ctcg.ltlé evgit%oré%%l};lfgdaégt%%ewg%dat%asahi%arjl %i lelllljx(‘)%e
were performed. After drying over anhydrous sodium sulfate,
the desiccant was filtered off and the solvent was removed in
vacuo. The resulting residue was purified by silica gel column
chromatography (eluent; n-hexane/ethyl acetate = 1:1 to 1:3)
to give the titled compond (64.4 g) as a brown powder.
MS(ESI/APCI Dual): 243 (M+H)

‘H NMR (300 MHz, CHLOROFORM-d) & ppm 1.43 (t, J=7.2 Hz, 3H),
2.6 (t, J=7.2 Hz, 2 H), 3.35 (t, J=7.2 Hz, 2 H), 4.41 (g,
J=7.2 Hz, 2 H}, 7.20 - 7.30 (m, 1 H), 7.30 - 7.41 (m, 2 H),
7.42 - 7.52 (m, 1 H), 8.03 (s, 1 H)
[C109] (2} Synthesis of 4,5-dihydroimidazo[1l,5-alguinolin-
3-ylmethanol

To a solution of ethyl 4,5-dihydroimidazol[l, 5-
alquincline-3-cazboxylate (56.4 g) in tetrahydrofuran
(583 ml), lithium aluminum hydride (10.6 ¢) was added under
cooling with ice and the mixture was stirred for an hour at
the same temperature. Ethyl acetate and water were added to
the reaction system and the mixture was filtered; brine was
added to the filtrate and the mixture was subjected to

extraction with chloroform. After drying over anhydrous sodium

sulfate, the desiccant was filtered off and the solvent was



- 69 - MS(ESI): 213(M+H) [0146] (4) Synthesis of tert-butyl
(3B)-3-[(9-net hyl-4, 5- _

di hydroi m dazo[ 1, 5- a] qui nol i n-3-yl ) net hyl i den] - 2-

oxopi peri di ne-| - car boxyl at e Usi ng

9- met hyl - 4, 5- di hydr oi m dazo[ 1, 5-a] qui nol i ne- 3- car bal dehyde (630 np),
reaction and purification were perforaoegh by the sane procedures as in
Exanple 1(4) to give the titled conpound (500 ng) as a pale yellow

ng[j(erg m@%ﬁ%@g%%&a £398{ MrHind Q44 {LESomdbAhBeTES. Pt &t zbut Yl

di hydroi m dﬁmhioma] qui nol i n-3-yl ) net hyl ] - 2- oxopi peri di ne- 1-

car boxyl ate Using tert-butyl (3E)-3-[(9-nethyl-4, 5-

di hydr oi m dAzZ¥{R , B0Q] YHE nOTHIORSFPRYnet Hy [ppdeRd] 892~ 3.07 (m, 4 H), 4.64

oxopi peri di ne- 1-car boxyl ate (500 mgL) ...reaction _and purification were
a

performed byt Rellsank I scédar east it Exanble 'tf3) o gitve t'hd9 -

titled co d,(49 ) gagya,colorl.ess oil. MS(ESI/APCI Dual):
396( MrH) [ OT46] (“é) JorhdsPe G aithaed 2-[(9- met hy1- 4, 5-

di hydroi m dazebi, 5- a]nuisjakhssSs Y89 MEERYEhpeiaRekeo fL) haj quinoline-
di hydr ochl ori de Using tert-butyl

(3-1(9- net Bytagbsldklmddr oi m dazo[ 1, 5-

a] qui nol i n- 3-yl ?Fmet hyl ] - 2- oxogi eri di ne-1-carboxyl ate (495 _ng)
reaction and pufPfi cEivsrofe? ‘Bec’r"idérhﬁféaob‘?lc%aﬁé’i are? Jfibceddres-as in

Exampl e 1( i --am po-2- [ ((9- - s
%50 b hydr e Sadys ST 8P 5 [GER (117 m) menqenese digrise)
as a col orl(@ss PPWIEY .adBedt Bed rHaflikB0r PONKILstirrd® fod 4% MBhis ad:
aqueous solution of 3 M hydrochloric acid was added and the m xture
was stirredobor tampdrurat Foomaaarpenatysteem Tae Fébbtresh thystiem was
concentrated_in vacua to give the titled conpound (conpound_7, 48 ny)

as a col or FELCPAMEr-PENBPES T APES BERPYSB 1Ay MigFro- The resulting

powder was washed with 1:1 n-hexane/ethyl acetate to give the
titled compound (20 g) as a light brown powder.
MS(ESI/APCI Dual): 199 (M+H)
'"H NMR (300 MHz, CHLOROFORM-d) & ppm 2.97 ({(t, J=7.2 Hz,
2 H), 3.35 (t, J=7.2 Hz, 2 H), 7.21 - 7.31 {(m, 1 H), 7.31 -
7.42 (m, 2 H), 7.42 - 7.54 (m, 1 H), 8.07 (s, 1 H}, 10.02 (s,
1 H)
[0111] {4) Synthesis of text-butyl (3E)-3-(4,5-
dihydroimidazo[l, 5-alquinolin-3-ylmethyliden)-2-oxopipexidine-
l-carboxylate .

To a solution of tert-butyl 2-oxopiperidine-l-carboxylate
(666 mg) in tetrahydrofuran (5.2 ml), lithium
hexamethyldisilazane (3.3 ml, as 1 M solution in
tetrahydrofuran) was added at -78 °C and the mixture was
stirred for 30 minutes under cooling with ice. Subsequently, a

suspension of 4,5~dihydroimidazo[l,5~-alquinoline-3-




IH NMR (600 MHz, DEUTERIUM OXIDE) 6 ppm 1.65 - 1.88 (m 4 H),
2.55(s,3 H,2.80 -2.99(m5 H),2.99-3.20(m 4 H),

7.24-7.40(m 3H),9.09(s,1 H) [ 0149] Exanpl e 8 Synt hesi s of
5-am no- 2-[ (6-ethyl-4, 5-di hydroi m dazo[ 1, 5-

a] qui nol i n-3-yl) net hyl ] pentanoi c acid

- 51 -

carbaldehyde (510 mg) in tetrahydrcfuran was added at -78 °C
and the mixture was stirred for an hour at the same
temperature. A saturated agueous solution of ammonium chloride
was added to the reaction system and extraction was conducted
with ethyl acetate. After drying over anhydrous sodium
sulfate, the desiccant was filtered off and the solvent was
removed in vacuo.

The resulting residue was dissolved in chloroform
(5.2 ml) and after adding triethylamine (780 mg) and
methanesulfonyl chloride (353 mg) under cooling with ice, the
solution was stirred for an hour at room temperature. Water
was added to the reaction system and extraction was conducted
with chloroform. After drying over anhydrous sodium sulfate,
the desiccant was filtered off and the solvent was removed in
vacuo. The residue was purified by NH silica gel column
chromatography (eluent: n-hexane/ethyl acetate/chloroform =
1:1:1 to 0:0:1) and the resulting powder was recrystalized
with a mixture of chloroform and hexane in seclution to give
the titled compound (660 mg) as a pale yellow powder.
MS(ESI/APCI Dual): 380 (M+H)
M NMR (300 MHz, CHLOROFORM-d) & ppm 1.58 (s, 9 H), 1.86 -
2.02 (m, 2 H), 2.88 - 2.99 (m, 2 H), 3.02 - 3.13 {m, 2 H),
3.20 - 3.34 (m, 2 H), 3.70 - 3.80 (m, 2 H), 7.17 - 7.25 (m, 1
H), 7.29 - 7.40 (m, 2 H), 7.41 - 7.50 {(m, 1 H), 7.70 {(t, J=1.9
Hz, 1 H), 8.08 (s, 1 H)
[0112] (5) Synthesis of tert-butyl 3-(4,5-
dihydroimidazo[l,5-alguinolin-3-ylmethyl)-2—-oxopiperidine-1-

carboexylate



(1) Synthesis of 4-ethenyl-2, 3-di hydro-1H i nden-1-one To a

sol ution of 4-brono-2, 3-di hydro-1Hinden-1-one (3.58 g) in dioxane
(712.6 m), triphenyl phosphine (1.33 g), dibutyl vinylboronate (3.54
g), palladiumacetate (381 ng) and an aqueous solution of 2 M sodium
carbonate (42.5 nm) were added and the m xture was stirred for 2.5
hours at 85C. After adding ethyl acetate, the insolubles were
filtered off and the filtrate was washed with brine. After drying
over anhydrous sodium sul fate, the desiZxant was filtered off and the
sol vent was renoved in vacuo. The resulting residue was purified by
silica gel columg §h§m1%r@@h¥ef1§lﬂlﬁ:@tl (Behexanelset hyl
acetate/chloroform=8:1:1to 7:1:2) to give the titled conpound
(2.35 @) asdﬂny;dabérny@éioo[w ﬁﬁ\aﬂiqulndﬁ(zEB)-ylﬁéﬂ(Nt)den} - BBk 43I riviz pe -
CHLOROFORM d) oppm 2.64 - 2.83 (m 2 H, 3.10 - 3.28 (m 2 H), 5.37 -
5.54 (m 1 4ﬂcar o;glatg;@ﬁpO(Wg)llmﬁa methzpol- tq;qyyydrgfggpq,ﬁolytpyn
7.33 7.49

4- et h-enyl I\f-ll(ﬁgydr i)‘?l_% 2“13) di ﬁﬁd?3§%—‘él %38@% Jeag:%LnSwél'heqil %"SI%LH on

of 4-et herWajd'd%d?’ag&hMgé Qrildehi-B080s ]stﬁ'}%e(ﬁmg@ezg)hy'd@o@eﬂ] ML 8k an
met hanol (29 m) and pyridine (29 m), hydroxyl am né hydrochl ori de

(5.37 g) wasnaddedeofitd trhe restlitonngystah Was Baststed riedough Sehioiy S
wi th heating udner reflux. After adding a saturated agueous sol ution
of ammoni urAtehitBri glel ¥ertt Wesr eaReVesh Im Xeove, e raseibhnaunsgidue

chl or of orm and_was ne wer,e conducted. After dry over
Soat um oo BETaPEETEHE B M ShH e S5 eI SR PraRat PR et fas
removed in \aeUQne J0E181ktLPE L 6SI1JUeVES, PUH iked1 DY &idgddtdagel

col um chr omat ogr aphy “(el uent: nhexane/ et hyl acetate/chl oroform =
7:1:2) to give tbe 4s td edleohpoandil.2. 98 g) as a col orl ess powder.

I\/B( ESI/ APClI Dual ): 174(MtH) 1H NVR (300 MHz, CHLOROFORM d) oppm 2. 95
_3.06 (m M5 (BPI/&P@RK Duad)17383{¥4H) 5. 37 (d, 3=11.0 Hz, 1 H), 5.76

d31761 80 11.0 72 7.33
Em 1 H, SIiM%dEJO)Q 'f‘g% r&é&%‘@m cjl"59 (e ?12_'2(?-12 ﬂ” %5 66 -
7.91 (m 1 H)69[ A5 (B), SyBbhesi sofind- Qtﬂﬂ?nw 'QH'{—[§414 (m, 1 H),

met hyl phenyl ) sul fonyl ] oxy) 2, 3-di hy ro- 1Hinden-1-im ne To a

sol uti on of2.47et&enyd=14- hydBoXsz?, 3- diy hy2lr 15 HHindén{d, i 3nme (6206 Q)
in acetone (180 nl), 4-nethyl benzene-1sul fonyl chloride (7.34 ) and

an aqueous €6k ufTbh bf 467'I\/f{§od]r UhhrhypdA8xt de €e18™m I@\)a:re3 -ddded?-

dropvmseuder cool i - th s st red
for an hour Tat t%)(e) sg%é te %%awmrel lﬂi\fte%queﬁcgh g; t he 'r'éa t|5 n by

addi ng ice maserny(40Q,m ). 99 tdhe regction mxture, acetone was
removed in vacuo. Extraction with chlorof ormm and washi ng wth brine
wer e perforiged3] Af t ef6)diSyhhbeaiero fankydi nors? nigg hedi biya suilrfiataep [t he-
desiccant was filtered off and the solvent was renpved in vacuo. The
resul ting @éﬁPHE@W§'ﬁ&FPFF1§H)HﬁP@PPFEaa@’é# col um chr omat ogr aphy
(eluent: n- hexa,Pe/et I aggtg e/c g prm = % 1:2) to give the
titled conmpound ? Peds po

dlhydrOLmldazo[l 5—a]qu1nolln 3~ ylmethyl)—2—oxopiperidine—1—

carboxylate (301 mg) in tetrahydrofuran (4.0 mi), an aqueous
solution of 0.9 M lithium hydroxide (2.6 ml) was added and the
mixture was stirred for 15 hours at room temperature. An
aqueous sclution of 6 M hydrochloric acid (4.0 ml) was added
and the mixture was stirred for 5 hours at room temperature.
The reaction system was purified by cation exchange

chromatography (DOWEX 50WX8-100; ammonia/water = 0:1 to 3:97)



MS(ESI / APCI Dual ): 328(M+H) 1H NMR (300 MHz, CHLOROFORM d) 6ppm 2. 44
(s, 3H, 2.97 - 3.12 (m 4 H, 5.38 (dd, J-11.1, 0.9 Hz, 1 H), 5.74
(dd, J=17.6, 0.9 Hz, 1 H), 6.74 (dd, J-17.6, 11.1 Hz, 1 H), 7.22 -
7.3 (m 1 H, 7.35(d, J=8.0 Hz, 2 H, 7.52 - 7.62 (m 2 H), 7.94
(d, J=8.0 Hz, 2 H) [0152](4) Synthesis of

5- et henyl- 3, 4-di hydroqui nolin- 2(111)-one To a sol ution of

4- et henyl - N-f[ (4- _

met hyl phenyl ) sul f onyl ] oxy) - 2, 3-di hydro fH-i nden-l1-imne (5.0 g) in
chl or of orm(150 rﬂ% tri hI or oal umi pum (6. 11 was added at -70C and
the m xturdWddvEt Fis ot r‘:1 SRR (RppReuRd glr'rllﬁ e 3 Rt ure for
an addi tional,, %lﬁﬁyrﬁmﬁg -50C, water was added and extraction was
conduct ed vvlth chl'oroform™ After drying over sodium carbonate, the
desi ccant wasEeEir)iered il :ando tyer)sol vent was renoved in vacuo. The
resulting residue was purified by silica gel colum chromatography
(el uent: nHExEMR/ &ﬁqﬁﬂyMHaceﬁJ%[iH/RdﬁMrQXbEEm S bph: 1.4® 1:1262) (mo yitie

the - 73 - titled conpound asacolorless owder .

ms ( Esi /Apci1 66ar)1 7127n"ID § €36t i Eﬁhtogeo'#‘bmv@d)‘mwbmfi
2.56 - , 9 9 _ 8 (d ~11.0, .1 Hz,
1H, 5 560 mz AR 3',%41.%’%5,}91 (ﬁom,zze. g%'z(ﬁﬁ'séeg’é: " F|z7'4f§H),

6.91 (dd, 3ml723111},117 GiHzd, Lo+) .8 #2101-mY, 22 16Ms?2 Huy 8.02 (br. s.,
1 H [0153](5) Synthesis of ethyl 6-ethenyl-4,5-

di hydr oi m d&2z&f1L, 5- d&xguiehel 2 ne- 3- car boxyl at e Usi ng

5- et henyl- 3, 4-di h dr oqui noI i n- 2(1H) one
purification we eSE Sy RS PRaMdBREZ Prhdadipie F2Exanpie 1(1)
and recrys i Q e ve the t|tled conpound
(1,66 q) fa%hi& 13 &8@&1@ f%‘,len% Lal e, g Dual): 269(MH) 1H NVR
(300 MHz, Clﬂb.m@}mme@mpsm 4- Elﬁz(etrésat&xwax%oh@ Znihdb]-2- (4, 5-

- 3. 04(m2H) 3.28-3.40(m2H),4.41(q,3=7.1 2H), 5. 45(dd 3 11.0,1.2 Hz, 1
H), 5. 70(ddd3hstd’r0¢trrﬂ;dzzpli1J%a]&IQSt@éldnﬁ&ﬂyﬂthb&lDpeHzl',aJ:id)lc?aQQd-
7.37(m

reactl on and

To a solution of tert-butyl 3-(4,5-
dihydroimidazo[l, 5-alquinolin-3-ylmethyl)-2-oxopiperidine-1-
carboxylate (11.8 g} in tetrahydrofuran (155 ml), an aqueous
solution of 0.9 M lithium hydroxide (103 ml) was added and the
mixture was stirred for 15 hours at room temperature. Water
was added to the reaction system and the agueous layer was
washed with diethyl ether. The aqueous layer was neutralized
with an aquoeus solution of 15% citric acid and extraction was
conducted with chloroform. After drying over anhydrous sodium
sulfate, the desiccant was filtered off and the solvent was
removed in vacuo. The residue was purified by silica gel
column chromatography (eluent: chloroform/methanol = 10:1) to
give the titled compound (11.7 g) as a colorless powder.
MS(ESI/APCI Dual): 400 (M+H)
'H NMR (300 MHz, CHLOROFORM-@) & ppm 1.41 (s, 9 H), 1.46 -

1.8 {m, 3 H), 1.68 - 1.87 (m, 1 H), 2.68 - 3.00 (m, 7 H),



H),7.38-7.48(m 2H), 8.00(s, 1H Hz, 1 [0154](6) Synthesis of

(6-ethenyl-

Usi ng et hyl

4, 5-di hydr oi m dazo[ 1, 5- a] qui nol i n-3-y1) net hanol
6- et heny1- 4, 5-di hydr oi m dazo[ 1, 5- a] qui nol i ne3- car boxyl at e

(2.4 g), reaction and purification were perforned by the same

pr ocedur es

as in Exanmple 1(2) to give the titled conpound (480 ng) as

a pale yellow oil. MS(ESI/APCI Dual): 227(M+H) 111 NMR (300 MHz,
CHLOROFORMH d) oppm 2.96 (s, 4 H), 4.65 dg, - 74 -

H) 543(de11012H21H) 568(de173 1.2 Hz, 1
H.6.98(dd, J=17.3,14,0 Wz, 1 H),7,28,7.34(m L oL, )

H)y, 7.24 - 7.35 (m, 2 H), 7.35 - 7.47 (m, 1 H), 8.11 (s, 1 H)

{0115] {2} Synthesis of (1R,2S)-1-phenyl-2-{pyrrolidin-1-

vl)propyl (25)-5-[(tert-butexycarbonyl)amino]-2-(4,5-

dihydroimidazo[l,5-a]lquinolin-3-ylmethyl)pentanocate and

(1R, 28) -1-phenyl-2- (pyrrolidin-1-yl)propyl (2R}-5-[(tert-

butoxycarbonyl)amino}-2-{4, 5-dihydroimidazo[l, 5-a]lquinolin-3-

ylmethyl)pentanoate

To a solution of 5-[ ({tert-butoxycarbonyl)amino]-2-(4,5-

dihydroimidazo[l, 5-alquinolin-3-ylmethyl)pentanoic acid

(2.00 g) in chloroform (50.1 mt), {1R,25)-1-phenyl-2-
{pyrrolidin-1l-yl}propan-1-ol (1.54 g}, 4-dimethylaminopyridine

{61 mg) and N-[3-(dimethylamino}propyl]-N’-ethyvlcarbodiimide

hydrochloride (1.44 g) were added and the mixture was stirred
for 15 hours at room temperature. A saturated agqueous sclution
of sodium hydrogencarbonate was added to the reaction system
and extraction was conducted with chloroform. After drying
over anhydrous sodium sulfate, the desiccant was filtered off
and the solvent was removed in vacuo. The residue was purified
by silica gel column chromatography (eluent: ethyl
acetate/methanol = 10:1), then by NH silica gel column
chromatography (eluent: n-hexane/2-propanol = 40:1) to give
the two titled compounds as a pale yellow o0il, i.e., the low-

polarity compound (1R, 2S)-1-phenyl-2-{pyrrolidin-1-yl)propyl

(28)-5-[ {tert-butoxycarbonyl)amine] -2- (4, 5-dihydroimidazo[1l, 5-

alquinelin-3-ylmethyl)pentancate (1.17 g} and the high-

polarity compound (1R,28)-1-phenyl-2-(pyrrolidin-1-yl)propyl

{2R}-5-[ {(tert-butoxycarbonyl)amino]-2- (4, 5-dihydroimidazo{l, 5~



H, 7.34-7.41(m 2H),7.98(s,1 H) [0155] (7) Synthesis of

6- et heny1- 4, 5-di hydroi m dazo[ 1, 5- a] qui nol i ne- 3- car bal dehyde

Usi ng (6-ethenyl-4,5-di hydroi m dazo[ 1, 5-a] qui noli n-3- yl) net hanol
(480 ny), reaction and after-treatnent were performed by the sane
procedures as in Exanple 1(3) and the resulting residue was purified
by silica gel columm chromatography (eluent: chloroform nethanol =
9:1) to give the titled conpound (360 _as a pal e yell ow powder.
M5( ESI/ APCl Dual ): 225(MtH) 1H NVR (300 MHz, CHLOROFORM d) 5ppm 2. 95

H)3 (5)471m( q@jhfglﬁ“ 1Y1fleﬁgyggl]°?4)ta@6”a§g' 4%%5 d"gml% z111 (1)1 é ﬁzHZ’:L I%i)
Symthesi s o nels- bul Y Tl %h‘f’z*?‘e%“ﬁ@x% {84311 | Q2581 o) -

di hydr oi mi dazeft- EufdxpuarbbhgiBamaddpabhyh;skﬂﬂhy&rolmldazo[l 5-

oxopi peri di ne- 1- car boxyl ate Usi ng

6- ethenyl 4ﬂ5m@nh¥€ﬁ1ﬂ1nhm&2byl)Eﬁnﬂamgahgline 3- carbal dehyde (530
reactlog a ter- Hreatnent were perforned by the sane

procedures“@ Eﬁﬁ w1458 {BMive the titled conpound (397 ng) as

m%a.% 20 M%{%E?I)O@O%%wg% %blbl 2‘3—‘"0905 807 B3 1 iy

1.31 - 1 56 (m, 10 H}, 1.58 - 1.85 {m, 7 H), 1.83 - 2.12 (m, 1
HY, 2.34 - 2.47 (m, 1 H), 2.47 - 2.72 {m, 8 H), 2.77 - 2.96
(m, 1 H), 3.08 - 3.31 {m, 3 H), 5.31 (br. s., 1 H), 6.04 -
6.17 (m, 1 H), 6.66 - 6.80 (m, 1 H), 6.80 - .99 {(m, 4 H),
7.08 - 7.18 (m, 2 H), 7.24 - 7.34 (m, 1 H), 7.35 - 7.46 (m, 1
H), 7.98 (s, 1 H)
[0117] {1R,28)-1-phenyl-2- (pyrrelidin-1-yl)propyl (2R)}=5-
[{tert-butoxycarbonyl)amino]-2-(4, 5~dihydroimidazo[l, 5-
algquinolin—-3-ylmethyl)pentancate
MS (ESI/APCI Dual): 587 (M+H)
'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.00 (d, J=6.5 Hz, 3 H),
1.43 (s, ¢ H), 1.45 - 1.92 (m, 9 H}, 2.43 - 2.69 (m, 5 H),
2.6 - 2.88 (m, 4 H), 2.88 - 3.20 (m, 4 H), 5.12 (br. s., 1
H}, 6.02 - 6.10 (m, 1 H), 7.08 - 7.35 {(m, 8 H), 7.35 - 7.43
fm, 1 H}, 7.%4 (s, 1 H)
[0118] (3) Synthesis of (28)-5-[(tert-
butoxycarbonyl)amino]-2-(4,5-
dihydroimidazo[l,5-alquinolin-3-ylmethyl)pentancic acid

To a solution of (1R, 2S)-l1-phenyl-2-(pyrrolidin-1-
yl)ipropyl (25)-5-{(tert-butoxycarbonyl)amino]-2-(4,5-
dihydreoimidazo([l,5-a)lquinolin-3-ylmethyl)pentanoate (2.62 g)

in methanol (44.7 ml), 10% palladium-activated carbon (524 mg)



4H), 3.22 - 3.33(m 2 H),3.73- 3.81(m 2H), 5.44(dd, J=11.0, 1.2 Hz,
1H), 5.69(dd, J=17.3, 1.2Hz,1 H),6.98(dd, J=17.3, 11.0 Hz,1 H), 7. 30-
- 75 -

- 5 -

was added and the mixture was stirred under hydrogen purge for
10 hours at 60°C. The reaction mixture was filteréd through
Celite and after washing with methanol, the solvent was
removed in vacuo. To the resulting residue, a saturated
agqueous solution of sodium hydrogencarbonate was added and the
agueous layer was washed with ethyl acetate. The aqueous layer
was neutralized with an agueous solution of 15% citric acid
and extraction was conducted with chloroform. After drying
over anhydrous sodium sulfate, the desiccant was filtered off
and the solvent was removed in vacuo. The residue was purified
by silica gel column chromatography (eluent:
chloroform/methanol = 10:1) to give the titled compound
{L.50 g) as a colorless powder.
'H NMR (300 MHz, CHLOROFORM-d} & ppm 1.41 (s, 9 H), 1.46 -
1.68 {(m, 3 H), 1.68 -~ 1.87 (m, 1 H), 2.68 - 3.00 (m, 7 H},
3.0 - 3.22 (m, 2 H), 4.53 - 4,70 (m, 1 B), 7.13 - 7.28 (m, 1
HYy, 7.28 - 7.38 (m, 2 H), 7.38 - 7.47 (m, 1 H), 8.15 (s, 1 H)
[011@9] {4) Synthesis of (28)-5-amino-2-(4,5-
dihydroimidaze[l, 5~alquinolin-3-ylmethyl)pentancic acid

To a solution of (28)-5-[{tert-butoxycarbonyl)aminol-2-
(4, 5-dihydroimidazo[l,5-alquinclin-3-ylmethyl)pentancic acid
(700 mg) in tetrahydrofuran (4.4 ml), an aqueous solution of
$ M hydrochloric acid (8.8 ml) was added and the mixture was
stirred for 3 hours at room temperature. The reaction system
was concentrated in vacuc and the resulting residue was
purified by cation exchange chromatography (DOWEX 50WX8-200;
ammonia/water = 0:1 to 3:97) to give the titled compound

(compound 2, 360 mg) as a pale brown powder.



7.36 (m 1 H, 7.36 - 7.44 (m 2 H, 7.67 - 7.74 (m 1 H, 8.06 (s, 1
H) [01571(9) Synthesis of tert-butyl 3-[(6-ethyl-4,5-

di hydroi m dazo[ 1, 5- a] qui nol i n-3-y1) net hyl | - 2- oxopi peri di ne- 1-

car boxyl at e To a solution of tert-butyl (3E)-3-[(6-ethenyl-4,5-
di hydr oi m dazo[ 1, 5- al qui nol i n-3-yl ) et hyl i den] - 2-

oxopi peri di ne- 1-carboxyl ate (397 ng) in tetrahydrofuran (15 m), 10%
pal | adi um acti vated carbon (200 ng) wagjadded and the m xture was
stirred under hydrogen purge for 16 hours at 60C. The reaction

m xture wasgd it eh 86 thray qhgth@[ 48 and the solvent was renmpved in
vacuo. To a sol ution of the resulti'ng residue in acetonitrile (0.77
m), di-tert-hutyleod eazbonete=rI6h o”ipaNG 4pdi Teidyl anispopys i dige
(1.5 ng) were added and the m xture was stirred for 5 hours at 55C,

t hen overnilghtZ at 1r6bnim.e@p8i atdhle - Af 6ér (mdd rhlg,a2s@wf@t§d dguemus
sol ution of so%i gm hydr ogencar bonate to the reaction m xt

ext racti on Hirt R- 8¢ hyi3 -Pet'Bt e? dHd iadRi fig’ vit H™or i n) met- éoper?oﬁ’red
After dryi rtg‘éogeﬁ), oﬂ|4%rn(gar99paat = tlil_rﬁpeSé cila ts V\@stl |tered off
e’ res

and the solvént was renoved in vacud tihg reS| due was
purified by.sk]Ffta gebl 3cod wm .ohrgppgography (el uent:

chl orof orm net hanol = 20:1) to give the titled conpound (74 ng) as an
orange oil **WNB(IESIY ARPCLtDUA-34486(M-H) | H NVR (300 MHz,
CHLO?O:O?M% I:El)pml 21 (t, J=7.5 Hz 3 H, 1.52 (s, 9 H, 1.54 -.

1.69 (m 2° C1.93 (m 2 H) ,196-215(m1 H, 2.60 -
2.76 (m 3, d .7 Hz, 1 H,
3.50 - 3.63 °bl21 éﬁ’asg %P(e%’i‘g iba: e %" Bo; 5%104 7%8 (dd, J=7. 3
1.6 Hz, 1 Hhx. t? iQZ; 567mB0 (M 2 H), 7.92 (s, 1 [ 0158] (10)

Synt hesi s of 5-am no-2-[(6-ethyl- 4 5-

di hydr oi m d&zap1ll, 5- dxguiphel 3 n- 3- yI)rret hyl ] pent anoi ¢ aci d Usi ng

tert-butyl 3-[(6-ethyl-4, 5 di hydrmmdazo{l 5-.
a] qui nol i n- 3- y| ¥R : -

reaction a r--t_re_ r bythesarre procedures as
in Exnmpl e Lubreae 9& ﬂliyl% LBEELO & conpound 8, 20 ng) as a

brown powder) NS(RBlsARCK 2 BUaE(: (328Dl dxyicEr {306 ni¥hiz2 - PEYTERI UM
OXIDE) ppm11.15 (t, J=7.5 Hz, 3 H, (m 1.43 2H), - 1.79 7.10 (m4
dihydroimidazo[1l, 5-alquinolin-3-ylmethyl)pentanoic acid

To a solution of (1IR,2S5)-1-phenyl-2-(pyrrolidin-1-
yvlipropyl {2R)-5-[(tert-butoxycarbonyl)amine]-2-(4,5-
dihydroimidazo[l,5-alquinolin-3-ylmethyl)pentancate {590 mg)
in methanol {20.1 ml), an aqueocus solution of 33% sodium
hydroxide (3.4 ml) was added and the mixture was stirred for
39 hours at room temperature. The reaction system was
neutralized with an aqueous solution of 2 M hydrochloric acid
and the solvent was removed in vacuo. To the resulting
residue, a saturated aqueous solution of sodium
hydrogencarbonate was added and the aquecus layer was washed
with diethyl ether. The aqueous layer was neutralized with an
aqueous solution of 15% citric acid and extraction was

conducted with chlorcform. After drying over anhydrous sodium



- 7.41 H, (m 2.50 3H, -2.88 8.16 (m (s,1 9H),2.94-3.04 H)

[ 0159] Exanpl e 9 Synt hesi s of

5-am no- 2-[ (6-chl oro-4, 5-di hydroi m dazo[ 1, 5-

a] qui nol i n-3-yl) net hyl | pentanoi c acid Cl) Synthesis of ethyl

6- chlor o- 4, 5-di hydroi m dazo[ 1, 5- a] qui nol i n- 3-car boxyl at e Usi ng
5-chl oro- 3, 4-di hydroqui nol i n-2(1H)-one (2.00 g), reaction and
purification were performed by the samgprocedures as in Exanple 1(1)
to give the titled conpound (2.09 g) as a pal e yel |l ow powder

MS( ESI / APCI Dual ) : 277( MtH) 016q1(2‘ Synt hesi s of

(6- chl or o- £#BLE{ Ry dFioF rﬁ‘?fd‘f&%?%‘f 2] ditROET 23 AP RafiRtvent was

(5119 OO A 0l A AR g oy oL
1(2) to givakhgelibl gsbueranound
'y NMR (300 MHz, CHLORCFORM-d) & ppm 1.41 (s, 9 H), 1.46 -
1.68 {(m, 3 H), 1.68 - 1.87 (m, 1 H), 2.68 - 3.00 (m, 7 H),
3.01 - 3.21 {m, 2 H), 4.62 - 4.80 {m, 1 H), 7.13 - 7.28 (m, 1
g), 7.28 - 7.38 {(m, 2 H), 7.38 - 7.47 (m, 1 H}, 8.26 (s, 1 H)
[0121] {2) Synthesis of (2R)-5-amino-2-(4,5-
dihydroimidazo[l,5-alquinolin-3-ylmethyl}pentancic acid
Using (2R)-5-[(tert-butoxycarbonyl)amino]-2-(4, 5-
dihydroimidazo[l, 5-alquinelin-3-ylmethyl)pentancic acid
(300 mg), reaction and purification were pexrformed by the same
procedures as in Example 2(4) to give the titled compound
{compound 3, 50 mg) as a pale brown powder.
MS(ESI/APCI Dual): 300(M+H)
H NMR (600 MHz, DEUTERIUM OXIDE) & ppm 1.48 - 1.62 (m, 2 H),
1.62 - 1.72 {m, 2 H), 2.51 - 2.64 (m, 2 H}, 2.74 - 2,90 (m, 5
H), 2.92 - 3.04 (m, 2 H), 7.21 - 7.27 {m, 1 H), 7.30 - 7.40
{m, 2 B), 7.51 {d, J=7.8 Bz, 1 H), 8.13 (s, 1 H)
[a]p®® = +8.2 (c = 1.0, H0)
[0122] Example 4

Synthesis of 5-amino-2-{5,6-dihydro-4B-imidazo[l, 5-

aj[l]lbenzazepin-3-ylmethyl)pentanoic acid

(1} Synthesis of N-hydroxy-3,4-dihydronaphthalen-1(2H)-imine
To a solution of 3,4-dihydronaphthalen-1{2H)-one (6.00 g)

in a mixture of methanol (30 ml) and pyridine {30 ml),

hydroxylamine hydrochloride (5.99 g) was added at rcom

temperature and the mixture was stirred for 2 hours with



- 77 - (1.70 g) as a yellow powder. MS(ESI/APCI Dual): 235(MtH)

[0161] (3) Synthesis of 6-chloro-4,5-dihydroi m dazo[ 1, 5-

a] gui nol i n- 3- car bal dehyde Usi ng

(6-chl oro-4, 5-di hydroi m dazo[ 1, 5-a] gui nol i n-3- yl)methanol (1.70 g),
reaction and purification were performed by the sane procedures as in
Exanple 1(3) to give the titled conpound (1.33 g) as a pale brown
powder. MS(ESI/APCI Dual): 233(MtH) [0162] (4) Synthesis of tert-butyl
(3E)-3-[(6-chl oro-4, 5- - 59 -

di hydr oi m dazo[ 1, 5-al gui nol i n-3-yl ) et hyli den] - 2-

oxopi peri di I ,

o~ chl bro- 4 BERaarar RUIPT: 5T duher TR B BEF eRYHR Y I
reacti on antcpor bhdcaifitdr wekfgpeifsired by dlieroaaenprocedis @ssasdi n
Exanpl e 1(4) and reprecipitation from n-hexane/ chl orof orm gave the
titled conpd@hda(%@mm‘-)edagqae@aﬂs esolaitiow @@mtonim(ﬁadmmsl afdal ) :
414( MtH) [ 163%(5% esis of tert- but¥ (.6-chl oro-4, 5-

di hydr oi m 428 %ﬁv TYGPEnEaE YIS Ay 1Y ex a%a. PeFR if@rponate,

car boxyl atg; he_ esiddrft $ak umg %&3 LRt 2 {%’t e (s%@,e?ft[‘sa% GREL9a 4 P

di hydr oi m 1, 5-a] gui nol i n- met hyl'i

oxopi peri divaeub: Cﬁfw)élz@berbﬁw di) il Dagidh Mikhe t0f udmd hagoknhand
tetrahydrofuran (1:1, 4.84 m), 10% pall adi um acti vated ‘car bon (20

ng) was addadsaat tuvliirgufeomesyapbirpi beh Uinderchydr byerrepevgegf or 15
hours at room tenperature. The reaction mxture was filtered through

Celite andSPHESR VEREXRRE ves 7sided FBﬂbVEH“PﬁtVEEu%PSTﬁéIFégu?%qng
d h
resi due w%leygf%ec% %cgbg%c gédqgh%%}néfclyn%ﬁ%o t egasco et

et hyl acetate anol = 1: ) to dgive the ound (72
ng) as a yekbew whddedVB( PSI/APCI Dual ): 416(MtH) |H NVR (300 Mz,
CHLOROFORM d) d ppm1.52 (s, 9 H, 1.55 - 1.96 (m 3 H, 1.96 - 2.16
(m 1 H), EStBBS?(thtPCIJBmlB 86&(1‘4%) 1 H) 2. 77 - 3 11 (m 5 H, 3.20
(dd, J=14.3 . F% - 3. 92 (m
H, 7.20 - %D@%‘((r’h 3M’i‘-5 Gﬁlé”é‘OFQRMld)H)a F’B%h] k)" éyﬁ?hé@gf i -

5-am no- 2- h( 6y chl OIgy 424 1y, 7.09 - 7.35 (m, 3 H), 7.82 - 7.96 (m, 1
i)
[0123] (2) Synthesis of 1,3,4,5-tetrahydro-2H~l-benzazepin-
2-one

To N-hydroxy-3, 4-dihydronaphthalen-1(2H)~-imine (5.73g),

polyphosphoric acid (57 g) was added and the mixture was
stirred for an hour udner heating at 120°C. Water (50 ml) was
added to the reaction mixture under cooling with ice. The
precipipcating crystal was recovered by filtration and, after
being washed with water, it was dried in vacuo to give the
titled compound (3.85 g) as a brown powder.
MS (ESI/APCI Dual): 162 (M+H)
'H NMR (300 MHz, CHLOROFORM-d) Sppm 2.17 — 2.31 (m, 2 H), 2.32
- 2.43 (m, 2 H), 2.8l (t, J=7.1 Hz, 2 H), 6.96 (d, J=7.6 Hz, 1
H), 7.11 - 7.36 (m, 3 H), 7.48 (br. s., 1 H)

[0124] (3) Synthesis of ethyl 5, 6-dihydro-4H-imidazo[l,5-



di hydr oi m dazo[ 1, 5- a] qui nol i n-3-yl ) nmet hyl | pent anoi ¢ acid Usi ng
tert-butyl 3-[(6-chloro-4,5-di hydroi m dazo[ 1, 5-
al qui nol i n-3-yl ) nmet hyl] - 2- oxopi peri di ne-| -carboxylate (72 ng),
reaction and purification were perforned by the sane procedures as in
Exanple 1(6) to give the titled conmpound (conpound 9, 20 ng) as a
pal e brown powder. MS(ESI/APCI Dual): 334(NHFD |H NVR (600 MHz,
DEUTERIUM OXIDE) 6 ppm 1.45 - 1.75 (m A4 2.48 - 2.64 (m 2 H),
2.64 - 2.89 (m 5 H), 2.91 - 3.07 (m~ fOH)“ 7.03 - 7.18 (m 2 H),
7.19 - 7.33 (m 1 H), 8.09 (br. s., 1 H [0165] Exanple 10
Synt hesi s o] EJQﬁthZQP#Qﬁ§-ﬁérh9ﬂ¥lﬁﬂ?-dihydroinidazo[l,S-
al qui nol i n-3-yl ) et hy ] an0|c ac ntheS|s f ethyl
6 ot hyl -4, 5. Hi HGrG) b Uy or ToBE e Rt LR RPE Ok g e (stAge)
5- et hyl - 3, r e ; 9

% %EQXH %&?é&&hégg &%%vsa ggggnﬂ%)by thdé samé%ﬁﬁk@gﬂr%€

purlflcatlon were p procedurés as in Exanple

to give thed ikl edagergpayndg (:éz&.f@)thést@tﬂ@i Ad@sEn@OWIEI0 g) as a
MS(ESI/ APCI Dual ) :257(t4+}1) [0166](2) Synthesis of

(6- et hyl- paBedivhybewinrwdaze| 1, 5- a] qui nol i n- 3-yl ) met hanol

Usi ng et hyl 6- neth 1-4,5-dih %%O|n1dazo[l 5-a] qui nol i ne3- car boxyl ate
(420 ng), rEAESLHR %kéﬂﬁﬁﬂfo¥ BY the same procedure as in Exanple

AP Lot 2 5 S et s g ) et o,

6- met hyl - 4,52di hydroj nj=tazoki, 5 m],qui.pol ne-Brcar ba) dehyde 3.06 (&,
Usi ng (6-nethyl -4, 5-di hydroi m dazo[ 1, 5- a] qui nol i n-3- yl) nmet hanol (330
ng), reactidom. anHZpLﬁiH‘)i:c&t'flbn(%er@"fpérﬁ@r redllby 7t B8 sahetprioecedud bs
as in Exampl e 1&3) to give the titled conmpound (252 ng) as a

col orl ess pgoRdefss 1 H

[0125] {4) Synthesis of 5,6—dihydro—4H—imidazo[1,5-
a} [1llbenzazepin-3-ylmethancl

Using ethyl 5, 6~dihydro-4H-imidazo[1l,5~a] [1]benzazepin-3-
carboxylate (1.80 g), reaction and purificaton were performed
by the same procedures as in Example 1(2) to give the titled
compound (1.48 g) as an orange powder.
MS{ESI/APCI Dual): 215 (M+H)
14 NMR (300 MHz, CHLOROFORM-d) Sppm 2.06 - 2.22 (m, 2 H), 2.56
- 2.70 (m, 4 H), 4.66 (s, 2 H), 7.28 - 7,42 (m, 4 K), 7.71 (s,
1 H)
[0126] (5} Synthesis of 5, 6-dihydro-4H-imidazo[1, 5-
a][1}benzazepin—3—car5aldehyde

Using 5, 6-dihydro-4H-imidazo[1l,5-a] [l]benzazepin-3-
ylmethanol (1.48 g), reaction and purificaton were performed
by the same procedures as in Example 1(3) to give the titled
compound (730 mg) as a pale orange oil.
MS(ESI/APCI Dual): 213 (M+H)

'H NMR (300 MHz, CHLOROFORM-d} Sppm 2.19 - 2.33 (m, 2 H), 2.53



MS(ESI/ APClI Dual ): 213(MtH) [0168] (4) Synthesis of tert-butyl
(3E)-3-[(6-methyl-4,5-

di hydroi m dazo[ 1, 5- a] qui nol i n-3-yl ) net hyl i den] - 2-

oxopi peri di ne-| - car boxyl at e Usi ng

6- met hyl - 4, 5- di hydr oi m dazo[ 1, 5-a] qui nol i ne- 3- car bal dehyde (245 np),
reaction and purification were perfornmed by the sane procedures as in
Exanple 1(4) to give the titled conpount (269 ngy) as a pale yellow

(
powder. MS(ESI/ APCI DuaI):394%l\/HrI-2 40169]25) Synt hesis of tert-butyl
3-[(6- met hy1-%,98- (m, 2 HY, 2.96 - 3.11 (m,” 2 H), 7.30 - 7.51 (m, 4 H),

di hydroi m 5- i nal i.n- 3-yl t hyl ) - 2- oxopi peri dine-1- - 80 -
c:ar %oxy: at gﬁzﬂ;[ ](S' LE}I%)S{I '?@r'!to-gbﬁlef {@E) y3) [ (6- )r(reltmhf/)l I4 I5

di hydr oi m dawel;1, 5- a] fuigiekhbs 3s Vd o rethyhihden] (%) -3- (s, §-dihydro-4n-
oxopi peri di ne-|-carboxyl ate (265 ng), reaction and purification were
per formed byitlheo$shn®e-gir(ddedutesemin-3ryEnatps dbah) 2t Oxdd R rtibBene~1-
titled conmpound (195 ng) as a col orl ess vi scous substance.

MS( ESI / APCICa8KYLa896( MrH) [0170] (6) Synthesi s of

5- am no- 2- [ ( 6- ngt hy1-.4,.5- L ,
di ﬁ;ndp oi ([Jlfatzoﬁ?Sg%ﬁtqﬁuﬁgﬂi A-FRIPREC YRS PErPERSr¥1akS (891 m9) sk ng

tert-butyl 3+lLLBoaEs ANl 8- 6ifmdr qism - D
a] qui nol i n- 3-yl )lr(ret hyl ] PZ-(gxgpr?%e'r ?&%g%%e}raaﬁ%wﬁjésll(alzs%leng) ,
reaction and.p@rmficatli dnsvktelq@erihoteedabydddiaraame.dy eeRddr 88d ashd N
Exanple 1(6). Since a crystal precipitated within water, it was
recover ed BYy=ERFe s Ghirseqdi i tNemihutes atorpounaing dcempeyatiui®, 28

ng) as a colgsl ess er. ESL /, APC al.):.314(MtH), 1H NWVR (300
MHz, NETHANEE- d4)sf"§9§%ﬁ¥‘%%g§g lT?%ﬁziiﬁf%}aM)[?]%%z(?}nB%D, 2.48 -
2.68 (M 2cHpaiy 208 : = 1 H), 7. 19
(t, J=7.8 & "1 ﬁ?%d?. o (dr,(‘ﬂJ:l%l. g ﬁ?z g&ﬁé:ﬁ’rgﬂléa%s%%f by cile
[0171] Exanpligtdde was stBynédeRixS a@f hour at the same temperature. To

5- am no- 2- [C(7- met hv1- 4, 5-di hydroi m dazo[ 1, 5-

a] qui nol i ntBeyTeaRtiep PperrEnGi caabrated micoenl selutdon Of) agyerthesi s

of ethyl 7- txhjéflé%w g-gigé/graoridmeg{ Zo % 5- al quingline-3-carboxyl ate

Usi ng 6- rref:ﬁ%i- 48Ry a7 S Ao %3:?% &1 f?ﬂ‘%“‘?ﬁf’)‘% vEBcBHOR and

purificati greere Retboraeeh Ay e SAMFdrous magnesium sulfate, the
desiccant was filtered off and the solvent was removed in.
vacuo. The resulting residue was dissclved in chloroform
{6.7 ml}) and triethylamine {1.40 ml) and methanesulfonyl
chloride (0.3 ml) were added under cooling with ice, and the
mixture was stirred for 50 minutes at room temperautre. To the
reaction system, water was added and extraction was conducted
with ethyl acetate. After drying over anhydrous magnesium
sulfate, the desiccant was filtered off and the solvent was
removed in vacuo. The residue was purified by silica gel
collumn chromatography (eluent: n-hexane/ethyl acetate = 1:1)
to give the titled compound (750 mg) as a pale yellow oil.
MS (ESI/APCI Dual): 384 (M+H)

'H NMR (300 MHz, CHLOROFORM-d) &ppm 1.57 (s, 9 H), 1.89 — 2.00



- 81 - procedures as in Exanple 1(1) to give the titled conpound
(752 ng) as a pale yell ow powder. MS(ESI/APCI Dual): 257(M+l-1)
[0172] (2) Synthesis of (7-nmethyl-4,5-dihydroi mdazo[1l, 5-

a] qui nol i n- 3-yl ) nmet hanol Usi ng et hyl

7-met hyl- 4, 5-di hydroi mi dazo[ 1, 5-a] qui nol i ne3-car boxyl ate (737 ny),
reaction was perfornmed by the sanme procedure as in Exanple 1(2) to
give the titled conpound (510 ng) as &%al e yel | ow powder.

MS(ESI/ APClI Dual ): 215(MtH) [0173](3) Synthesis of

7-met hyl- 4, &, dichgiy ot Midazal 22 5¢ma]qili}noki he--3-2c&dbandehyile 2.71 -
Usi ng (7-nethyl-4,5-di hydroi m dazo[ 1, 5-a] qui nol_i n-3- yl ) nmethanol (490
ng), reactiZoflakd: ptiri)fi caéPon het®e Per £of hed by fhé'éhnﬁmpﬁbgédures

as in Exa 1(3 i v e jifled.c un 79
coIorIessng%%aeF.%N%?E%PliPE?’ﬁté%5: Elggﬁﬁﬁ)q %8172??%)a%y§tﬁésis of
t?rt'bUFY!J&ﬁ§b13'[(7H"%®B¥ﬂé§iéhof tert-butyl 3-(5,6-dihydro-4H-

di hydr oi m dazo| ,5-aiqU|noI|n-3-y|)nethyll en] - 2-

oxopi peri diirgdkz6ar ¥l [al Benzazepidsi3arglmethyl) -2-oxopiperidine-1-
7-met hyl - 4, 5- di hydr oi mi dazo[ 1, 5-a] qui nol i ne-3- car bal dehyde (375 np),
reaction arrdrparvid®eati on were perforned by the sane procedures as in

pouder - NB(ESl | KPS TR0EY L 36RO POL 78 1) ey SbhGa P G o
t?rt'bqu! %Th Zéﬁ@%JBb&h485ylmethyliden —2-oxopiperidine-l-carboxylate
d|hydr0|nlé%zo§1,5-a]qU|noI|n-3-y|)net%y|]-2-oxop|per|d|ne-IcarboxyIa
te - 82 - (610 mg) in tetrahydrofuran (30 ml), 10% palladium-activated
carbon (300 mg) was added and the mixture was stirred under
nydrogen purge for an hour at 60°C. The reaction mixture was
filtered and the solvent was removed in vacuo. The resulting
residue was purified by silica gel column chromatography
(elutent: chloroform/methanol = 20:1) to give the titled
compound (560 mg) as a colorless oil.
MS (ESL/APCI Duall: 396 (M+H)
ly NMR (300 MHz, CHLORCFORM-d) &ppm 1.53 (s, 9 H), 1.77 - 1.91
(m, 2 HY, 2.00 - 2.18 (m, 2 H), 2.47 - 2.70 (m, 6 H), 2.82 -
2.95 (m, 1 H), 3.26 (dd, J=14.5, 4.7 Hz, 1 H), 3.51 - 3.70 (m,
2 H), 3.78 - 3.88 {(m, 1 H), 7.27 - 7.40 (m, 4 H), 7.64 (s, 1
H)
[0129)] (8) Synthesis of 5-[(tert-butoxycarbonyl)amino}-2-
{5, 6-dihydro-4H-imidazo[1l,5-a] [1]benzazepin-3~
vlmethyl)pentancic acid
Using tert-butyl 3-{5,6-dihydro-4H-imidazo[l, 5~
al [1]benzazepin-3~ylmethyl)-2-oxopiperidine-l-carboxylate
(560 mg), reaction and purification were performed by the same

procedures as in Example 2(1) to give the titled compound



Using tert-butyl (3E)-3-[(7-methyl-4,5-

di hydr oi m dazo[ 1, 5-a] qui nol i n-3-yl ) met hyl i den] - 2-

oxopi peri di ne-1-carboxylate (58 ng), reaction and purification were
performed by the same procedures as in Exanple 1(5) to give the
titled conmpound (25 ng) as a col orl ess anorphous mass. MS(ESI/ APCI
Dual): 396(MH) [0176] (6) Synthesis of 5-am no-2-[(7-nethyl-4,5-

di hydr oi m dazo[ 1, 5- a] qui nol i n-3-yl ) net B4 I-pent anoi ¢ aci d

di hydr ochl ori de To a solution of tert-butyl 3-[(7-nethyl-4,5-
di hydr oi m dezaa] hgh- as quidwaloirdess yd)uvet hyl ] - 2- oxopi peri di ne- 1-
carboxylate (24 ng) in tetrahydrofuran (2 m), an aqueous sol ution of
0.42 M it HUBRSAYAFPGkiRiwml(0. 511111Ij+3d/as added and the mi xture was
stirred for, 2 hou room {&erature To the reaction m xture,

nat o (30 ) Mge T0ME" ar G EHOPRRRT Bh SRR dodducs beb&umhn 5 oty
ether (40 nf ;3 A §a§§1r@r[ ed ggueé)q)? sobu&gonnofz %ﬁtrb cu} (5% g%) &C/)vas
nder a ti

added to the aqueous | ayer to' re if acidic

was conductng wivh <hd arofiar ny (650 ®.bs Af$ ero dhyi QngVQj’ sanbygr ous
magnesi um sul fate, the desiccant was filtered off and the sol vent was
renoved in Wwacliol) T 2fe —r éstduie, 4 8ol ulith e,.41Mhydrochloric acid

in ethyl acgﬁrsbg (4 ) was added and the nmi xture was stirred for 20
hours at rd mper @ uS¥PERERE % Gy @RtMIRE T o fedi fyfEPadio to give

the titled; 5 bromn wder .

VB ES1 / AP BaaTS ST R ey R e So e Rt 55 6. ppim 1. 66
- 1.87 (m 4 HusthfG- ['(t8§tabdt%xy3af9’onﬁl}7a§1m0§5 215(5( r@—dgh rolag4 -
7.34 (m 2 H), 7.67 (d, J=8.1 Hz, 1 H), 9.49 (s, H)[Ol?]ExarrpIe
12 S)lnltlﬂéscp @:&—aaiéhbm@epés freyInelthy 15 pdintyrdricl acdazofdg 5-

a] gui nol i n- 3- yI met hyl ] gent angi ¢ acid (1) Synthesis of ethyl

8- met hy1- 475 i HAf oM 882 of ' 5 °aF 4or ﬁﬁﬁ%@egfegp%m 4he same

Using 7- methylz4, A ?ygﬁ r@ﬁl o Q(g %ﬁgoceg 0. /).y Leaction and

purlflcatlon wer e performe UFes as o @arrp e 1(1)

to give thecbbhpdshacappeungy)( &%0angal@so@mabﬁoyﬁkd&wmagwer
MS(ESI/ APCI Dual): 257(4+H) [0178](2) Synthesis of

( 8- net hy1- ¥S5ESE MPGLoPri iz GI1H,(8+8A] gui nol i n- 3- yl') met hanol
Usi ng et hyl 8- 5-di h dr oi mdazo 1,5-al gui nol i ne3-car boxyl at e
(622'm) %imf Pég%e% ﬁ%g%fjg@ s)énm%éa&m%-zfs M Exiip o
0 giye i ou e er.
MBCES! | ARG Duial ) E‘? %@ Bdy; D) m@Ssayyel) QW peyder., . o,
8.0 Hz, 1 H), 2.93 - 3.06 (m, 2 H), 7.37 ~ 7.49 (m, 4 H), 7.87
(s, 1 H)
[0131] Example 5

Synthesis of 5-amino-2-(4H-imidazo[5,1-c][1,4]benzoxazin-

3-ylmethyl)pentanoic acid

{1) Synthesis of ethyl 4H-imidazo[5,1-c][1,4]benzoxazin-3-
carboxylate

Using 2H-1,4-benzoxazin-3(4H)~-one (6.00 g), reaction and
purification were perormed by the same procedures as in
Example 1(1) to give the titled comound (8.29 g) as a brown
powder.

MS (ESI/APCI Dual): 245 (M+H)



[0179] (3) Synthesis of 8-nethyl-4,5-di hydroi m dazo[ 1, 5-

a] gui nol i ne- 3- car bal dehyde Usi ng

(8- et hyl -4, 5-di hydr oi m dazo[ 1, 5-a] gui nol i n-3- yl)nmethanol (410 ny),
reaction and purification were perforned by the sane procedures as in
Exanple 1(3) to give the titled conpound (334 ng) as a colorless
powder. MS(ESI/APCI Dual): 213(14+H) [0180](4) Synthesis of

tert-butyl (3E)-3-[(8-nethyl-4,5- - €64 -

di hydroi m dazo[ 1, 5-a] gui nol i n-3-yl ) et hyli den] -2- - 84 -

oxopi peri diipe oxyl,ate 43 (t .

8- net hyl - E Igigﬂ%yg{(%l %I ézo IiOl%)Fa gﬁ?go REm 1343 A bal o dehyde (328 ) ,

reaction an;d Uil i eat iomepespers.aned, ba/ H)he'f‘salﬁe pr ocedur,e8 R, i N
Exanple 1(4) to give the titled conmpound (127 ng) as a colorl ess
powder . NB(ESIS/ APTI2®uad,) 1 B94( W49 (EE18J3% 5). Syt Hesi s f, BePi- bt yl
3-[(8-nethyl-4,5-

di hydroi m dlafé[ 1,5-4a] qU| nol i n- 3-yl ) met hy1] - 2- oxopi peri di ne- 1-

car boxy! aj[ 3H_ 5. aié{} . 8|t|¥1ﬁbu§ yc{ Q%E%m?d%z(cgwng.t Q¥%144ﬁ3enzoxazln—3—

di hydr oi mi

oxopi peri difigekngasboxyl ate (122 ng) reaction and purification were
performed by the sane procedures as in Exanple 1(5) to give the
titled conpoundué¥Bs ngphyas 48- el dadod$s Lol [Ln@(@mbmmﬁual ):

396( M+H) [0182](6}5 Synt hesi s of 5-am no-2-[(8-neth

di hydr oi i cre?z“-épz'ty A% o081 Fhe 3SAYHEENTRY petfan6r l%\%u"bere PerLpETf
tert-butyl

§-meth dLoydr qi . Q@S’i 2) o g piried
a] qui nol i nhél & ma&tlrﬁ rofég%}é%? p%'rl carlﬁ(o}yl at &
reaction a%m?ldﬁh&l Flat2'30@)W§§ea &%rﬂeowsdnmoﬁd& same pr ocedur es as in
Exanple 1(6) to give the titled conmpound (conpound 12, 31 ng) as a
pal e brown MSrTEBthEIUSI mesgd.) : I\/BQESHHAPCI Dual) 314(MrH) 11.1 NMR(300
MHz, DEUTERI. UM OXI D%) E 30 - (rg
'k NMR (300 M CHLOROFORM d) oppm 4 68 (s, 2 H), 5.25 (s, 2
B), 7.03 - 7.23 (m, 3 H), 7.45 {(dd, J=7.9, 1.6 Hz, 1 H}, 7.97
(s, 1 H}
[0133] (3} Synthesis of 4H-imidazo[5,1-c][1,4]benzoxazine-
3-carbaldehyde
Using 4H-imidazo[5,2-¢c][1l,4]}benzoxazin-3~ylmethanol
(1.23 g), reaction and purification were performed by the same
procedures as in Example 1(3} to give the titled compound
{(1.03 g} as a brown powder.
14 NMR (300 MHz, CHLOROFORM-d) Sppm 5.54 (s, 2 H), 7.07 - 7.18
{m, 2 H), 7.22 - 7.32 (m, 1 H), 7.49 (ad, J=7.9, 1.6 Hz, 1 H),
8.04 (s, 1 H), 9.99 (s, 1 H)
[0134] {4) Synthesis of tert-butyl (3E)-3-(4H-imidazo[5,1-
c][1,4]benzoxazin-3-ylmethyliden)-2-oxopiperidine-1-
carboxylate

Using 4H-imidazo[53,1-c][1,4]benzoxazine-3-carbaldehyde

(1.03 g}, reaction and purification were performed by the same



2.23 (s,3H),2.34-2.61(m2H),2.61-2.80(m 5 H), 2.81
-2.98(m2H),6.99(d, Jr-7.6 Hz,1 H),7.15 (d, J=7.6 Hz, 1

H,7.27(s,1H), 8. 21(br.s.,1H) - 85 - [0183] Exanpl e 13 Synthesis of
6- am no- 2- (4, 5-di hydr oi m dazo[ 1, 5-a] qui nol i n-3- yl)hexanoic acid

(1) Synthesis of cyano(4,5-dihydroi mdazo[1, 5-a] quinolin-3- yl)nethyl
et hyl carbonate To a sol ution of

(4, 5-di hydr oi ni dazo[ 1, 5- a] qui nol i ne- 3- &arbal dehyde (2.00 g) in
chloroform (20.2 m), tetrabutyl amonium chloride (290 ng), ethyl

chl or of or TE%PEENIZES 035 difd EgaAmRtRiclolds §6l Givorthsf titled sowiountd
cyani de (20,.2 gi) wer e %gged and,the m xture was stirred for 3 hours
at room t enflerdt 81 25 T 1R BR%S%n system water was added and

extracti on wassg9RFEEtRL WM.t Bgehtgnof orm After drying over anhydrous
sodium sul fate, the desiccant was filtered off and the sol vent was

renoved i n *vasu. (30te MEeS| CRIBDRWEIBHRAYS] f3@eh hy53i kéca g8l, cotum 2.00
chromat ography (eluent: n-hexane/ethyl acetate = 1:1) to give the
titled conpdund {2: 45 2 -as- a0 yet,l @wHoi | 3- MS(ESI-BAPCH, Bual)) : 5298 ( MyH)
2 H), 7.05 - 7.23 (m, 3 H), 7.44 - 7.50 (m, 1 H), 7.55 - 7.60
(m, 1 H), 8.05 (s, 1 H)
[0135] (5} Synthesis of tert-butyl 3-{4H-imidazo[5,1-
cl[1l,4]benzoxazin-3-ylmethyl)-2~oxopiperidine-l-carboxylate
Using tert-butyl (3E)-3-(4H-imidazol[5,1-
c][l,4)}benzoxazin-3-ylmethyliden)-2-oxopiperidine-1-
carboxylate (590 mg), reaction and purification were performed
by the same procedures as in Example 1(5) to give the titled
compound (610 mg) as a pale brown oil.
MS{ESI/APCI Dual): 384 (M+H)
'H NMR (300 MHz, CHLOROFORM-d) Sppm 1.39 - 1.76 {(m, 10 H),
1.77 - 1.83 (m, 2 H), 2.03 - 2.20 (m, 1 H}, 2.66 - 2.93 {(m, 2
H), 3.04 - 3.7 {m, 1 H), 3.49 - 3.65 (m, 1 H}, 3.73 - 3.87
(m, 1 H), 5,18 - 5.27 {m, 2 H}, 6.9% - 7.22 (m, 3 H}, 7.38 -
7.48 (m, 1 H), 7.89 - 7.96 (m, 1 H)
[0136] {6} Synthesis of 5-amino-2-{4H-imidazo[5,1-
c][1,4}benzoxazin-3-ylmethyl)pentanocic acid
Using tert-butyl 3-(4H-imidazo[5,1-c][l,4]benzoxazin-3-
ylmethyl) ~2-oxopiperidine-l~carboxylate (610 mg), reaction and
purification were performed by the same procedures as in
Example 1(6) to give the titled compound (compound 5, 280 mg)
as a pale brown powder.

MS (ESI/APCI Dual): 302 (M+H)



114 NMR (300 MHz, CHLOROFORMid) 6 ppm 1.33 (t, J=7.1 Hz, 3 H), 2.89 -
3.03 (m 2 H),3.03- 3.25(m 2H),4.20-4.40(m 2 H), 6.38(s, 1 H),7.20
-7.29(m1 H),7.29 -7.40(m2 H), 7.40 -7.48 (m 1H),8.04(s, 1H)

- 56 —

'H NMR (300 Mﬁz, DEUTERIUM OXIDE) & ppm 1.4S - 1.75 (m, 4 H),
2.48 - 2.69 (m, 2 H), 2.72 - 2.84 {m, 1 H), 2.93 - 3.06 (m, 2
g), 5.07 - 5.24 {(m, 2 H), 7.09 - 7.31 (m, 3 H), 7.62 (d, J=9.3
Hz, 1 H), 8.17 (s, 1 H)

[0137] Example 6

Synthesis of 5-amino—-2-{4,5-dihydrcimidazo[l, 5-

a] [1,7]naphthyridin-3-ylmethyl)pentanoic acid

(1) Ethyl 4, 5-dihydroimidazo[l,5-a][1,7]lnaphthyridin-3~
carboxylate

Using 3,4-dihydro-1, 7-naphthyridin-2 {1H)-one (1.48 g},
reaction and purification were performed by the same
procedures as in Example 1{l) to give the titled compound
(B7C mg) as a pale yellow powder.
MS (ESI/APCI Dual): 244 (M+H)
[0138] (2) Synthesis of 4,5-dihydroimidazo[l,5-
al [1, 71naphthyridin-3-ylmethanol

Using ethyl 4,5~dihydroimidazo[l,5-a]{l,7]lnaphthyridin-3-
carboxylate (870 mg), reaction was performed by the same
procedure as in Example 1{2) to give the titled compound
{820 mg} as a brown oil.
4 NMR (300 MHz, CHLOROFORM-d) & ppm 2.93 - 3.08 (m, 4 H),
4.66 (s, 2 HY, 7.26 - 7.30 (m, 1 H), B8.12 (s, 1 H), 8.45 (d,
J=5.0 Hz, 1 H}), 8.78 (s, 1 H)
[0139] (3) Synthesis of 4,5-dihydroimidazo[l, 5-
al [1,7]lnaphthyridin-3-carbaldehyde

Using 4,5-dihydroimidazo(l,5-a][1,7lnaphthyridin-3-
ylmethanol (820 mg), reaction and purification were performed

by the same procedures as in Example 1(3) to give the titled



[0184] (2) Synthesis of 4,5-dihydroimdazo[ 1, 5-a] qui nolin-
3-ylacetonitrile To a sol ution of
cyano(4, 5-di hydroi m dazo[ 1, 5-a] quinolin-3-yl)nethyl ethyl carbonate
(2.46 g) in ethyl acetate (82.7 m), 10% pal | adi untacti vated carbon
(246 ny) was added and the m xture was stirred under hydrogen purge
for 5 hours - 86 - at 70C. The reaction mxture was filtered through
Celite and the solvent was renoved in vacuo. The resulting residue
was purified by silica gel columm chrongt agraphy (el uent:
nhexane/ et hyl acetate = 1:1 to 0:1) to give the titled conpound (1.15
g) as a pal w | . C |): 210(M+H) 1H NWR (300
MHz, O%Ld?é‘j%lulg)g éf%%rs{q&gg. gg@ﬁ?%nkog&%: 3.74 (s, 2 H), 7.16 -
7.25 (m 1 MdEst/A8ct Huad§ :(moo2udd) 7.38 - 7.51 (m 1 H), 7.98 (s, 1
H) [0185] (3) Synthesis of ethyl cyano(4,5-di hydroi m dazo[ 1, 5-
a] qui nol i n-B3ylit) acet &) Synthes¥p @f Selrtitbonybf (38)-3-(4, 5-
4, 5-di hydroi m dazo[ 1, 5- a[] qui nolin-3- ylacetonitrile (600 ng) in
t et r ahydr of ity es8idezf Ol Srad bl uhheeksher HA sl as el {9emo02m as 1
M sol ution in tigtrah drafurap) and the mxture was stirred for 30

g Yy

o] erld

m nutes at 1 ane tenperature. ehyl chloroformate (373 ng) was

added and the WUéiHc_.f;%,V!a-ﬁiﬁﬁzaféﬁﬁjidca(%b[@ﬂsaéjﬂﬂﬂ,ﬁﬂ@bhﬂ%icﬁ%—@h_e sane
tenperature. To the reaction system a saturated aqueous sol ution of
ammoni um cldagbedéempde addédmahd mxtatachi and was icdnducéredvawiet h et hyl
acetate. After drying over anhydrous sodium sul fate, the desiccant
was filter @FTEPFTeAPY HEessrPRmramesurefoved T FxaREL®. 1 (He tPegitie

was purifi by.sjlica_gel ¢o chr omat ogr.aph el uent :

n- hexane/ et Tyl ¥é§jé?%tc§ng’ofp§) U['goﬂ-lgrjnlg\)/ea'tahaé |]I%1°gépé%%%%'und (370 ny) as
a yel | ow oivs.(gB &Sty ARGH) Puss) (u2§2( MFH) 1H NVR (300 Mz,
CHLOROFORM ) 5 ppm 1.32 (t, J=7.1 Hz, 3 H), 2.88 - 3.05 (m 4 H),
4.21 - 4.4Q00AL]1 2 H)(5)4588tlissisl o) tere-Btyl HF(48500 (s, 1 H)

[0186] (4) Synthesis of ethyl 6-[(tert- o _

but oxycar b&ﬁ%’?ﬁ%ri‘fdﬁa-z?-[éygﬁ%l DL (74 nspy i GinmB a g e ihig.iden) -2~

a] qui nol i n-_3- X ate Tg a sol ution of ethyl

cyano( 4, 5- 3%%%%%%?1%3%2%[ ?L?%kfoxaﬁl&%fenol in-3-yl)acetate (195 m) in

N, N-di met hyl f or g@Afle et8-Butd) . (329dBum y.dfiinderb6RPaa 35 178). Was added
under cooling with ice and the m xture was stirred for 30 m nutes at
t he sane t eipéralnaphth¥nédintentlnetbyl ) 4-cocdpbptyldioar-iaratboxf 24
ng) was added and the m xture was stirred for 3 hours at room

t enper at ur é 0T8Ik h & SPEAEPT RS WA i cat Kot (et eBe RERFERYs PE oF it | G¥heof

amont um cBl gLl e ues 2dded and cext potd on e gondualed L, et !

acetate. Arteér drying over a sodi-tm su i'ccant

was filtered3zohd) andat heisela@ni,ivas renoved in vacuo. The residue wa
purified by NH silica gel columm chromatography (el uent:

n- hexane/ eMEyES_h@é’t@t euzlll: B8x(M+g)ve the titled conpuond (89 ng) as
a pale ye|%8¥£§?|' w%gEglééﬁgging%l iarﬁ'l.'Sri%(-l\Zﬂt(4,5-—dihydroimidazo[1,5~
al[1l,7]naphthyridin-3-ylmethyl)pentanocic acid
Using tert-butyl 3-(4,5~dihydroimidazo[1, 5-
al [1,7]1naphthyridin-3-ylmethyl)-2-oxopiperidine-l-carboxylate
{53 mg), reaction and purification were performed by the same
procedures as in Example 1(6) to give the titled compound
{compound 6, 17 mg) as a colorless cil.

MS(ESI/APCI Dual): 301 (M+H)

M NMR (600 MHz, DEUTERIUM OXIDE} & ppm 1.48 - 1.70 (m, 4 H),



NVR (300 MHz, CHLOROFORMtd) 5 ppm 1.29 (t, J=7.1 Hz, 3 H), 1.44
, 9H), 1.51 - 1.74 (m 4 H), 2.36 - 2.54 (m 2 H), 2.85 - 3.31 (m
H, 4.28 (q, J=7.1 Hz, 2 H, 478 - 495 (m 1H, 7.17 - 7.25 (m
H, 7.29 - 7.37 (m 2 H, 7.37 - 7.49 (m 1 H, 7.98 (s, 1 H
0187] (5) Synthesis of 6-am no-2-(4,5-di hydroi m dazo[ 1, 5-
a] qui nol i n-3-yl ) hexanoi c acid To a solution of ethyl
6-[ (tert-butoxycarbonyl)am no] - 2-
cyano- 2- (4, 5-di hydroi m dazo[ 1, 5- a] quimnd®8i n- 3-yl ) hexanoate (89 ng), an
aqueous solution of 6 M hydrochloric acid (2.0 ) - 88 - was added
and the m xt.ume-wassst {nf,r @duf pr211Q hoar.s2atm,1G0@), Thesr eac.i0a@n (Ay sz em
was concentrated in vacuo and after adding water (3 m) and Anberlite
| RA-67 (89@)nyY-B6 f{dhe I&sPdle;, 1 He nBxPBr ésmds H3ti Bred fcor V36-0 Hz,
m nutes at roomtenperatyre, The reaction systemwas filtered and the
filtrate wdsonBentriired fh vacuo to give the titled conpound
(conmpound , ng) pal e yel | ow powder. MS(ESI/APCI Dual):
300( M+H) Fia (605 =" BEUTER UM OXI DE) 5 ppm 1.30 - 1.48 (m 2
H, 1.69 - 1. 78s{(Ath&sid) orl58dmincl29% (brmeidhH)-4,3-02hydrbik3daev (1, ) ,
2.77 - 2.92 (m 4 H, 2.99 - 304 (m 2 H, 3.60 (t, J=/.8 Hz, 1 H),
7.24 - 7.3@)amindlH)-3-F13@ethyl Untanodc Hcid AbvfAdochiterigleHy 1 H),
8.54 (s, 1 H) [0188] Exanple 14 Synt hesis of ., .
5-ani no- 2- [{¢7- %v%&%ﬁﬂzﬁ SEdPRyg o‘i-meﬁa%ﬂf, §Adihydroinidazo(1, 5-
a] qui nol i n-_3- yl /1 ic.acid (1) Synthesis of ethyl
7-(benzy|of§f¥2%§?%?%§%%§?%1 f%fﬁ,S- a] qui nol i ne- 3- car boxyl at e Usi ng
6- (benzyl oxy) - 3udil hyseeqyi o) i-rHaGaH gene1(:29 2919) ~odeeadt isang pnd
purification were performed by the sanme procedures as in Exanple 1(1)
to give thecectied ohpoundi¢a:idn grrasper fuinedhppwihdaader .
MS(ESI / APCI Dual): 349( W [0189](2% Synt hesi s of |
[ 7- (benzyl &¥§Fed0ses dshydr BreARIL, d[(H! 5¢ ]%‘fen&?’reni%‘%ﬁ@l REREHBE
Usi ng et hyl,.7-(b -4, 5-di Lol.dazo[ 1, 5-
,a]quinoIiné}3§§a?gé%i%g¥%l%8§%%£§§gggg§%iion was performed by the
same procegdresasardr Doampk e2d{@Huho give the titled

1
(
6
1
[

[0144] (2} Synthesis of (8-methyl-4,5-dihydroimidazeo[l, 5~
alquinolin-3-ylimethanol

Using ethyl 9-methyl-4,5-dihydroimidazo(l,5-alquinoline-
3-carboxylate (1.63 g), reaction was performed by the same
procedure as in Exmple 1(2} to give the titled compound
{1.01 g) as a brown oil.
'y NMR {300 MHz, CHLOROFCRM-d) & ppm 2.58 (s, 3 H), 2.82 -
2.94 (m, 4 H), 4.67 (s, 2 H), 7.06 - 7.23 (m, 3 H), 8.05 (s, 1
H)
[0145] {3) Synthesis of 9-methyl-4, 5-dihydroimidazol[1,5-
alJquinoline-3-carbaldehyde

Using (9-methyl-4,5-dihydroimidazo[l, 5-alquinolin-3-
ylymethanol (1.01 g), reaction and purification were performed
by the same procedures as in Example 1(3) to give the titled

compound (630 mg) as a pale yellow powder.



- 89 - compound (4.67 g) as a brown powder. MS(ESI/APCI Dual):
307(MtH) [0190] (3) Synthesis of 7-(benzyl oxy)-

di hydr oi m dazo[ 1, 5- a] gui nol i ne- 3- car bal dehyde Usi ng

[ 7- (benzyl oxy) - 4, 5- di hydr oi m dazo[ 1, 5-a] gui nol i n-3- yl ] net hanol (4.67
g), reaction and purification were perforned by the sane procedures
as in Exanple 1(3) to give the titled conmpound (3.25 g) as a pale
brown powder. MS(ESI/APCI Dual): 305(id9 -[0191] (4) Synthesis of
tert-butyl (3E)-3-{[7-(benzyl oxy)-

4, 5- di hydr gistiegaz o[ 11 5¢&Hui nol i n- 3-yl [ met hyl i denl- 2-

oxopi peri di ne-| - car boxyl ate Usi ng

7- (benzyl oxy)L44]5- di h‘i/)drscﬁn@GQZ@[qf 5'-832]1913\1?1231 i (3&) 33~ 69 e ey de5-

3.25 t ficat f h

br ocedar es OS5 RS It B o5 T bl Gl pRel e Oshstma (2,23 o) as
a yel |l ow pouden eg@ggg_llAngng@ Ate 486(MrH) [0192] (5) Synthesis of
tert-butyl 3- I? hydr oxy- 4, 5- di hydroi m dazo[ 1, 5-a]

gui nol i n- 3- y|)HHEt@@J9éhet&9mFpﬁﬁ4dﬂh@ﬁrbﬂﬁ&&ﬁb@ﬂhaﬁea]quinoiﬂﬁea3—
solution of tert-but (3E)-3-{(7-(benzyl oxy) -4, 5-
di hydr oi ni d:aizfépidgh:a:i/egdﬁﬁ@| imala Jgﬁla]qmphydim@m)mzwatlon were

oxopi peri dine-l -carhoxylate (2.23 in a mxture of nethanol and
t et r ahydr oPGF &R ?by eos?ﬂ(‘? p%%dﬁéiafaacﬁ g BEETRAR & ParBoft (46

my) was adqed angh dNedHobhHE & (YRS 3| LEed ;}mege*ﬂ¥ oggﬁja purge for 10

hours at 60C. The reaction m xture was filtere &lite and
t he sol vent4swasI fxsy @chall P : Va®4U@+HIhe resul ting resi due was purified
by silica gel colum - 90 - chronat ography (el uent:

chl or of or mtAg#Rknol (5)1(§Y¥Eyh¢f€)lfg|C\fetPh‘é-huwled3cbh?muﬁtdw(li491—g) as a
Vi G ORORERRAT) S5BP 58 1S iG8LHI T8 49 "1 12 SR DoF i
2.12(m 1 k%agbgggfg%e 7.9Hz,1 H),2.73- 2.99(m 5 H),3.19(dd,J-1.4.5,5.3
e Using tert-butyl (3E)-3-[{(92-methyl-4,5-

dihydroimidazo[l, 5-alquinolin-3-yl)methyliden]-2-

oxopiperidine-l-carboxylate {500 mg), reaction and

purification were performed by the same procedures as in

Example 1(S} to give the titled compound (485 mg) as a

colorless oil.

MS{ESI/APCI Dual): 396 (M+H)

f0148] (6) Synthesis of S5-amino-2-[ (9-methyl-4,5-

dihydroimidazo[l, 5-a]lguinolin-3-ylimethyl]lpentanoic acid

dihydrochloride

Using tert-butyl (3-[(9-methyl-4,5-dihydroimidazo[l,5-

alquinolin-3-yl)methyl] -2~oxopiperidine-1-carboxylate

(495 mg), reaction and purification were performed by the same

procedures as in Example 1(6) to give 5-amino-2-[({9-methyl-

4,5-dihydroimidazo[1l,5-alquinolin-3~yl)methyl]pentancic acid

(98 mg} as a colorless powder. To the resulting powder



1H), 3.44 -3.60(m1 H),3.71-3.89(m 1 H),6.69 -6.85 (m2 H,
7.20(d, J-8.5Hz, 1H), 7.88(s, 1H) [01931 (6)Synthesis of tert-butyl
3-[(7-ethoxy-4, 5-

di hydr oi m dazo[ 1, 5- a] gui nol i n-3-yl ) met hy1] - 2- oxopi peri di ne- 1-

car boxyl at e To a solution of tert-butyl 3-[(7-hydroxy-4,5-
di hydr oi m dazo[ 1, 5- a] gui nol i n-3-yl ) met lyy .- 2- oxopi peri di ne- 1-
carboxylate (100 ng) in N Ndi methylforman‘i de (2.5 m), potassium

carbonate ( 8 nmg) _and eth d| de 5 added . d t he
mi xture vvasai’t ey eda‘F o?*quf éu?% ttlorno e@%ﬁoﬁﬁ‘gorﬁ ?‘H‘e r&8ction
system watgfzWas,adaed and, ext fACtd:Qn WasGoNGUeLEd W tibdghl orof orm

After drying over anhydrous sodiumsulfate, the desiccant was
filtered offempréatiife satheetbavdbor aiyResl wils agidentIheed eisi dueuvaso
purified by silica gel columm chromatography (eluent: ethyl acetate

t o chl or of afivenehpakbiled tompyurd Gopeonne 1. t4feadeonrpoumPlerdend) as
a yellow oil. MS(ESI/APC Dual) 426( MtH) 1H NMR( 300

MHz, CHLOROEGHRESY 5 ppm 1. 42(t, J=6.9 Hz, 3H), 1.52

MS{ESI/APCI Dual}: 314 (M+H)

'H NMR (600 MHz, DEUTERIUM OXIDE) & ppm 1.65 - 1.88 (m, 4 H),
2.%5 (s, 3 H), 2.80 - 2.9% (m, 5 H), 2.99 - 3.20 (m, 4 H),
7.24 - 7.40 {(m, 3 H), .09 (s, 1 H)

[0142] Example 8

Synthesis of 5-amino-2-[(6-ethyl-4,5-dihydroimidazo[l, 5~

aJquinolin-3-yl)methyl]lpentanoic acid

{1) Synthesis of 4-ethenyl-2,3-dihydro-lH-inden-1-one

To a solution of 4-bromo-2, 3-dihydro-1lH-inden-1-cne
{3.58 g) in dioxane (71.6 ml), triphenylphosphine (1.33 g),
dibutyl vinylboronate {3.54 g}, palladium acetate (381 mg) and
an agueous scolution of 2 M sodium carbonate (42.5 ml) were
added and the mixture was stirred for 2.5 hours at 85°C. After
adding ethyl acetate, the insclubles were filtered off and the
filtrate was washed with brine. After drying over anhydrous
sodium sulfate, the desiccant was filtered off and the solvent
was removed in vacuo. The resulting residue was purified by
silica gel column chromatography (eluent: n-—hexane/ethyl
acetate/chloroform = 8:1:1 to 7:1:2) to give the titled
compound (2.35 g) as a pale yellow powder.
MS(EI): 158 (M+)
5 NMR (300 MHz, CHLOROFORM-d} dppm 2.64 - 2.83 (m, 2 H), 3.10

- 3.28 (m, 2 H), 5.37 - 5.5%4 (m, 1 H), 5.73 - 5.%4 {m, 1 H),



(s,9 H,1.54-1.94(m3 H),1.94-2.14 (m1 H), 2.66 (dd, J=14.3, 8.3
Hz, 1H), 2.77-3.00(m 5 H), 3.20 (dd, J-14.3,4.7 Hz, 1H), 3. 50

-3.66(m1H), 3.71 -3.87 - 91 - (m 1 H), 4.04 (g, 3=6.9 Hz, 2 H),
6.75 - 6.87 (m 2 H), 7.28 - 7.36 (m 1 H), 7.87 (s, 1 H [0194](7)

Synt hesis of 5-[(tert-butoxycarbonyl)am no]-2-

[ (7- et hoxy-4, 5-di hydroi m dazo[ 1, 5-a] qui nol i n-3- yl)nmethyl ] pentanoic
aci d To a solution of tert-butyl 3-[(7-ethoxy-4,5-
dihydroinidazo[l,S-a]quinoIin 3-yl) net hyl] - 2- oxopi peri di ne-| car boxyl a
te (70 nmg) |n tetrah rofuran ( an aqueaqus solution of 0.9 M
li t hi um hyd? ol de ('8¥5 m3 H\)\/asga%l%led 248 {(Fe hiNvure®has 5185 rBd for

15 hours atyyoomtenperature. To the reaction system water was added
and the aqueous | ayer was washed with diethyl ether. The aqueous
layer was ngutsoal i zed WidyhtaBsagUEOUS-c8kHY1-On-1idrbRYe 2] §+dihyaebdiand
extraction was conducted with chloroform After drying over anhydrous
sodi um sul figtden-fihémdesi ccant was filtered off and the sol vent was

renoved in vacuo to give the titled conpound (65 ngl as a pale yel | ow
powder . To a Solution of 4-ethenyl-2,3-dihydro=lH-inden-1i-onée

(5.82 g) in a mixture of methanol (2% ml) and pyridine
(29 ml), hydroxylamine hydrochloride (5.37 g) was added and
the resulting mixture was stirred for 3 hours with heating
udner reflux. After adding a saturated agueous solution of
ammonium chloride to the reaction mixture, extraction with
chloroform and washing with brine were conducted. After drying
over sodium carbonate, the desiccant was filtered off and the
solvent was removed in vacuo. The resulting residue was
purified by silica gel column chromatography (eluent: n-
hexane/ethyl acetate/chloroform = 7:1:2) to give the titled
compound (2.98 g) as a colorless powder.
MS (ESI/APCI Dual): 174 {M+H)
'H NMR {300 MHz, CHLOROFORM~d) &ppm 2.95 -~ 3.06 (m, 2 H), 3.06
- 3.17 (m, 2 H), 5.37 (d, J=11.0 Hz, 1 H}, 5.76 (d, J=17.6 Hz,
1 H,), 6.80 (dd, J=17.6, 11.0 Hz, 1 H), 7.22 - 7.33 (m, 1 H),
7.51 (4, J=7.5 Hz, 1 B), 7.59 {(d, J=7.5 Hz, 1 H), 7.66 - 7.91
(m,’l H)
[0151] {3) Synthesis of 4-ethenyl-N-{[(4-
methylphenyl}sulfonyl]loxy}-2, 3-dihydro-1H-inden-l-imine

To a solution of 4-ethenyl-N-hydroxy-2,3-dihydro-1H-
inden-1-imine ({6.06 g) in acetone (180 ml), 4-methylbenzene-1-
sulfonyl chloride (7.34 g) and an agueous solution of 6 M

sodium hydroxide (18 ml) were added dropwise under cooling



MS(ESI / APCI Dual ): 444(M+H) 1H NMR (300 MHz, CHLOROFORMtd) 5 ppm 1. 33
- 1.48 (m 13 H, 1.48 - 1.69 (m 2 H, 1.68 - 1.89 (m 1 H, 2.63 -
3.26 (m 9 H), 4.05 (g, J=6.9 Hz, 2 H), 4.77 (br. s., 1 H, 6.77 -
6.96 (m 2 H), 7.52 (d, J=8.5 Hz, 1 H), 8.73 (s, 1 H) [0195](8)

Synt hesi s of 5-am no-2-[(7-ethoxy-4,5-

di hydr oi m dazo[ 1, 5- a] gui nol i n-3-yl ) nmet hyl ] pent anoi ¢ aci d To a
solution of 5-[(tert-butoxycarbonyl)amnp]-2-[(7-

et hoxy- 4, 5-di hydr oi m dazo[ 1, 5- a] qui nol i n-3-yl ) met hyl ] pent anoi ¢ aci d

65 in ethyl acetat 0.7 M), a l.ution_of 4 hydr ochl ori c
Seid Th et AT CERAFE (G M Sohs G RS (e 20, PGS 5 i GH P8 as
stirred for. an haup.at fQom hﬁ@ﬂ&{f&dﬂt@le Fhe-{ £ACHLODSYSE RGBS ter

concentrated 1'n vacuo and the resulting powder was di ssolved i n water
(3 M) and gfdeemiadds ngheAdzaekibe hiRAWEé, (858cdHe) wakheemdoddiriar was
stirred for 30 mnutes at roomtenperature. The reaction system was
filtered amkauee Ektracitieomestboritematarad and vachéngovilvdnine were

titled d d 14, .30 le yell .

V(S / ARG LRSS 8 A LR AT 45 08 P REES PR LN 34 a5t B
1.33 (t, J=6, - R el 62.: L2 H),
5 a8 5 agt %c%“ﬁb%fé_%.fdﬁt&%ao%fﬁaﬁ Qig]tﬁ%,;%ft 9i‘t( é, SJI’:L%r.Z‘g"egzn,mz E)D

6.60 - 6. 6%ddMo. 1THE , rBultiahr residuel whll, pulx 18 0d byl 58l Scdizze 11 cbi) umn

7.89 (s, 1 H [0196] Exanpl e 15 Synt hesi s of

5- am no- 2- [qtizophbagdaphys-(@lhydr oi mitgxzopieBhyl acetate/chloroform =

a]quinolin-3-y|3neth 1] pentangic acid dihgdrochloride (%2 Synt hesi s

of tert-tnﬂ%fﬂ‘é 0?%-%; #he Titled compound (11.35 g) as & colorless

{[(trifluo&gg%% yl') sul fonyl ] oxyl-4, 5-di hydroi m dazo[ 1, 5-

a] qui nol i n="3-yl") net hyl ] pi peri di ne- 1- car boxyl at e To a solution

of tert-butme(e31fAFehydiaoxy- 42&tM+H)

di hydr oi m dazo[ 1, 5- a] qui nol i n-3-y1) et hyl | - 2- oxopi peri di ne- 1-

car boxyl at H(NR (APP MHzchTHFIROFPRM2AE Fdom 2p¢éi 68 ned E39. 8- AF) - ahd 2

trifluoronethanesul foni c anhydrjde (85,3 ny) re_adde nder. _cqool i ng

on & dry | déb adeRbes H HEANTHe In e dr 85 wals My | Pr o Flr 4oy

under cool ing wht My iige. cT9at eyt eanlign sysfaf, 3 8alufaled 3qugous,
ar ded 'a

sol ution of ‘sodi Um hydr ogencar bonat'e was a nd eXtracti on was
conducted w tp, 7.983 d,cbkerofms m2 Afiter. siz v g saven, antydr qus4sodj um
sul fate, the desiccant as filtered off and the solvent was renoved in
vacuo. The J=8sPdbe- vdadllpurified by silica gel columm chromatography

(sluent: mjsxale) ot i sasehale <o el e pasthondl, o

2(1lH)-one
To a solution of 4-ethenyl-N-{[(4-

methylphenyl) sulfonyl]oxy}-2,3-dihydro-1H-inden-1-imine
{5.0 g} in chlorofeorm (150 ml), trichlorcaluminum (6.11 ¢) was
added at -70°C and the mixture was stirred for an hour. After
stirring the mixture for an additional 2 hours at -50°C, water
was added and extraction was conducted with chloroform. After
drying over sodium carbonate, the desiccant was filtered off
and the solvent was removed in wvacuo. The resulting residue
was purified by silica gel column chromatography (eluent: n-

hexane/ethyl acetate/chlroform = 1:1:1 to 1:2:1) to give the



ms(Esi / APci Dual ):530(MrH) 1H NVR (300 MHz, CHLOROFORM d) 45 ppm
1.50(s,9 H),1.55- 1.71(m1H),1.71-1.94(m2H), 1.98-2.15(m 1H),
2.69(dd, J=14.3,7.8 Hz, 1H), 2. 79 -3.06(m 5H), 3. 16

(dd, J=14. 3, 5. 1Hz, 1H), 3. 56(ddd, J=12.9,7.2,5.3Hz, 1

H), 3.80(ddd, J=12.9,7.2,5.3Hz, 1 H), 7. 16-7.30(m 2
H,7.41-7.51(m 1H), 7. 92(s, 1 H)

- 73 —

titled compound (2.1 ¢} as a colorless powder.
MS (ESI/APCI Dual): 174 (M+H)
'd NMR (300 MHz, CHLOROFORM-d) 8ppm 2.56 - 2.72 (m, 2 H), 2.96
- 3.0% (m, 2 H}, 5.38 (dd, J=11.0, 1.3 Hz, 1 H), 5.66 (dd,
J=17.3, 1.3 Hz, 1 H), 6.69 (dd, J=6.6, 2.3 Hz, 1 H), 6.91 (dd,
J=17.3, 11.0 Hz, 1 H}, 7.10 - 7.22 (m, 2 H), 8.02 (br. s., 1
H)
[0153] (5) Synthesis of ethyl 6-ethenyl-4,5-
dihydroimidazoll, 5-alquinocline-3-carboxylate

Using 5-ethenyl-3, 4-dihydroquinolin~2 (1H)-one
{(1.74 g), reaction and purification were performed by the same
procedures as in Example 1{1) and recrystallization fxom ethyl
acetate gave the titled compound (1.66 g) as a colorless
powder.
MS{ESI/APCI Dual): 269 (M+H)
'H NMR (300 MHz, CHLOROFORM-d) Sppm 1.43 (t, J=7.1 Hz, 3 H),
2.93 - 3.04 (m, 2 H), 3.28 - 3.4C (m, 2 H), 4.41 (g, J=7.1 Hz,
2 H), 5.45 (dd, J=11.0, 1.2 Hz, 1 H), 5.70 (dd, J=17.4, 1.2
Hz, 1 H), 6.98 {(dd, J=17.4, 11.0 Hz, 1 H), 7.29 - 7.37 (m, 1
H), 7.38 -~ 7.48 (m, 2 H}), 8.00 (s, 1 H)
[0154] (6) Synthesis of (6-ethenyl-4,5~dihydroimidazo[l,5~
ajquinolin-3-yl)methanol

Using ethyl 6-ethenyl-4,5-dihydroimidazo(l,5-alquinoline~
3-carboxylate (2.4 g), reaction and purification were
performed by the same procedures as in Example 1(2) to give
the titled compound (4B0 mg) as a pale yellow oil.
MS (ESI/APCI Dual): 227 (M+H)

'H NMR (300 MHz, CHLOROFORM-d) Sppm 2.96 (s, 4 H), 4.65 (s, 2



(0197](2) Synthesis of tert-butyl 2-oxo-3-[(7-phenyl-4,5-

di hydr oi m dazo[ 1, 5- a] qui nol i n- 3-y1) net hyl ] pi peri di ne-1- carboxyl ate
To a solution of tert-butyl 2-oxo-3-[(7-
{[(trifluoronethyl)sulfonyl]oxyl-4,5-di hydroi m dazo[ 1, 5-

a] qui nol i n- 3-yl ) met hyl ] pi peri di ne-1-carboxylate (110 ng) in

1, 4-dioxane (1.0 m), triphenyl phosphine (16.4 ng), phenyl boronic
acid (27.9 ng), palladiumacetate (4.67 ng) and an aqueous sol ution
of 2 M sodium carbonate (0.52 m) were ’ddded and the ni xture was
stirred for 2 hours at 80C. To the reaction system brine was added
and extractd)onswas ¢cahduwetledow t e etzhyll BAcetatad. (Aflt ed=Ii\d,nd . 8vez,
anhydrous sodium sul fate, the desiccant was filtered off and the

sol vent was rHéﬁD§e%i8 i hicbaéruy Thel-ésPduel Wiy gulfireld- By M diflica
el colurmcr he e/ ethyl acetate = 1:1 to -
84 - 0:1) tgdglv tzl g}j co‘ngpao[} ?Zlg ny) )alts a col orl ess powder.
MS( ESI / APCI 4 es o

y 20 e 68[0%%) Hfﬁ( MpH)ch J-EHJW% @%Q&Wf%&%%?\iﬁ)z ?1%9171

2.61 - 2. 7E1@ﬁhn&lﬁ)e ’:Q-caebala;emﬁie(m 5 H), 3.14 - 3.30 (m 1 H)
3.50 - 3.65 (m 1 H, 3.72 - 3.89 (m 1H, 7.31 - 7.73 (m_38 H),
7.97 (s, 1H [0!98‘}?(SDGWh?hEkT%r%fdlm(P{?@Hdw éx%%}%ﬁgﬂl)lanﬁno] 2-

g((:rdphenyl @%f“ﬁg (%troggltodazg[ o&%a%] ?w noc#| %}:% )éggg%gryg ]w%ent anoi c
di hydroi m gv%{-%}méd %gtuh@%aﬂe goaydc)e@%:gé!l A9iRekdihpes 11 (PaLhaxyhat e

(46 ny), ction was perforned by the sane procedure as in Exanple
14(7) and reenysiad |dezdtduenwas tpudiliaxaney ediilcaagel atelwgave t he
titled conmpound (26 ) as a colorless powder. MS(ESI/APCI Dual):
476( MtH) [@mgynemqg@;gm@il@e@# Eié@rﬁéogu{rr(erhaﬁe yi-%: 5. to give the

di hydroi m U' n YI met h anoi¢c acid
di hydr ochl gﬁl%g%& Sory g R Xi; AWObSwdEL

5-[(tert- bws%x&ﬁz&nktomu)a@m ”@2? (M+f- phenyl - 4, 5-
di hydr oi m dazo[ 1, 5- a] gui nol i n- 3-y1) net hyl ] pent anoic acid (26 nmg),

reacti on and l‘pMHIfBIOOaMHQn asraRoperMed mekbpoy 2t BB sa?mMpr(mceelulﬁ)e,s RAL% n
Exanpl e 14(8). To the resulting powder, a solution of 2

hydr ochl or ic 3a88 d(n eyl 5at?t 0314t §: led ddeel Bhd ﬁ Hé Af%ture
roe L Ehh a2 O o8 KR IGaNet . TS, 521 o pyshen v
15, 18 nm) 76}%93(ﬁ(,e|31<%w,p@\{\@§rcs, i H), 10.02 (s, 1 H)
[0156] (8} Synthesis of tert-butyl (3E)-3-[(6-ethenyl-4,5-
dihydroimidazo[l,5-a}jguinolin-3-yl)methyliden]~2-
oxopiperidine~l-carboxylate
Using 6-—ethenyl-4, 5-dihydroimidazo[l,5-alguinoline-3-
carbaldehyde (530 mg), reaction and after-treatment were
performed by the same procedures as in Example 1(4) to give
the titled compound (397 mg) as a pale yellow powder.
MS{ESI): 406 (M+H)
i NMR (300 MHz, CHLOROFORM-d) &ppm 1.57 (s, 9 H), 1.88 - 2.00
(m, 2 H), 2.89 - 3.11 (m, 4 H), 3.22 ~ 3.33 (m, 2 H), 3.73 -
3.81 (m, 2 H), 5.44 (dd, J=11.0, 1.2 Hz, 1 H}, 5.6% (dd,

J=17.3, 1.2 Hz, 1 H), 6.%8 {(dg, J=i7.3, 11.0 H=z, 1 H}, 7.30 -



MS(ESI / APCI Dual ): 376(M+H) 1H NMR (600 MHz, DEUTERI UM OXIDE) 5 ppm
1.59 - 1.85 (m 4 H, 2.60- 2290 (m 7 H, 2.99 - 3.10 (m 2 H),
7.17 - 7.53 (m 8 H, 8.75 (s, 1 H [0200] Exanpl e 16 Synt hesis of
5-am no-2-{[ 7- (cycl ohexyl oxy) - 4, 5-

di hydr oi m dazo[ 1, 5-a] cmi nol i n- 3-y1) nmet hyl ] pent anoi ¢ aci d (1)

Synt hesi s of 6-(cycl ohexyl oxy) -3, 4-di hydroqui nolin-2(1H)- one

To a solution of 6-hydroxy-3,4-di hydroguw prolin-2(1H)-one (3.00 g) in
N, N- di met hyl f ormam de (61.3 m ), cesium carbonate (5.99 g) and

cycl ohexyl by oy dg, (.90 @), 3were; agded apdyf he, ngxt u15e-,,éyvay(§[l stli yed for

5 hours at 60C. To the reaction system wat'er was added a

extraction svas ¢epducted with chloroform After drying over anhydr ous
sodium sul fate, the desiccant was filtered off and the sol vent was
renoved in d&dd. Thelr Syvinghesimpipyerrt et Py 3sill(Ecatigal-466Fum

chr omat ogr uent exane/ chl orof orm et hyl acetate 1:1:;2) to
gi ve the t@%&g Hﬁb‘%lfr?cﬁ gOi Tgpnoddng gp%t]r SV & A pRyfRRPer idine-1-
rTB(ESI/ApCIca%gJ(}l L46(M-H) 1H NWMR (300 MHz, CHLOROFORMd) 5 ppm 1. 22
- 1.57 (m 172-189(m2H) 189-205(m2H) 2.54 -
2.67 (m 2 H) io&ﬁ s01%t00n (& t?erl’d)—buﬂyﬂ-o(3E)4-32Q(é%tl’gerismr-465-60 -
6.80 (m 3 H, 7.67 (br. s., 1 H [0201](2) Synthesis of ethyl

7- (CyCIOheﬂQhﬁQVQimﬁdﬁzoil 86alaquinelin-3-yl)methyliden] -2~

di hydr oi m dazoL S@E%w nol i ne- 3- car box Usi ng

6- (cycl oheXy¥PBxy= diAG ATy HRGE 63%{%’ Gfte “E RN ¥AFPIUFRACt i on

d f [ I
11 "to g 3’%‘5{‘?@ S e A IV R S

MS( ESI / APClhBurad 3 turdd Lab-kh i £:202h68) Hyd¥dRsl pubde for 16 hours at
[7-(cycl ohex%/C oxy) -4, 5- di hydroi m dazo[ 1, 5- a] qui nol i n- 3-yl ] met hanol
Usi ng et hyRO%.( éyel @hwfyiq;wl)lxnu-‘se drf&weﬁléltﬁrd@z@{rbush Celite and the

a] qui nol i ne- 3- car boxyl at e éé(iGO reaction_was performed by the
She Drocod BT AT ERBREIS I TRERD. Grue CRAVEIR i SHRpoRIL (a0

ng) as a bEQM‘dL% lln Ié(@(egéll:{épql I'-()dalﬁ mlzjg,g(dwt%rt -pbutyl dicarbonate

(65 mg} and 4-dimethylaminopyridine (1.5 mg) were added and
the mixture was stirred for 5 hours at 55°C, then overnight at
room temperatuare. After adding a saturated agueous solution
of sodium hydrogencarbonate to the reaction mixture,
extraction with ethyl acetate and washing with brine were
performed. After drying over sodium carbonate, the desiccant
was filtered off and the solvent was removed in vacuo. The
resulting residue was purified by silica gell column
chromagography (eluent: chloroform/methanol = 20:1}) to give
the titled compound (74 mg) as an orange oil.

MS(ESI/APCI Dual): 410 (M+H)

'H NMR (300 MHz, CHLOROFORM-&) dppm 1.21 (t, J=7.5 Hz, 3 H),
1.52 (s, 9 H), 1.54 - 1.69 (m, 2 H), 1.70 - 1.93 (m, 2 H),
1.9¢ - 2.15 {m, 1 H), 2.60 - 2.76 (m, 3 H), 2.77 - 3.00 (m, 4

H), 3.21 (dd, J=14.4, 4.7 Hz, 1 H), 3.50 - 3.63 (m, 1 B), 3.74



[ 0203] (4) Synthesis of 7-(cycl ohexyl oxy)-4, 5-

di hydr oi m dazo[ 1, 5- a] qui nol i ne- 3- car bal dehyde Usi ng

[ 7- (cycl ohexyl oxy) -4, 5- di hydroi m dazo[ 1, 5- a] qui nol i n-3-yl ] net hanol
(304 ny), reaction and purification were perforned by the sane
procedures as in Exanple 1(3) to give the titled conpound (190 ng) as
a browmn oil. MS(ESI/APCI Dual): 297(NHFD [0204] (5) Synthesis of
tert-butyl (3E)-3-([7-

(cycl ohexyl oxy) - 4, 5- dlhydr0|n1dazo[1 5. a]qU|noI|n 3-

yl ] met hyl i de 42 X Ia n

7- (cyclohexylr%fggl’) 5t Pty g@ e 18! a]%uu oot bt 326 Gl adhRyde
(190 no), rﬁ@cblggxaﬂ¢dny§fuc§;|on were perfornmed by the sane
procedures as in anple 1 4) to give the titled conpound (205 ng) as

a pal e yel | musenyst at10)VSFRShEAPC o DBakhind~7/3{ MeHethy19%, 5~ [ 0205] ( 6)
Synthesis of tert-butyl 3-1[7-(cycl ohexyl oxy)-

4, 5- di hydr slifivdae dpidazol|lg $radt e ip-prigt hjathyl)pentancic acid

oxopi peri di ne-| - car box in ert-b

(3E) - 3- {[7 (Cycpah%%yy%%y%uﬁy% 3- [h?etgyi 5 cH%&dr01m1dazo[1 5-

di hydroi m %%Lﬂoﬁﬁlﬂl&}ﬂ)%‘em J?{_)é’ﬂ—]&%ﬁ! ¥ebfetls 2~ carboxylate (74 mg),
oxopi peri di ne-1 -car boxyl ate 5 , reaction and pur|¥|cat|on wer'e
performed keatheos admed parﬂmeelur:estm*d e Ex apgd o rifel) by otlge \sanehe
titled conpound (188 ng) as a pale yellow oil. MS(ESI/APCI Dual):
480( MrH) [ G2OEE(FYeSyA#R H@sﬁ§mﬁ e 51([%t &pt 9big Bhec &L E6RY | JEAOHEE- 2-
{[7- (cyclohex | ox dr0|n1dazo[1 5-a QU|noI|n 3-

Vet byl ) BRI oid e 5\ E PRy

3-{(7-(cychahexylaxyy thad) : 328 (11+1)
di hydr oi m dazo[ 1, 5- a] gui nol'i n-3-yl | met hy1} - 2- oxopi peri di ne-| car boxyl a
te (188 np)yu meRdctioonveas PEFTERIVEAONIDRE NS @@ﬁmpmcadume?as i, 3

Exanpl e 14(7) and recrystallization wi th nhexane/eth acet ate ave
the titledidenpothd (5% ) 4stila EoP8rte3sfHhovdef. HK/B(%@‘]/ AP@P
Dual ): 498( Mt 02071.(.8) Syni hesi

5- ami no- 2- {{f® F% %E1ghé&&lo§y§£ ? '3 B, 8.16 5, 18

di hydroi m dazepi, 5- & Ral n- 3- yl]nethyl)pentanoic aci d Usi ng
5-[(tert- butoxycarbonyl am nol-2-([7-

(cycl ohexyl oxy) s¢nradiily difob Rartiaze2t [ $6 adlolo nueldi, B-3ihydroimidazo[1, 5—
yl ] met hyl ) pent anoi ¢ aC|d (155 ng) , reactlon and purification were
performed B9 heo L rbpeadapaiExamisl e 14(8) to give the

titled Com%mgylfxgh Oun% 1\6.hy196 —régx)lo ,? gaacll%y).{ir01mld£zovﬂer =

alquinolin-3-carboxylate

tleing 5-chlero-3,4-dihydrogquinolin~-2 (1H)-one {2.00 g),
reaction and purification were perxformed by the same
procedures as in Example 1({l) to give the titled compound
(2.09 g) as a pale yellow powder.

MS{ESI/APCI Dual): 277 (M+H)
{01601 {2) Synthesis of (6-chloro-4,5~dihydroimidazo([l, 5~
alquinolin=-3-yl)methanol

Using ethyl 6-chloro-4,5-dihydroimidazo[l, 5-algquinclin-3-
carboxylate (2.09 g), reaction was performed by the same

procedure as in Example 1{2) tc give the titled compound



- 98 - MS(ESI/APCI Dual: 398(MtH) IH NVR (600 MHz, METHANOL-d3) 6 ppm
1.22 - 2.03 (m 14 H), 2.47 - 2.67 (m 2 H, 2.74 - 2.97 (m 7 H),
4.19 - 4.39 (m 1 H, 6.84 (dd, 3=8.7, 2.3 Hz, 1 H, 6.88 (d, 3=2.3
Hz, 1 H, 7.46 (d, 3=8.7 Hz, 1 H), 8.07 (s, 1 H [0208] Exanple 17
Synt hesi s of 5-am no-2-[(7-propyl-4,5-di hydroi m dazo[ 1, 5-

a] qui nol i n-3-yl) et hyl ] pentanoi ¢ aci d di hydrochl ori de (1) Synthesis
of ethyl 7-brono-4,5-di hydroi m dazo[ 1, 5- a] qui nol i ne-3-carboxyl ate

Usi ng 6- brono- 3, 4-di hydroqui nol i n-2( 1H)*%re (3.00 g), reaction and
purification were performed by the sanme procedures as in Exanple 1(1)
to give the(t.itd gf aonpopnd owlpdfagy). as a pal e yel | ow powder.
MS(ESI / APCI Dual ): 321(MtH) [0209] (2) Synthesis of ethyl

7-[ (1E) - 1- p0(FSA/2PG1 | DuRgls-: 235 (M+H)

di hydroi m dﬁl}%[ 1, 5- anw nol | ne- 3- car boxyl at e a suspension of
ethyl 7-brotf-%415- di Fydriiaassat £ chqep n%dﬁ-ﬁéhgdea+w°a{tle5r1 76

g) in tol u%jﬂ (ﬁglg lﬂlca(:%%gé gdropen-l-yl-boronic acid (2.35 g),

tri-tert-but osp i ne pal | adi um acetate (615 ng) and an

aqueous sol uti onsgﬁgZ(é\Admaaasupmcﬁalryaeeﬁhﬁda(éo]{ﬂ5rrlajqw<ﬂ1%d§ed and
the m xture was stirred for 2 hours at 100 C. To the reaction system
wat er was addedthadokxtlr-4ét gon wesctdondand eghndiftikagt by | wease bat Eoxrmed

After drying over anhydrous sodium sulfate, the desiccant was
filtered offY ZRG FHE® FAFEALI GRS é%@éﬂmﬂﬁ vilddo FoTHEVS ddicdtiét hvd
purified b I u 3{ el uent: n-hexane/ et hyl
acetate %%&thﬁg QPSQBS%J) rggc% a{qula%,?g{é |E%¥nw%th a n- hexane/ et hyl
acetate mmqgg;[ymp@mﬂau@n gayeaqia)ym xture of the titled conpound and
ethyl 7-(1-

propen- 2- yIX1425- di hi/dr Symidagzod bStakgubhuwintl NEE3-gat bapliatre-4 AS3
ng, 5:3) as .a pal e yel I ow owder. MS(ESI/APCI Dual): 283(MH) 1H NWR
(300 Mz, GdPegeg pﬁiu1m11n1321191)(“fﬁth31m‘enl‘12“87 - 1.96 (m

3H) 2. 84 ( 3.44 (m 2 H, 4.33 - 450 (m 2
76.20 - °é‘°§§8%“ﬂé‘e 1H):?r§%’?’zlafeso (m 3 H), 7.99 (s, 1 H)

[0210] (3) Synt hesirsy Q;f-c{lzokéiﬁ)s-ﬂmagraﬁsfmka%]n455a]qumolm 3-

di hydr oi m dazo[ 1, 5- a] qui nol i n- 3-yl | met hanol To a sol ution of

ethyl 7- [(@E?biliﬁhﬂﬁgn(ﬂ §2] 94, Seaction and purification were

di hydr oi m dazoL IJP]Q’ qui nol i ne- 3-car boxyl ate and et hyl 7-(1-

propen- 2- y PFEAOED dFBPn’??f&ezé[rfcgd‘éfﬁ%lar?olanéxgm@a‘? Byl 8B in

adm xture [ t hi

al um num h)%%? glq)(%t \?\%éﬁarggl@ég er coo%?rﬁlgggv&% hthlectg 15%6 t he

m xture waaoﬁlbwﬂcﬁokvfsorm@n dOW pallet p&mobaeaer ature. To the
reaction system ethyl acetate and an aqueous solution of 10% sodi um

pot assi um MEFESF /AR IwBpel hdded @td)t he mixture was stirred for 3 days
roomte erature; extraction was then conducted with eth

acet ate. ALPES3Hryi dg’ ovErthEHFdCEuE ot itts dr f A2 eehkase- @Iegl ccant
was fil terggﬂgét, ?r[l‘l‘ig&g?l S@' uﬁng’ﬁnrf%‘ﬂ%@thﬂl}’af”o%o%gpg Y& R-1-

m xt ure of
[ 7- (1- pr opeArBoyi)at4, 5- d| hydr oi m dazo[ 1, 5- a] quinolin-3-yl I nmethanol
(423 nmg, 5:3) as a pale yellow oil. MS(ESI/APCI Dual): 241(M+H)

To a solution of tert-butyl (3E)~3-[(6-chloro-4,5-
dihydroimidazo([1l, 5~alquinolin-3-yl)methyliden]-2-
oxopiperidine-l-carboxylate (100 mg) in a mixture of methanol
and tetrahydrofuran (1:1, 4.84 ml), 10% palladium-activated
carbon (20 mg) was added and the mixture was stirred under

hydrogen purge for 15 hours at room temperature. The reaction

mixture was filtered through Celite and the solvent was



1H NVR (300 MHz, CHLOROFORMd) 6 ppm1.87 - 1.94 (m 3 H), 2.80 -
3.09(m 4H, 463 (s, 2H, 6.16 - 6.44 (m 2 H, - 100 - 7.20 -
7.47 (m 3 H), 8.00 (s, 1 H [0211](4) Synthesis of

7-[ (1E) - 1- propen-1-yl1] -4, 5-

di hydr oi m dazo[ 1, 5- a] gui nol i ne- 3- car bal dehyde To a sol ution of
{7-[(1E)-1-propen-1-y1]-4,5-

di hydr oi m dazo[ 1, 5- a] gui nol i n- 3-yl ) net hanol and

[ 7- (1- propen2-yl) -4, 5-di hydroi m dazo[-1,™ &] gui nol i n-3-yl | met hanol in
adm xture (423 ng, 5:3) in chloroform (8.8 nm), manganese di oxi de
(1.53 nmy) wesowddesdn apthddie THE Xt 48 t4ag SEb1ded W@l plbi MY Hyakil 06N
tenperature. The reaction systemwas filtered through Celite and the
sol vent wagrefleppVenn i chnoegogrdpley riedugot : weishyurickete fmetdidnio¢a=gel
col um chr omat ogr aphy (el uent: n-hexane/ethyl acetate = 1:1) and
recrystal | iZZ&t FBnlgi{)h 2 FiNexEre/Hitpr semieHE /£t B9k 35 SarLLPYn
gave the tiotil ed conpound (110 ng) as a pale yellow crystal.

M5( ESI / APCI" Daal ) : 239(MtH) 1H NWR (300 MHz, CHLOROFORMd) 5 ppm 1.91
(dd, J=6.1yskedrlErcd ddal)2- 886 m3)01 (m 2 H), 3.28 - 3.41 (m 2 H),
6.20 - 6.47 (m 2 H, 7.28 - 7.43 (m 3 H, 803 (s, 1 H, 10.00 (s,
1 H) [0212]'45yMSyrtdfe g, of RLAROFOBUEY] 3D 2- 62048~ (d B (1E3S -

1- propen-|-y1]-4,5-di hydroi m dazo[ 1, 5- a{gui nol i n- 3-

yl | met hyl i deffpiPert diinel12€ar bl dffe 1 H)» fiBngdd, J=14.3, 8.2 Hz,
7-[ (1E)-1-prgpenslsyl]-4,5-di hydrai m,dazo 5-__

a] gui nol i ng- g?ba%b% d']eh3y'8?a ?‘hogr?a)', r'gch%n Jé%é‘%hr?ﬁ &vi Snher e
perforned Byasthe sag@ @f,0eedys es. 45 - B, Exampl @ #(4) 7tH g vesbhen, 3
titled conmpound (130 ng) as a pale yellow crystal. MS(ESI/APCI Dual):
420( M+tH) [ B2137(8) Syntih&sis of tert-butyl 2-oxo-3-[(7-propyl-4,5-

di hydroi m dazoLl, 5- agéui nol i n33éIFE) met hyl ] pi peridine-1- - 101 -

car boxyl at 401841 Tol&y Sgrthedhs oF LepPlpenss [ (6-chloro-4,5-
(35)-2-0x0-3: (£7-1(1F) -1 __ . e . .

bropen: 1.y i CE HRrod o ceb TR 8 Sy Hgpa g pentancic acid

yl) net hyl i den) pipatd dicke=duear boxyleate1 6130, MKihPdroinidazo[1, 5~

nmet hanol /tetrahydrofuran (1:1, 3.1 n), 10% pal | adi um acti vat ed

car bon (26 aighimesiadded)ratht e 2rioxbpipe mwasl retilrratbamdericehy @2 oey) ,
purge for 3 hours at 60 C. The reaction m xture was filtered through
Cel i t e and TERELEMM \AITt PRAS T &Ho\RRd VRRE VBRIUPTMPRePY e8lif 159§ r esi due

s o 1 DAL 6 Bl 4T DO (6 i
powder . {compound 9, 20 mg) as a pale brown powder.
MS (ESI/APCI Dual): 334 (M+H)
'H NMR {600 MHz, DEUTERIUM OXIDE) & ppm 1.45 - 1.75 {(m, 4 H),
2.48 - 2.64 (m, 2 H), 2.64 - 2.89 (m, 5 H), 2.91 - 3.07 (m, 2
H), 7.03 - 7.18 (m, 2 H), 7.19 - 7.33 (m, 1 H), 8.098 (br. s.,
1 H)
[0165] Exanmple 10

Synthesis of 5-amino=2-[(6-methyl-4, 5-dihydroimidazo[l, 5-

alquinelin-3-yl)imethyl]pentancic acid

{1} Synthesis of ethyl 6-methyl-4,5-dihydroimidazce[l,S~a]
guinoline—3-carboxylate

Using 5-methyl-3,4-dihydroguinolin-2(1H)-one (390 mg),



MS(ESI / APCI Dual ): 424(M+tH) 1H NMR (300 MHz, CHLOROFORMtd) 5 ppm 0. 95
(t, J=7.3 Hz, 3 H, 1.52 (s, 9 H, 1.55- 1.94 (m 5H, 1.94 - 2.13
(m 1 H, 2.50- 2.73 (m 3 H, 2.76 - 2.98 (m 5 H), 3.14 - 3.29 (m
1H, 3.49- 3.64(m 1 H, 3.72- 3.8 (m 1 H, 7.05- 7.15 (m 2
H, 7.27 - 7.37 (m 1 H), 7.91 (s, 1 H) [0214](7) Synthesis of
S-[(tert-butoxycarbonyl)an no] - 2-

[ (7- propyl -4, 5-di hydroi ni dazo[ 1, 5- a] gui #l7i n-3- yl ) met hyl ] pent anoi c
acid Using tert-butyl 2-oxo-3-[(7-propyl-4,5-

di hydr oi m deze{tieh- apgunaliina8iyh )wetehpek foperd diynéhe caarboxyl at e
(131 ng), reaction was perfornmed by the same procedure as in Exanple
14(7) to glRFé’cteHér??t?%dﬂb%ﬁaaﬁ%i M0 tRy YL v Hep&rEL§E| W o Rder .
VB( ESI/APCI 442( M), £ 0215] (8)  Synthesis of

5- am no- 2- [( éﬂ) 32 f( or&ess llcg c;

di hydr oi m d@z(@bi/ﬁP@i giuanql k7 emyt) Met hyl ] pentanoic acid - 102 -

di hydrochl ori de ng

5-[(tert- bUﬂﬁ%ﬁ¢arboﬁMIﬁammhe}&§ ¢ 7-epmopyit-4,5-dihydroimidazo[l, 5~

di hydr oi m dazo[ 1, 5-al qui_nol i n-3-yl ) et hyl ] pentanoic acid (130 ng),
reaction ard GaRPH AT 1A NRERe Rl for med by t he sarre procedures as in

Exnpl e 15(4) to lvet e.ti.tle 0 u onpau e 1 S a
pal e yel | ow powd 9 3 PA %?n)&]ar%p% d 13)%% —%(5’(51 fl\?ﬁ;me_
DEUTER! UM @xwao@mra Q493 £8), sz-m%llsz,wa?s lfben_»férﬁgd (w tpbslofe 7.3
Hz, 2 H, 1.71 - 1.89 (m 4 H), 6 (t, 2 H, - 2.98
(m 5 H), 2re8eduls 1B (im EAarhﬁ],eh(ZS td, gJJ\RS t‘hel—t;tled-l)qomimﬁﬂd(s 1
H, 7.50 (d, J=8.3 Hz, 1 , 9.16 (s, 1 H [0216] Exanpl e 18

Synt hesi s JP35-B# s & ¢&150Wi PRS- ni dazo[ 1, 5-

a] qui noxal &%p nt cid (1) Synt hesi s of ethyl

4, 5-di hydrgﬂlgﬁég%}z ?“)a?gm%%”f“ﬁ - carboxyl ate To a

sol ution of o3¢4r di hy@)otheﬂéﬂs rbf%liﬁ&tmezx (- Qthardl@nldazo[a. 5~
tetrahydrofuran (10 m), potassiumtert-butoxide 41 nmg) was added
under cool ehguimetinece-aadodhdehmdet ure was sti rred for 30 m nutes at
roomtenperature. The reactlon m xture was cooled to -78 C and after

addi ng di et hyl EHT6r dShBephvt e (Crasyygyonisiared &, Sthkaninet dred3 nas

stirred for te S t erature,_.then for an
A Uhes 285 IR L SIPEL A
addi ti onal Y15 AT esstat 1%%)n‘l t'enp écrlg UTe PHRE T EaE T e RE X PRT 2o ss

cooled to p¥Brke meab&seemgwgisetlhytxém@yqr@@;ﬁCﬁs & 18 el Qh§2tm11)ecand

pot assiumtert-butoxide (841 ng), the m xture was stirred for
hours at thempeursl t{@fgemal ure.a Teolbhtesegoviden. m xture, a saturated

MS(ESI/APCI Dual): 213 (M+H)
[0168] (4) Synthesis of terxt-butyl (3E}-3~[(6-methyl-4,5-
dihydroimidazo[l,5-ajquinolin-3~yl)methyliden]-2-
oxopiperidine~l-carboxylate

Using 6-methyl-4,5-dihydroimidazo(l,5-alquinoline-3-
carbaldehyde (245 mg), reaction and purification were
performed by the same procedures as in Example 1(4) to give
the titled compound (269 mg) as a pale yellow powder.
MS (ESI/APCI Dual) :394 (M+H)
[0169] (5) Synthesis of tert-butyl 3-[(6-methyl-4,5-

dihydroimidazo{l, 5~a]quinolin-3-ylimethyl]-2-oxopiperidine-1-



- 103 - aqueous solution of amonium chloride (10 mM), water (30 nm)
and ethyl acetate (50 m) were added and the m xture was stirred for
30 mnutes at roomtenperature. The conpound insoluble in both |ayers
was recovered by filtration. After the filtrate was separated into an
aqueous | ayer and an organic layer, the latter was washed with brine
(50 M) and dried over anhydrous magn_e%i um sul fate. The desiccant was
filtered off and after renoving the solvent in vacuo, the resulting
resi due was recrystallized from n-hexane/ ethyl acetate. The crystal
was conbi n€d*RPEk1EHe previously recovered conpound to give the
titled conmpound. (403 S br.own er. SL/ APCI Dual ) :

244( MHH) 1H NI\/RU%% %T%&%MEWGIR%%%%IEA (t, J=7.1 Hz, 3
W, 4.40 (Gindafodytasodith-afBhchin3-th)ndtiB91608) -21=7. 8 1.3 Mz,
1 H, 6.8 (td, J=7.8, 1.3 Hz, 1 H), 7.11 (td, "J=7.8, 1.3 Hz, 1 H),
7.39 (dd, &=épBpedidindz]l-tathoxylad® (865 1Indd), re@2L¥drf 2ndSynt hesi s of
S5-tert-butyl 3-ethyl imdazo[1,5- a]quinoxaline-3,5(4H)-dicarboxylate
To a suspeR¥EdAieitiarmyrrs BewidyecoPii Bag ojamesprocedures as in

a] qui noxal i_ne- 3-¢ xyl ate (4Q0 in tetrahydr ra 20 m),

L ert - uEEEEa Congpest gbe ity L kaed AT PO g Geng (15 o)
and triet hghaglkngsd Qr:2200k) syl ienadded and the m xture was stirred
for 3.5 days at roomtenperature and for 2.5 hours at 60 C. Then,

di -tert-bumgl(Edi terdiomate) ¢ 335 wgH)and triethylamne (0.25 m) were

added and the mi xture was stirred for 14 hours at 60 C. Sodium

hydri de (6094785 ny)(&lasSyatledisamwd Phanmpsxtdnld éwastiyi+d@d for - 104
- 2 hours at 60 C thereafter, di-tert-butyl dicarbonate (790 ng) was
added and ERBSRFSATERRIE et tetaersh 3 vbmee it g Foe Ty
hours at room t@mgs dletkerudte 3-8a6¢LLOPH I X4 W8 d&filaatg¢0OL to
roomtenperature and wat eru( 0 rﬁq)q was a%qded; tﬁ}él\?éé%f% elr,‘3 br[i ne (30
m ) and et hyfuaeetiat-8-100e )]l wer-exagdiiesr fdmeextcaddidxgriat®he organi c
| ayer was washed with brine (50 nl) and dried over anhydrous

magnesi um $4PP ar®., TeECHEIR REhPURASL 2 F1Er @ T6f PeRiRFMee PY¥oF R Nta™Ras
removed in_vacuo; thereafter, the.resuljting residue was purified, by
1T ca gel PEBTETIFh Aaal COFUIHY LaF Lart e ResSrer et Ry CABALATES =
1:1 to L 4)qi£ﬂizgwaecetrbeikl‘Lésedce%nreega%ﬁﬁéﬂ&tggh@@ @ C%alve brown
powder. MS(ESI/APCI Dual): 344(MtH) 1H (200 MHz, LOROFORM d) 6
ppm 1. 44 (titled.dhmpdubhl, (dorhDung, 19, H}§ my)42s( g, cdtohkl@ss2pbiydes. 21
(s, 2 H, 7.21 - 7.37 (m 2 , 7.48 - 7.55 (m 1 H), 7.73 - 7.81 (m
1 H), 8.02MBSESE/ARCT fpas) { HLidithesis of tert-butyl

3-fornylim - qyj jne-5 (4H) -carboxyl.at A

sol ution of}fig&@{eﬁgﬁgu@ﬁ y—%ﬁﬁ‘)ﬁ/%ﬁ'i%)daagg%, %% PR T, 4 w2,
a] qui noxal ifge- 3, H(4H), «di cas baxyhat ¢ (341 ) - 8, bt (@hydiof uy ags (&0
m) was cooled to -78 C and after adding diisobutylal um num hydri de
(4.0 M asJe79® W,sal uhj on. 1N (ol Ueney kkxopwHSe, 7ahtl tche Jri7x8 UL Vias
stirred for an hour at the sane tenperature. Methanol (2.0 m) was
added dropii# seB ahd,(svhérBhfter, a saturated aqueous sol ution of
anmoni um ¢ jde (20_m d ethyl acetate (20 m) were added and

t he rﬁXturzb\i)NéJaﬂ sti%ﬁ‘Pre“Bi?g@ 30 ninutes at roomtenperature. The -

105 - Synthesis of 5-amino-2-{({7-methyl-4,5-dihydroimidazo[l, 5-

alquinolin-3-yl)methyl]lpentanoic acid dihydrochloride

{1) Synthesis of ethyl 7-methyl-4,5-dihydroimidazol(l, 5-
ajguinoline-3-carboxylate
Using 6-methyl-3,4-dihydroquinolin-2{1H)~one (710 mg),

reaction and purification were performed by the same



reaction m xture was filtered through Celite and water (20 m ) and
ethyl acetate (50 m) were added to the filtrate, whereupon it
separated into an aqueous | ayer and an organic |ayer. After washing
the organic layer with brine (30 m), silica gel was added to the
organi c |l ayer and the solvent was renoved in vacuo. The resulting
residue was purified by silica gel colum chromatography (el uent:

n- hexane/ ethyl acetate = 1:1 to 1:4) to give the titled conpound (270
ng) as a colorless powder. MS(ESI/APC 8ual ): 300(M+H) 111 NWVR (300
MHz, CHLOROFORMd) 6 ppm 1.53 (s, 9 H), 5.21 (s, 2 H), 7.24 - 7.38
(m 2 H, prReduredSad mn Exbhpls . 17Q)(dd, gidv8.the ti214&,colpdlind8. 06
(s, 1 H, 10.01 (s, 1 H [0219](4) Synthesis of tert-butyl
3-{(E)-[1- (&2t mg} as a pale yellow powder.

but b 1) - di lid thyl}imd 1, 5-
o moxal TRUPST AR By paT B TG T ert Cbutyl
3-fornylimgazehl, 5-a)au %@Lw%é(ﬁ%atg@fa{]QOé% &M@gzwi,s_

reaction an purlflcatlo wer e perforne e sa procedures’as in
Exanpl e 1(4)] qu@nglve-3-ha)hkethe&sbiconpound (187 ng) as a colorless
powder. MS(ESI/APCI Dual): 481(MtH) IH NVR (300 MHz, CHLOROFORMd) 6
ppm 1.52 (s, 9 Bping, d&?lY(LsWIQeﬂ)yl-Il 87dih2dlﬁiin(in1pZQ[1—l)5 F g2@nol BngoH
(m 2 H), 70 - , .19 - 7.34 (m 2 H,
7.46 - 53*"%‘@3%“87 (357 m!!;:? r7ffe€ﬁ1tlinmas ?eféorm%dfgf (the 131§,

8. 06 (s 1 1{P); S gr I

but oxycarb nyf%géagfgﬁﬁﬂe§? é%%¢% héf?yg%lazo%%é%Qkﬁ$%f8%

a) qui noxal i(seo544H)as G\abaﬂ)éyﬂ/@llﬂaw powdeidsl ng tert-butyl
3-1(E)-[1-(tert-but oxycarbonyl) - 2-
oxopi peri dM8{BSHIARfdn&mdt hy? 15 i+dazo[ 1, 5- a] qui noxal i ne- 5(48) -

b I 0 f f db h
A bl oceddt s as | FERGRBMEE 8 DoMGr Ve The BF TS eRRBan (171

as a cal 0 APCl Dual): 483( M+ Il H NVR (300
%)z, 3 %%Ii\}?%?“{é ‘S‘S%ib%@ d/eg H) , 1.5)2 (s, g H)H? (m 1.5% 1H),

Using {7-methyl-4,5-dihydroimidazo[l,5~-alquinolin-3-
y¥l)methanel (490 mg), reaction and purification were performed
by the same procedures as in Example 1(3) to give the titled
compound (3792 mg) as a colorless powder.

MS{ESI/APCI Dual): 213 {M+H)

[0174] (4) Synthesis of tert-butyl (3E}-3-[{7-methyl-4,5~
dihydroimidazo[l, 5-alquinolin-3-yl)methyliden]-2-
oxopiperidine-l-carboxylate

Using 7-methyl-4,5-dihydreimidazo(l,5-alquinoline-3-
carbaldehyde (375 mg), reaction and purification were
performed by the same procedures as in Example 1(4) to give
the titled compound (60 mg) as a pale brown powder.
MS(ESI/APCI Dual}: 394 (M+H)

{0175] (3) Synthesis of tert-butyl 3-[(7-methyl-4,5-
dihydroimidaze([l,5-alquinolin~-3-yl)methyl]l-2-oxopiperidine-1-

carboxylate



- 1.90 2.81 (m3 - 2.94 H), (m 1.96 1H), -2.08 3.16 (m1 -3.26
H,2.65 (m1H), - 2.75 3.50 - 3.61(m1H),3.76-3.87(m1 7.17-7.27(m 2
H),7.42-7.49 H), 7.92(s, 1H) H), 4. 71-4.96(m 2
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Using tert-butyl (3E)-3-[{7-methyl-4,5-
dihydroimidazo[l, 5~-a]lquinolin-3-yl)methyliden]-2-
oxopiperidine-l-carboxylate {538 mg), reaction and purification
were performed by the same procedures as in Example 1(2) to
give the titled compound (25 mg) as a colorless amorphous
mass.

MS(ESI/APCI Dual): 396 (M+H)

[0176] {6) Synthesis of 5-amino-2-[ (7-methyl-4,5-
dihydroimidazeofl, 5-algquinelin-3-yl)methyllpentancic acid
dihydrochloride

To a seolution of tert-butyl 3-[(7-methyl-4,5-
dihydroimidazo[l, 5-algquinolin~3-ylimethyl]-2-oxopiperidine-1-
carboxylate (24 mg) in tetrahydrofuran (2 ml), an aqueocus
solution of 0.42 M lithium hydroxide (0.5 ml) was added and
the mixture was stirred for 2 hours at room temperature. To
the reaction mixture, water (30 ml) was added and extraction
was conducted with diethyl ether (40 ml). A saturated aqueous
solution of citric acid (2 ml) was added to the aqueous layer
to render it acidic and, then, extraction was conducted with
chloroform (60 ml). After drying over anhydrous magnesium
sulfate, the desiccant was filtered off and the solvent was
removed in vacuo. To the residue, a solution ofd M
hydrochloric acid in ethyl acetate (4 ml) was added and the
mixture was stirred for 20 hours at room temperature. The
scolvent was remeoved in vacuo to give the titled compound
{compound 11, 15 mg) as a pale brown powder.

MS{ESI/APCI Dual): 314 (M+H)

H NMR (300 MHz, METHANOL-d4) & ppm 1.66 - 1.87 (m, 4 H), 2.40



(m1H),7.66-7.74 H, (m 1 [0221](6) Synthesis of _

5- am no- 2- (4, 5-di hydroi m dazo[ 1, 5- a] qui noxal i n-3-yl net hyl ) pent anoi c
aci d Using tert-butyl 3-1[1-(tert-butoxycarbonyl)-2-

oxopi peridin-3-yl]methyl )i m dazo[ 1, 5-a] qui noxal i ne-5(48) - carboxyl ate
(164 ng), reaction and purification were performed by the same
procedures as in Exanple 1(6) and tmo_%ﬁﬁqpquent recrystallizations
fromwat er/di oxane give the titled conpound (conpound 18, 56 ng) as a
col orl ess powder. MS(ESI/APCH Dual): 301%NHH) | H NVR (300 MHz,

DEUTER! UM O%DE) 527 47- D3 68(mi3HIM2. T 02, 8624)~ 41 28( dmpHf | 1..90-F707¢m

7.53(d, J=7.9 Hz, 5(s, 22 anple 19 6 ppm 1.42 - 1.78(m 4
H) , gm 1 I—DL?_ZB{%O%?E? bgplrﬁ (fsfﬁg ?5’. %]1% 22(m 1H), 1H) Synthesis of
5-am no- 2- (fa1y7di hydgeinpidazel 1, 5-

Synthesis of 5-amino-2-[(8-methyl-4, 5—-dihydroimidazo[l, 5-

alquinolin-3-yl)methyllpentancic acid

(1) Synthesis of ethyl 8-methyl-4,5-dihydroimidazo[l, 5-
ajquinocline-3-carboxylate

Using 7-methyl-3,4-dihydroquinolin-2{1H}-one (710 mg),
reaction and purification were performed by the same
procedures as in Example 1l(1) to give the titled compound
(630 mg) as a pale yellow powder.
MS{ESI/APCI Dual): 257 (M+H)
[0178] (2) Synthesis of (8-methyl-4,5-dihydroimidazo{l,5-
ajJgquinolin-3-yl)methanol

Using ethyl 8-methyl-4,5-dihydroimidazo[l,S5-~alquinoline—
3-carboxylate (622 mg), reaction was performed by the same
procedure as in Example 1{2) to give the titled compound
(420 mg) as a yellow. powder.
MS(ESI/APCI Dual): 215 (M+H)
[0179] {3) Synthesis of B8-methyl-4,5-dihydroimidazo[l, 5~
alquinoline-3-carbaldehyde

Using (8-methyl-4,5-dihydroimidazo[l,5-alquinolin-3-
yl)methanol (410 mg), reaction and purification were performed
by the same procedures as in Example 1(3) to give the titled
compound (334 mg) as a colorless powder.
MS (ESI/APC]T Du;al): 213 (M+H)
[0180) (4) Synthesis of tert-butyl (3E)-3-[(8-methyl-4,5-

dihydroimidazo[l,5-alJguinolin-3-yl)methyliden]=2-



- 107 - a][1, 5] napht hyridi n-3-yl net hyl ) pent anoi c aci d (1) Synthesis
of ethyl 4,5-dihydroimdazo[1,5- a][1l,5]naphthyridine-3-carboxyl ate
Usi ng 3, 4- d| hydro-1, 5-napht hyridin-2(11-1)-one (1.96 g), reaction and
purification were performed by the same procedures as in Exanple 1(1)
to give the titled compound (1.03 g) as a brown oil. MS(ESI/APC

Dual ): 244(MtH) [0223](2) Synthesis of 4,5-di hydroi mdazo[1,5- a]

[ 1, 5] napht hyri di n- 3-yl net hanol 'Ussi4n§ et hyl

4, 5-di hydroi m dazo[ 1, 5-a] [ 1, 5] napht hyri di ne3- car boxyl ate (1.03 g),
reaction WOpépéDidﬁerde-ﬂycahéosalmt%r ocedure as in Exanple 1(2) to

ive the titled conpound as a bro ojl. ESI / APCI

%ijc[all) 5]202(r|\]/l+l—|) FB?%] e ﬁtﬂ”gl%l%ﬁdr&l%l%’rﬁ/ﬂ%érg%ai‘b‘f K3

a na [ w

4, 5- di hydea%g %‘g%’ﬁiées ‘a"]rz? ]“‘gf p‘?eﬁ%yru o i ification ¥eT%10 ny),
reaction and rpurhéd 05} it wWene Pesdrured Hy idhexsapkepl oreditr givas in

Exanple 1(3) to give the titled conpound (312 ng) as a pale yellow
powder . I\/B(tESI EAPGH Deaipoun@00 Mi-H)g)[ @228] ¢a)ordpenshesivdenf tert - butyl

3E) - 3-
<(:|| hi/dr 0|( i &%%MA%C%HHE%] naphiWi d| n- 3-yl net hyl i den) - 2-

zxgpldgoﬁ;h(rj ;g{ ?Pséylsﬁ.'%hgfnap%t hyrl d??li-éyls 3 c[e{rst;giag yde (312 ny),
reaction ar&ﬂhpafbirhf&ézdm Weé?q@ﬂfcfl@lhﬁsdybméﬁlgfﬁa@oﬁdﬁﬁ[‘gﬂﬁﬁﬁ&ﬁea}?—I n
Exnple 1(4) to give the -
carboxylate
Using tert-butyl (3E)})-3-[(8~methyl-4,5-
dihydroimidazof[l,5-alquinolin-3-yl)methyliden]-2-
oxopiperidine-l~carboxylate (122 mg), reaction and
purification were performed by the same procedures as in
Example 1(5) to give the titled compound (78 mg) as a
colorless oil.
MS (ESI/APCI Dual): 396 (M+H)
[0182] (6) Synthesis of 5-amino-2-[{8-methyl-4,5-
dihydroimidazo[1l, 5~ajquinolin-3-yl)methyl]pentanoic acid
Using text-butyl 3-~[(8-methyl-4,5-dihydroimidaze[l,5-
ajguinolin-3-yl)methyl]-2-oxopiperidine~l-carboxylate (74 ng),
reaction and purification were performed by the same
procedures as in Example 1(6) to give the titled compound
(compound 12, 31 mg) as a pale brown amorphous mass.
MS(ESI/APCI Dual): 314 (M+H)
ly NMR (300 MHz, DEUTERIUM OXIDE) & ppm 1.30 - 1.68 (m, 4 H),
2.23 (s, 3 H), 2.34 - 2.6 (m, 2 H), 2.61 - 2.80 {m, 5 H},
2.81 - 2.98 (m, 2 H), 6.99 (d, J=7.6 Hz, 1 H), 7.15. (d, J=7.6

Hz, 1 H), 7.27 (s, 1 H), 8.21 (br. s., 1 H)




titled conmpound (320 ng) as a yell ow powder. MS(ESI/APCI Dual):
381(MtH) [0226] (5) Synthesis of tert-butyl 3-(4,5-

di hydroi m dzazo[ 1, 5-a] [ 1, 5] napht hyri di n- 3-yl net hyl ) - 2-

oxopi peri di ne-| - car boxyl at e Using tert-butyl
(3E)-3-(4, 5-di hydroi m dzazo[ 1, 5-

a] [ 1, 5] napht hyri di n- 3-yl met hyl i den) - 2- oxopi peri di ne- 1car boxyl ate (320
ng), reaction and purification were perforned by the sanme procedures
as in Exanple 1(5) to give the titled ggmpound (280 ng) as a
colorless oil. MS(ESI/APCI Dual): 383(MtH) [0227](6) Synthesis of
5-[(tert-bu arb 1 Q] - 2-
(4,5-dihydr%ﬁ#%gzazg?%#%ﬁgaF?,S]naphthyridin-3- yl nmet hyl ) pent anoi c
aci d dyeitRgsierds ik nd=4 4 H-sdighy daed Midza20h 1554) quinolin-3-

a] [ 1, 5] napht hyr1 di n-3-yl met hyl') - 2= 0XOpi peri1 di ne- I- car boxylate (280
ng), reactixdnhwagner fagrimed by t he sane procedure as in Exanple 14(7)
to give the titled conmpound (253 npg) .as a pale yell ow powder.

MVB( ESI / APCI 1puS¥FERe R RFHP Y RO OB (A e Rt Heldagodt - 5-alquinolin-3-

5-am no- 2- (4, 5- i hydr.qi pi da 5-
a][l,5]napﬁéﬁ§??%?%f§§1Ing?ﬁ§+§%§%tanoic acid Usi ng
5-[(tert-but oxygardamihiashnet - &,6449hydroimidazoll, 5-alquinoline-3-
dlhydr0|nldzazo[1,5-a][1,5]naphthyr|d|n-3-y|nethyISpentan0|c acid
(253 ny), reabtidehwalzd (BUPDfgain chlwesfoperf2dn dedlby the sane
procedures as in Exanple 14(8). to give the titled conpound (conpound

19, 150 ny)eisaupaisEmpatiBvribRider. (REP el ApEhybughYorcdorpae) -
109 - 1H N\R 6600, Mz, DEUTERI M QKLDEL, 5,00M, 1448 682 Thi ge

(20.2 ml) were added and the mixture was stirred for 3 hours

at room temperature. To the reaction system, water was added
and extraction was conducted with chloroform. After drying
over anhydrous sodium sulfate, the desiccant was filtered off
and the solvent was removed in vacue. The residue was purified
by silica gel column chromatography (eluent: n-hexane/ethyl
acetate = 1:1) to give the titled compound (2.46 g) as a
yellow oil.
MS{ESI/APCI Dual): 298 (M+H)
*H NMR (300 MHz, CHLOROFORM-d) & ppm 1.33 (t, J=7.1 Hz, 3 H),
2.89 - 3.03 (m, 2 H), 3.03 - 3.25 {(m, 2 H), 4.20 - 4.40 (m, 2
H), 6.38 (s, 1 H), 7.20 - 7.29 (m, 1 H}, 7.29 - 7.40 (m, 2 H),
7.40 - 7.48 (m, 1 H), 8.04 (s, 1 H)
[0184] {2} Synthesis of 4,5-dihydroimidazo{l,5-alquinolin-
3-ylacetonitrile

To a solution of cyanc({4,5~dihydroimidazo[l, 5-a]
guinelin-3-yl)methyl ethyl carbonate (2.46 g) in ethyl acetate
{82.7 ml), 10% palladium—activated carbon (246 mg) was added

and the mixture was stirred under hvdrogen purge for 5 hours



2H), 1.65-1.75 (m2 H), 2.49 -2.61 (m 2H), 2.71 - 2.96 (m5 H), 2.96
- 3.09 (m 2H), 7.28 (dd, J=8.0, 4.8
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at 70°C. The reaction mixture was filtered through Celite and
the solvent was removed in vacuo. The resulting residue was
purified by silica gel column chromatography {eluent: n-
hexane/ethyl acetate = 1:1 to 0:1) to give the titled compound
(1.15 g} as a pale yellow crystal.
MS(ESI/APCI Dual): 210 (M+H)
H NMR (300 MHz, CHLOROFORM-d) & ppm 2.86 - 3.09 (m, 4 H),
3.74 (s, 2 H), 7.16 - 7.25 {(m, 1 H), 7.28 - 7.38 {m, 2 H),
7.38 - 7.51 (m, 1 BH), 7.98 (s, 1 H)
[0185] {3) Synthesis of ethyl cyano{4,5-dihydroimidazofl, 5-
alquinclin-3-vl)acetate

To a solution of 4,5-~dihydroimidazo[l,5-a]lquinolin-3-
ylacetonitrile (600 mg) in tetrahydrofuran (28.7 ml), lithium
hexamethyldisilazane (4.30 ml as 1 M solution in
tetrahydrofuran) and the mixture was stirred for 30 minutes at
the same temperature. Ethyl chloroformate (373 mg) was added
and the mixture was stirred for an additional hour at the same
temperature. To the reactlon system, a saturated aqueous
solutlion of ammonium chloride was added and extraction was
conducted with ethyl acetate. After drying over anhydrous
sodium sulfate, the desiccant was filtered off and the solvent
was removed in vacuc. The residue was purified by silica gel
column chromatography {eluent: n-hexane/ethyl acetate = 1:1)
to give the titled compound (370 mg} as a yellow oil.
MS(ESI/APCI Dual)}: 282 (M+H)
'H NMR (300 MHz, CHLOROFORM-d)} & ppm 1.32 (t, J=7.1 Hz, 3 H),
2.88 - 3.05 (m, 4 H), 4.21 - 4.40 (m, 2 H), 4.8% (s, 1 H),
7.17 - 7.26 {m, 1 H), 7.29 - 7.40 (m, 2 H), 7.39 - 7.52 {(m, 1



Hz, 1H),7.76 (d, J=8.0 Hz,1H), 8.01 (s,1 H), 8.18(d, J=4.8 Hz, 1H)

[ 0229] Exanpl e 20 Synt hesi s of

2- (4, 5-di hydroi m dazo[ 1, 5- a] qui nol i n- 3-

yl met hyl ) - 5- (et hyl am no) pent anoi ¢ aci d (1) Synthesis of nethyl
5-[(tert-but oxycarbonyl)am no] - 2- (4, 5-

di hydr oi m dazo[ 1, 5- a] qui nol i n- 3-yl net hyl ) pent anoat e To a

sol ution of 5-[(t-butoxycarbonyl)am no]-2-(4, 5-

di hydr oi m dazo[ 1, 5- a] qui nol i n- 3-yl nethy7) pentanoic acid (511 ng) in
chloroform (12.5 m ), nmethanol (0.080 m ), 4- dinethylam nopyridine
(16 nmg) andyN- [e300diigpthid)am no) propyl] - N -ethyl carbodiim de

hydr ochl ori de (368 ng) were added and the m xture was stirred for 2
days at roolt8éiper at4x esynkbeshe seathiydnésysteam- a sat urat ed aqueous
sol ution of sodi um hydrogencarbonate (20 m) was added and extraction
was conductRFpNraErr Y ERel - aretans 2 5é, rdihyireinidean & Payer was

washed with .bri.n 40, m.),,and after drying over anhydrous magnesi um
sul f at e, thaeJ éiglgcl:%:%n % élef{iafl?ae?eed of f and the sol vent was renoved

in vacuo. The resi dugoMas oRUbET L@ D% yahb £35-98hyeebl Mk 001,5-
chromat ography (el uent: n-hexane/ et hyIy acetate ="1:1to 0:1) to give
the titl ed aeonpoohin{IA8. }agetase al 156| ol ess WiN-diMECERL #ARGhiBaal ) :
414( MHH) NI\/R'%SOO MHz, iCI-ILC]:QC]:‘CRI\/I- dG) D5 ggr?n 1. A{»:Zas( zadgdl_gridel' 4g - 1.76
(m4 H, 2. G- _mg(n]sod um hydride (60%, g) r cooling
with ice and the mixture was stirred for 30 minutes at the
same temperature. Then, tert-butyl 4-iodobutyl carbamate
(249 mg) was added and the mixture was stirred for 3 hours at
room temperature. To the reaction system, a saturated aqueous
solution of ammonium chloride was added and extraction was
conducted with ethyl acetate. After drying over anhydrous
sodium sulfate, the desiccant was filtered off and the solvent
was removed in vacuoc. The residue wa purified by NH silica gel
column chromatography (eluent: n-hexane/ethyl acetate = 1:2)
to give the titled compuond (89 mg) as a pale yellow oil.
MS(ESI/APCI Dual): 453 (M+H)
'H MR (300 MHz, CHLOROFORM-d) & ppm 1.29 (t, J=7.1 Hz, 3 H),
1.44 (s, ¢ H), 1.51 - 1,74 (m, 4 HY, 2.36 - 2.54 (m, 2 H),
2.85 - 3.31 {(m, 6 H}, 4.28 (g, J=7.1 Hz, 2 H}, 4.78 - 4.85 (m,
iH), 7.17 - 7.25 {m, 1 H}, 7.29% - 7.37 {(m, 2 H), 7.37 - 7.49
{m, 1 K), 7.98 (s, 1 H)
[0187] {5) Synthesis of 6-amino=~2-{4,5-dihydroimidazo[1, 5-
alquinolin-3-yl)hexanoic acid
To a solution of ethyl 6-[(tert-butoxycarbonyl}amino]-2-
cyano-2-(4, 5-dihydroimidazo[1l,5~a]quinolin-3-yl)hexanoate

{89 mg}, an aqueocus solution of 6 M hydrochloric acid (2.0 ml)



1 H, 2.80-2.96 (m 6H), 3.05 - 3.19 (m2H),3.63(s, 3 H, 4.70 -4.81
(m 1H, - 110 - 7.12 - 7.20 (m 1 H), 7.25 - 7.33 (m 2 H), 7.37 -
7.42 (m 1 H, 7.94 (s, 1 H) [0230](2) Synthesis of nethyl 5-[(t-

but oxycar bonyl ) (net hyl ) am no] - 2- (4, 5- di hYdr oi m dazo[ 1, 5-

a] qui nol i n- 3-yl et hyl ) pent anoat e

_88_

was added and the mixture was stirred for 10 hours at 100°C.
The reaction system was concentrated in vacuo and after adding
water (3 ml) and Amberlite IRA-67 (890 mg) to the residue, the
mixture was stirred for 30 minutes at room temperature. The
reaction system was filtered and the filtrate was concentrated
in vacuo to give the titled compound (compound 13, 50 mg) as a
pale yellow powder.

MS (ESI/APCI Dual): 300 (M+H)

Y NMR (600 MHz, DEUTERIUM OXIDE) & ppm 1.30 - 1.48 (m, 2 H),
1,69 - 1.78 (m, 2 H), 1.81 - 1.91 {(m, 1 H), 2.02 - 2.13 (m, 1
HYy, 2.77 - 2.92 {m, 4 H), 2.99 - 3.04 {(m, 2 H}, 3.60 (t, J=7.8
Bz, 1 H), 7.24 - 7.30 {(m, 1 H), 7.30 - 7.40 {m, 2 H), 7.50 (d,
J=7.8 Hz, 1 H}, 8.54 (s, 1 H)

[018B8] Example 14

Synthesis of b-amino-2-[({7—-ethoxy-4,5-dihydroimidazo[l, 5-

alJquinolin-3-yl)methyl]lpentanoic acid

{1l) Synthesis of ethyi 7-(benzyloxy)—4,5-dihydroimidazo{l, 5~
a]quinoline-3-carboxylate

Using 6—{benzyloxy}-3, 4~-dihydroguinolin-2 (1H)-one
{29.9 g), reaction and purification were performed by the same
procedures as in Example 1(1) to give the titled compound
(8.00 g} as a pale brown powder.
MS(ESI/APCI Dual): 349 (M+H)
[0189] {2) Synthesis of [7-(benzyloxy)-4,5~
dihydroimidazo[l, 5-alquinolin-3-ylimethanol

Using ethyl 7-(benzyloxy)-4,5-dihydroimidazo[l, 5-
alquinoline-3-carboxylate (8.00 g}, reaction was performed by

the same procedure as in Example 1{2) to give the titled



To a solution of nethyl 5-[(t-butoxycarbonyl)am no]-2-

(4, 5-di hydroi m dazo[ 1, 5-a] qui nol i n-3-yl met hYl ) pent anoate (880 ng) in
N, N-di net hyl formam de (12 m ), sodium hydride (60% 128 ng) was added
in small portions under cooling with ice and the m xture was then
stirred for 20 m nutes. Methyl iodide (0.20 m) was subsequently
added and the m xture was stirred for 15 hours at roomtenperature.
To the reaction mixture, water (50 nl) S added and extraction was
conducted with ethyl acetate (80 m ). After washing the orgnaic |ayer
with water FSWONRY Ahd6 brddn@s( SOPFRYN PRMISE} i ca gel was added and the
sol vent wa esidue was purified by NH silica
gel col um1SM n‘égg% n%’?ﬂalﬁ Foghﬁﬂgn hexane/ ethyl acetate = 1:1 to
0:1) and by her I _ _gheamat ogr aphy

(el uent: e?gge/ etF1 ééjélgygtsgé :&eé? q%%ngﬁ%“p}oqg?ve the titled
conpound (Zﬁ&ydg)masdesza:{dl 6rbe8simlineMB{ EStHaARGhyByal ) : 428( M+H)

1H NVR (300 MHz, CHLORCFORM-d) 6 ppm 1.43 (s, 9 H, 1.48 - 1.65 (m 4
H, 2.63 - 2. 76U§m19 1L} (bepzgloxw) - 435Hy11h2d183Lmd22971(E:na]&uapolsnﬂr-
3.23 (m 2 7.12 7.26 -

H, 7.37 > s g%* ](1%%7%@& f%actfc’ﬁ) af*%zélﬁl(]féHgégyﬁ?h%@sﬁ@spsfffoﬁed
2'(435'd!h thlﬁﬁﬁp&&méedures as in Example 1(3) to give the tltled

a] qui nol i n- 3-yl met hyl )- 5- (met hyl am no) pent anoi ¢ "aci d To

sol uti on Ohompbhya (3.25 g) as a pale brown powder.

5-[(tertbutoxycarbon (rmeth %am noj - 2- (4, 5- di hydroi m dazo[ 1, 5-

al qui nol i n%@ﬁﬁé@?@ly)%’éﬁt)an &2 81454 ngy) in tetrahydrofuran (6 m),

an aqueous |on | jthi oxi.de S added and
Fhe e ur doaall oot Pa Spehesid Marmerts it goet- - Mot EhegloRe -
reaction migXeugeny W6t a6481 11 9- BEL e {37l + ¥Ef £aafided and
extraction was co¥1duclt eld W t[h Eﬂ{a%l et her\l} Tm M\? T%gt he aqueous

| ayer, a sakupﬂ;bechoﬁqmedusm}m&xﬂm of citric acid (5 m) was added
and extraction was conducted twice with ethyl acetate (70 m, 50
m). To the sol B#insh 7of(beRay5eftidng -Adrediodmidazall, 5- alquinoline-3-
nmet hanol /tetr r.of xture as_recovered fromthe organic |ayer
(ai eyl eEREPTISRt H A% "0l GePentBF T RLoiram i eide (1.0 m)

was added gegf&ﬂ@edﬂw Whe sﬂ@ns»e%;forc@eqrégraslinheygrﬁpfé TR9Mo give
tenperature and for an hour at 60 C. The sol vent was renoved ¥h vacuo

and after addi ng:let eompdanadl )2.28x Gl ags i Dryenaswepmetei.ed twice with
di et hyl et her 430 m). To the aqueous | ayer, a sdaturated agueous
sol ution oMSEFeTAAPCAcPYaLR: M98 Wetd) added and extraction was conduct ed

t th f Af t d I t hyl
acetat 6 andObHEbrof Py SUP LI Syt BEEE TGS PR bTHaeEy bne o
desi ccant wag deﬁrﬁiﬁﬁgo@ifsﬁé‘ﬂd qtutaﬁomyﬁqmmﬁh £oyed #& YpEdithe- IO
t he resultlng residue, a solution of 2 M'hydrochloric a 8|n eth

acetate (26ambdxydmzeadded and the m xture was stirred for 15 hours at

roomtenperature. The solvent was renoved in vacuo and after addi ng
water (20 m) &ffd 2ASBeRE¢eRe QﬁQA—EG‘F byl BE) tBel fﬁ'xth?(ﬂ@Y\lvasybﬂ:rfred

1 tored aRt LHEMLRRPRl b el ORELA FaTAd PEPY AR g gl ve the

NB(ES!  APCE D1 STACMEE 1R RAZ (0 i’x&ﬁ%@[ﬁ@%ﬁo@?@% ]
and tetrahydrofuran (1:1, 46.0 ml), 10% palladium—activated
carbon (446 mg) was added and the mixture was stirred under
hydrogen purge for 10 hours at 60°C. The reaction mixture was
filtered through Celite and the solvent was removed in vacuo.

The resulting residue was purified by silica gel column



2
,2.53-2.59(m 1 H),2.62-2.67(m1H),2.70(s, 3 H,2.79- 2.90(m5 H),
.98-3.07(m 2H),7.25-7.29 (m 1H),7.35-7.41(m 2
H),7.53-7.56(m 1H), 8.29(s, 1 H  [0232] Exanpl e 21

ppm1.48 - 1.56(m1 H), 1.56 -1.63(m 1H),1.65 -1.72 (m
2

-~ 90 -

chromatography (eluent: chloroform/methanol = 10:1} to give
the titled compound (1.9l g) as a pale yellow powder.
MS(ESI/APCI Dual): 398 (M+H)
4 NMR (300 MHz, CHLOROFORM-d) & ppm 1.38 - 1.68 (m, 10 H),
1.68 - 1.92 (m, 2 H), 1.92 - 2,12 (m, 1 H), 2.67 (dd, J=14.5,
7.9 Hz, 1 H), 2.73 - 2,99 (m, 5 H), 3.19 (dd, J=14.5, 5.3 Hz,
1 H), 3.44 - 3.60 {m, 1 H}, 3.71L - 3.89 (m, 1 H), 6.69 - 6.85
(m, 2 H), 7.20 (d, J=8.5 Hz, 1 H), 7.88 (s, 1 H)
[0193] (6) Synthesis of tert-butyl 3-[(7-ethoxy-4,5-
dihydrecimidazo[l, 5~ajquinelin-3-ylimethyl]~2~oxopiperidine-1-
carboxylate

To a solution of tert-butyl 3-[{7-hydroxy-4,5-
dihydroimidazo[l,5~alquinolin-3-yllmethyl]-2-oxopiperidine-1-
carboxylate (100 mg} in N,N-dimethylformamide (2.5 ml),
potassium carbonate (34.8 mg) and ethyl iodide (78.5 mg) were
added and the mixture was stirred for 3 hours at room
temperature. To the reaction system, water was added and
extraction was conducted with chloroform. After drying over
anhydrous sodium sulfate, the desiccant was filtered off and
the solvent was removed in vacuo. The residue was purified by
silica gel column chromatography (eluent: ethyl acetate to
chloroform/methanol = 10:1) to give the titled compound
(70' mg) as a yellow oil.
MS (ESI/APCI Dual}: 426 (M+H)
'y NMR (300 MHz, CHLOROFORM-d} & ppm 1.42 (t, J=6.9 Hz, 3 H),
1.52 (s, 29 H), 1.534 - 1.%94 (m, 3 H), 1.94 - 2.14 {m, 1 H),
2.66 (dd, J=14.3, 8.3 Hz, 1 H), 2.77 ~ 3.00 (m, 5 H), 3.20

(dd, J=14.3, 4.7 Hz, 1 H), 3.50 - 3.66 (m, 1 H), 3.7l - 3.87




Synt hesi s of 5-am no-2-(5, 10-di hydroi m dazo[ 1, 5-

b] i soqui nolin-1-yl nmet hyl ) pentanoic acid (1) Synthesis of nethyl
4-fornyl-1-trityl-1Him dazol e-5- carboxyl ate A sol ution of
dinmethyl 1-trityl-1Him dazole-4,5- dicarboxylate (500 ng) in
chloroform (11.7 mM) was cooled to - 60 C and diisobutylal um num
hydride (2.36 ml as 0.99 Msolution in toluene) was added dropw se,
and the m xture was stirred for an hour at the sanme tenperature.
After addi ng net hanol and an aqueous sdluti on of 15%citric acid
dropwi se, extraction was conducted with chloroform After drying the
organi c | aygi, avey, anhydreyssseds um, syl iinf es. 1she degy caantz Was 7.28
filtered off and the solvent was renoved in vacuo. The resulting
resi due was- puBef (red by)si Fi 84 g=l calumm chromat ography (el uent:

n- hexane/ ethyl acetate = 2:1 to 1:2) to give the titled conpound (350
ng) as a cdi%Pléss polidérntiepEsI9tascl (Brat Put I ERIPRNY 1HIETRRR] {300
VHz, C""-(R(E:C,BME 5 ppm.3,.24 (S.. 3_H) .08 -  +,113 - 7.24 (m 6
H, 7.28 - 4746 ?)r)ﬁ(y s fjis??"iﬁ‘g’(md‘,d%fé’é?ngaz],q“fnﬁ)l}n1 710 (d, J=0.5
Hz, 1 H) [Qd33b€dy)11DeMeRasis sfidret hyl 4- lhydroxy[ 2-

(hydroxynet hyl ) phenyl ] met hyl )-1-trityl-1Hi m dazol e-5- carboxyl ate

A sol ution of 2Tbrorseniyph af codral-b(248 3q)(7i-ethety-ah\adr of uran (4.4
m) was cooled to -30 C and dj butyl nmagnesium (0.662 mM as 1.0 M

sol uti on i fihzgratedagzed Ll nbra Jatinedinn (0t sedhyl | a3-22op3 PRIEEBi e T bn

i n hexane) uenti.al Ly added_dropw se, a he .m xt ure was
stirred forc\gg%gﬁgﬁa%eagﬁg I&Qy&%oe%ﬁaé 8‘6?a‘lrrfeatnhgﬂ‘g 1&).’ an agueous
4-fornyl - 1sblibtydn W mi,dagol enbdeehbaxyiade (0389 M) Wdd added and
tetrahydrof uran was added dropwi se and the mixture was stirred for an
ahour at t heesaist\inpesatuieediffoer 1adding atsatan ateaghearguedsls To

sol ution of amoni um chloride to quench the reaction, extraction was
conduct ed RPENERAFRAONAEEE BRTRy. WEEEr VaP yidARS Redob b fiusory et a R rvas
anhydr ous sodi Ulfate . the desicgcant was filtered off apd. the

ol vent - wadsrsEEF B8t D b RE AR e B oLat B el bl e By
silica gel w¢oh WM LheedBt saraphy el uents: dihiexaned eldd lexdest8idh wad 1
to 1:3) to give the titled conmpound (210 ng) as a col orl ess powder.
VB( ESI / APCEoibdrad Yed 52 Eh MiiNegr cilftd rVRA £ 80 dvivz nyg ChikdBREFDORMd) s 65 qpimm
3.00 (s, 3 H% 4.71 - 4.90 (m 2 H, 6.41 (s, 1 H, 7.01 - 7.43 (m
20 H) [ 0233Pt5)t Ry i ReSPEHattet Ryl £1b9RAHEES- SR (the solvent was

g:c h?’rg{ ﬁ;”m g%f%%ar g@%'ﬁ_é%”éo”‘ai'v%e%%éC{-?{tb@ély L8hSound (6573¢F 59 UL1.90
(hydr oxynetayidwhapkloethyl I -1 -trityl -1Him dazol e-5- - 114 -
carboxylate (500 ng) in chloroform (5.0 m), carbon tetrabrom de (362
ng) and trMphesiAAFRdsphahe: (£288Mrg) were added under cooling with ice
and the m xture was stirred for 10 mnutes at the sane tenperature

and for 2 HbdME 40P J8HA -t EHHERAT e A)ITRePPRaEtIom Ai 4B uFer vigks H)
concentrated,in vacyo.,_ A ut i,on,of resul ting i dug I
net hanol (g'?)é m ;Il%/gs (%ltiz_rsgie}d fldrEBS h%‘lt}ﬁgs (B¢ tgo]!”c. irﬁ% regt%*?ohm’_ ?
m xture wagy coNeentGat 8ds i ppacyognds ay qgueoss, solyti gnyef- spdjsum
hydr ogencar bonate was added to the resulting residue; extraction was
t hen condu¢ted thiree. b2 nes W=BhSchkoroflarrms. ABt &, dr iiing t he organic
| ayer over anhydrous sodium sul fate, the desiccant was filtered off
and the sol ¥t was (B en¥rddiesd sva€ vz amine—2ad (T ts iy =vesr 8ue was
purified by.silica.qgel l.um chr omat agr aph k}e uent: ethyl .
acet at e/ ch%ﬁo}% r@rlwgr%%%gffﬁ%gqf?ﬁ?gﬁo (ﬁ%‘gi YJ[](?eéﬁt\?Eof'ﬁea‘fﬂ | ed
conpound (117 rg) aa§o§u’@ﬂ:!rprolfe§3[@tért%(tg§gé£ﬁgnﬁ3§h}.ho]z5ﬁ(w 111
NVR (300 MHz, CHLOROFORM d) 5 ppm 3.39 (s, H, 3.95 (s, 3 , 5.05
- 5.33 (methddy-4559dilsdralimiiazd [ B0s—al4ud ol 18- Byl me¥nh0] pernkan@itm
1 , 7.66 (s, 1

H) aéid (GSHLg) in ethyl acetate {0.7 ml), a solution of 4 M

hydrochloric acid in ethyl acetate (0.7 ml) was added and the



[ 0235] (4) Synthesis of nethyl 5,10-di hydroi m dazo[ 1, 5-

b] i soqui nol i ne-I -carboxyl ate To a solution of nethyl

10- net hoxy-5, 10- di hydroi m dazo[ 1, 5- b] i soqui nol i ne-| -carboxyl ate (117
ng) in nethanol (4.5 m), 10% pal | adium activated carbon (59 ng) and
conc. sulfuric acid (one drop) were added and the m xure was stirred
under hydrogen purge for an hour at roomtenperature and for 5 hours
at 60 C. The reaction mxture was filtered - 115 - through Celite
and the solvent was renoved in vacuo.” P& the resulting residue, an
aqueous sol ution of sodi um hydrogencarbonate was added and extraction
was conductrgctibeerad ismEs ratt botomeler at Afdreteapytagnitdie Thregani C

| ayer over anhydrous sodium sul fate, the desiccant was filtered off
and t he solneestigassysimoveEdsi peNRNFatedgiveradye enel ee crpydlhad (84
ng) as a col orl ess powder (ESI / APC 229 H) J H NVR (300
Vi, CHLCRASCRRE 08 TSP3vER (b vabedy (Parh 208 Sstpy adaind (3 550
7.23 - 7.4 4 nnlc88 H) 3 n i

5 10- di hyd?&%ﬁ!}”ééﬁﬁlﬂ%ﬁg] i‘E?a‘aJ?“ln’a e flaeioy é"gﬁyﬁggﬁéd Tk <ol uti on
of nmethyl S0lQidibysrai Fodazofdpdratilries otre Nelaicheoh - spsthoxylzat e (1. 00
g) in tetrahydrofuran (43.8 m) was cooled to -78 C and

di i sobut y| dlidtrenedn dandithgefiltirate masasoncou-uited| Uk i AFYN teoBlERe)
was added dropw se and the %rixture s.sti c{ed for an hour 3 t he
sane tenper@euFatlisg (RFPGUBACHFHP TR }gac{ 89 WPt h® it Hanst-1o%n
aqueous sol %%'ggg of 15%citric acid was added and the m xture was
stirred fof mnutes at roomtenperature. After neutralizing with
an aqueous p3qkpt yorc0ouk@9% seai wmshydr oxi de, extraction was condut ed

three tines with chloroform After drying the organic |layer with
anhydr ous SBA¥NAN SGOf ¥He, DBEWTERETMCERMRE WSS PPl } et d tof F=8nd Hhe 3
sol vent was renoved in vacua._, The resulti residye _was, purified by
silica gel Blol dnf® chriofat g@f a?pl‘fg "( él'%gnf:ﬂgﬁ dPef grﬂ’n&'ﬁ%mﬁl 5_:9(10: 1)
to give the titl grouNnd §566, Me) yas & palg yoLkow powder; g, dd6
- 1H NVR (36‘0 k/l—@d GLOROFGT V™5 pp?n4.39 7% (m" 3 1. 6370
5.25 (m 2-Hp,.67. 82 1 B)466(M ébrH) s5.7. 651),5,7.15H) ¢, 9500 3 sz, 11 H)),
[237] (6) Synthesis of tert-butyl (3E)-3-(5,10-di hydroi m dzazo[ 1, 5-
b] i sogui nol7i.82I {g1 eyl i den) - 2- oxopi peri di ne- 1- car boxyl at e

Usi ng 5, 10-di hydroi m dazo[ 1, 5- b] i sogui nol i ne-1car bal dehyde (566 ny),
reaction ar{glgéfi fi gﬁ‘?f“BELV\k?e performed by the sane procedures as in
Exanpl e 1(4) toggiyMpiie \ 0A -5 - @5n FiRAKE a4 8b | DV -
powder . I\/B(ESI/ S ' ' '- 0 BT t |
3-(5,10- ajguinolin-3-yl)methyl]pentanoic acid dihydrochloride

di hydroi m dzazo[ 1, 5-b] i sogui nol i n- 1-yl nmet h3y| ) - 2- oxopi peri di nel - car box
yl ate (1) Synthesis of tert-butyl 2-oxo-3-[(7-

{[{trifluoromethyl)sulfonyl]oxy}-4,5-dihydroimidazo[l, 5~
alguineclin-3-yl)methyl]piperidine-l~carboxylate

To a solution of tert-butyl 3-[(7-hydroxy-4, 5~
dihydroimidazo[l, 5-alquinolin-3-yl)methyl]-Z2-oxopiperidine-1-
carboxylate {100 mg) in chlorform (2.5 ml), pyridine (39.8 mg)
and trifluoromethanesulfonic anhydride (85.3 mg) were added
under cooling on a dry ice-acetone bath and the mixture was
stirred for an hour under cooling with ice. To the reaction
system, a saturated agueocus solution of sodium

hydrogencarbonate was added and extraction was conducted with



Using tert-
b] i sogui nol i n-1-yl net hyl i den) - 2- oxopi peri di ne- 1- car boxyl ate (360 ng),
reaction and purification were perfornmed by the sane procedures as in

butyl (3E)-3-(5, 10-di hydroi mi dzazo[ 1, 5-

Exanple 1(5) to give the titled conmpound (345 ng) as a pale yell ow

oi | . MB(ES

|/ APCI Dual ): 382(M+H) [0239] (8) Synthesis of

5-[(tert-but oxycarbonyl)am noj - 2-
(5, 10-di hydroi m dzazo[ 1, 5- b] i sogui nol i n- 1-yl net hyl ) pent anoi ¢ aci d

Using tert-

b] i sogui no

butyl 3-(5, 10-di hydroi m dzazg[ 1, 5-
i n-1-yl met hyl ) - 2- oxopi peri di ne- 1- carboxylate (345 ng),

Gve the 1 TBEbESEIE At HEy ST RSB R AD sill AR A e/ ( (et ©
MS( ESI / APClgdadabiat 400 (Vi rEQ2HH BN SHOtHESIcHt0has removed in

5- am no- 2-
b] i sogui no
5-[(tert-b
di hydr oi m
reaction a
Exampl e 14
pal e brown
DEUTERI UM

(5, 10-di hydr oi m dazo[ 1, 5-
Iﬁanum=miﬁnﬁqﬂiﬁpen@aﬂujuxiadbd by silildsi pgl column
ut oxycar bonyl )am no] -2-(5,1

FrEPBR 1OTAH stabilwaﬂl e Peiiﬁﬁ%f?ﬁﬂ%éﬁf‘-éﬁﬁ?c d¢RdtP332 ny),
ficat X d. b d
(7 B AR PE L F B ey b st EIFe HonSE ey a5 4"

(R2Y08E) al\ﬁ(aE%Iif&ﬂoaﬂJal) 300(MrH) 1H NMR(600 Mz,
CMIDE) 6 ppm1.44 - 1.73(m4 H), 2.51 - 2.63(m
MS(ESI/APCI Dual):; 530 (M+H)

'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.50 (s, 9 H), 1.55 -
1.71 {m, 1 H), .71 - 1.%94 (m, 2 H), 1.98 - 2.15 (m, 1 H),
2.6% (dd, J=14.3, 7.8 Hz, 1 H), 2.7% - 3.06 (m, 5 H), 3.l6
(dd, J=14.3, 5.1 Hz, 1 H), 3.56 {(ddd, J=12.9, 7.2, 5.3 Hz, 1
H), 3.80 (ddd, J=12.9, 7.2, 5.3 Hz, 1 H), 7.16 - 7.30 {m, 2
H), 7.41 - 7.51 (m, 1 H}, 7.92 (s, 1 H)

{0L197] (2) Synthesis of tert-butyl 2-oxo-3-[(7-phenyl-4, 5-
dihydroimidazo(l,5-alquinolin-3-yl)methyl]piperidine-1-
carboxylate

To a solutlion of tert-butyl 2-oxo-3-[(7-
{[{trifluoromethyl)sulfonyl]loxyl-4,5~dihydroimidazo[1, 5-
alquinolin-3-yl}methylipiperidine~l-carboxylate (110 mg) in
1,4-dioxane (1.0 ml), triphenylphosphine (16.4 mg),
phenylboronic acid (27.9 ng), palladium acetate (4.67 mg) and
an agueous solution of 2 M sodium carbonate (0.52 ml) were
added and the mixture was stirred for 2 hours at 80°C. To the
reaction system, brine was added and extraction was conducted
with ethyl acetate. After drying over anhydrous sodium
sulfate, the desiccant was filtered ¢ff and the sclvent was
removed in vacuo. The residue was purified by NH silica gel

column chromatogprahy (eluent: n-hexane/ethyl acetate = 1:1 to



2H), 2.73 - 2.83 (m 1 H),2.91 -3.04(m 2 H), 3.70 - 3.82 (m2 H),
4.89(s, 2 H),7.11-7.29(m4 H), 7.70 (s, 1H)

_94_

0:1) to give the titled compound (46 mg) as a colecrless
powder.
MS (ESI/APCI Dual): 458 (M+H)
m NMR {300 MHz, CHLOROFORM-d) d ppm 1.40 - 1.68 (m, 10 H),
1.70 = 1.95 (m, 2 H), 1.95 - 2.16 (m, 1 H}, 2.61 - 2.77 (m, 1
H), 2.8¢ - 3.06 (m, 5 H), 3.14 - 3.30 (m, 1 H), 3.50 - 3.65
{m, 1 H), 3.72 - 3.89 (m, 1 H), 7.3L - 7.73 {(m, 8 H), 7.97 (s,
1 H)
[0198] (3) Synthesis of 5-[(tert-butoxycarbonyl)aminoci-2-
[{7-phenyl-4,5-dihydreoimidazo[l, 5-a]lquinolin-3-
ylimethyl]pentancic acid

Using tert-butyl 2-oxo-3-[(7-phenyl-4, 5-
dihydroimidazo[l,5-alJguinolin-3-yl)methyl]piperidine-1-
carboxylate (46 mg), reaction was performed by the same
procedure as in Example 14(7) and recrystallization with n-
hexane/ethyl acetate gave the titled compound {26 mg) as a
colorless powder.
M3 (ESI/APCI Dual): 476 {M+H)
[0199] {4) Synthesis of 5-amino-2-[{7-phenyl-4,5-
dihydroimidazo[l, 5-alquinolin-3-ylimethyl]lpentanoic acid
dihydrochloride

Using 5-[(tert-butoxycarbonyl)amino-2-[ (7-phenyl-4, 5~
dihydroimidazo[l,5-alquinolin-3-yl)methyl]pentanoic acid
{26 mg), reaction and purification were performed by the same
procedures as in Example 14{(8). To the resulting powder, a
solution of 2 M hvdrochloric acid in ethyl acetate (3 ml) was
added and the mixture was stirred for an hour at room

temperature. The reaction system was concentrated in vacuo to



[ 0241] Exanpl e 22 Synt hesi s of 2-(2-am nopyridin-4-yl)-3-(4,5-
di hydr oi m dazo[ 1, 5- a] qui nol i n-3-yl ) propanoi ¢ acid di hydrochl oride
(1) Synthesis of N, N-bis(4-nmethoxybenzyl)-4-nethyl pyridin-2- am ne
To a solution of 2-am no-4-nethylpyridine (5.00 g) in

N, N- di et hyl f ormam de (154 m ), sodium hydride (60% 4.62 g) and

p- met hoxybenzyl chloride (18.2 g) were sequentially added under
cooling with ice and the m xture was stirred for 20 hours at room
tenperature. After adding an aqueous sdsuti on of 15%citric acid to
guench the reaction, extraction was conducted three tinmes with ethyl
acetate. Afdiele @h¥i POciE BRISME | RN eugaeis,arifsyﬁhP9U§s sOdied Ay

sul fate, the desiccant was filtered off and the solvent was renoved
in vacua. Hweder.118 - resulting residue was purified by silica ge
colum chronmat o ragh (el uent: n-hexane/ethyl acetate = 8:1 to 3:1)
to give thé“ﬁ?ﬁgéﬂ %%d%ﬁﬂﬁd ¢18(MH)) as a yellow oil. MS(ESI/APC

Dual ): 349( 1 300 d)5 p W%%;; (s.3,H,3.78(s,
TR e S L S R e L
2.60 - 2.90 (m, 7 H), 2.99 - 3.10 {m, 2 H), 7.17 - 7.53 (m, 8
H), B.75 (s, 1 H)
[0200] Example 16

Synthesis of S5-amineo-2-{[7-(cyclohexyloxy)-4,5-

dihydroimidazol[l,5-a]lquinelin-3-yl)imethyl]pentanoic acid

(1) Synthesis of 6-(cyclohexyloxy)-3,4~dihydrogquinolin-2 (1H) -
one

To a solution of 6-hydroxy-3,4-dihydroquinelin-2(1H)-one
(3.00 g) in N,N-dimethylfoxrmamide (61.3 ml), cesium carbonate
(5.99 ¢g) and cyclchexylbromide (6.00 g) were added and the
mixture was stirred for 5 hours at 60°C. To the reaction
system, water was added and extraction was conducted with
chloroform. After drying over anhydrous sodium sulfate, the
desiccant was filtered off and the solvent was removed in
vacuo. The residue was purified by silica gel column
chromatography (eluent: n-hexane/chloroform/ethyl acetate =
1:1:2) to give the titled compound (301 mg) as a pale yellow
powder.
MS(ESI/APCI Dual): 246 (M+H)
'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.22 ~ 1.57 (m, 6 HJ,
1.72 - 1.89 {m, 2 H), 1.89 - 2.05 {m, 2 H), 2.54 - 2.67 {(m, 2
H), 2.86 - 3,00 {m, 2 H), 4.10 - 4.20 (m, 1 H), 6.60 - 6.80
(m, 3 H), 7.67 (br. s., 1 H)

[0201] (2} Synthesis of ethyl 7-(cyclohexyloxy)-4,5-



EU, 6.80 -6.86 (m 4H),7.11-7.18 (m 4 H),8.04-8.09 (m 1 H

_96_

dihydroimidazo[l, 5-a]guincline-3-carboxylate

Using 6- (cyclohexyloxy}—3, 4—dihydroquinolin-2 (1H) -one
(399 mg), reaction and purification were performed by the same
procedures as in Example 1(1) to give the titled compound
(360 mg) as a pale brown crystal.
MS{ESI/APCI Dual): 341 (M+H)
[0202] (3) Synthesis of [7-(cyclohexyloxy)-4,5-
dihydroimidazo[l,5%-alquinolin-3-yllmethanol

Using ethyl 7-(cyclohexyloxy)-4,5-dihydroimidazo[1l,5~
alguinoline~-3-carboxylate (360 mg}, reaction was performed by
the same procedure as in Example 1(2) teo give the titled
compound (304 mg) as a brown oil.
MS (ESI/APCI Dual): 299 (M+H)
[0203] {4) Synthesis of 7-(cyclohexyloxy)-4,5-
dihydroimidazo[l, 5-alquinoline-3-carbaldehyde

Using [7-(cyclohexyloxy)-4,5-dihydroimidazol[1l, 5-
alguinolin-3-yl]methanol (304 mg), reaction and purification
were performed by the same procedures as in Example 1(3) to
give the titled compound (190 mg) as a brown oil.
MS (ESI/APCI Dual): 297 (M+H)
[0204] {5) Synthesis of tert-butyl (3E)-3-{[7-
{cyclohexyloxy)—4,5-dihydroimidazo[1l, 5-al quinclin-3-
yllmethyliden}-2-oxopiperidine—-l-carboxylate

Using 7-(cyclohexyloxy)-4,5-dihydroimidazofl, 5-
algquinoline-3-carbaldehyde (190 mg), reaction and purification
were performed by the same procedures as in Example 1(4) to
giﬁe the titled compound (205 mg) as a pale yellow crystal.

MS(ESI/APCI Dual): 478 (M+H)



[0242] (2) Synthesis of ethyl 12-[bis(4-

met hoxybenzyl ) am no] pyri di n-4-yl | acetate To a sol ution of

N, N- bi s(4- nmet hoxybenzyl)-4- nethyl pyridin-2-amne (5.00 g) in
tetrahydrofuram (14.3 m), diethyl carbonate (3.39 g), lithium

di i sopropylamde (57.2 ml as 2 Msolution in

hept ane/ t et r ahydr of ur an/ et hyl benzene) were added and the m xture was
stirred for an hour at the sane tenperajure. After addi ng an aqueous
solution of 15%citric acid to quench the reaction, extraction was

conducted t times. w h tate f1er dryin e organic
| ayer over g%ﬁ%&rous§%% |u%ﬁ%ﬁ%%é%g%e?hebﬂég%?%éﬁ? dﬁgc#$ﬁﬁ? %gﬁykff
and the solyentinasrsemed [hNsvacHanol 8- 5-8auUlddtAgl § esl due was
purified by silica gel columm chromatography (el uent: nhexane/ et hyl
acetate = Dxbptipedidind-d-ghevbothmid t| ed conpound (1.25 g) as a

yellow oil. nms(Esi/Apci Dual): 421(MrH) LH NVR(300 Mz,
CHLOROFORM d) 5 BpiRd. WRHEPIEY! 1(35) —334if 7~ bevpd.ohgxyloxy) -4, 5-

s az(m 1Rl Rl 20 thdfaBadRi-o-

H), 7. 08- 7. 2064 4D Binkd18ca8b M lidde (2081%), reaction and
purification were performed by the same procedures as in
Example 1(5) to give the titled compound (188 mg) as a pale
yellow oil.

MS (ESI/APCI Dual): 480 (M+H)
[0206] (7) Synthesis of 5-[(tert-butoxycarbonyl)aminoj-2-
{[7-(cyclohexyloxy)—4,5-dihydroimidazo[l, 5-algquinolin-3-
yllmethyl}pentanoic acid
Using tert-butyl 3—-{[7-{cyclohexyloxy)-4,5~
dihydroimidazo[l, 5~alguinclin~3-yl]lmethyl}-2~oxopiperidine-1-
carboxylate (188 mg), reaction was performed by the same
procedure as in Example 14(7}) and recrystallization with n-
hexane/ethyl acetate gave the titled compound (155 mg) as a
colorless powder.
MS{ESI/APCI Dual): 498 (M+H)
[0207] (8) Synthesis of 5—amino—2—{t7-(cyclohexyloxy)—4,5—
dihydroimidazo{l, 5—alquinolin-3-ylimethyl}pentanoic acid
Using 5-[ (tert-butoxycarbonyl)amino]-2-{[7-
{cyclohexyloxy) -4, 5-dihydroimidazo[l,5-alquinolin-3-
yl]lmethyl}pentanoic acid (155 mg), reaction and purification
were performed by the same procedures as in Example 14(8) to
give the titled compeound {(compound 16, 96 mg) as a pale yellow

powder.



[ 0243] (3) SyntheS|s of ethyl 2-(2-[bis(4-

met hoxybenzyl ) am no] pyri di n-4-y11- 3- (4, 5- dlhydr0|n1dazo[1 5-

al qui nol i n-3-y1) - 3- hydr oxypr opanoat e To a solution of ethyl
(2-[ bi s(4- met hoxybenzyl)am no] pyridin-4-yllacetate (100 ng) in
tetrahydrofuran (1.8 m), lithium hexamethyl disilazane (0.238 nml as 1
M solution in tetrahydrofuran) was added at -78C and the m xture was
stirred for 30 mnutes at the sane tenpgrature. A solution of

4, 5-di hydroi m dazo[ 1, 5- a] qui nol i ne- 3-car bal dehyde (36 ng) in

t et r ahydr of a and the m xture was stirred for an
hour at thﬁs@%%\}?gcr:r%gﬁrjua uré%&%}he reaction system a saturated

aqueous soliyt foR ooaﬂiHQn'nl@?H‘A'Nb@.La@? yasprdded ang, @xtikact s om was
conducted with et acetate. After drying the organic |ayer over
anhydr ous sodifum EudST afne, 2t Ak, desidceant Swasuf i1 Her ed. oFf f- dndst ke, 1
solvetns were renovd in vacuo. The resulti ng resi due was purified by

NH silica délr &oféinfibhricial ogtapliye: (&l ﬁént 8% Héxarie? et Wpr AcBlate =

1:1 to 0:1), t i,ve_t itl as a vellow oil.

VB EST/APC?7 lf‘ﬁa? ‘{;%Nﬁi ﬁ” NEE ?gog C%—ILO?O:OgMd) oppm 1. 16
- 132(m[%gb%%20é:;{ampge1§7(m 1 , 233- 2.54 (m 2 H, 2.60 -
2.71 (m 1 H) - 3.81 (m 6 H), 394-401(m1|—|),4.07-

4.33 (m 2 H), dydthesibd 66 $ramihoHp- [479§repi14@85€ﬂihﬁdﬂdnmi6a3&[1,5—
637(m1H),640-646(m1H),669-677¥“(i H, 6.99 -
7.08 (m 4_|g.|gu11701:m1 3wl4meth,yl]4pem\tanq:,g1aqnqd dih roc;h]qzrls:leg 01 (m 1

H) [0244]( Syn eS|s of et

met hoxybenﬁél))g r| °di At bﬁg t% lqyg’roufuﬁdﬁzo[ rsoxy) 3- (4,
5- di hydr ol i gam{)ﬂm@@%w@im& yl ) pr opanoat e To a sol ution
of et hyl s(4-

met hoxybenzyl )amrmj [By-ob-dina- 3-4-Hi-hyd ¢ dgdi e hye2 gL W) eamo[(B,-50 g) ,

a) gui nol i n-3-y1)-3- hydroxytpropanoate (1.50 g) in chloroform (24.2
m), im daz6Reti3B anf) rPardtietiopugrei pRtigamsdl Py t%lsélff‘?de (438 mg)

were added and the m xture.was stlr d at_.roo r,20
hours. To Pﬁgc?é 1 G %?s]i:xamp V\%.% gac]'(fegh gP ré:(? Pognd

conduct ed threg &y MBS sk De cﬁllqrog,f gggaeﬁfter drying the organic I ayer
over anhydrous sodi um sul fate, the desiccant was filtered off and the

sol vent wasISHB&DAAPIM Duatbo. 32Ihe+Hesi due was purified by silica gel
col umm chr omat o]graphé (eluent: n-hexane/ et% acetate = 4:1 to 1:1)

to give thd02PPl ed cGrpduREhsisseigptayl & CoItE? I esRreRen- 1IVSE~ESW§NPCI
Dual ): 733 L ORM- d mo.12 - 0.25 (m 6
H) | 2) 93 -g i) rc(lml ﬁﬁ g%&f‘gﬂ S T YE§P 2.38 - 2 54 (ﬁn 1
H, 2.54 - 2.73r{m s%sg)ensgor?%f' c2h93 ﬁiBrokoH)zJﬁ?»dﬂgyo(r%am@d’alle[ﬂ 57 -
4.49 (m 3 H), 4.62 - 4.86 ( H, 5.28 (d, J=10 . 6.56
(s, 1 H, 6]70ifddned35crbdxyd altde, (1 7—5 9)6 I&Btolﬁel% (5. 84m]_-|), MES -
7.27 (m 4 H, 7.29 - 7.60 (m 4 11) 4 (s, 1 8.12 (d, J=5.2
Hz, 1 H [&285¢8%)" %yﬁrheé?rsl%ﬁ%fih% %@ai-rz Trps F%lffsib&tylp osphine
T outnotnid: $ETBDCHRAARALE doetied Lo ok oL SRER Sotution

aj] gui nol i n-

2-{2-[bis(4z M%@%Béﬁ'é@éﬂdﬁ%@ﬂiﬂ'@n‘fh)Y%ré 4d&d and- 421 -
but yl di net hyl si | yl oxy) - 3-(4, 5-di hydroi m dazo[ 1, 5- a] qui nol i n- 3-

yl ) propanoatetfde 4&sgptinrdd Nodi Aehbyt$ crne®iodec ( I®. 8hal yeaction
di azabi cycl oundecene (1.21 g was added and the m xture was stirred
for 6 hour §yaten7»o wgteThuas doﬁ“éy%%‘él?ﬁ%d@ncﬂﬁ%e?ﬂﬂda’icéédl fi¥acuo

a0 e TesAye RS T AL el £ 0 Sl Um BLORLOGESRIY e
conpound (ééglg@n@%vag @f‘i@eﬁé@ lo?.\é’ Qﬁ)éi\dlﬁ{e solvent was removed in

vacuo. The residue was purified by silica gel column

chromatography (eluent: n-hexane/ethyl acetate = 1l:1) and



MB(ESI/ APCI Dual ): 601(M+H) 1H NWMR (300 MHz, CHLOROFORM d) 5ppm 1.27
(t, J=7.1 Hz, 3 H, 2.40 - 2.56 (m 2 H, 2.64 - 2.78 (m 2 H), 3.74
(s, 6 H, 4.23 (q, J=7.1 Hz, 2 H), 4.62 (s, 4 H, 6.45 - 6.50 (m 1
H, 6.58 (dd, J=5.2, 1.3 Hz, 1 H, 6.68 - 6.78 (m 4 H, 7.04 - 7.14
(m 4H, 7.15 - 7.43 (m 4 H), 7.77 (s, 1 H, 7.86 (s, 1 H, 8.18
(dd, J=5.2, 0.8 Hz, 1 H) [0246](6) Synthesis of ethyl 2-{2-[bis(4-
nmet hoxybenzyl ) am no] pyridin-4-y1}-3- (4,99 di hydroi m dazo[ 1, 5-

a] qui nol i n-3-yl ) propanoat e To a solution of ethyl

(22)-2-12-| N

ot hoxybenZyl e ant 5 11 SRR T Soerass e i

al qui nol i n-syit)od- paepenaakeut 58O Mk tmtgéchajwipoﬁad7arm JethlQ%y - (1-
pal | adi um activated carbon (116 ng) was added and the m xture was
stirred underpepd?ogbh-pirgdhydroBuidearslal-B0dnoTheertastibonysyse em
was filtered through Oel ite anfl%t he sol vent was renoved in vacuo. The

resul ting r&srdB8 was® @S fi BAL Dy SilOMcBOY2FE col unm chr omat ogr aphy
(el uent: / I ta 1to 1:4) togive the titled
conpound (E@%@%{EE&W D'%g%onggégM%P .- 122 - MS(ESI/APCI Dual):

603( MHH) | ' AR (3RO Mkl , cHESrORORORM & BmPpmBd. 121 (4o, (773 1)z, 3
2.37 - 2.54 (m 1 H, 2.57 - 2.79 (m 3 H), 2.84 (dd, J=14.3, 7.8
1H, 3 20 (dd; 29, 3, HY. & 4 -13H93 Gu, 72 (rl$, 6 H,-3.92 (1, 2

=7.8 Hz, 395-418(m2 D 4.53 - 4.74 4_’I_0I9,6.39(s,

H, 6. 55H()c1d4 ig 14-3P dmpp2 H) H)6 B.716-4% (B4 %n’i”f4 5 7. 6350
.20 (m 45[) H, 7.86 (s, 1 H, 809 (d, J=5.1

Hz, 1 H) [0( 47]3(]%% Synthe3|s olil 2-{2-[bi s(4-

met hoxybenzyk) am no] @yr isghdhds sl )31 64( 51mblily@ﬁ:6p€hdﬁwll45s—

a] qui nol i n-3-yl) propanoic acid To a solution of ethyl

2-12- [b|s(¢4hydr01m1dazo[l 5- a]qulnolln 3-yl}methanol

nmet hoxybenzyl') ami no) pyri din-4-y1 (]4 d| hydr oi m dazo[

a] qui nol i n- 3- y 13 prvpaidat-8n ( ‘?"-7(5a Al ) FanBFoPeR ot M - 4aﬁ agueous
sol ution Otai ﬁgﬁ&gﬁh %ffxdé% n(ohﬁeni)ca%%x g%&' A gy M xpure
was stirre ours at roobm temnperature. e reaction syst mvvas
concent r at @dopénvacuq -and- @il’i}ﬁfroadﬂtiﬁgo B, 532G §QiSo B di3-@8rBhx Jhibe
citric acid to the residue to neutralize it, extraction was conducted
three ti rreénwﬁ‘ﬂlhiwr@r dfibP Mg AfS:8n  dnytelyahiydrofgean c(UéaPemnlini t h
anhydr ous gums | fate, théa desi ccant was filtered off and the

sol vent wa lF WNRE RGNV T He St PEded M GOPSHAY i)t has
a colorl ess_gi E P, al ( 1 0

CHL OROFORM: 'SLdQ %snd g%(ezﬁ%!z‘éfg o (s)m?g{oé\gﬁ? ‘]m&"z% é’% Qi&/{:)z, 3.16
- 3.33 (m t&mﬁﬁraﬁhﬁéQ To3tHd Adictbohl) syskhe®§ ethyd=octade, addHn 4. 53
- 471 (m 4 H, 6.48 (s, 1 H, 6.57 (d, J=5.3 Hz, 1 H), 6.70 - 6.79
(m 4 H, aqa)@ous Bolgtion 1983 lO"s( gpdiu)potass2um Ta:Zbrame dekd adiego
(s, 1 H, $4 (d, J=5.3 Hz I;I) &248 (8) Znthesis of

2- (2- an1noB9 Eﬁ%]mix§T¥G3W?§1%§l red for 3 days at room temperature;

di hydroi mi dazol 1.:%:21,9u1 pRld niedabbi B apanoieenatei g divdr eeblord ds ng

over anhydrous sodium sulfate, the desiccant was filtered off

\JF‘Lw¥£;

and the sclvent was removed in vacuo to give a mixture of the
titled compound and [7-{l-propen-2-~yl)-4,5-dihydroimidazo[1, 5-
alguinolin-3-yllmethanol (423 mg, 5:3) as a pale yellow oil.
MS (EST/APCI Dual): 241 (M+H)

'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.87 - 1.94 (m, 3 H),

2.80 - 3.09 (m, 4 H), 4.63 (s, 2 H), 6.16 — 6.44 (m, 2 H),



A solution of 2-{2-[Dbis(4-nmethoxybenzyl)am no]pyridin-4-

y11- 3- (4, 5-di hydroi m dazo[ 1, 5-a] qui nol i n-3-yl ) propanoi c acid (241 ng)
intrifluoroacetic acid (4.2 m) was stirred for 20 hours at room
tenperature. The reaction systemwas concentrated in vacuo and after
adding water to the residue, extraction was conducted three tines

wi th chloroform The aqueous |ayer was concentrated in vacuo and
after adding water (4.2 m) and Amber| if® TRA-67 (2.41 g) to the
residue, the mxture was stirred for 30 m nutes at room tenperature.
The reacti oh 29yst @mt wagn,f i3l ey e@l. ®hd saf Lel) washi ng wi t h nmet hanol, the
filtrate was concentrated in vacua. To the resulting resi due, an

agoueous soﬂo@tlilén of(‘@ MY 8ER| O i7c [44EY- herrcrgasd-ght 449 m xt ur e

was stirred,.for nut s _at oomtenp ratur he reaction system
was concentdtlé’f"gao”ﬁ aazou[ P02 JEVE FRE gtf%%aggﬁ%; gﬁd (conpound 22,

40 mg) as a pal govel dowdendet {Nﬁ((&%h/— o@;ailxyl 3p{derH) 114 NVR
(600 MHz, DEUTERI UM OXIDE) 5 ppm 2.79- 3. , 3.28 - 3.34 (m
1 H), 3.46 dihydpdigibazb [H) 5- 4]@.&r(dl,ln3-37y8}r|r42t,ha3:toﬂ:|) and. %((Wroﬂaﬁi—?
1.6 Hz, 1 H, 6.95 (d, J=0.9 Hz, 1 H), 7.40 - 7.50 (m 3 H, 7.65 -
7.70 (m 1214)1/1)748@-<%idlyd3fe6mi7d¢&0[11 SHp ) a9inpgling 3-ylHpethanplgin

[ 0249] Exampl .2

524, 5 o PSR REER, 2D §941 i hoih Ah3epgferm (8.8 ml), manganese

4- (1H-tetraagksaayld PANGRY- Jfaéracnﬁd ahd) Y Hihesks 0fs taritrlyt ¥be
{5-[(2-cyanoet hyl ) am no] -4-(

di hydr oi m dazapir5-a gaﬂomotemp&a;ﬂurmt hyh¢ - 5ea ciiopeatyt e araBaél eered
To a solution of 5-[(tert-butoxycarbonyl)am no]-2-(4,5-

di hydr oi mi ¢axepahsCalige aski His %%Fﬁyﬂ?%&ﬁ%@ﬁcl’éc‘f%F”(%O@hPrg) in

hi f t
&[gr?dmf%wgﬁ%n%P&ﬁﬁ?g%mﬁt Pear pefiiodning Ao dassmrhy (200
nmg) and 1HTQ§G§H£rH@4Qﬁa$e d%@%@atQZDZlnH) aWal fe 13Rdat D&

m xture was stirred for 3 ours at roomtenperature. To the reaction
m xture, ewhyh acetraixane70thy) awesaaddetkand tihesoiutinre gags washed
with water (30 m) and brine (30 m) in that order. Silica gel was
added to tkétdrgattrquagellbhdidhesssl ReHt Xedd oWofE¥HEdat ed i n vacuo.

The resul tyggng%g&e D\{\l/g pu%%%ﬁ%)by silica gel colum

chr omat ogr UentSEhr of b met hanol - 95:5 to 90:10) to give

the titl edigogpoy @‘éo(ﬁ}ﬁé” L RS FOREOA0Td €% &0D1 PhRYUS J28SE, 1.2 Hz,
MS( ESI / APCl Dual) 452( MiH) 111 NVR(300 MHz, CHLOROFORM d) 5 ppm

1.42(s,9 Hp, &) A72-84 -59(013 ) 21 HFQ- 3. 2@(m3l4IEH) (&, 38- PZ;S&( AP2H) 6. 47 63
"2.97(m7H), 8. 01 8. 220 2 2 3 3 M E 03 (s, 1 ), 10.00 (s, 1 1)
[0212] (5) Synthesis of tert-butyl (3E)-2-oxo-3-({7-[(1E)-
l-propen-l-yl]-4,5-dihydroimidazo[l,5-a]quinolin-3-
yllmethyliden)piperidine-l-carboxylate
Using 7-[(1E)-l1-propen-1-yl]-4,5-dihydroimidazo[1l, 5-
alJquineline-3-carbaldehyde (110 mg), reaction and purification
were performed by the same procedures as in Example 1{(4) to
give the titled compound (130 mg) as a pale yellow crystal.
MS(ESI/APCI Dual): 420(M+H)
[0213] (6} Synthesis of tert-butyl 2~oxo—3-[(7-propyl-4;5-

dihydroimidazol[l,5-a]lgquinoclin-3-yl)methyl]piperidine-1-



H),4.60-4.73(m 1H), 7.10-7.22(m 2H), 7. 25-7. 34

(m2H),7.39-7.45(m 1H), 7. 96(s, 1H) [0250] (2) Synthesis of tert-butyl
{4-]1-(2-cyanoet hyl)-1H

tetrazol -5-yl]-5-(4, 5-di hydroi m dazo[ 1, 5-a]J gui nolin-3- - 125 -

yl ) pentyl }car banat e To a solution of tert-butyl

(5-[(2-cyanoet hyl ) am no] - 4-

~ (4, 5-di hydroi m dazo[ 1, 5- a] qui nol i n- 3-yhpgethyl )-5- oxopentyl }carbanmate
(220 ng), trimethylsilylazide (160 ng) and triphenyl phosphi ne (256
ng) in tetr&h%drﬁig fan (6 M), diethyl azodicarboxylate (0.45 m as a
2.2 Msolution uene) was added under cooling with ice and the
m xture was stifpeg §<9J!’uta_%nh89r§elaﬂ—ﬂuct?m t eper kUL 8- ({7-( (1E)~1-
Trimethyl silylazide (160 ng), triphenyl phosphine (256 ng) and di et hyl
azodi car boxprlopee-1{ @l ¥H ,F-daby@rinideebil } Hreliquinol ima®) wer e added
and the mxture was stirred for 5 days at roomtenperature. Silica
gel was add’édn‘FBhi’h’edGI"’@é’éPPBhd%%’tjerﬁaa'ﬁﬁxYWesdllx?'@n?gi/\/ajél concentrat ed

i n vacuo. nhespbidn e i col um

chr omat ogr apeh a?e#%%en ’-gahgﬁFSr mﬁl%ng %mdl-) }ﬁ% lfﬁ‘)_ and
subsequent I thya Neh Sdddea gek ;ﬁ@ W3 gaamrgg&ﬁghmlﬁﬁlgge%s sthyleq
acetate/ nethanol = 100:0 to 97:3) to give the titled conpound (32 ng)

as a col orhmslsrahmlmwusum‘gesfow EShchP& duat ) : Thir etk od Hhidvd re
(300 MHz, CHLOROFORMtd) 6 ppm 1.42 (s, 9 H), 1.45 - 1.60 (m 2 H),
1.92 - 2.06aenfijtgyed Fhgpugh 2C3119t(3man‘1 He splygnt wayzepgyed i),

g g%‘ i g %aﬁ:ﬂb 21‘!1'% reéaugglng :Zgr%gl =) wis :311::1 153 by}q}gfl(lﬁ]calg!?:g
4.39 - 4. 52:06.%11 %ﬁoma@o%?aphé (eru(e%l: 1e&'l’)yl %cgzgatey t@%l% [0251] (3)

7.21 - 7.29 (m 2 H), 1 H),
Synt hesi s mﬁtEecﬁ4c;c5f+pd>ruh1yldl(b31nmlﬁza[sla5pale yellow powder.

a] qui nol i n- 3- ﬁ‘/ 1H-tetrazol - ){I)pentan | -amine - 126 - To
a sol uti onM8fE$ ptP utDVPl) 424 (M+H

4-[1-(2- 1 d d 1, 5

§10| |[n :(3 SI}?% Uﬁ) 6?}3555{% J)I n %B?r ah%/%%/o;ﬁpgk ?g‘ﬂ Hi] au

aqueous sohuyg o ofg JnM 50515 umihydr @xj de H)0. 25081) Mnas added f@ﬁd the
m xture was stirred for 2.5 hours at room tenperature. V\ater (20 m )

was added 2059 he Z.dact{inpn3 rixt Wr.@ 6andz 5@ riact Bon) was. Idordaciedinwi tth

ethyl acetate (25 ml Conc. hydrochloric acid (2 m) was added to
t he aqueoud’ t a¥et® an Pheixt e wad? s‘t|3r reéd Oporl 3Dhodr85ar tdom

t enper at ur TpeHC}sol vggt mp%fq(ngegtglﬁ vacilgﬂband the resulting

resi due was™tisgl'véd i n” water m )’ ‘and pu fPrie y cation exchange

chr omat ogr apys ( DONEX) 58yM&:23@, o@nﬁnmﬂﬂ&e%ﬁ‘éox%f&r%otn915a1%§ﬂo t-2-give

the titled conpound (conpound 23, 24 ngy) as a orl ess anor phous
mass. MS( ESI7ARGCpyDudl 5+ @azq,(dwelﬂ)nmbtzm 5-60QuiMz] 1rDBYTERI UM OXI DE) 5

m1.39 1.55 -1.65 1 1.86-1.99 2H) ,
PP yl)methyl]%g]ntgpl01c ac:L (m2H)

Using tert-butyl 2-oxo-3-[{7-propyl-4,5-
dihydroimidazo([1l, 5-alquinolin-3-yl)methyl]piperidine-1-
carboxylate (131 mg), reaction was performed by the same
procedure as in Example 14(7} to give the titled compound
(130 mg) as a pale yellow powder.

MS (ESI/APCI Dual): 442 {M+H)
[0215] (8) Synthesis of 5-amino-2-[ (7-propyl-4,5-

dihydroimidazo(l, 5-a]lgquinolin-3-ylimethyllpentancic acid



-1.49(m 1H), 2.03-2.10(m1 H), (m 2.26 1H), -2.32 2.86 (m1 -3.00
H, (m 2.38 4H), - 2.45 3.34 (m1 - 3.41 H, (m 2.57 1H), -2.64
7.13 -

- 102 -

dihydrochloride

Using 5-[(tert—butoxycarbonyl)amino]—2—[{7—propyl—4,5—
dihydroimidazo[l,5-alquinolin-3-yl)methyl]lpentancic acid

(130 mg), reaction and purification were performed by the

same procedures as in Exmple 15(4) to give the titled compound
{compound 17, 75 mg) as a pale yellow powder.
MS(ESI/APCI Dual): 342 (Mt+H)
'y NMR (600 MHz, DEUTERIUM OXIDE) & ppm 0.92 (t, J=7.3 Hz, 3
"), 1.60 (tg, J=7.6, 7.3 Hz, 2 H), 1.71 - 1.89 (m, 4 H), 2.56
(t, J=7.6 Hz, 2 H), 2.81 - 2.98 (m, 5 H), 2.98 - 3.19 (m, 4
H), 7.23 (d, J=8.3 Bz, 1 H), 7.27 (s, 1 H), 7.50 (d, J=8.3 Hz,
1 H), 9.16 (s, 1 H)
[0216] Example 18

Synthesis of 5-amino-2-(4,5-dihydroimidazo[l, 5~

alguinoxalin-3-ylmethyl)pentanoic acid

(1) Synthesis of ethyl 4,5-dihydroimidazc[l,5~-a)lquinoxaline-3-
carboxylate

To a solution of 3,4-dihydroguinoxalin-2 (1H)-one (1.00 g)
in tetrahydrofuran (10 ml), potassium tert-butoxide (841 mg)
was added under cooling with ice and the mixture was stirred
for 30 minutes at room temperature. The reaction mixture was
cooled to -78 °C and after adding diethyl chlorophosphate
(1.29 g} dropwise, the mixture was stirred for 15 minutes at
the same temperature, then for an additional 15 minutes at
room temperature. The reaction mixture was cooled to -78 °C
and after adding ethyl isocyanocacetate {0.82 ml) and pctassium
tert~butoxide (841 mg), the mixture was stirred for 1.5 hours

at the same temperature. To the reaction mixture, a saturated



7.17 (m 1H), 7.22 - 7.27 (m 2H),7.36-7.40(m 1H), 8.03 (s, 1H)
[ 0252] Exanpl e 24
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aqueous solutlon of ammonium chloride {10 ml), water (30 ml)
and ethyl acetate (50 ml) were added and the mixture was
stirred for 30 minutes at room temperature. The compound
insoluble in both layers was recovered by filtration. After
the filtrate was separated into an agueous layer and an
organic layer, the latter was washed with brine (50 ml) and
dried over anhydrous magnesium sulfazte. The desiccant was
filtered off and after removing the solvent in vacuo, the
resulting residue was recrystallized from n-hexane/ethyl
acetate. The crystal was combined with the previocusly
recovered compound to give the titled compound (403 mg) as a
brown powder.
MS(ESI/APCI Dual): 244 (M+H)
'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.42 (t, J=7.1 Hz, 3 H),
4.40 (g, J=7.1 Hz, 2 H), 4.83 (s, 2 H), 6.80 {(dd, J=7.8, 1.3
Hz, 1 H), 6.85 (td, J=7.8, 1.3 Hz, 1 B), 7.11 {(td, J=7.8, 1.3
Hz, 1 H), 7.39 (dd, J=7.8, 1.3 Hz, 1 H), 7.98 (s, 1 H)
[0217] (2) Synthesis of 5-tert-butyl 3-ethyl imidazo[l,5-
algquinoxaline-3,5(4H)-dicarboxylate

To a suspension of ethyl 4,5-dihydroimidazo(l, 5-
algquinoxaline—-3-carboxylate (400 mg) in tetrahydrofuran
(20 ml), di-tert-butyl dicarbonate (3%5 mg), 4-
dimethylaminopyridine (15 mg) and triethylamine (0.25 ml) were
added and the mixture was stirred for 3.5 days at room
temperature and for 2.5 hours at 60 °C. Then, di-tert-butyl
dicarbonate (395 mg) and triethylamine (0.25 ml)} were added
and the mixture was stirred for 14 hours at 60 °C. Sodium

hydride (60%, 35 mg) was added and the mixture was stirred for



Synt hesi s of (25)-5-am no-2-{[7-(2-cycl ohexyl ethyl)-4, 5-

di hydr oi m dazo[ 1, 5- a] qui nol i n-3-yl ] met hyl ) pent anoi ¢ aci d

di hydrochl ori de (1) Synthesis of

6- (2- cycl ohexyl et hyl ) - 3, 4- di hydr oqui nol i n2(1H) -one To a sol uti on of
6- (cycl ohexyl acetyl)-3,4- - 127 - di hydroqui nolin-2(1H)-one (50 np)
in nmethanol (1.8 m), conc. sulfuric acid (5 ng) and 10%

pal | adi um acti vated carbon (25 ng) were added and the m xture was
stirred under hydrogen purge for 15 howps at room tenperature. The
reaction mxture was filtered through Celite and after adding a

saturat ed afupRus 80! 66 ien ShesSOiddm hydrogencarhonal &atdnbhe (790
filtrate, extraction was conducted three tines with chloroform After

dryi ng overmgnhydr addes adidunhsukfaiwere whe debtmeafbrwashduds ered0oofd
and the solvent was renoved in vacuo to give the titled conpound (44
my) as a cansy Ifesslporiss RS ESPR ARCPepaarye - JHB( MRAFLI9n NIMRUESoBas
MHz, CHL d) 6 ppm0.83 - 1.00 2 H,  1.08,. 1.35 (m H) ,
1.40 - 1. sge(%%Mt? 'f—D"?lO 2t.°4§°9m2.t%ripe(rrﬁt(l?i]ek6‘?d HPST &?590131)( e 2af3é‘?d'
6.57 - & TholdBeaketd, 192 134 0B WHa ekl Joiheldl106-ma)l ke
[0253] (2) Synthesis of ethyl 7-(2-cyclohexylethyl)-4,5-

di hydr oi m daklefdl £br adtiaralibne- Bh& araxykbal €yer was Wakthgl with brine
6- (2- cycl ohexyl et hyl ) - 3, 4- di hydr oqui nol i n-2( 1H) - one §7.00 g),

reacti on andOpad f aedtdgdnerer priivsered Byonsd wanelprbrediices as in
Exanple 1(1) to give the titled c oun 4. 60 as_a_ pal e yel |l ow
bowdbr . VSCESEPARRY a5 £ 355 vieg RO25H (e Hes sgee T

[ 7-(2-cycl ohexyl et hyld=ie?; the resulting residue was purified by

di hydr oi mi dazo[ 1, 5- a] qui nol'i n- 3-'yI ] et hanol Usi ng et hyl

7- (2-cycl ohaxyket iyl Jedumndehyshiaticgrdaro| lebrent: n-hexane/ethyl

a] qui nol i ne- 3-carboxyl ate (4.50 g), reaction was perforned by the
sanme proced@esahs Tnl:Exdmpledl () digegthe tHeed cpepcerhpddfdmegB. &y
g) as a pale ﬁ||0m1 owder.. - 128 - MS(ESI/APCI Dual): 311( M+H)

[ 0255] ( 4) siyﬁ%/’ BsPEOBt PPYEST eyl ohexyl et hyl ) - 4, 5-

di hydroi m dazekb1,Rp@] BHaA9L | 881 drGar bal dehyde

!4 NMR (200 MHz, CHLOROFORM-d) & ppm 1.44 (t, J=7.0, 3 H),
1.53 (s, 9 H), 4.42 (g, J=7.0, 2 H), 5.21 (s, 2 H), 7.21 -
7.37 {m, 2 H), 7.48 - 7.55 {m, 1 H), 7.73 - 7.81 (m, 1 H),
8.02 (s, 1 H)
[0218] (3} Synthesis of tert-butyl 3-formylimidazo[l,5-
alquinoxaline-5(4H)-carboxylate

A solution of 5-tert-butyl 3-ethyl imidazofl,5-
alquinoxaline-3,5{4H)-dicarboxylate (341 mg) in
tetrahydrofuran (10 ml) was cooled to -78 °C and after adding
diisobutylaluminum hydride (4.0 ml as 0.99 M solution in
toluene} dropwise, and the mixture was stirred for an hour at
the same temperature. Methanol (2.0 ml} was added dropwise
and, thereafter, a saturated agueous sclution of ammoniumn
chioride (20 ml) and ethyl acetate (20 ml) were added and the

mixture waas stirred for 30 minutes at room temperature. The



Using [7-(2-cycl ohexyl et hyl) -4, 5-di hydroi m dazo[ 1, 5-
aljguinolin-3-yllmethanol (3.98 g), reaction and purification were
performed by the sane procedures as in Exanple 1(3) to give the
titled conmpound (3.35 g) as a pale brown powder. MS(ESI/APCI Dual):
309(MtH) [0256] (5) Synthesis of tert-butyl (3E)-3-1[7-(2-

cycl ohexyl et hyl ) -4, 5-di hydr oi m dazo[ 1, 5- a] gui nol i n- 3-

yl ] met hyl i denl- 2- oxopi peri di ne- 1- car boXgbat e Usi ng

7- (2-cycl ohexyl et hyl ) -4, 5-di hydr oi m dazo[ 1, 5-

a] gui nol i nezéxardphahitetiyte we3d. 851 redr eacbi@n @Nd tpUARLE I wlerON2BERHE)
perfornmed by the sane procedures as in Exanple 1(4) to give the
titled corrpﬁmm@t(izl3%3@at@s (80 pad Je weakl edd%vﬂerthel\/s(ES.’rdWPCI Dual ) :
490(M+H) [0 57 J)_/nt hesis of tert-butyl 3-([7-(2-

cycl ohexyl €t i IPArerat dIq f‘HSaﬁT‘@QH%&IaWﬁrBand an organic

yl ] met hyl1- op C tzbut yl

S 1(% -cyc%gﬁ%%a%?ﬁ%?)%%)%% LALE B0 SR e PULY (30 m1y,

di hydr oi m dazald, Sen]wHs AAbEA- o Whkmethyhi dehe?- and the solvent was
oxopi peri dine-|-carboxylate (2.38 g), reaction and purification were
per f or med bffﬂpﬁedsmmeeﬂm aesgd ting Exenplve ¥65)pioi fjiedebyheilica
titled corrpo £72 39 as a cqlorless powder. MS(ESI/APC Dual):
492( MrH) [@‘f sff’ ymrg GHoRaFRITAPhY. [(BLRFRE bUv GeFERr DO afphote =
{[7-(2-cycliohexyl £t hyl d inglin-3- - 129 -
ylimet hyl | &egt g%o?cﬂag)lo 615& dw%gi %Qltie%%tlﬁnél ?L%I gﬂ

3-([7-(2- cyohohexyd qidwsk)- 4, 5-

di hydr oi m dazo[ 1, 5-a] gui nol i n-3-yl ] met hy11- 2- oxopi peri di ne- 1car boxyl a
te (2.39 g)‘“S(E@h&RC&nDamél)pu?QG(Maﬂl on were perforned by the sane

d 1 le 1 the titled d (2.33
D e col or 12U gl e paPraptrTitiar) Pg@llb(ff\il-i)scf)gggg;(%) .
Synt h 1-ph I
9 et (o B o TRt L o AT 7 MR s s,
cycl ohexyl ethy?) -14,25udi, hyduyoi mi.dazos 1, 5 Hﬁ)] gubnelins, 34 &)

yl i met hyl ) pent anoat e Usi ng
5-[(tert-bdPdkIkar bdAy!l $emihnslis2cf[ Fefi2butyl 3-{ (E)-[1- (tert-

o1 ot hyl | BENY AL SR G LR PHGE  Ghc DOACBRB B L8 Fep Ve
Pril o commbind 728 ey eta Bar OBk o1 Va(ESl/ PG Dual )
698( MrH) [ 0260]UsDngSyat basiiy108- 29y Brlidbebl 1, 5S-a]l quinoxaline-5 (4H) ~
dicarboxylate (263 mg), reaction and purification were
performed by the same procedures as in Example 1(4) to give
the titled compound (187 mg) as a colorless powder.
MS (ESI/APCI Dual): 481 (M+H)
n NMR (300 MHz, CHLOROFORM-d) & ppm 1.52 (s, 9 H), 1.57 (s, 9
H), 1.87 - 2.00 (m, 2 H), 3.20 - 3.30 (m, 2 H), 3.70 - 3.82
(m, 2 H), 4.96 (s, 2 H), 7.19 - 7.34 {(m, 2 H), 7.46 — 7.54 (m,
14), 7.64 - 7.70 {m, 1 H), 7.70 - 7.79 (m, 1 H), 8.06 (s, 1
H)
[0220] (5) Synthesis of tert-butyl 3-{[l-{tert-

butoxycarbonyl}-2-oxopiperidin-3-yl]lmethyl}imidazo[l,5-



but oxycar bonyl ) am nol- 2-{[ 7- (2- cycl ohexyl et hyl ) - 4, 5-

di hydr oi m dazo[ 1, 5- a] gui nol i n-3-y1) net hyl | pent anoi ¢ acid Usi ng
(1R, 25) - 1- phenyl - 2- (pyrrolidin-1-yl)propyl (2S)-5-

[ (tert-butoxycarbonyl)am no]-2-{[7-(2-cycl ohexyl ethyl)-4,5-

di hydr oi m dazo[ 1, 5- a] gui nol i n-3-yl | net hyl ) pent anoate (1.00 g),
reaction and purification were perfo[mfgl6 by the sane procedures as in
Exanple 2(3) to give the titled conmpound (720 ng) as a col orl ess
powder. MS(ESI/ APCI .Dual5) : 510( M+H) E0261] (10) Synthesis of

(2S) - 5- ani ridapippzatine-S(4E30 carboxylate

cycl ohexyl et hyl ) -4, 5- di roi m 1,5- i nol.in- 3- n_

yl ] net hyl } pent ahﬁ’rl?:g a%elrg:lg’i’“lgyg]r%(a:lﬁ{l%gr i[gl‘-’Je(?q:‘:(‘;lrLE %H'ng CaE M dn %ot
(28)’5’[(tQ&E@QHEE%Hgﬁ”él Xhéﬁ@hﬂgﬁﬁa}imidazo[l,5—a]guinqxaline—5(4H)—
{[7-(2-cycl ohexyl et hyl) -4, 5-di hydr oi m dazo[ 1, 5- a] gui nol i n- 3-

yl ] net hyl | pembarel £caciid o %30, npadtiocat Ayd modtfdet{dn werle) peaformed
solution of 4 Mhydrochloric acid in ethyl acetate (7,1 m) was_added
and the ni dvutbevsanstrayoceduiey am iRoBramele dorhlt ERpetER (e, t¥heed
sol vent was rem)v(?dé)%/ decantat i o&ﬁagd t he rdesul ting powder was dried
in vacuo t &GPTBEE he th 1% d %8 oSN L ERBNPBIATE 24, 550 ny) as a pale

yel | ow powgar s M £ /ARG . Digh JiAR0( MrH) 1H NVR (600 MHz, DEUTER! UM
OXI DE) 5 ppm 0. 86 - 1. 00(m 2 H), 1.10-1.29(m4 H),1.38-1.54(m 2 |

H), 1.59-1. 8% (my® (400 UHe, 2CEDEBIHPRMEE) J= Tk BHz52 Ps96 43, 12(58 1), 93

2.71- 2.81(m1 H),7.15-7.20(m
H), 1.53 - 1.90 (m, 3 H), 1.96 - 2.08 (m, 1 H), 2.65 - 2.75
{m, 1 H), 2.81 - 2.94 (m, 1 H), 3.16 - 3.26 {m,1 H), 3.50 -
3.6% (m, 1 H}, 3.76 - 3.87 (m, 1 H), 4.71 - 4.%6 (m, 2 H},
7.17 - 7.27 (m, 2 H), 7.42 - 7.49 (m, 1 H), 7.66 - 7.74 (m, 1
H}, 7.82 (s, 1 H)
[0221] (6} Synthesis of 5-amino-2-(4,5-dihydroimidazofl,5-
alguinoxalin-3-ylmethyl)pentanoic acid

Using tert-butyl 3-{[l-(tert-butoxycarbonyl)-2-

oxopiperidin-3-yllmethyll}imidazo[l,5-a)lquinoxaline-5(4H) -
carboxylate (164 mg), reaction and purification were performed
by the same procedures as in Example 1(6) and two subsequent
recrystallizations from water/dioxane give the titled compound
(compound 18, 56 mg) as a colorless powder.
MS (ESI/APCI Dual): 301 (M+H)
lH NMR (300 MHz, DEUTERIUM OXIDE) & ppm 1.42 - 1.78 (m, 4 H),
2.47 - 2.68 (m, 2 Ky, 2.71 - 2.86 (m, 1 H), 2.90 - 3.09 (m, 2
H), 4.25 (s, 2 H), 6.80 - 7.07 {m, 2 H), 7.11 - 7.22 (m, 1 H),
7.53 (d, J=7.9 Hz, 1 H), 8.15 (s, 1 H)
{0222] Example 19

Synthesis of 5-amino-2~(4,5-dihydroimidazeo(i,5-




H, 2 2.81- 2.96 H,7.55 - 7.59 (m 1H),9.18(s,1 H - [0262] Exanpl e -

25 Synt hesis of (2S)-5-am no-2-[(7-cycl ohexyl-4, 5-

di hydroi m dazo[ 1, 5- a] qui nol i n-3-yl ) net hyl ] pentanoi ¢ acid

di hydr ochl ori de (1) Synthesis of

6- (1- cycl ohexen- 1-y1) - 3, 4-di hydr oqui nol i n2(11-1) - one To a

sol ution of 6-brono-3, 4-di hydroqui nolin-2(1H)-one (3.39 g) in

nmet hanol (85 m ), sodium nethoxide (2.43 g), 2-(1-

cycl ohexen-1-y1)-4,4,5, 5-tetranet hyl-1;g; 2-di oxaborane (3.39 g) and

dlchloro(blstrlphenylphosphlne)palladlun1(526 ng) were added and the
ed fI To the reacti on system

wat er and €tH H R er filtering the

i nsol ubl es thrg g@héggg gg,eggglogggu@ gygfggﬁld%yg[ﬁegovered fromthe

filtrate. A ter drying the resulting organic |ayer over anhydrous

sodi um sul faatre, 51 hepitesirdaant - wasa dookkiyesedd of f and t he sol vent was

renmoved i n vacuo. The residue was purified by silica gel colum

chromat ogr aphy Peingeri4 —ﬁihéﬁéﬁmﬁwﬂfﬁ?Phéhzﬁ' i@-2 (3H)-ene A11P6t 9 gi ve

the titled conmpound ( as. a colorles 0 V5( ESI / APCI

bual ) OB Rt B4 G RO SO B SRy 180 SR8 71 (m 2

, procedures as in Example 1(1) to give the titled compound

{(1.03 g) as a brown oil.
MS (ESI/APCI Dual): 244 (M+H)
[0223] {2} Synthesis of 4,5-dihydroimidazo{i, 5-
al[1,5)naphthyridin-3-ylmethanol

Using ethyl 4,5-dihydroimidazo([l,5-a][l,5]naphthyridine-
3-carboxylate (1.03 g), reaction was performed by the same
procedure as in Example 1(2) to give the titled compound
(610 mg) as a brown oil.
MS (ESI/APCI Dual} :202 (M+H)
[0224] {3) Synthesis of 4,5-dihydroimidazo[l,5-
al[1l,5]naphthyridin-3~carbaldehyde

Using 4, 5~-dihydroimidazo[l,5-a][1, 5] naphthyridine-3-
ylmethanol (610 mg)}, reaction and purification were performed
by the same procedures as in Example 1(3) to give the titled
compound (312 mg) as a pale yellow powder.
MS (ESI/APCI Dual): 200 (M+H)
[0225] (4) Synthesis of tert-butyl [(3E)-3-(4,5-
dihydroimidzazol[l, 5-a] [1, 5)naphthyridin-3-ylmethyliden)-2-
oxopiperidine-l-carboxylate

Using 4,5-dihydroimidazo([l,5-al[1l, 5]naphthyridine-3-
carbaldehyde (312 mg), reaction and purification were

performed by the same procedures as in Exmpie 1(4) to give the



1.72 -1.82(m 2 H), 2.15 - 2.24(m 2H), 2.33 - 2.41(m2 H), (m (br.
2.5 1 H, s., - 2.676.65 1 H (m2 -6.71 H, (m 2.92 1H), -3.00
7.16
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titled compound {320 mg) as a yellow powder.
MS (ESI/APCI Dual}: 381 (M+H)
[0226] {5) Synthesis of tert-butyl 3-(4,5-
dihydroimidzazo{l, 5-a] [1, 5]lnaphthyridin-3-ylmethyl)-2-
oxopiperidine-l-carboxylate

Using tert-butyl (3E)-3-{4,5-dihydroimidzazol[l, 5-
a] [1,5)naphthyridin-3-ylmethyliden)-2-oxopiperidine-1-
carboxylate (320 mg), reaction and purification were performed
by the same procedures as in Example 1{5} to give the titled
compound (280 mg) as a colorless oil.
MS(ESI/APCI Dual): 383 (M+H)
[0227] {6) Synthesis of 5-[(tert-butoxycarbonyl)aminol]-2-
{4,5-dihydroimidzazo[l, 5-a] [1,5]naphthyridin-3-
ylmethyl)pentanoic acid

Using tert-butyl 3-(4,5-dihyvdroimidzazo[l,5-
al{l,5])naphthyridin~3-ylmethyl)-2-oxopiperidine—-1l-carboxylate
{280 mg), reaction was performed by the same procedure as in
Example 14(7} to give the titled compound (253 mg) as a pale
yellow powder.
MS(ESI/APCI Dual): 401 {M+H)
[0228) {7) Synthesis of 5-amino-2-(4,5-dihydroimidazo[l, 5~
al[l,;5]naphthyridin-3-ylmethyl)pentancic acid

Using 5~[ (tert-butoxycarbonyl)amino]-2- (4, 5-
dihydroimidzazo[l,5-a] [1, 5]naphthyridin-3-ylmethyl)pentanocic
acid (253 mg), reaction and purification were performed by the
same procedures as in Example 14(8) to give the titled
compound (compound 19, 150 mg) as a pale vellow powder.

MS (ESI/APCI Dual}: 301 (M+H)



(m2 -7.22 H, (m 6.03 2H), -6.09 7.77 [0263](2) Synthesis of ethyl
7-(1-cycl ohexen-1-y1)-4, 5-

di hydr oi m dazo[ 1, 5- a] qui nol i ne- 3- car boxyl at e Usi ng

6- (1- cycl ohexen-1-y1) -3, 4-di hydroqui nol i n-2(1H)-one (578 ng),
reaction and purification were performed by the sanme procedures as in
Exanple 1(1) to give the titled conpound (390 ng) as a colorless
powder. MS(ESI/APCI Dual): 323(M+H) THINMR- (300 MHz, CHLOROFORM-d) 6
ppm 1.43 (t, J=7.1 Hz, 3 H, 1.63 - 1.72 (m 2 H, 1.76 - 1.84 (m 2
H, 2.19 - 2 FER(($0Q M)z, REBBERIWM 4XIPR) & gn 12494- (1,650, 12H), 2
H, 3.31 - 3.37 ( 2 H, 440 (q, J=7.1 Hz, 2 H, 6.13 - 6.18 (m 1
H, 7.31 - 17-.%21(-% )2 Hﬁ.rgé-élg,—lh@l [(B263]{)3) 2SyAt hedi %6 ofn, 5

7-(1l-cycl ohexen- 4-y1)s4,5- 5
di hydr oi mi gg’?o[éi,%g- a]‘?’qu?gﬁo‘lm!fné- §) el 2 defy dEUding -Bifigr 1 B 776
7-(1-cycl ohgxen=3- 51> 4, i hydooi pd dazeh 1, br1s ~(al3%-2,8 5z, 1 )

al gui nol i ne- 3-carboxyl ate (2.52 g), reaction and purification were

performed bi022iRé sanexgwpdeeddres as in Exanple 18(3) to give the

titled compound (1.79 g) as a col orless powder. MS(ESI/APCH Dual):
279( MrH) Synthesis of 2-(4,5-dihydroimidazo[l,5-alquinolin—3-

ylmethyl)}-5-(methylamino)pentanoic acid

(1) Synthesis of methyl 5-[(tert-butoxycarbonyl)aminc]-2-(4,5-
dihydroimidazo[l,5-alquinolin-3-ylmethyl)pentanocate

To a solution of 5-[{t-butoxycarbonyl)amino]-2-(4,5-
dihydroimidazo[1l, 5~alquinolin-3-ylmethyl)pentanoic acid (511
mg) in chloroform ({12.5 ml), methanol {0.080 ml), 4-
dimethylaminopyridine (16 mg) and N-[3-(dimethylamino)propyl]-
N’-ethylcarbodiimide hydrochloride (368 mg) were added and the
mixture was stirred for 2 days at room temperature. To the
reaction system, a saturated aqueous solution of sodium
hydrogencarbonate (20 ml) was added and extraction was
conducted twice with ethyl acetate (50 ml). The organic layer
was washed with brine (40 ml)} and after drying over anhydrous
magnesium sulfate, the desiccant was filtered off and the
solvent was removed in vacuo. The residue was purified by
silica gel collumn chromatography {eluent: n-~hexane/ethyl
acetate = 1:1 to 0:1) to give the titled compound (425 mg) as
a colorless oil.
MS (ESI/APCI Dual}l: 414 (M+H)
'H NMR (300 MHz, CRLOROFORM-d) & ppm 1.42 (s, 9 H), 1.45 -
1.76 {m, 4 H), 2.65 - 2.78 {m, 1 H), 2.80 - 2.96 (m, 6 H),

3.05 - 3.19 (m, 2 H), 3.63 (s, 3 H), 4.70 - 4.81 (m, 1 H),



111 NWR (300 MHz, CHLOROFORMd) 6 ppm 1.63 - 1.73 (m 2 H), 1.75 -
1.85 (m 2 H, 2.19 - 2.28 (m 2 H), 2.37 - 2.45 (m 2 H, 2.95 (t,
J=7.2 Hz, 2 H, 3.30- 3.383(m 2 H, 6.14 - 6.19 (m 1 H, 7.33 -
7.43 (m 3 H, 8.04 (s, 1 H, 10.01 (s, 1 H [0265](4) Synthesis of
tert-butyl (3E)-3-{(7-(1-

cycl ohexen-1-y1)-4,5-di hydroi m dazo[ 1, f&flguinolin-S-

- ylinmethylidenl-2- oxoplperldlne 1- carboxyl ate Usi ng

7-(1-cycl ohexen-1-y1)-4,5- dlhydr0|n1dazo£

a]qU|noI|n€e32carBé4 diyde ¥030 #5) - fed tF%n ZaHdr ﬁhf?%lcgtﬁan(ﬂbﬁe

perfornedn%% 2 ;ag; qrﬁgedures as in Exanple 1(4) to give the
titled co an '% 50 'ng) as a pal e orange powder. MS(ESI/APCI Dual):

460( M+H) 1*[’0515’625(300(2'\/'4% n G GROGERMe ey B’ sppe-1. 57 (s, 9 H), 1.61 -
1.72 (m 2 H. 1.75 = '1.85 (m 2 H), 1.88 - 1.99 (m 2 H, 2.18 -
2.28 (M 2bdrexgcdfbonyd)4defingl)2midne] 2280 -5-2188dfminidadp [13592 -
3.10 (m 2 H, 3.22 - 3.30 (m 2 H, 3.71 - 3.80 (m 2 H), 6.11 -
6.18 (m 1afpuigobig- 3—Wlmetle¥ﬂ)933r)m?n°?t%8 - 7 72 (m 1 H, 805 (s, 1

0266) (5 th of t A
ld_ll)hgldrm%n(d;z?%/ ?e;jlc’ ?181‘.6% i é E %?%%‘3". i diipor-2

carboxyl atqa s-gin o’lﬁlhgééfﬁlﬁ—ﬂ] ulnolln -3- ylmethyl)pentanoate
(3E)-3-{[7- fi -cycl ohexen- | -y1) A5
d|hydrounldaao[ﬂgﬁ;ﬂigmmﬂdimétﬁy@ﬂkaamh§élthyﬁzv sodlum hydrlde

oxopi peri di ne-|-carboxylate (870 ng), reaction and -

purificati df0%ker pahorareddied He sBfbl HUCERTPedndRF Cr?°é%§9rp‘t”e“1(5)

t the titl d (770 |

VB Bl ] APGEEBUATS - HFOFURFE ® TEF R 300 VL~ £ LreROv D) B i
1.16 - 1. 6§o£:15ﬂie 1(0 Ho ml)7ulas s]ub%%q(ﬁhtﬁy Hddel: 8dd-tie Qcﬁxﬁ:ﬁkelwé'g
2.41 - 2.55 (m (m , 2.79 - 2.95 (m 4 H),

3.16 - 3. 24t¢m:ed ﬂ'cl)r 5. Bjors Satﬁ&o()m télmpéz;at&ré4 o 384 r(eﬁptlolh-l)
7.090 - 7.14 (m 2 H. 7.29 - 7.33 (m 1 H), 7.90 (s, [0267] (6)
Synt hesi s GﬁxsuffiéﬁﬂﬁﬁuﬂéQVE@rU@ﬁy??ﬁﬁ?ﬁﬂri?XtraCtlon uds EORGILLS

[ (7-cycl ohexy d'al%%ag' é’cf % gfeigtua%%'ma Brd | BN L ayer

pent anoi ¢ g& iAg- t

3-[(7-cycl %Q%Kyv}a&é'(@iohiﬁgf 0 AR (iﬁ:ZLQE_L@O ml), NH silica gel was added
aJ gui nol i n-3-yl) met hyl ] - 2- oxopi peri di ne- 1-carboxylate (770 ng),
reacti on aaddptné fdcatenonwaerempsetiolnedadye t Abesaesidreocedupesi fked n

Exanple 14(7) to give the titled conpound (730 ) as a col orl
powder . NBPESNMF@M%@P)I a%lz{fmmﬁrﬂnﬁwa(%bfo Eﬁﬂem'cﬂ éﬁﬁf%l‘%sh%l

Eé)m ]2' 3‘1? : %eggt%m Ji‘%. H)) 5 %n%%ﬁgl?é&eg@ﬁ;d}l 3%71%? sn.i.%.g éiﬂ 6 ’
Z|j1169_(<ié ‘(Jé::?:l%mgzchﬁorrlé)togzragﬂy (ef1@Bt € Mh-Hesddne /6t (ad:eté%% i-lz:l i‘Jo
1:4) to give the titled compound (263 mg) as a colorless oil.
MS{ESI/APCI Dual): 428 (M+H)
'y NMR (300 MHz, CHLOROFORM-d} & ppm 1.43 (s, 9 H), 1.48
-~ 1.65 (m, 4 H), 2.63 - 2.76 (m, 1 H), 2.81 (s, 3 H), 2.83 -
2.97 (m, 6 H), 3.14 - 3.23 (wm, 2 H), 3.%62 (s, 3 H), 7.12 -
7.20 {(m, 1 H), 7.26 - 7.33 {m, 2 H), 7.37 - 7.44 (m, 1 H),
7.24 (s, 1 H)
[0231] (3) Synthesis of 2-{4,5-dihydroimidazofl,5-

alquinolin-3-ylmethyl)-5-(methylamino)pentanoic acid




[0268] (7) Synthesis of (1R, 2S)-1-phenyl-2-(pyrrolidin-1-

yl ) propyl (28)-5-[(tert-butoxycarbonyl)am no]-2-[(7-

cycl ohexyl -4, 5-di hydr oi m dazo[ 1, 5- a] gui nol i n-3- yl) et hyl ] pent anoat e
Using 5-[(tert-butoxycarbonyl)am no]-2-[(7-cycl ohexyl- - 134 -

4, 5-di hydroi m dazo[ 1, 5- a] gui nol i n- 3-yl ) net hyl ] pent anoi ¢ acid (620
ng), reaction and purification were perforned by the sane procedures
as in Exanple 2(2) to give the titled gonpound (400 ng)as a col orl ess
powder. MS(ESI/APCI Dual):669(M-H) 111 NWMR (600 MHz, CHLOROFORM d)5

ppnl1.22-1.30(nbgkg,gojﬁ%1%n4§§q%egﬁyll58 1de (M4 H),’1.96 -2.06
(m1H),2.44-2.56(m 4H),2.57 2.91(m 1H), 3. 08-3. 23(m 2H)

6. 09( br. s. HipxecdHBsdnyid((Aeihid) mmi%ois2iH) , ~dGydrdbimaako(l, 5-
H,7.93(s,1H) 0.93(d,J=6.4Hz,3H), 15 H),1.66 -1.79(m 8

(m 1H), 2. 3Rlzvagolin-Balmeshy) ) permtgnoate (254 mg) in tetrahydrofuran

{6 ml), an aqueous solution of 0.9 M lithium hydroxide

(2.0 ml}) was added and the mixture was stirred at room
temperature for 1.5 hours. To the reaction mixture, water

{40 ml) and brine (5 ml) were added and extraction was
conducted with diethyl ether (40 ml). To the aqueocus layer, a
saturated aqueous solution of citric acid (5 ml} was added and
extraction was conducted twice with ethyl acetate (70 ml,

50 ml). To the solution of the starting material in a
methanol/tetrahydrofuran mixture as recovered from the organic
layer (diethyl ether), an aqueous sclution of 2 M scdium
hydroxide (1.0 ml) was added and the mixture was stirred for
14 hours at room temperature and for an hour at 60 °C. The
solvent was removed in vacuo and after adding water (40 ml),
extraction was conducted twice with diethyl ether {30 ml}. To
the aqueous layer, a sdaturated agqueous solution c¢f citric
acld (2 ml) was added and extraction was conducted twice with
chloroform (60 ml). After drying the organic layer (ethyl
acetate and chloroform) with anhydrous magnesium sulfate, the
desiccant was filtered off and the solvent was removed in
vacuo. To the resulting residue, a solution of 2 M
hydrochloric acid in ethyl acetate (20 ml) was added and the
mixture was stirred for 15 hours at room temperature. The
solvent was removed in vacuc and after adding water (20 ml)
and Amberlite IRA-67 (2.2 g}, the mixture was stirred for

30 minutes at room temperature. The reaction system was



5.25-5.32(m1 H, H),6.82-6.92(m4 H),7.29(d,J=8.3 Hz,1 [0269](8)
Synthesis of (2S)-5-[(tert-

but oxycar bonyl ) am no] - 2-[ ( 7- cycl ohexyl et hyl- 4, 5-

di hydr oi m dazo[ 1, 5- a] gui nol i n-3-yl ) met hyl ] pent anoi ¢ acid Usi ng
(1R, 2S)-1-phenyl-2-(pyrrolidin-1-yl)propyl (28)-5-

[ (tert-butoxycarbonyl)am no]-2-[(7-cycl ohexyl et hyl-4, 5-

di hydroi mi dazo[ 1, 5- a] gui nol i n- 3-yl ) net A¥E] pent anoate (400 ny),
reaction and purification were perforned by the sane procedures as in
Exanpl e 2( 3jilt@rgdvend henhd iftihedaconpourdnéastramdd da facod ofd @ise
powder. ns(Esi/APci Dual):482(MtH) IH NVMR (600 MHz, CHLOROFORM-d) 5
ppm 1. 22 - the3FitApd2cedpound3ZcomgoB®l @@y 133 Byg) Bs52 brqwms Enegphous
H, 1.70 - 1.91 (m 7 FD, 2.44 - 2.53 (m 1 H, 2.76 - 2.93 (m 7 H,

3.03 - 3.15"%%"m 2 H), 4.58 - 4.66 (m 1H), 7.10 - 7.17 (m 2 H),
7.31 (d, J 4.9 H - 135 - [0270](9) Synthesis
of (29)-5- 3%%'%&[3%5'%@&3 ohggz;ﬁ}?lm%

di hydr oi m dazpNur5{ ed@winyg! DRuBENTOMTEkhYE] pRrdmhai.@sasi .56 (m, 1 H),
di hydr ochl ori de To a sol ution of

(2S) - 5-[ (t ert36but éx‘j@aﬁ‘fborlyﬁ)anin@fj ~21.72 (m, 2 H), 2.53 - 2.59 (m, 1
[(7- cyclohexyl t 5- dlhydr0|n1dazo[1 5-a] qui nolLi -

1y et hy ] it Gndc- el (B30Ln) 10176t KT AcHvade P10 M0 @ S 1),
sol ution of, zb M_hydg-pchi oni ¢ acydzihn et byl (pcet ghe 5381) wag queg
and the mxture was stirred %or 3 hours at r'oomténpérature.

sol vent wasi)goncent + at.exk i(m, vacep, andoafiteri washi ng the resul tl ng
residue with ethyl acetate and diethyl ether, decantation was
performed. [A28@d t hrisempdgoftopi c distillations with water, the
residue was dried to olve the t|tled [
as a pale br own=%H A '

NVR( 600 N&Eb]l%bagl&ofEﬁJﬂ—ylmethyl)pentanomc acid

{1) Synthesis of methyl 4-formyl-l-trityl-lH-imidazole-5-

carboxylate

A solution of dimethyl l-trityl-1H-imidazole-4,5-
dicarboxylate (500 mg) in chloroform (11.7 ml} was cooled to -
60 °C and diisobutylaluminum hydride (2.36 ml as 0.99 M
solution in toluene) was added dropwise, and the mixture was
stirred for an hour at the same temperature. After adding
methanol and an aqueous scolution of 15% citric acid dropwise,
extractlion was conducted with chloroform. After drying the
organic layer over anhydrous sodium sulfate, the desiccant was
filtered off and the solvent was removed in wvacuo. The
resulting residue was purified by silica gel column
chromatography (elueni: n-hexane/ethyl acetate = 2:1 to 1:2)
to give the titled compound (350 mg) as a colorless powder.
MS {ESI/APCI Dual): 4198 (M+Na}

'H NMR (300 MHz, CHLOROFORM-d) & ppm 3.24 (s, 3 H), 7.08 -



H,2.75 -2,85 (m2H),7.51 DEUTERIUM OXIDE)5 ppm 1.16 - 1.28(m 1 H),
4H),1.64-1.86(m9 H),2.43-2.58(m1 (m1H),2.87-3.12(m 8H), 7.22-7. 36
-7.60(m 1H), 9.19(s, 1H) [0271] Exanpl e 26 Synt hesi s of
(28)-5-am no-2-[(7-fluoro-4, 5-

di hydr oi m dazo[ 1, 5-a] qui nol i n-3-yl ] et hyl | pent anoi ¢ acid

di hydrochloride (1) Synthesis of ethyl

7-fluoro-4,5-di hydroi m dazo[ 1, 5- a] qui nol i ne- 3-car boxyl ate

Usi ng 6-fl uoro-3, 4-di hydroqui nol i n-2(1{)zone (10.0 g), reaction and
purification were performed by the sanme procedures as in Exanple 1(1)

to give the tigtled oundg - 13f -1 6923 9) al-¢ l,L,0
powder . NB?7E82I4 :(EQG?LEWI\}HRI—D% ?8272 '(% %‘&n?h@s’i 57'(636? Fapasf KHOM ),
7-f 1 uor o- 4,1 diohydy oj+0 .daze| 11 5) a] qui nol i ne- 3- car bal dehyde

Usi ng ethyl 7-fluoro-4,5-dihydroi mdazo[1, 5-a] qui nol i ne3-carboxyl ate
(6.23 g), r@ZéBlon atld Punitheehs icgh mashel per frodmedy b3~ t he sane
procedures as in Exa{g)l e 18 31 to give_ the titled, compound_(4.55 g)

as a col or | EYEr BRIy BRERY F ARy alt y A VE R M dEeire 8)

Synt hesi s of,,4, I:§:1 yl (3E)-3-[(7-fluoro-4,5-

di hydr oi m dazo[ 17 5- a] qui nol i n-3-yl ) met hyl i den] - 2-

oxopi peri di ne-| acasne¥yhabe 2-bromobenzyl alcohol {248 mg) in
tetrahydrofuran (4.4 ml) was cooled to =30 °C and dibutyl
magnesium (0.662 ml as 1.0 M solution in heptane) and n-
butyllithium (0.518 ml as 2.73 M solution in hexane) were
sequentially added dropwise, and the mixture was stirred for
an hour at 0 °C. A solution of methyl 4-formyl-l-trityl-1H-
imidazole-5-carboxylate {350 ml) in tetrahydrofuran was added
dropwise and the mixture was stirred for an ahour at the same
temperature. After adding a saturated aquecus solution of
ammoniuvm chloride to quench the reaction, extraction was
conducted with ethyl acetate. After drying the organic laver
over anhydrous sodium sulfate, the desiccant was filtered off
and the solvent was removed in vacuo. The resulting residue
was purified by silica gel column chromateography (eluent: n-
hexane/ethyl acetate = 2:1 to 1:3) to give the titled compound
(210 mg) as a colorless powder.
MS (ESI/APCI Dual): 527 (M+Na)
'H NMR (300 MHz, CHLOROFORM-d) & ppm 3.00 (s, 3 H), 4.71 -
4.90 (m, 2 H}, 6.41 (s, 1 H), 7.01 - 7.43 (m; 20 H)
[0234] (3) Synthesis of methyl 10-methoxy-5,10-
dihydroimidazo[l,5-b]lisoquinoline-1-carboxylate

To a solution of methyl 4-{hydroxy[2-—

{(hydroxymethyl)phenylimethyl}-l-trityl-1H-imidazole-5-



Using 7-fluoro-4,5-di hydroi m dazo[ 1, 5-a] qui nol i ne- 3- car bal dehyde
(4.55 g), reaction and purification were perforned by the sane
procedures as in Exnple 1(4) to give the titled conpound (5.58 g) as
a pale yell ow powder. MS(ESI/APCI Dual): 398(M-H) [0274] (4) Synthesis
of tert-butyl 3-[(7-fluoro-4,5-

di hydr oi m dazo[ 1, 5-a] qui nol i n-3-yl ) met hyl ] - 2- oxopi peri di ne-| car boxyl a
te Using tert-butyl (3E)-3-[(7-fluoro-4,5-

di hydroi mi dazo[ 1, 5- a] qui nol i n- 3-yl ) net Ryki den] - 2-

oxopi peri di ne- 1-carboxyl ate (5.58 g), reaction and purification were
performed byatteyiane psfOredyr @s aslédvibxanp$ e 15), targobne the
titled conmpound (3.51 g) as a pale yell ow powder. MS(ESI/APCH Dual):
400( MrH) [ O=BRPEPnSyat Wi $190f aBd [ (rimhenplpoaadizenyiPP armelojweZe -
137 - [(7-f]yuoro-4,5-di hydroi m dazo[ 1, 5- ui nol i n- 3- ,
yl)nethyl]ﬁ% egn8pgéﬁc?%gllng wgtgih F@ﬁt€%%t%axture was stirred for
3-[(7-fluor 125 dLhy. i [ =

aj gui nol i n-fSt{ ;ﬁl)ﬁﬁg%%y% ?dggo%%%?p%??pdﬁrﬁg%?c%? ofxofl gt 80?? 5511t gr)o,OIn
reacti on anckmpetatical imR weretpek forimdebyas horeait rpt 6€ etiRasuas AN
Exanple 14(7) to give the titled conpound (3.55 g) as a colorless
powder . ms(sESuEApei oDUHIS resuBEMH)rgs0276] {B)neSanirdsi(§. ©fml) was

Vi) propyl (SUPEEA RN MGk gE P bofyl TAMHRGEESOP (P 845- di hydr o
1 ol L, SO 3 Mol 4 LOPRB0R) Sogurion BE st
di hydr oi m dezebdebeaitidtel was 3agdddrebhyhd pesanang assthe?. 66 g),
reaction and purification were performed by the sane procedures as in
Exanpl e 2( Bxtractier wase then| eendurisdutitr¢9 70.meg) wath aclpledae flgrmwn
ol l. nB(SSE&%%%id£§§HJ:thgoggggﬁgc layer over anhydrous sodium sulfate,
the desiccant was filtered off and the solvent was removed in
vacuo., The resulting residue was purified by silica gel column
chromatography (eluent: ethyl acetate/chloroform/methancl =
1:0:0 to 0:20:1} to give the titled compound {117 mg) as a
colorless oil.
MS (ESI/APCI Dual}: 259 (M+H)
y NMR (300 MHz, CHLOROFORM-d) & ppm 3.39 (s, 3 H}, 3.95 (s, 3
H}, 5.05 - 5.33 (m, 2 H), 5.97 {s, 1 H), 7.30 - 7.46 {m, 3 H),
7.50 ~ 7.58 (m, 1 H), 7.66 (s, 1 H)
[0235] (4) Synthesis of methyl 5,10-dihydrocimidazo([l,5-
blisoquinoline-l-carboxylate
To a solution of methyl 10-methoxy-5,10-
dihydroimidazo[l, 5-blisoquineline-l-~carboxylate (117 mg)} in
methanel (4.5 ml), 10% palladium-activated carbon (59 mg) and
conc. sulfuric acid (one drop) were added and the mixure was

stirred under hydregen purge for an hour at room temperature

and for 5 hours at 60 °C. The reaction mixture was filtered



[0277](7) Synthesis of (2S)-5-[(tert-

but oxycar bonyl )am no] -2-[ (7-fl uoro-4, 5-di hydr oi m dazo[ 1, 5-

a] gui nol i n- 3-yl ) met hyl ] pent anoi ¢ aci d Usi ng

(1R, 2S) - 1- phenyl- 2- (pyrrolidin-1-yl)propyl (2S)-5-

[ (tert-butoxycarbonyl)am no]-2-[(7-fluoro-4,5-

di hydr oi m dazo[ 1, 5- a] gui nol i n-3-yl ) nmet hyl | pent anoate (970 ny),
reaction and purification were perfornmed by the sanme procedures as in
Example 2(3) to give the titled conpeunds (623 ng) as a col orl ess
powder. MS(ESI/APCI Dual): 418(MtH) [0278] (8) Synthesis of

(2S) - 5- am NGsr2ulh7cé] o A, @he solhR3Bt” was removed in vacuo. To the
di hydr oi m dazo[ I, 5-a] qui nol i n-3-yl ) net hyl ] pentanoic acid

dlhydrOChICHHamitlng redikiurg an aqueous solution of sodium
(2S5)-5-[(tert-butoxycarbonyl)am no]-2-[(7-fluoro4, 5-di hydroi m dazo[].
, 5- a] qui nolMr3gFRFRERMATEPERE arfslad aord=¢BIdtigp, reaaridystardthree

f t f t d Ex le 24
purt 11 cat g1, et &, T IBg b U0 Sare, Blocsdures. se. ) Brarple
yel | ow arrvra%%E§oa@S§OdlM§( §§if£€e0 ?éahéﬂ t'\/'aah')s ERNR (999
DEUTERI UM OXI DE) 6 ppm 1. 64 - 2, 2088 (m ,
2.93 - 3. 13hemsoBvdht wﬁleemox?ec?&n( MaciloHe g1v23the 7t2ﬁe(dﬂ’boﬂ1pd:ﬁnd

7.65 - 7.75 (m 1 H), 9.20 (s, 1 H [0279] Exanple 27
Synt hesi s dﬁ45mah1¢ﬁ)-62£(op¢r%ws fHowgdesmet hyl ) - 4, 5-

di hydroi m | i Ilnethyllpentan0|c acid

di hydr ochl g&gé}“ﬁﬁ%gi ?f sg%fﬂ‘é &'s of ethyl

7- (trifluongrmihylsooduh;  BltRoRbE d@ qQf 1 gyi pol isngy 3-£afb éyl ate
Usi ng 6- (trlfluor%nethyfﬁ . 4-di hy rdEU|%gﬁ| 2%1E§ onej (7.09 g q
reacti on amqg, pﬂr2I|catmon;mereape{ﬁomaedmbw whe sase pnoaedures as in
Exanple 1(1) to give the titled conmpound (6.00 g) as a pal e brown
powder. MS(BSPI APCI Dual): 311(M+H) 111 NWVR (300 MHz, CHLOROFORM-d) 6

o143, (U 95t 3eths PR beud i s By oadyfiae 4, (1

[9281](2).§gggg@gg5§dgf 7 (tylfluoronethyl) 4 5-

di hydr oi m dazo[ 1, 5-'a] qui nol i ne- 3- car bal dehyde Usi ng et hyl

7-(trifluoromethyddixgibadbhyhtoivii dazotditbdroimidazo[1, 5-
b]isoqginoline—l—carboxylate (1.00 g} in tetrahydrofuran
{43.8 ml) was cooled to -78 °C and diisobutylaluminum hydride
(17.7 ml as 0.99 M solution in toluene) was added dropwise and
the mixture was stirred for an hour at the same temperature.
After guenching the reaction with methanol, an agqueous
solution of 15% citric acid was added and the mixture was
stirred for 30 minutes at room temperature. After neutralizing
with an aqueous solution of 10% sodium hydroxide, extraction
was ceonduted three times with chloroform. After drying the
organic layer with anhydrous sodium sulfate, the desiccant was
filtered off and the solvent was removed in vacuo. The
resulting residue was purified by silica gel column

chromatography {eluent: chloroform/methanol = 10:1) to give

the titled compound (566 mg) as a pale yellow powder.



- 139 - a] guinoline-3-carboxylate (6.00 g), reaction and purification
were perforned by the sane procedures as in Exanple 18(3) to give the
titled conmpound (4.26 g) as a pale yell ow powder. MS(ESI/APCH Dual):
267(MtH) 1H NWR (300 MHz, CHLOROFORMd) 5 ppm 2.97 - 3.10 (m 2 H),
3.34 - 3.45 (m 2 H, 7.53 - 7.70 (m 3 H), 8.10 (s, 1 H, 10.03 (s,
1 H [0282](3) Synthesis of tert-butyl (3E) 2-0x0-3-{(7-
(trifluoronethyl)-4,5-di hydroi mdazo[1l a] gui nol i n- 3-

yl I met hyl i denel pi peri di ne-1-car boxyl at% Usi ng

7-(trifl uor omet hyl ) - 4, 5- di hydr oi m dazo[ 1, 5-

a] gui nol i néH3NMRT b%ﬂcdéﬁﬁydectlﬂ@@m@)ﬂ dj eaceprord .@Ad-plrd ¥ i (oat EoR) mer e
performed by the sape procedures as in Exanple 1(4) to give the
titled compodrld (io%f’néﬁ &s T4 cotor Ieds ‘Bollert WRB( EsP? APl 1DHAY)
448( M+rH) 1 CHLOROFORM D) 5 ppm 1.57 (s, 9 H), 1.88 -
2.00 (m 2%Wég95P-M;ZO5 (m 2 H, 3.06 - 3.14 (m 2 H, 3.21 -
3.30 (m 2[Id)37]372- 3.80 (m 2 H, 7.51 - 7.57 (m 1 H, 7.58 -
7.64 (m 2 H, 7.65- 7.7 (m 1 H), 8.10 (s, 1 H [0283](4)

Synt hesi s of6)t phtherdd oZ- grot3|ya- (3E)-3-(5,10-dihydroimidzazo[1, 5~
(trifluoronethyl)-4,5-di hydroim dazo[)l 5-a] gui nal i n- 3-

yl ] et hyl | alaépﬁam%lﬂinﬂawwm&@en 2-oxRRiRpHiEipeplitgarboxylate

(3E) - 2- oxo- 3- 1] | ,4or |

di hydroi m dazo[% g%]gdu:bngﬁgﬁ&gé&#ﬁ ?t[nyfl eneﬁoﬁuﬁrel?%l ene lcar boxyl at
e (100 ng) cakrBaCiéyHand cBULyf ) Gald-@RoWesfd RALTISL BRE: &Y Jdie sanme
procedures as in Exanple 1(5) to give the titled conmpound (80 ngy) as

a col orl espepbrdesd HyS(LESI bﬁtﬁﬁlpﬂﬁmﬁﬁreﬁw NirHExamp 1€ 0L (4)1HoNyRv¢ 300
Mz, CHLOROFORM.d) 6 ppm1.51 (s, 9 H), 1.55 - 1.70 (m 1 H), 1.72 -
1.94 (m 2%Ap, T3t COZ‘pi’Enfln{ o0 Prp) 9563 Rl 7SLifY ROMGer.2 g0 -
304(m5 »'3.51 - 3.64(m 1H, 3.76 - 3.84
m 1 %Eﬁf%&?ﬁfﬁ’i%&( 3" 7750 (m 2 H). 7.96 (s, 1 H)
84] (5) Sypgbesi s ofy Syhéhests st exearbonyl zanknop- 2-
-(trifluoromethyl)-4,5-di hydroi m dazo[ 1, 5-a] gui nol i n- 3-

nmet hyl ) géhydnoimiceaize (1, 5-b] ilssiqugnoin-Ttlyplethyl) -2—-oxopiperidine-
2-ox0-3- ([ 7- %trlfluoromathyl) 4, 5-

di hydr oi m daZ8fR9%* @ Gui nol i n- 3-yI ] met hyl ) pi peri di ne-1- car boxyl at e

R A ity T I S
a colorl esmp@@;\g&fafnollyﬁélfsyir&&éﬂyl@dah) vz%%dvlbldhathé\ﬂ\ﬂda%%xmte
CHLOROFORMd) 6 ppm 1.35 - 1.45 (m 9 H), 1.47 - 1.66 (m 3 H), 1.71
- 1.87 (m (36¥)mg)2. 7@35’530@4&((1’71911?1!5?-0&@-@'6 wer@. p&r fommed Ky, tde Sthme
4.72 (m 1 FDceghégi Es ln E amp H%S} to gf¥% thekgltled compound

{345 mg) as a pale yellow oil.

MS (ESI/APCI Dual): 382 (MtH)

[0239] {(8) Synthesis of 5-[(tert-butoxycarbonyl)aming]—-2-

(5,10~dihydreoimidzazo[l, 5-b]isoquinelin-l-ylmethyl)pentanoic

acid

Using tert-butyl 3-(5,10-dihydroimidzazo[l, 5-
blisoquinolin-l-ylmethyl)-2-oxopiperidine-~l-carboxylate
{345 mg), reaction was performed by the same procedure as in

Example 14(7) to give the titled compound (332 mg) as a pale

yellow powder.



[ 0285] (6) Synthesis of 5-am no-2-1[7-(trifluoronethyl)- 4, 5-

di hydr oi m dazo[ 1, 5- a] gui nol i n-3-yl ] met hyl ) pent anoi ¢ acid

di hydrochl ori de Using 5-[(tert-butoxcarbonyl)am no]-2-{[7-
(trifluoromethyl)-4,5-di hydroi m dazo[ 1, 5-a] gui nol i n- 3-

yl ] met hyl ) pentanoic acid (80 ng), reaction and purification were
performed by the sanme procedures as in Exanple 24(10) to give the
titled conpound (conpound 27, 57 ng) ~a$la pal e brown anorphous nass.
MS(ESI/ APClI Dual ): 368(MtH) - 141 - 1H NWR (600 MHz, DEUTERI UM

OXI DE) 5 pp#f (ESZZAPCL. MBal()m 440H)+H)2. 55 - 2.64 (m 1 H), 2.83 - 2.90
(m 1 H, 2293 - 3.11 (m 7H, 7.75- 7.81 (m 1 H), 7.82 - 7.86 (m
2 H, 9.25 (%101 ) (Do&bntiERanpl e Seamino-BytftHdsdshpdroimidazo[l, 5-

(2S)-5-am no-.2-[ (7-isopr.opyl-4 5- . .

di hydr oi ni gjgzléf%?é‘-‘% lg’gilﬁpaﬁf“ﬁ?%lf%)ﬁjeﬁettaﬁﬁ‘f p¥Hithnoi ¢ aci d

di hydrochl ori deysfdg §WP@Q§§L§u€g%F@éQ$Bnyl)amino]-2—(5,10— _

7- (benzyl oxy) - 4, 5-di hydroi m dazo[ I, 5- a] gui nol I ne- 3-car boxyl ate Usi ng
6- (benzyl oxiihy8rdiml duedraddybrio] 1 31 1h8) i ore-v1ed@hO1 gpentatti asiand
purification were performed by the sane procedures as in Exanple 1(1)
to give the3G2tMeY ceRpseing £2P mirgfiaataoy eldrewrpoiriered MB( ESt/ SRE

Dual ) : 349( Mt 0287] (2 nt hesi /- (benzyl oxy) -4, 5-

di hydr oi mi é’éﬁ’g%ﬁ‘,g%?‘fa]"‘]gsui%‘pﬁ%ﬁ’%@ﬁ c@r‘ggl W _)419 ﬁUs‘?"ﬁ&Oé‘PHWd

7- (benzyl oxy¥bnflodndi Ay drnernmdpzal 1, gal@]gfgvgp%logg-egf carboxylate (21.9
g), reaction and purification were perforned by the sane procedures
as i n Exanpise¢EE8(BCt ougitve Bde(MHayl ed conpound (13.6 g) as a

col orl ess powder. MS(ESI/APCI Dual): 305(M-H) 10288](3) Synthesis of
tert-butyl %3@5R1359P7M@59H%9ﬂ%%§yM OXIDE) & ppm 1.44 - 1.73 (m, 4 H),

4, 5-di hydr qgi gi dazp[ - a] guj hol j n-3-yl I net hyl i denl-2-

oxopi peri d?hgl -é%‘r%oiff‘l’a_ e%”n’ 2l'%Usi %gé?&‘x .l ﬁ?’ g'gl - 3.04 (m, 2

7- (benzyl oxy) - 4,0 di hydpoigi dazgl 145g8] gy @'H')E‘eﬁ;r]bc—ar?t?%d‘?rﬁ)’d@ H),
(24.4 g), reaction and purification were perfornmed by the sane
procedur es7a%0i fis,EXampl e 1(4) to give the titled conpound (20.8 g) as

a pale yell ow {)ovvder. - 142 -
[0241] Example 22

Synthesis of 2-({2-aminopyridin-4-yl)-3-(4,5-

dihydroimidazo[l,5-alguinolin-3-yl)propanoic acid

dihydrochloxride

(1) Synthesis of N,N-bis({4-methoxybenzyl)-4-methylpyridin-2-
amine

To a solution of 2-amino-4~-methylpyridine (S.bO g} in
N,N-dimethylformamide (154 ml), sodium hydride (60%, 4.62 g)
and p-methoxybenzyl chloride (18.2 g) were sequentially added
under cooling with ice and the mixture was Stirred for 20
hours at room temperature. After adding an aguecus solution of
15% citric acid to guench the reaction, extraction was
conducted three times with ethyl acetate. After drying the
organic layer over anhydrous sodium sulfate, the desiccant was

filtered off and the solvent was removed in vacuo. The



VMS(ES1/ APClI Dual ): 486(Mt1-1) [0289](4) Synthesis of tert-butyl
3-[(7-hydroxy-4,5-
di hydroi m dazo[ 1, 5- a] qui nol i n-3-yl ) net hy1l] - 2- oxopi peri di ne- 1-
car boxyl at e Using tert-butyl (3E)-3-{(7-(benzyloxy)-4,5-
di hydr oi m dazo[ 1, 5-a] qui nol i n-3-yl ] met hyl i den) - 2-
oxopi peri di ne-1-carboxylate (20.8 g) . Eggqgion and purification were
performed by the sane procedures as in anple 1(5) to give the
titled compound (16.1 g) as a pal el | ow powder NB(ESI/APCI Dual ) :
398( M+H) [G@ﬁﬁ?ﬂ@5?95§¢ﬁ4ﬂﬁ$l§36fp¥¥ﬁ€/eﬁuPVI559%ﬁ809§l[?9 vmn
{[(trifluor neth | )sulfo . .
<:§1 Yo %ﬁ ﬁp:‘%é]rllgﬁl o 5ex% YQEJ{B a%%chL% 28:1 to 3:1

a] qui nol i n- sol tl%n

of tert-butyy g@vE(EhQYEHﬂIéH éeﬁbound (11.2 g) as a yellow oil.
di hydr oi m dazo[ 1, 5- a] qui nol i n- 3- yl)nethyl] 2- oxopi peri di ne- 1-

car boxyl at MS(ESOPARJI ilnadhl:oB &% ¥+4H)(8.4 m ), triethylam ne (510 ng)
and

1,1, 1-tri fI'HONWR N3 MiiE - NFHEGROFOBYF Shed HAM 2ultf 0k 138 haReddil fonni
de (1.08 g) meresgdgedlpggétge @1x%y ? ﬁ? fgirr%d Bor élﬂp rs @tﬂ)
S r

roon1tenper fure t he action sys tura ed aqueo

sol ution ofg sediug éydipgang rbpmqe~MS19dd§d ARg extgact igopovas, 1
conducted three tines with chiorofornm . After drylng the organic

| ayer w t hHnhydrous sodium sul fate, the desiccant was filtered off
and the solvent was renoved in vacuo. The resulting residue was

purified by%#klca g&d @dPEﬁﬁskﬁﬁﬁhﬁFBQFab%y“?éﬂﬁént n- hexane/ et hyl

tate = 1. 1 the, d (1.32
ol or | oss penaerybeddulygudhiffe s SR SRR, L 119)1 AVR( 300

MHz, WLO?OI:O?M@'&@FBBM&%%@ - b-?ts55 e tho gmen(z g -4~
1H),1.71-1.94(m 2 J=14.3,7.8 Hz,'1H), H), 1. 98- 5(m1279 -3.06(m 5

H, H, methylpyridin-2-amine (5.00 g) in tetrahydrofuran (14.3 ml),
diethyl carbonate (3.39 g), lithium diiscopropylamide (57.2 ml
as 2 M solution in heptane/tetrahydrofuran/ethylbenzene) were
added and the mixture was stirred for an hour at the same
temperature. After adding an agueous solution of 15% citric
acid to quench the reaction, extraction was conducted three
times with ethyl acetate. After drying the organic layer over
anhydrous sodium sulfate, the desiccant was filtered off and
the solvent was removed in vacuo. The resulting residue was
purified by silica gel column chromatography (eluent: n-
hexane/ethyl acetate = 9:1 to 4:1) to give the titled compound
{1.25 g) as a yellow oil.

MS{ESI/APCI Dual): 421 (M+H)

'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.20 (t, J=7.1 Hz, 3 H),
3.43 (s, 2 H), 3.7% (s, 6 H), 4.10 (g, J=7.1 Hz, 2 H), 4.69
(s, 4 H}, 6.35 - 6.42 (m, 1 H), 6.48 - 6.57 (m, 1 H), 6.78 -

6.89 (m, 4 H), 7.08 - 7.20 (m, 4 H), 8.10 - 8.18 (m, 1 H)




3.16 2.69 (dd, J=14.3,5.1 Hz, 1H),3.56 (ddd, J=12.9,7.2,5.3 Hz, 1H),
3.80 (ddd,J=12.9,7.2,5.3 Hz, 1H),7.16 -7.30(m 2H), 7.41
-7.51(m 1H),7.92 (s,1 H

- 118 -

{0243] (3) Synthesis of ethyl 2-{2-[bis(4-
methoxybenzyl)amino]lpyridin-4-yl}-3-(4, 5~-dihydroimidazo[1, 5-
alquinolin-3-yl)-3-hydroxypropancate

To a sclution of eﬁhyl {2-[bis (4-
methoxybenzyl)amino}pyridin-4-yllacetate (100 mg) in
tetrahydrofuran (1.8 ml), lithium hexamethyldisilazane
(0.238 ml as 1 M solution in tetrahydrofuran) was added
at -78°C and the mixture was stirred for 30 minutes at the
same temperature. A sclution of 4,5-dihydroimidazol[l, 5-
alquinoline-3-carbaldehyde (36 mg) in tetrahydrofuran was
added at -78°C and the mixture was stirred for an hour at the
same temperature. To the reaction system, a saturated aqueous
solution of ammonium chloride was added and extraction was
conducted with ethyl acetate. After drying the organic layer
over anhydrous sodium sulfate, the desiccant was filtered off
and the solvetns were removd in vacuo. The resulting residue
was purified by NH silica gel column chromatography {eluént:
n-hexane/ethyl acetate = 1:1 to 0:1) to give the titled
compound (37 mg) as a yellow oil.
MS (ESI/APCI Dual): 619 (M+H)
'H NMR (300 MHz, CHLOROFORM-d) 3ppm 1.16 - 1.32 (m, 3 H), 2.06
-~ 2,15 {m, 1 H), 2.33 - 2.54 (m, 2 H), 2.60 - 2,71 (m, 1 H),
3.74 - 3.81 (m, 6 H), 3.94 - 4.01 (m, 1 H), 4.07 - 4.33 (m, 2
H)y, 4.49 - 4.66 (m, 4 H), 4.97 - 5.08 (m, 1 H), 6.31 - 6.37
{m, 1 H), 6.40 - 6.46 (m, 1 H), 6.69 - 6.77 (m, 4 H), 6.99 -
7.08 (m, 4 H), 7.08 - 7.41 (m, 4 H), 7.81 (s, 1 H), 7.94 -
8.01 (m, 1 H)

[0244] {4) Synthesis of ethyl 2-{2-[bis(4-



[ 0291] (6) Synthesis of tert-butyl 2-oxo-3-{[7-(1-propen-2-

y1l) -4, 5-di hydroi m dazo[ 1, 5- a] qui nol i n-3-yl ] net hyl | pi peri di nel-car boxy
| at e To a solution of tert-butyl 2-oxo-3-[(7-
([(trifluoromethyl)sul fonyl]oxyl-4,5-di hydroi m dazo[ 1, 5-

a] qui nol i n-3-yl) net hyl ] pi peri di ne-1-carboxylate (5.00 g) in
tetrahydrofuran (94.4 m), 4,4,5,5-tet 't hy1- 2- (1- propen- 2-
yl)-1, 3, 2-di oxaborane (3.17 g), cesium carbonate (12.3 g) and

1, 1- bi s(di phenyl phosphi no) ferrocene-pal [ adi un(11) dichloride

di chl or onetedkexEbapteid singiryyididy ¢ ~Jddedr ifFtthe ni xture was

heat ed under_ reflux far .30.m nutes he.reactian s e S. . .
concent rat e R VAR S Ve RETF ol the hbT AT BE by R ek et
col um chr qiate8paRbyd el uent: ethyl acetate). After concentrating in
vacua, an aqueous solution of 15%citric acid was added to the

resi due and backoextsdctition wasetdoddieted[wid#-di ethyl ether. The
aqueous | ayer was neutralized wth a saturated aqueous sol ution of

sodi um hy dieEeas dperidt) emaRa ] B YHe ifoi L hwad~ Cordaéhgdr e Hrek zoil e’

w th chl oraof,orm ter drying the organic_l ayer .aver anhydrous sodi um
sul fate, ¢ R Aaer Ebr AL Ty EPe e anes s e Dofl et SHETPERDYed
in vacua. The begy]!ingddaeshdugsasy)Puhbftes Bity1addéenyrssilhca gel
col um chr omat ogr aphy (el uent: n-héexane/ ethyl acétate =71:4) "to give
the titl edchappodad (3B 74) gyets aideol antiesise pdwdere it NVRr300at/Hz,

CHLOROFORM-d) 8 ppm 1.50 (s, 9 H), 1.55 - 1.71 (m 1 H, 1.71 - 1.95
(m 2 H), ¥o99 temperatuge foy)20 Jropgs. Poghq meagtipn gygprm,dyater

J=14.5, 8.4 Hz 2.79 - 3.02 (m 5 3 dd,, J=14.. 4.7 Hz,
1 Hy, 5. 8o vaigagded ind offractiad Wb ginalleech Ehebf s Sy (L
H, 5.36 - R1400fMn.l sher 7adding £ndSobtfanit Hayef: 83 Sannlyddbus
[0292] (7) Synthesis of 5-[(tert- utoxycarbonyl{anlno]-z-
{[7-(1-propedidmys):ehte, dthy dad incdazropds SEid]igmedobin-Brd the solvent
yl ] met hyl ) pent anoi ¢ aci d Using tert-butyl
2-OXO-3-1[Wa€1r§WUﬁbﬁﬁ2y?§§°4q?he residue was purified by silica gel

di hydroi m dazo[ 1, 5-a inoli.n-3-yl | met hyl) pi peridi ne-1carhoxyl at
R S AR S R e M R S L
procedures 133) i £ Ba@kge 1d{ fled Q:c&B\ﬁ@né he, tdgt Ledagomauing 162585: )
as a colorless powder. MS(ESI/APCI al): 440(M+rH) [0293] (8)

Synt hesi s 6B (EAR/ A Duphenyl32Hyrrol i di n-1- yl) propyl
(25)-5-[(tgét-bUtOXécarbon | Yam no] -2-[[ 7-(1-propen-2-yl)-4,5-

di hydr oi mi daZB8{R1, (598] Y7 nFAHLPRGFORY Y RAPpEnt ariodt-¢> (m/ 6Uimd- 23

5-[(tert-butoxyecarbo am np) - 2-{[-7=(1-propen-2- _

y1)- 4, 5-di hygf%‘?n{mda%ﬂ,’glafggu' ol A- -fg’r'] %eglluf/l I peht aoiré A% d* (200
ng), react !a?)p angly puni FECah) oz”lm{e,r@.p@rioz@délay i hey samesprecegures
as in Exanmple 2(2) to give the titled conmpound (100 ng) as a pale
brown powder 17 M5(EIY ARCI 3Dl )4.6827( B8y (m, 348), $O0ZO4J(9y=10.3
Synt hesi s of (2S)-5- gtert-

butoxycarbﬁﬁyl}dﬁhnd& 5 [(g7-1 4Bpr 8pyi- 49%- i Rydr of n? dizo[l1HE. 6.86 -
a] gui nol i n-.32yl ) met hyl ] pent anoi ci.d LRO_

(1R, 29) - 1- Shgﬁy R ( ;’/rrzr%% n-7(1;'-2?/I ¥Br opylt «( ﬁ??& 760 (m, 4 H),
[(tert-but qu@agy,onylﬂhm not - g { [5L5(h-pE openn 2-yl) - 4, 5-

di hydr oi m dazo[ ,5-a]QU|noI|n-é-yl]nethyl}pentanoate (1.88 g),
reaction amdzpsyifi dati aynetesipenffornedl byea)ke~santoiy @cedures as in
Example 2(3) to give the titled conmpound (1.11 g) as a colorless

anor phous mE§Boxybenzyl)amino]pyridin-4-yl}-3-(4,5~dihydroimidazo(1l, 5~
alquinolin-3-yl)~2-propencate

To a solution of ethyl 2—-{2-[bis(4-

methoxybenzyl)amino] pyridin-4-yl}-3-(tert-




MS(ESI/ APClI Dual ): 442(MtH) [ 0295] (10) Synt hesis of

(2S)-5-am no-2-[(7-isopropyl-4,5-

di hydroi m dazo[ 1, 5- a] gui nol i n-3-yl ) net hyl ] pentanoi c acid

di hydr ochl ori de To a sol ution of
(2S)-5-[(tert-hutoxycarbonyl)am no] - 2-

[ (7-1sopropyl -4, 5-di hydroi m dazo[ 1, 5-a] gui nol i n- 3-

yl ) met hyl j pentanoic acid (600 ng) in ethyl acetate (13.6 m), a
solution of 4 Mhydrochloric acid i n~etByl-acetate (13.6 m) was
added and the m xture was stirred for 2 hours at room tenperature.
The sol ventbuad disatvelsilyleaglost o!,Gi-déhydven initdaed [ £ o¥poundnolin-3-
(compound 28, 485 ng) as a color|ess anorphous mass. MS(ESI/ APCl

Dual ): 342(NWHEFOREPANEE (604 5V, 1DRURERL UM DM IDEa8hgen (L4 rd) - J=7. 3

Hz, 6 H, 1,57 ;.17 4 H) 60 .- 2.70 1 2.85 - 2.92 (m
e 2 o i3bapatydfollieetnt) 1 200 85 "Sd 4R ghgi g Tigiture®yg |
Synt hes! S| Qfci28)4- PTG !ﬁ%hgfs[ét?'ﬁbbylﬂ‘% Feaction system was

di hydr oi m dazo[ 1, 5- al qui nol i n-3-y1) met hyl ] pent anoi ¢ aci d

di hydr ochl arondentr{tidd Syintvheso samaf ther tebidyd wds[ pdrietdy byvdsbiica

di hydr oi m dazo[ 1, 5- a]cglui nol i n-3-yl ) net hyl ] - 2- oxopi peri di ne- 1-

car boxyl at @2l colump Ghregpiegrif (edpetbutyihexaggibehy) Acetate =

([(trifluora hyl )sul fonyl]o -4, 5-di hydr oi mi [1,5-
a] qui nol i n-%-%hn%t%ylﬁ%?ég%i @%éﬁt—ﬁ(‘?gr B%ngltrgeq?é&dﬁg)g)asi g pale
t et rahydr of \df @By ( dd), methylboronic acid (2.26 g), cesium
carbonate (12.3 g) and

1, 1- bi s(di pisergt phesphiuad) t e¢oopemepal | adi um(11) dichl oride

di chl oromet hane conpl ex (2.36 g) were added and the m xture was
heat ed undel ¥4t (L 0f YHz4 Gl FORM TR dRPECLE dh Eystiermwadz, 3 H),

concentrated,jn_ v and_ after din hyl gcet at 300 nl.) _and
wat er (100§r‘dq§) toflﬁ_iée) (F“ési2 u)e’, thlsg mi gtﬁé e%%ag ght 'rpﬂeqd (fshrSUIajﬁ’
Celite. Afuyepsthe fjdinane, separaedai pio Anjaqyesys. |@yer (And; an ,
organic layer, the latter was washed with an aqueous sol ution of 15%
citric aci @¢.6hreddtiges?, and3 wi#,hlal) ageiedsrus sobait (gn dof)1 Mo4 -
hydrochloric acid three tines. After neutralizing the conbi ned

aqueous | ayet$ (it H &saf utated -4duéBus? dblut’i- 3R 63+ Slodiluny -86 (s, 1

hydr ogencarbonat extractipon s..conducted wth ethyl acetate. After
drying thehgfgghlﬁc (Icgzéiye? goi/fe)’r dz;%hy}/iéfogé%nngnesi um sul fate, the

desi ccant vwasaéjltered el d ke ggﬂly;lprgt_{\ga§]|0§§(rz%)yed in vacuo. The

resulting residue was purified by NH silica gel columm chromat ography
(el uent: nhexame/leidryll) astt@lipyrid3b:- 65y o-0: (106 dandirsibs aguent, 5-
recrystallization from n-hexane/ chl oroformgave the titled - 147 -
compound ( #19¢irpligs 3avtbpernaeestgonder . MS(ESI/ APCI Dual ) : 396( M+H)

TH AR (300 Ny O QROECRM Q)0 I 1, 82(5y S 3241 64 (m 1

methoxybenzyl)aminolpyridin—-4-yl}-3-~(4, 5-dihydroimidazo(l, 5-
alguinolin-3-yl)-2-propenocate (580 mg) in ethanol (9.7 ml),
10% palladium-activated carbon (116 mg) was added and the
mixture was stirred under hydrogen purge for 3 hours at 60 °C.
The reaction system was filtered through Celite and the
solvent was removed in wvacuo. The resulting residue was
purified by silica gel column chromatography (eluent: n-
hexane/ethyl acetate = 1:1 to 1:4) to give the titled compound

(495 mg) as a colorless oil.



H,1.70 -1.92 (m2 H), 1.97-2.13 (m1 H), 2.34(s, 3H), 2.61-2.72(m
1H), 2.79 - 2.97(m 5H), 3.16 -3.26 (m1 H),3.51 -3.62 (m1 H),
3.74-3.86

- 122 -

MS(ESI/APCI Dual): 603 (M+H)
H NMR (300 MHz, CELOROFORM~d) & ppm 1.12 (t, J=7.1 Hz, 3 H),
2.37 - 2.54 (m; 1 H), 2.57 - 2.79 (m, 3 H), 2.84 (dd, J=14.3,
7.8 Hz, 1 H), 3.20 (dd, J=14.3, 7.8 Hz, 1 H), 3.77 (s, 6 H),
3.91 {t, J=7.8 Hz, 1 H), 3.95 - 4,18 {(m, 2 H), 4.53 - 4.74 (m,
4 HY, 6.39 (s, 1 H}, 6.55 (dd, J=5.1, 1.2 Hz, 1 H), 6.71L -
6.84 (m, 4 H), 7.03 - 7.20 (m, 4 H), 7.22 - 7.42 {m, 4 H),
7.86 (s, 1 H), 8.09 (d, J=5.1 Hz, 1 H)
[0247] (7) Synthesis of 2-{2-[bis(4-
methoxybenzyl)amino]lpyridin-4~yl}~3-(4,5-dihydroimidazo[1, 5-
alquinolin-3~yl)propanocic acid

To a solution of ethyl 2-{2-[bis(4-
methoxybenzyl)amino]pyridin~4-yl}=-3-(4,5-dihydroimidazo([l, 5-
alquinolin-3-yl)propancate {270 mg) in methanol (2.0 ml), an
agqueous solution of 33% sodium hydroxide (1.5 ml) was added
and the mixture was stirred for 15 hours at room temperature.
The reaction system was concentrated in vacuo and after adding
an agueous solution of 15% citric acid to the residue to
neutralize it, extraction was conducted three times with
chloroform. After drying the organic layer with anhydrous
sodium sulfate, the desiccant was filtered off and the solvent
was removed in vacuo to give the titled compound (241 mg) as a
colorless oil.
MS{ESI/APCI Dual): 575 (M+H)
*H NMR (300 MHz, CHLOROFORM-d) & ppm 2.32 - 2.77 (m, 4 H},
2.83 - 2.99 (m, 1 H), 3.16 - 3.33 (m, 1 B), 3.69 - 3.79 (m, 6
H), 3.88 {t, J=6.8 Hz, 1 H), 4.53 - 4.71 (m, 4 H), 6.48 (s, 1

H), 6.57 {(d, J=5.3 Hz, 1 H}), 6.70 - 6.79 (m, 4 H), 7.02 - 7.10



(m1H, 7.10(s, 1H), 7.25 -7.29(m 2H), 7.90 (s, 1H [0297] (2)
Synthesis of 5-[(tert-butoxycarbonyl)am no]-2-

[ (7-met hyl -4, 5-di hydroi m dazo[ 1, 5-a] gui nol i n-3- yl)net hyl ] pentanoic
acid Using tert-butyl 3-[(7-nmethyl-4,5-dihydroimdazo[1, 5-

a] gui nolin-3-yl) et hyl]-2-oxopi peridi ne-1-carboxylate (1.58 g),
reaction and purification were perforned by the sanme procedures as in
Exanple 14(7) to give the titled conpounsl {£16.7 g) as a colorless
anor phous mass. MS(ESI/ARCI Dual):414(MH) 1H NVR( 300

Mz, CHLOROF@RMydypappm o 416539 H), L 43,- 71865 ,m3H), 18 &% (a4, =5.3

-1.88(m 1H), 2. 36(s,3H),2.72-2.93(m 7H),
Hz, 1 H)
(248]
(8) Synthesis of 2-(2-aminopyridin-4-yl1)-3-(4,5-
dihydroimidazo[l,5-alquinolin-3~yl)propanoic acid
dihydrochloride

A solution of 2-{2-[bis({4-methoxybenzyl)aminc]pyridin-4-

y1}-3-(4,5-dihydroimidazo[l, 5-alquinolin-3-yl)propancic acid
{241 mg) in trifluorocacetic acid (4.2 ml) was stirred for 20
hours at room temperature. The reaction system was
concentrated in vacuo and after adding water to the residue,
extraction was conducted three times with chloroform. The
aqueous layer was concentrated in vacuo and after adding water
(4.2 ml) and Amberlite IRA-67 (2.41 g) to the residue, the
mixture was stirred for 30 minutes at room temperature. The
reaction system was filtered and after washing with methanol,
the filtrate was concentrated in vacuo. To the resulting
residue, an aqoueous solution of & M hydrochloric acid was
added and the mixture was stirred for 30 minutes at room
temperature. The reaction system was concentrated in vacuo to
give the titled compound (compound 22, 40 mg) as a pale vellow
powder,
MS({ESI/APCI Dual): 335(M+H)
M NMR (600 MHz, DEUTERIUM OXIDE) 6 ppm 2.7%- 3.00 (m, 4 H),
3.28 - 3.34 {(m, 1 H), 3.46 - 3,53 (m, 1 H), 4.08 (t, J=7.8 Hz,
1 H), 6.90 {(dd, J=6.7, 1.6 Hz, 1 H), 6.95 (d, J=0.9 Hz, 1 H),
7.46 - 7.50 (m, 3 H), 7.65 - 7.70 (m, 1 H), 7.80 (d, J=6.7 Hz,

1 H), 8.21 (s, 1 H)



3.05 -3.17(m2H), 4.57-4.70(m 1H),7.08-7.15 (m2 H), 7.27 - 7.32(m 1
H),8.02(s,1H) [0298] (3) Synthesis of

(1R, 23) - 1- phenyl-2-(pyrrolidin-1- yl)propyl
(2S)-5-[(tert-butoxycarbonyl)am no]-2-[(7-nethyl-4,5-
di hydr oi m dazo[ 1, 5- a] gui nol i n-3-yl ) nmet hyl | pent anoat e To a

solution of 5-[(tert-butoxycarbonyl)am no]-2-[(7-
met hy1- 4, 5-di hydr oi mi dazo[ 1, 5-a] gui nol L4494 3=yl ) net hyl ] pent anoi ¢ aci d
(1.67 g) in chloroform (20 m), (1R 2S)-1-phenyl-2-
(pyrrolidined2-4pl) pr opanedl=0l23( 1. 23 g), 4-dinethyl am nopyridine - 148
- (99 mg) and N-[ 3- (dlnethylanlno propyl] Nt ethylcarbodllnlde
hydrochl ori de (2yRrEhegisus Hidd 454

hours at roonhﬁeggeratgjg_!ge reactlon n1xture was purified by
silica gel 2€ chl or of or Ml et hanol = 90: 10
to 80: 20), 1he@yQ¥hé£E{se%fr l&@%t%uég}‘i %'5L'[?§~<95%lno%%‘§’iﬂgaﬁﬂd%”ﬁitqgr§Dhy
(el uent: n-hexane/2- propanol . subsequent|y by yet anot her
run of NH siilhyeaogeldool uns- ﬁhdi@ﬁﬁil@.gF&p?}ﬁm{tﬂiﬂQﬂ-B~

n- hexane/ 2- propanol = 96:4), finally by silica gel columm

chr omat ogr @yepeeybikgarbagiglcgr of or m net hanol = 85:15 to 70:30) to give

the tit] ed compgund (689.10) 25 & £9.01) €55, ARLRNOUR MRS 2 (4,5

dlhydr01mldazo[1,5 alguinolin-3-ylmethyl)pentanoic acid

(400 mg) in chloroform (5.0 ml), 3-aminopropanenitrile

(105 mg) and N-{3-{dimethylamino)propyl]-N’-ethylcarbodiimide
hydrochloride (220 mg) and lH-benzotriazol-1l-ol hydrate

{207 mg) were added and the mixture was stirred for 3 hours at
room temperature. To the reaction mixture, ethyl acetate

(70 ml} was added and the mixture was washed with water

{30 ml) and brine (30 ml) in that order. Silica gel was added
to the organic layer and the solvent was concentrated in
vacuo. The resulting residue was purified by silica gel column
chromatography {eluent: chloroform/methanol = 95:5 to 90:10)
to give the titled compound (413 mg) as a colorless amorphous
mass.

MS(ESI/APCI Dual}: 452 (M+H)

y NMR (300 MHz, CHLOROFORM-d) & ppm 1.42 (s, 9 H), 1.47 -
1.59 {m, 3 H), 1.70 - 1.7% (m, 1 H), 2.38 - 2.58 (m, 2 H),
2.63 - 2.87 (my, 7 H), 3.01 - 3.22 (m, 2 H), 3.31 - 3.50 (m, 2
H), 4.60 -~ 4.73 {m, 1 H), 7.10 - 7.22 {m, 2 H), 7.25 - 7.34

{m, 2 H), 7.39 - 7.45 (m, 1 H), 7.96 (s, 1 H)

[0250] (2) Synthesis of tert-butyl {4-[l-{2-cyancethyl)-1H-

tetrazol-5~y1]-5-(4,5-dihydroimidazo[l,5-alquinolin—3-



114 NMR(300 MHz, CHLOROFORMt d) 8 ppm 0.94(d, J=6.7 Hz,3 H), 1.44(s,9
H),1.62-1.88(m8H), 1.95-2.12(m 1H), 2.34(s,3

H),2.38-2.46(m 1H), 2. 48-2.57(m 3H), 2.58-2.71(m5

H),2.80-2.91(m 1H), 3.09- 3.27(m3 H),5.27-5.37(m1 H),6.07-6.14(m 1
H),6.73-6.81 (m1H),6.84-6.98(m5H), 7.06-7.11(m 1H), 7. 26-

7.31(m 1H), 7.94(s, 1H) [0299] (4) Synthesis of (2S)-5-[(tert-

but oxycar bonyl )am no] - 2-[ (7- met hy1l- 4,546 hydr oi m dazo[ 1, 5-

a] qui nol i n-3-yl ) nmet hyI ] pent anoi c acid To a sol ution of

1R, 2S)-1- i n-1yl) propyl
EZS) 5)[(t%®€égc %y‘g%{ agr!r?l)l/:?) am %o)lpz I[03(/7 met hy1-

4, 5- di hydr oi ni dazof 1s&raligni 86l téroyk) et hyl nentaseat £ )Ea0o M- i n
met hanol (10 nml), 20% pal | adi um hydr oxi de (44% water content, 250 ny)
and the mx{t-ﬂuﬁedmdmmmﬁ@domd@a]hagadnogmwlgethw)-35-5 hours at 60
C. The reaction m xture - was filtered through Celite and the

sol vent Waé”‘toé’ﬁB%ﬁ}‘fath\‘f‘g@GS (%% WSUFH‘WW@@F&M%’"% p(&tﬁiofiﬂﬁh IR

silica gel r n roforrﬂ nol ),
then byt P HABAEHRR R PR ot B b R 8eR 80 O R A
35:65); thezpaithiwskyiesiedye. M aduges. 4 ¢ pRWHes of r OMNeXARL/ &idy!
acetate, to give the titled conpound (105 ng) as a col orl ess powder.
M5( ESI / APCladBed| yndef] 4{deiErg 144 tiVRcE300d M, mtmﬁrﬂg@rﬁcﬂ: 41
(s, 9H, 1.43 - 1.65(m 3 H, 1.69 - 1.88 (m 1 H, s, 3 H,
2 70 _ 2 9§2 Hfugsfﬂt ;§0@5temE@;pFuEﬁT gg}ﬁethglgylleZEQy (%ﬁ 1mqb

éygfhéSIS gfggbgéy{?h%ﬁéhgzi [%%é%l nL&&4$%$thylogzégicagg%xkgggg](5)

di hydroi m dazeb Inb-A ctuml s&m-ih) mﬁtbaddd@@rﬁt 8Pk Cachifddd and the

di hydr ochl ori de

(2S)-5-[(t evixctboe oeeﬁcartb@nycﬁ)ié:m Fofags [{t7-umemhydmpedature. Silica gel
di hydroi m dazo%% %)?w nol i n- 3-yl ) net hyl ] pentanoic acid (105 ng),

an aqueous &8l desh el\/F?ﬂer’r?&hFB?F‘?}“e?@iddtPﬂ fP)V&is vadded and t he

e e SRk et 2y v sl L e metatinge T slYSY
as a CO|OrEESﬁc@nﬁﬂpﬁemﬁmnﬁﬁﬁﬁmﬁtography {eluent: chloroform/methanol
= 97:3 to 890:10) and subsequently by NH silica gel column
chromatography (eluent: ethyl acetate/methancl = 100:0 to
97:3} to give the titled compound (32 mg) as a colorless
amorphous mass.
MS (ESI/APCI Dual): 477 (M+H)
'H NMR (300 MHz, CHLOROFORM~d) & ppm 1.42 (s, 9 H), 1.45 —
1.60 (m, 2 ¥), 1.%92 - 2.06 (m, 1 H), 2,07 - 2.19 {(m, 1 H),
2.37 - 2.47 (m, 1 B), 2.51 - 2.67 (m, 2 H), 2,70 - 2.85 (m, 2
H), 2.86 - 3.02 (m, 2 H), 3.03 - 3.26 (m, 3 H), 3.50 - 3.62
(m, 1 H), 4.20 - 4.32 (m, 1 H}), 4.3%9 - 4,52 (m, 1 H), 4.55 -
4,65 (my 1 H), 7.2 ~ 7.19 (m, 1 B), 7.21 - 7.29 (m, 2 H),
7.30 - 7.38 {m, 1 H), 7.91 (s, 1 H)e*=
[0251] {3) Synthesis of 5-(4,5-dihydroimidazo[l,5-

algquinolin-3-yl)-4-(1H-tetrazol-5-yl)pentan-l-amine



MB(ESI / APClI Dual ): 314(MtH) 1H NVR (600 MHz, DEUTERI UM OXI DE) 6 ppm
1.63 - 1.79 (m 4 H, 2.36 (s, 3 H, 2.71 - 2.78 (m 1 H, 2.91 -
2.98 (m 5H, 2.99 - 3.06 (m 3 H, 7.27 (d, J=8.3 Hz, 1 H, 7.30
(s, 1 H, 7.53 (d, J=8.3 Hz, 1 H, 9.13 (s, 1 H (0301] Exanple 30 -
150 - Synt hesis of (3)-5-am no-2-((7-propyl-4,5-

di hydr oi m dazo[ 1, 5- a] gui nol i n-3-yl ) nmet hyl ) pent anoi ¢ aci d

di hydrochl ori de (1) Synthesis of (Z)iEert-butyl

2- 0x0-3-((7-propen-1-yl1)-4,5-

di hydr oi m dazo[ to5a ageiviehi bf 3eyt)-meithy| )} p+ per jizdicpandetipdnbaxyl at e
To a solution of tert-butyl 2-o0xo0-3-((7-

t ri fl uor onetetiyagal f oyl lovby-(4, 5= @ihwm%inﬁrﬁ@laczbl[rﬁ-@-] a]-l?gwhiﬂ'iﬁﬂ yI ) net h
yl ) pi peri di ne- 1- car box Ity}?ﬁate (5 3.3]@% . n tetrahydrofuran (Ié

(12) - 1- pr oplen PERGYL bOHOHME Sl o (W34 0 o Hedi thatearBokt (!1?“6 9)
andll bi i.phe phi-ng) n ) G0

di chl or onet %%gggoﬁ%if%}%? %89 ebrvéﬂ(rle%ﬁa @%Ma?i%l 'lt{ﬁ'(eb%‘&%uﬁ% V\égggd

heat ed undemdr efhk Uxi flre’ wheuéﬁlrﬂéhﬁ foeagt b Hvusshen-y¥as ddnpkenedre.
t hrough Celite and concentrated in vacuo; the resulting residue was

purified byaNersi?2 cul )gelascetided tchrtémar@gmﬁp:hy migkyentand extraction
n- hexane/ et hyl acetate =.1:1 to 0:1). The purified residue was

reduced t o “SowABRIRGIGH FAERaREN Y @tﬁlatét g GPoe- ttherecrtegic

o1 R 300 ke T PP g o R p o 0R4 [pvpRDEha PR dns, B2 NS
1.68(m 2H) skif3ed. B85 B 4idhrd. 98-wocl3Bigédature. The solvent was

2.60-2.73(m1H),2.75-3.00(m5H),3.13-3.27(m1 H, (m 3.48 1H), -
3.64 6.35 eptehtraigzdi@fnyvaguqdld and the resulting residue was dissolved

in water (2 ml) and purified by cation exchange chromatography
(DOWEX 50WX8-200, ammonia/water = 0:1 to 5:95) to give the
titled compound (compound 23, 24 mg) as a colorless amorphous
mass. -
MS{ESI/APCI Dual}: 324 (M+H)

'H NMR (600 MHz, DEUTERIUM OXIDE) & ppm 1.39 - 1.49 (m, 1 H),
1.55 - 1,65 (m, 1 H), 1.86 - 1.9% (m, 2 H), 2.03 - 2.10 (m, 1
H}y, 2.26 - 2.32 (m, 1 H), 2.38 - 2.45 (m, 1 H), 2.57 - 2.64
(m, 1 H), 2.86 - 3.00 (m, 4 H), 3.34 - 3.41 {(m, 1 H}), 7.13 -
7.17 {m, 1 H), 7.22 - 7.27 (m, 2 H), 7.36 - 7.40 (m, 1 H},
8.03 (s, 1 H)

[0252] Example 24

Synthesis of (28)-5-amino-2-{[7-{2-cyclohexylethyl)-4,5-

dihydroimidazo[l,5-alquinolin-3-yllmethyll}pentanoic acid

dihydrochloride

(1) Synthesis of 6-(2-cyclohexylethyl)-3,4-dihydroquinolin-
2{1H}-one

To a solution of 6~ (cyclohexylacetyl)-3,4-



1H),
1H),

-3.87 7.20 (m1 - 7.25 H, (m 5.72 2H), - 5.89 7.33 - 7.40 (m
7.93(s,1 H

- 127 -

dihydroquinolin-2 (1H}-one (50 mg) in methanol (1.8 ml}, conc.
sulfuric acid (5 mg) and 10% palladium-activated carbon
(25 mg) were added and the mixture was stirred under hydrogen
purge for 13 hours at room temperature. The reaction mixture
was filtered through Celite and after adding a saturated
agueous solution of sodium hydrogencarbonate to the filtrate,
extraction was conducted three times with chloroform. After
drying over anhydrous sodium sulfate, the desiccant was
filtered off and the solvent was removed in vacuo to give the
titled compound (44 mg) as a colorless powder.MS (ESI/APCI
Dual}: 258 (M+H)
'H NMR (300 MHz, CHLOROFORM-d) & ppm 0.83 - 1.00 (m, 2 H),
1.08 - 1.35 (m, 4 H), 1.40 -~ 1.80 (m, 7 H), 2.45 -~ 2.71 (m, 4
H), 2.85 - 3.04 {m, 2 H), 6.57 - 6.71 (m, 1 H), 6.92 - 7.03
{(m, 2 H), 7.56 (br. s., 1 H)
[0253] (2} Synthesis of ethyl 7-(2-cyclohexylethyl)-4,5-
dihydroimidazo[l, 5-alJquinoline-3~carboxylate

Using 6~ {2-cyclohexylethyl)-3, 4-dihydroquinolin-2 (1H)-one
{7.00 g}, reaction and purification were performed by the same
procedures as in Example 1(1) to give the titled compound
{4.60 g) as a pale yellow powder.
MS(ESI/APCI Dual): 353 (M+H)
[0254] (3) Synthesis of [7-(2-cyclohexylethyl) -4, 5~
dihydreimidazo[l, 5-a]lquinclin-3-yllmethanol

Using ethyl 7-{2~cyclohexylethyl)~-4,5~dihydroimidazoll, 5~
alquinoline-3-carboxylate (4.50 g}, reaction was performed by
the same procedure as in Example 1(2) to give the titled

compound (3.97 g) as a pale yellow powder.



- 151 - di hydroi m dazo[ 1, 5- a] qui nol i n-3-yl ) net hyl ] pi peri di ne-/ -

car boxyl at e To a solution of tert-butyl
2-0X0-3-([7-[(12)-1-propen-1-yl]-4,5-di hydroi m dazo[ 1, 5-a] qui nol i n- 3-
yl } met hyl ) pi peri di ne- 1-carboxylate (1.68 g) in nethanol (30 m), 10%
pal | adi um activated carbon (500 ng) was added and the m xture was
stirred under hydrogen purge for an hour at roomtenperature. The
reaction mxture was filtered through Celite and the sol vent was
renoved i n vacuo. The resulting resi duéZtas purified by silica gel

col um chr omat ogr aphy (el uent: chloroform methanol = 49:1 to 9:1) and
the purifi &t (ESSi/apel wasrlpeddt Mt powder from n-hexane/ di et hyl

ether, to give the ti%led conpound %}.20 % as a _col orl ess powder.
MS( ESI / APCILWBraity - 45% MYBFPRE RS RN GdZNﬁg CREEERKA Y Hpm

0.95(t, J=7. : 2¢s 456 4. 70-1.91(m 2H),
1.97-2. 11( n‘%eiﬁﬂ) ?’%.lg%qaz%é‘;i( (r5n 3%‘?92?%121?1@2%?%5191%3’&9

H), 2. 80- 2. 96( m GklLng. 08-23-25€CMHddy13thI13-H25-dihydroimidazo[1, 5-
(m1H), 3.74-3.86(m 1H), 7. 05-7. 12(m 2H), 7. 28- 7.33(m 1H), 7. 91(s, 1H)

[ 0303] (3) mmhesisnoi-B-petharchutdo@Pcal borsddtdennaghd purification
[ (7-propyl-4,5-dih droinidazoLl,S-a]quinoIin-S- yl ) met hyl | pent anoi ¢
acid “@srPnBng?‘E“-‘%tbyl the SRR PEPPERREDY BS54 8- Example 1(3) to

acid EPEMSUEY! 2% G ECFE BBy £y, 18- B t
(150 ). Fost a8 ShaNdeRhPasid ok L8 PRl By i ©

procedur es maSrsh/Ex@me114(3)s tvergi ve the titled compound (1.35 Qg)
as a col orless anorphous nmass. - 152 - ns(Esi/Apci Dual):442(MWH) 1H

NVR( 300 MHA, 0256 DROFOFN Y5 thesh .01 ter0-09tyR 3 3H) ~34{ WH(£-9
H., 1'45-1'%g&gkgeggié%§3%3gé?giégﬁygkbimidazo{l,5—a]quinolin—3—
yllmethyliden}-2-oxopiperidine~l-carbeoxylate
Using 7-(2-cyclohexylethyl)-4,5-dihydroimidazo[l, 5~
al]guincline—-3-carbaldehyde (3.35 g), reaction and purification
were performed by the same procedures as in Example 1(4) to
give the titled compound (2.38 g) as a pale yellow powder.
MS(ESI/APCI Dual): 490 (M+H)
[02571 {6) Synthesis of tert-butyl 3-{[7-(2-
cyclohexylethyl) -4, 5-dihydroimidazo[l, 5-algquinolin-3-
yljmethyl}-2-oxopiperidine-l1-carboxylate
Using tert-butyl (38)-3-{[7-(2-cyclohexylethyl}-4,5-
dihydroimidazo[l, 5~alquinolin-3-yl]lmethyliden}-2-
oxopiperidine—-l-carboxylate (2.38 g}, reaction and
purification were performed by the same procedures as in
Example 1(5}) to give the titled compound (2.39 g) as a
colorless powder.
MS{ESI/APCI Dual}: 492 {(M+H)
[0258] (7} Synthesis of 5-[{tert-butoxycarbonyl)amino]-2-

{[7-(2-cyclohexylethyl) -4, 5-dihydroimidazo(l, 5-alquinolin—3~



2.77 -

2.94(m 711), 3.0

3.17 (m2 H),4.60-4.71(m 1 H), 7.09 -

5 -
7.16 (m2 H), 7.35(d, J=8.7 Hz, 1H),8.15(s, 1 H)

- 129 -

yllmethyl}pentanoic acid

Using tert-butyl 3-{[7-{2-cyclohexylethyl)-4, 5-
dihydroimidazo[l,5-alquinolin-3-yllmethyl}-2-oxopiperidine-1-
carboxylate (2.39 g), reaction and purification were performed
by the same procedures as in Example 14(7) to give the titled
compound {2.33 g) as a colorless powder.
MS{(ESI/APCI Dual): 510 (M+H)
[3259] (8) Synthesis of (1R,2S)-1-phenyl-2-{pyrrolidin-1-
yl)propyl (25)-5-[(tert-butoxycarbonyl)aminc]-2-{[7-{2-
cyclohexylethyl)-4,5-dihydreoimidazeo[l, 5—-algquinolin-3-
yl]methyl}pentanocate

Using 5-[ (tert-~butoxycarbonyl)amino]-2-{([7-{(2-
cyclohexylethyl) -4, 5-dihydroimidazo[1l, 5-alquinolin-3-
yllmethyl }pentanoic acid (100 mg), reaction and purification
were performed by the same procedures as in Example 2(2) to
give the titled compound (59 mg) as a pale brown oil.
MS(ESI/APCI Dual): 698 (M+H)
{0260] (9} Synthesis of (28)-5-[(tert-
butoxycarbonyl)amino}-2-{[7-{2-cyclochexylethyl)-4,5-
dihydroimidazo[l, 5-a]quinolin-3-yl]lmethyl}pentanoic acid

Using (1R, 28)-1l-phenyl-2-(pyrrolidin-1-yl)propyl (28)-5-
[ {tert-butoxycarbonyl)amino] -2-{[7-(2~cyclohexylethyl)-4, 5-
dihydroimidazo[l,5-alquinoclin-3-yl]methyl}pentanocate (1.00 g},
reaction and purification were performed by the same
procedures as in Example 2(3) to give the titled compound
{720 mg) as a colorless powder.
MS({ESI/APCI Dual): 510 (M+H)

[0261] (10) Synthesis of (238)-5-amino-2-{[7-(2~



[0304] (4) Synthesis of (1R, 2S)-1-phenyl-2-(pyrrolidin-1- yl)propyl
(25)-5-[(tert-butoxycarbonyl)am no]-2-[(7-propyl -4, 5-

di hydroi m dazo[ 1, 5- a] gui nol i n-3-yl ) net hyl ] pent anoat e Usi ng
5-[(tert-butoxycarbonyl)am no]-2-[(7-propyl-4, 5-

di hydr oi m dazo[ 1, 5- a] gui nol i n-3-yl ) net hyl ] pentanoic acid (1.35 g),
reaction and purification were perforned by the sanme procedures as in
Exanple 2(2) to give the titled conpound (632 ng) as a col orl ess
anmor phous mass. MS(ESI/APCI Dual ): 629( M%)~ 1H NVR(300

MHz, CHLOROFORM d) 5 ppm 0.90 - 1.02(m 6 H),
1.44(5,QFD,QYQiPhEXSQchmeHﬂ;Q Sih irkGfnidaky (1,238 arinelm3H), 2. 49-
2.69(m 10 2. 79-2

H), 3. 12-3. |ﬂ?§HY15P%HF%§°3§(ﬁfﬁ@ﬂd%?ﬂﬂéoéhﬁ%Flde

(HH%?%]?F$97 30?%n5]%?1 f%% gfgﬁggz%ﬂh(ZegéLbutoxycarbonyl)amino]—2—
{[7-(2-cyclohexylethyl) -4, 5-dihydroimidazo{l, 5-alquinclin-3-
y1l]lmethyl}pentanocic acid (720 mg) in ethyl acetate (7.1 ml), a
solution of 4 M hydrochloric acid in ethyl acetate (7.1 ml)
was added and the mixture was stirred for an hour at room
temperature. The solvent was removed by decantation and the
resulting powder was dried in vacuo to give the titled
compound (compound 24, 550 mg) as a pale yellow powder.

MS (ESI/APCI Dual): 410(M+H)

14 NMR (600 MHz, DEUTERIUM OXIDE) & ppm 0.86 - 1.00 (m, 2 H),
1.10 - 1.29 (m, 4 H), 1.38 - 1.54 {m, 2 H}, 1.5% - 1.87 (m, 9
H), 2.54 (t, J=7.6 Hz, 2 H), 2.72 - 2.81L (m, 1 H), 2.8l - 2.96
{(m, 5 H), 2.96 -~ 3.14 (m, 3 H), 7.15 - 7.20 (m, 2 H), 7.55 -~
7.59 (m, 1 H), ©.18 (s, 1 H)

[0262] Example 25

Synthesis of (28)-5-amino-2-[(7-cyclchexyl-4, 5-

dihydroimidazol[l,5-alquinclin-3-ylimethyllpentanoic acid

dihydrochleoride

{1}y Synthesis of 6-({l-cyclohexen-1l-yl)-3,4~dihydrogquinolin-
2{1H)-one

To a solution of 6-bromo-3,4-dihvdroquinolin-2(1H)-one
{3.3% g) in methanol (85 ml), sodium methoxide (2.43 g}, 2-¢(1-
cyclohexen-l1-yl}-4,4,5,5-tetramethyl-1,3,2-dioxaborane (3.39
g) and dichloro(bistriphenylphosphine)palladium (526 mg) were
added and the mixture was heated under reflux for an hour. To

the reaction system, water and ethyl acetate were added and



[ 0305] (5) Synthesis of (2S)-5-[(tert-

but oxycar bonyl ) am no] - 2-[ ( 7- propyl - 4, 5- di hydr oi m dazo[ 1, 5-

al gui nol i n-3-yl) met hyl i pent anoi ¢ aci d To a solution of

(1R, 2S) - 1- pheny1- 2- (pyrrolidi n-1yl) propyl
(2S)-5-[(tert-butoxycarbonyl)am no]-2-[(7-propyl-

4, 5- di hydroi m dazo[ 1, 5- a] gui nol i n-3-yl) net hyl | pent anoate - 153 -
(632 nmg) in nmethanol (10 m ), 10% pal |l adi um acti vated carbon (300 ng)
was added and the mixture was stirred &Ader hydrogen purge for 5
hours at 60 C. The reaction m xture was filtered through Celite and
t he sol ventati@s fFehbeeidhd rtheatuyselukiesr ebubtginFelésedushanasgpuief i ed
by silica gel colum chromatography (eluent: chlorofornfnethanol =

19:1 to 9: DAYEKdVERbSfTEFEDr EEPTY Sthay ﬁF%E%?B%’?¢6ﬁfe@ﬁVV¥h6@€ate gave

the titled C 0 |3 ./ AP
Dual) 442(%&?%&?@%%81%5 %&ﬁ%oabﬁgﬁihp 58%1““‘ ‘hd&é‘t(ef 93 27.3
Hz, 3 H), keAlctant %dd rilcdfeq def/EnMns J@Lve%t72as ﬁeﬁﬂ@eﬁ”ﬁnl H) ,
2.54 - 2.63 (m 2 H, 2.73 - 2.94 (m 7 H, 3.0 6 (m 2 H,
4.58 - 4.68aComp. 1ThY ,rebid8e-was kmr(ified b, 511129 geJZ cﬂﬁu(mm 1H,
8.02 (s, 1 H [0306](6) Synt hesis of (2S)-5-amno-2-[(7-propyl-4,5

di hydr oi mi FRFETAtSILARY ABLPARS- - PREBRGT § P8t a66FetacT d‘* 1to 2:1)

di hydr ochl qr.i sol utio
(2S) - 5- [(tg:rtg;f:u? O&@ecgﬁgéﬁdliomrﬁoun% 35 90 g) as a colorless powder.

[ (7- propylm@(@sﬂyg@@hwyugugazgdgqgiﬁq]qU|noI|n 3- yl)nethyl ] pentanoic
acid (120 ng) in ethyl acetate (8 m), a solution of 4 Mhydrochloric
acid in et Ayl NMR et3@0eMid, MBLORGSORMER Fapgnt hestrixtlure was StH)r,red
for an hour at roomtenperature. The sol vent was renoved in vacua and

after addi ng’ét hyt- Scdftat , Hyecanttati %nz’i/va@rpér For B3 vatefl ey 2
dded to t t d d t
o g ve thiTti 120 catshunly (2eisoanaE 30 05 o2 4 n dedbor | eal

to give the'fitl'ed conpou oun

anor phous nR$s1 IMS( ESls5APCE . ﬂJader 1314)21 MFH)s --71.5%1 ('m,l H HVR {660 Mz,

DEUTER UM OXI DE) 5 ppm 0.90 (t, J=7.3 3H, 1.57- 1.73 (m 6 H),
256-262b(:mSLHi)H)263(t J76Hz 2H) 281-288(m1H),
2.91 - 3.05 5 30 (d, J=8.3 Hz, F&

Co e s tese {y ‘é”liy%%hesfSH)’f[ SO EXdarEc e ren-1 s st o of

met hyl 5-a , ydr "

a]qU|noI|anH§?%%¥ﬁd?f gtgn a eggiﬁﬁ%roéﬁfBPfﬁlate To a solution
of nethyl 5- [(ttﬂiﬂn'gh'éL(?Xy@}@dlbﬂx@)ﬁE}lamgFQ] -¥4-dihydroquinolin-2 (1H)-one
(4, 5-di hydr oi m dazo[ 1, 5- a] qui nol i n- 3- ylnethyl)pentanoate (348 ng) in
et hyl acet &bés (i)l yeaatsal wridopuoi £ icddilwpdwech | rd foraetdby nclet Byine

acetate (5 m) was added and the m xture was stirred for 18 hours at
room t enpePEPRBLEPhES sHP VEITPhEs ! f BhoRe @iV Tar Jd ttiedgFromreH tit | ed

Rggggr?ipé§9%£1#§ % a(ﬁﬁi%gﬂggsagoadqplorless anor phous nass.
MS (ESI/APCI Dual): 323 (M+H)
'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.43 (t, J=7.1 Hz, 3 H),
1.63 - 1.72 (m, 2 H), 1.76 - 1.84 (m, 2 H), 2.19 - 2.27 {(m, 2
H), 2.36 - 2.43 (m, 2 H), 2.%4 (t, J=7.1 Hz, 2 H), 3.31 - 3.37
(m, 2 H), 4.40 (g, J=7.1 Hz, 2 H), 6.13 - 6.18 (m, 1 H), 7.31
- 7.42 (m, 3 H}, 7.99 (s, 1 H)
[0264] {3) Synthesis of 7-({l-cyclohexen-l-yl}-4,5-
dihydroimidazo([l,5-alquinoline-3—carbaldehyde

Using ethyl 7-(l-cyclohexen-1l-yl)-4,5-dihydroimidazol[l, 5-



IH NMR (300 MHz, CHLOROFORMtd) 5 ppm 1.77 - 2.09 (m 4 H, 2.91 -
3.24 (m 9 H), 3.64 (s, 3 H, 7.28- 7.3 (m 2 H, 7.37-7.47 (m
1H, 812 (d, J=7.8 Hz, 1 H), 8.52 (br. s., 2 H, 10.36 (s, 1 H)

[ 0308] Exanpl e 32 Synt hesi s of ethyl (2S)-5-am no-2-(4,5-

di hydr oi m dazo[ 1, 5- a] qui nol i n- 3-yl net hyl ) pent anoat e di hydrochl ori de
(1) Synthesis of ethyl (28)-5-[(tert-butoxycarbonyl)am no]-2-

(4, 5-di hydroi m dazo[ 1, 5-a] qui nol i n-3-y t hyl ) pent anoat e To a
solution of (25)-5-[(tert-butoxycar bonéllq?am' noj - 2-

(4, 5-di hydroi m dazo[ 1, 5- a] qui nol i n-3-yl net hyl ) pentanoic acid - 155 -
(200 np) i relawiepdive (BB atet tardl 9] 47w fRotioR p3d purification

(di met hyl am no) propylJ-N.-e | car bodi i m.de hydraqchl.orid (144 )
and 4-di net‘fﬁﬁe)a%eﬁg%??‘?%libﬁ’ett% AETS WS e ddhRy Shd ™ éar_ﬁli)% ul_rsé‘%\}va{s:Tg
stirred forg;2Q RQUr§; @led %ﬁ};b@ﬂ@e(ﬁw g 19 4 he1eastsopowtiest.ure, a
sat urated agueous solution of sodi um hydrogencar bonate was added and

extracti on mgaEsegnecTtmchli:t b7etimi) acetate. After washing the
organic layer with brine, it was dried over anhydrous sodi um sul fate.

The sol vent'Hwi¥R cGifde Mz at SRLORPRORMOS) ahcPrmhéd - fést dlie? e pdr ffi ed by
silica gel cqlum_chromatqgraph el uent,. n-h el et hyl et.ate =
9:1 througl‘?‘_‘%:f’l't?)'g%lg“%t% S?Vegt#e ti ‘%gd(%o%gﬁhdg(%o_ %’)‘lt%éma 2
colorl ess Qid',- oMBEEL / ARG oDHal )3 A28GMELD - 3 1dd NMR £300, Mizg - 5.19
CHLOROFORM d) 6 'ppm 1.19 (t, J=7.1'Hz, 3 H, 1.42 (s, 9 H, 1.46 -

1.76 (m 4 (o), 12664 7.3 767(8B imH)3 HI,79.64 2N51( H), 61¢)G1 Is041-H)
3.17 (m 2 H, 4.02 - 414 (m 2 H, 4.69 - 4.82 (m 1;2, 7.11 -
7.20 (m 1 HR657. 25 (4)7.533thapip of rertshutyly BB)(CAT{L17+H1- 7. 94 (s, 1

192
H [0309](2 thesi s of et yI.éMZ -5-gm no- 2- (4, 5 Cal
di hydr oi ni d%\’f?f/’[i‘?%@%]]q'ﬁ’ﬁﬂc_)gi’ﬁ?%% %W?Tﬁ%ﬁ]{’ﬁn%i%lﬂ?ﬁfﬂﬁochI oride
To a sol uti bt el Wdn1-o- - idine-1l-carboxylat
(28)-5-] (té@pgut ogycarnb}onyﬁ(gl?n;%%r]l- 21-n54, 5?%? hofgr gi r8n dazo[ 1, 5- a] qui nol
i n-3- yl net hyl) peptqanoatie cf20Fhag8n-i1a yel hy) s-atielyvatreifnbdadd 1, -
solution of 4 Mhydrochloric acid in ethyl acetate (5 m) was added
and the m@lguénabinestiicpsiialdehydanddrs ag) r deacténperad W iffRation

SoLvent s TR L RSN B SRR SO0 B 8 M)
S0 verL MeSAATENE K ekl ndl e By U4 oot o
MS(ESI/APCI Dual): 460 {M+H)
'y NMR (300 MHz, CHLOROFORM-d} 3**ppm 1.57 (s, 9 H), 1.61 -
1.72 (m, 2 H), 1.75 - 1.85 {(m, 2 H), 1.88 -~ 1.99 (m, 2 H},
2.18 - 2.28 (m, 2 H), 2.35 - 2.44 (m, 2 H), 2.89 - 2.98 (m, 2
H), 3.02 - 3.10 (m, 2 H), 3.22 - 3.30 (m, 2 H}, 3.71 - 3.80
{m, 2 H), 6.11 - 6.18 (m, 1 H}, 7.30 - 7.40 (m, 3 H), 7.68 -
7.72 {m, 1 H), 8.05 (s, 1 H)
[0266] {5) Synthesis of tert-butyl 3-[(7-cyclohexyl-4,5~-
dihydroimidazo([1l,5-alquinoclin-3-yl)methyl]-2-oxopiperidine-1-
carboxylate
Using tert-butyl (3E)-3-{([7-{(l-cyclohexen-l-yl)-4,5-
dihydroimidazo[l, 5~alguinolin-3-yllmethyliden}-2-

oxopiperidine—~l-carboxylate (870 mg), reaction and



IH NVR (300 MHz, DVBO-d5)5 ppm 1.12 (t,J=7.1 Hz,3H),1.52- 1.66 (m4
H),2.70-3.03(m9 H), 4.04 (q, J=7.1 Hz, 2 H), 7.36 -7.54(m 3
H).7.88-7.94(m,1 H), 7.95-8.07 (m2 H), 9.84(s, 1H)

- 133 -

purification were performed by the same procedures as in
Example 1(3) to give the titled compound (770 mg)} as a
colorless powder.
MS(ESI/APCI Dual): 464 (M+H)
'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.16 ~ 1.65 (m, 17 H),
1.71 - 1.93 (m, 6 H), 1.97 - 2.0%9 (m, 1 H), 2.41 - 2,55 (m, 1
H)y, 2.61 - 2.70 (m, 1 H}, 2.79 - 2.95 (m, 4 H), 3.16 - 3.24
fm, 1 H), 3.51 - 3.63 (m, 1 H), 3.74 - 3.84 (m, 1 H), 7.09 -
7.14 (m, 2 H), 7.29 - 7.33 (m, 1 H), 7.90 (s, 1 H)
[0267] {6) Synthesis of 5-[({tert-butoxycarbonyl)amino]-2-
{ {7-cyclohexyl-4,5-dihydroimidazo[l,5-aJquinolin-3-yl)methyl]
rentancic acid

Using tert-butyl 3-[(7-cyclohexyl—-4,5-dihydroimidazo[l, 5-
ajqguinolin-3-ylimethyl]-2-oxopiperidine-l-~carboxylate
(770 mg), reaction and purification were performed by the same
procedures as in Example 14(7) to give the titled compound
(730 mg) as a colorless powder.
MS (ESI/APCI Dual) :482 (M+H)
'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.15 - 1.48 {m, 14 H),
1.49 - 1.67 {m, 3 H), 1.69 -~ 1.94 (m, 6 H), 2.41 - 2.59 (m, 1
H), 2.83 - 3.22 (m, 9 H}, 4.77 - 4.91 (m, 1 H}, 7.16 (d, J=1.9
Hz, 1 H), 7.2%7 - 7.25 {m, 1 H), 7.62 (d, J=8.2 Hz, 1 H), 9.18
(s, 1 H)
[0268] (7) Synthesis of (1R,2S)-l-phenyl-2-(pyrrolidin-1-
yl)propyl (28}-5-[({tert-butoxycarbonyl)amino]-2-[{7-
cyclohexyl-4,5-dihydroimidazo[l, 5-a]quinolin-3-
yl)methyl]pentanoate

Using 5-[(tert-butoxycarbonyl)amino]-2-[(7-cyclohexyl-



[ 0310] Exanpl e 33 Synt hesi s of isopropyl (25)-5-am no-2-(4, 5-

di hydr oi m dazo[ 1, 5- a] gui nol i n- 3-yl net hyl ) pent anoat e di hydrochl ori de
(1) Synthesis of isopropyl

(2S)-5-[ (terthutoxycarbonyl)am no]-2-(4, 5-di hydroi mi dazo[ 1, 5- a] qui nol
i n-3- yl et hyl ) pentanoate To a sol ution of
(2S5)-5-[(tert-butoxycarhonyl)am no] - 2-

(4, 5-di hydroi m dazo[ 1, 5- a] qui nol i n- 3-yl et hyl ) pent anoi ¢ acid (200 ng)
in chloroform (5.0 m), isopropanol ('62:L &)' N[ 3-

(di net hyl am no) propyl] - N - et hyl car bodi i m de hydrochloride (144 ny)
and 4- di nethwi-airhadpyintiare [(165ng) qwiercd iaddeyl aredhvRérenkangie wasd
stirred for 20 hours at roomtenperature. To the reaction m xture,
saturated atfiféons! so?%ﬁ‘fiiir?“oﬁngoﬂ‘?‘lﬂrﬁw&ﬁﬁ@e‘ﬁ%%er E’@ﬁﬁ?émﬁ\%sbya&&‘édséﬁﬂ
extraction c Y. ceta HEr,

organic | aﬁg%egeggg égd'm E%cg\/\gwdé zgd%%v EveAtL T rtcl)\t{j'gégo mr&glﬁil fate.
The sol vent(msmgq)nggrg rcﬁle,g}lbgsvw&rand the residue was purified by
silica gel colum chromat ography (eluent: n-hexane/ethyl acetate =
9:1 thr ough’!SJiESIt/BPOI 1E)u6tlo @iS%Mﬂh)e titled conpound (169 rrg) as a
pale yellow oil. - - MS(ESI/APCI Dual): 442(MrH)_11.1 NWVR (300
Mz, mLmdidﬂ%dsﬁ%’ &Fﬁﬁr 1011 RQFORY=@) 25 prm 9.5 (d, 2&6(& H3rq3 Az,
3 H) 1.42

- 2.93 (nljééﬁ) ED% 3 1? f %ﬁlb 5%78g q% §12(23 §n11-7§)§g2 g7

5.01 (m 1dy), 1{832--1 7902Qm(ml 11) H,. 98 252:06 . @3 M) 2 :.H)37 7. 3743
7.43 (m 1 H), 7.94 (s, 1 H [0311](2) Synthesis of isopropyl

(25) - 5- am now21(4)5-2.44 - 2.56 (m, 4 H), 2.57 - 2.68 (m, 5 H), 2.79 -
di hydroi m dazo[ 1, 5- a] cyw noI | n- 3-yl rret hyl| )Eent anoat e d| hydr ochl ())I‘I de

To a sol uti%oftof®i shptlapyil- 08 - 3-23 m, m, 1 H
25) - 5- t b I dih D= I
|(n é yl(Eret to?) &gﬁ%’;sﬂ&aﬁgﬁ )a i n et Ey’l | agﬂ;gF?? %)39,2 6(19[]’ q&n "o

sol ution ofy)4 ¥l bydrpchl r)l,CvapooL imaiet py) meptate205(a) Js-sas agdded
and the m xture was stirred for 2 hours at roomtenperature. The

sol vent wadl)refo9@d(4,n lvd8cuo and an aqueous solution of 6 M

hydrochl ori ¢ acid was added to, the resulti a& resi due; the solvent was

removed in WP288b to GilvEYPRBEEHS 19d (eBhpouhtFeEEonpound 33, 119 ngy) as

YN ik b € RN T A b v k= S TN
- 1.69 (m d&hbﬁroihfﬂﬁzo[3 66a{dird Lkthr 34y BndtUyl MpedEtdhod Hacid H),

7.36 - 7.54 (m 3 H, 7.88 - 7.96 (m 1 H), 7.98 - 8.13 (m 2 H,
9.91 (s, 1 H [0sS{®] BEX&pBBe-B4henyl-2- (pyrrolidin-1-yl)propyl (25}-3-

[ (tert-butoxycarbonyl)aminol—-2~[ {7-cyclohexylethyl-4, 5-
dihydroimidazo[l, 5-alquinolin-3-yl)methyl]lpentancate (400 mg)},
‘reaction and purification were performed by the same
procedures as in Example 2(3) to give the titled compound

{230 mg) as a colorless powder.

MS(ESI/APCI Dual):482 (M+H)

Y NMR (600 MHz, CHLOROFORM-d) & ppm 1.22 - 1.30 (m, 2 H),
1.32 - 1.50 {m, 12 H), 1.52 - 1.6Y {(m, 2 H), 1.70 - 1.91 (m, 7
Hy, 2.44 - 2.53 (m, 1 H), 2.76 - 2.93 (m, 7 H)}, 3.03 - 3.15
(m, 2 H), 4.58 - 4.66 (m, 1 H), 7.10 - 7.17 {(m, 2 H), 7.31 (4,

J=8.3 Hz, 1 H), 7.98 (s, 1 H)



Synt hesi s of heptyl (2S)-5-am no-2-(4,5-
di hydr oi m dazo[ 1, 5- a] qui nol i n- 3-yl net hyl ) pent anoat e di hydrochl ori de
- 158 - (1) Synthesis of heptyl
(25)-5-[(tert-butoxycarbonyl)am no] - 2-
(4, 5-di hydroi m dazo[ 1, 5- a] qui nol i n- 3-yl met hyl ) pent anoat e To a
solution of (25)-5-[(tert-butoxycarbonyl)am no]-2-
(4, 5-di hydroi m dazo[ 1, 5- a] qui nol i n- 3-yl net hyl ) pent anoi ¢ acid (200 ng)
in chloroform (5.0 m), n-heptanol (931%%)7 N[3-
(di met hyl am no) propyl ] -N -et hyl carbodii m de hydrochl oride (144 np)
and 4-di net E7am nopy?) diymehébinmE wese - adaleche2d [f Recyn dahexke 1l Was5—
stirred for 20 hours at roomtenperature. To the reaction mxture, a
sat ur at ed #HledasigytaAg dn Sof e UmnhydybyeHder-Bsaat @ e agdded and
extractionc¥@§ cong%gtfgé\m th ethyl acetate. After washing the

r

organi ¢ | ayst YW PR BT E it was dried over anhydrous sodium sul fate.

The sol vent wasggopc&Mtyabadot N(AACUa [2PLrE N8 e SLEMSoMAS sRURLTIRd Dy
silica gel colum chromat ography (eluent: n-hexane/ethyl acetate =
9: 1 t hrough (T-tytbolexyletayhi¥5-tdaytirbieiicapoand] (2izblig)3as a
pale yellow oil. MS(ESI/APCI Dual): 498(MrH) IH NMR (300 MHz,

CHL OROFORMWYAY msthphd Rprg@noig. 884 238 #§) 1P Rhyliagstaty (80HpL) 4.2

(s, 9H, 1.46,.; 1.73 ( 6 2.63 - 2.75 . 79.- 2.94 (m
&1y, 5 oa soi5eion ff 48 pfalbentnt? aefy [ St Bacite’lsinf) hd
H, 7.11 - 24549 M8 thethi xfurld vas’ 832488 ol hédudd at 4ofm (M 1 H),
7.94 (s, 1 H) [0314](2) Synthesis of heptyl (25)-5-am no-2-(4,5-

di hydr oi m dempgtabamad.qurheokbdvarty Wwaet byhdgpentaaraai e WHdupdeaehd Drdxde
To a solution of heptyl . . . _

(25) - 5- [ (t #REBiROXEarseHY I RGiteSARe (Wl B fthydr efatalez opd, Siafd nol
in-3- - 159 - vyl nethyl)pent anoate (221 in hyl acetate, (5 nl),
2"sof uti on SOPeE NIRESERP R TAE BEFACPIEH MACAcEPAYe T ohEyShan adtied
and the m ¥ U e WAS o3l Liel fer? BRANI S AlaueOQRL t PR AbUESye The

sol vent was renoved in vacuo and an aqueous solution of 6 ™M

hydr ochl or ¢t aed ccovasuaddecorimunde 26 eS184Q iy BeSa derele brewsol vent was

renoved in vacuo to give the titled conpound (conpound 34, 180 ng) as
a yel | ow afBPPARRIS F8§§: MS(ESI/ APCI Dual ): 398(MrH) 11-1 NWR (300

M 0 (m Bty ARGy (MDD g (i oy, e s
4.07 (m  23)yMr’.(300-MHz ObEUFERBUM OXIDE) & ppm 1.16 - 1.28 (m, 1 H),
1.29 - 1.43 (m, 4 H), 1.64 - 1.86 (m, 9 H), 2.43 - 2.58 {(m, 1
H), 2.75 - 2.85 (m, 1 H), 2.87 - 3.12 (m, 8 H), 7.22 - 7.36
(m, 2 H), 7.51 -~ 7.60 (m, 1 H), 9.19 (s, 1 H)
[0271] Example 26

Synthesis of (28)-5-amino-2-[(7-fluoro-4, 5~

dihydroimidazo[l, 5-alguinolin-3-ylimethyll}pentanoic acid

dihydrochloride

(1} Synthesis of ethyl 7-fluoro—4,5-dihydroimidazo(L, 5-
alquinoline-3-carboxylate

Using 6-fluocro-3, 4-dihydroquinolin-2(1H)-one (10.0 g},
reaction and purification were performed by the same

procedures as in Example 1(1) to give the titled compound



H, 7.87 - 7.94 (m 1 H, 7.95- 809 (m 2 H, 9.89 (s, 1 H).
0315] Exanpl e 35 Synt hesi s of
-([ (cycl ohexyl oxy) car bonyl ] oxy) et hyl (23)-

-am no- 2- (4, 5-di hydroi m dazo[ 1, 5-a) qui nolin-3- vyl nmethyl) pent anoat e
i hydrochloride (1) Synthesis of

f[ (cycl ohexyl oxy) car bonyl ] oxyl et hyl (2S)-5-
tert-butoxycarbonyl)anino]-2-(4,5-QiQggrginidazo[1,5-

qui nol i n-3-yl met hyl ) pent anoat e 0 a solution of

(2 )-5-[(ter - but oxycar bonyl ) am no]j - 2-

(4, 5- di hydr © r% dgio%i 3. Qﬁ%ﬁJVﬁg}?ng?Wﬂeﬁethyl)pentan0|c acid (400 np)
in N, N-dingg &ﬂ SI QLB ,fy3-3 m), cyclohexyl 1- iodoethyl carbonate
(597 ny) an ceS|un1car onate (489 ngy) were added and the m xture was

stirred forpayzhour at) tdiethases tenperatvee-4 A-td haddbndi dwdogn 0 t he
reaction m xture, extraction was conducted with ethyl acetate. The

organi c | aydauwiaelinéedcardaldehydr ous sodi um sul fate and the sol vent
was concentrated in vacuo. The resulting residue was_purified

160 - silica gePSEBY A EhrGRArYER" aﬁpﬁyd&BY%‘?ﬁmlc’r?zﬁé%a%e?]&WPane“

T | apa BhaP PR L 2 b R TRe e s kaR P ol 0L

1.98(m 14 RerrbrAdd sbPMHhel s486 doxbcedies 35 , & Gkap74 (18 ) to2give
2.99(m5 H),3.02-3.18(m 2 H),4.40-4.68(m 1 FD,4.75-4.88(H]1 H), 6. 66
-6. 78( m 1HthHE L@tJZed_’ZZC(HmOlmH) 1¥. 2497, 35( ) A )oraed9(dodds 4Hz, 1 H),

7.926, 7.933 g h% Zi SyntheS|s of 1-
f[(cyclohe%@ﬂ §§f%%ﬁ (ﬁﬂﬂ#Pox% A’ (2S) - 5- ami no- 2- (4, 5-
di hydroi m d[%%i > alﬂu's’}?ﬂthgsg’s yéf“%%w' LREN anRe3ts_dihysrachl gride

To a solution o

{[(cycl Ohemhgaybmimmlﬂ, axy| @iind1G2Sk-Ht {Hdt@rvhhubaxyzar bonyl ) am no]
-2- (4, 5-di hydroi m dazo[ 1, 5- a] gui nol i n-3- yl net hyl ) pent anoate (183 ng)
i n ethyl a@@baﬁee(iﬁﬁhaﬁlycaangﬂlﬁﬁeon of 4 Mhydrochloric acid in
ethyl acetate (3.2 was added and the m xture was stirred for an

hour at roon1teﬂﬁé9%t F@uo?ﬂe4é%FV@WFrﬂbﬁlq%ﬁH968 FhIVHRAIEPERd af t er
00, e R AP S0 Sefeonl i e e I
performed by the same procedures as in Exmple 1(4) toc give the
titled compound (5.58 g) as a pale yellow powder.
MS{ESI/APCI Dual): 398 (M+H)
[0274] (4) Synthesis of tert-butyl 3~[(7-fluvoro-4,5-
dihydroimidazo[l, 5~alquinolin-3-yl)methyl]-2-oxopiperidine-1-
carboxylate
Using tert-butyl (3E}-3-{(7-fluoro-4,5-
dihydroimidazo([l,5-alquinolin~3=-yl)methyliden]-2-
oxopiperidine-l-carboxylate (5.58 g), reaction and
purification were performed by the same procedures as in
Example 1{5) to give the titled compound {3.51 g) as a pale
yellow powder.
MS{ESI/APCI Dual): 400 (M+H)

[0275] {5) Synthesis of 5-[(tert-butoxcarbonyl}amino]-2-



pal e brown anorphous mass. MS(ESI/APCI Dual): 470(MtH) 1H NMR (600
MHz, METHANCL-d3)oppm 1.06 - 1.89 (m17H),2.88 -3.15 (m 9H),
4.08-4.15,4.45-4.52(m 1H),6.51- 6.55, 6.61 -6.67
(m1lH),7.41-7.53(m3 H),7.81(d, - 161 - J=7.3 Hz, 1 H), 9.61 (s, 1
H) Optical purity: 99.84%e

- 137 -

[(7-filuoro-4, 5-~dihydroimidazeo[1l, 5~a]lgquinolin-3-
yl)methyl]pentanoic acid

Using tert-butyl 3-[{7-fluoro-4,5-dihydroimidazol[l,5-
algquinolin-3-yl)methyl]-2-cxopiperidine-1l-carboxylate
{3.51 g), reaction and purification were performed by the same
procedures as in Example 14(7) to give the titled compound
{3.55 g) as a colorless powder.
MS(ESI/APCI Dual): 418 (M+H)
[0276] {6) Synthesis of (1R,2S5)-1-phenyl-2-{pyrrolidin-1-
yl)propyl_(28)—5~[(tert—butoxycarbonyl)amino]-2-[(7-fluoro4
4,5-dihydroimidazo(l,5-alquinolin-3-ylimethyl]lpentanocate

Using 5-[ (tert-butoxycarbonyl}amine]-2-[{7-fluore—4,5-
dihydroimidazo[l,5-alquinolin-3-yl)methyl]pentancic acid
(2.66 g), reaction and purification were performed by the same
procedures as in Example 2(2) to give the titled compound
{970 mg) as a pale brown oil.
MS(ESI/APCI Dual): 605 (M+H)
[0277] {7) Synthesis of (2S)-5-[(tert-
butoxycarbonyl)amino]~2-[ (7-fluoro-4, 5-dihydroimidazo[1, 5~
algquinolin-3-ylimethyl]pentanoic acid

Using (1R,28)-1-phenyl-2-(pyrreclidin-1-yl)}propyl {25)-5-
[ {(tert-butoxycarbonyl)amino]-2-[ (7-fluoro-4,5-
dihydroimidazo{l,5-alquinolin-3-yl)methyl]pentanocate (370 mg},
reaction and purification were performed by the same
procedures as in Example 2(3) to give the titled compound
(623 mg) as a colorless powder.
MS (ESI/APCI Dual): 418 {M+H)

[0278] {8} Synthesis of (28)-5-amino-2~[(7-fluoro-4,5-



tenp.: 25 C Mobil e phase: n-Hexane:|PA: TFA:DEA = 85:15:0.5:0.5 r.t.:
12.38,24.89 mn [0317] Exanpl e 36 Synt hesi s of

(5-met hyl - 2- oxo- 1, 3-di oxol-4-yl) net hyl (25)-

5- am no- 2- (4, 5-di hydr oi m dazo[ 1, 5- a] gui nol i n-3- yl met hyl ) pent anoat e
di hydr ochl ori de (1) Synthesis of

(5-net hyl- 2- oxo- 1, 3-di oxol-4-y1) net hyl §%

5-[(tert- butoxycarbonyl)anlno] 2-(4,5 é ydr0|n1dazo[1 5-

a] gui nol i n- 3-yl met hyl ) pent anoat e, To_a sol ution of

(2S)-5- [(té}%hygapéyy@%ﬁqﬁinﬁrféﬂg*RﬂlgFHB yl)methyl]pentancic acid

(4,5- d|hde? nldazgil 5: a]QU|noI|n 3-yl et hyl ) pentanoi c acid (500 ng)
in N, N-di meth ornanld% (4.2 M), 4-(chloronethyl)-

5-net hyl-1, 3- dl @é@ég2(2)33&5@?%ﬂ@)b@ra,qye%bmlq%l@aem@-K@l?fmg)mmere
added under cooling wth ice and the m xture was stirred for an hour
at the samel,tsedpbyateireldadbt e, skl qug nwat er 3+l fireehy @ po¢n tomaticx ok @,
extraction was conducted with ethyl acetate. The organlc | ayer was
dried over (e?’rgrﬁyﬁiﬁbusr%"tﬁiil@ﬁ] 3nd feitE fdRatipe ey 8RF V\Jéi%eq’ o kBg pame

Th Lt |
et our Earerbr B8 A< S K alaRs B b oed Ve 58 B0 i Bopne
titled conmpoum ﬁ&@OZérg)Zl@Smﬁ) CQJ.%'{&%E{E géilodv%g%ﬁ&mma@éal)

512( MrH) 1H NVR (300 Mz ppm 1.42° (s, 9 H), 1.45 -
%814(2}0 ?MS)(ES%/MC?I%&H)BM(TG 2. 94 (r2n4 7H, 12203 : 362(1m( m 2
H . 7.37 -§f7 M%R(éﬁoolMﬁlf WE@ER%W @XIE%EJ(@?,PBF(Q)G%yntlhéé émofd ),

25) 5. am o 52504 Wtol dar 184 gl Phegl-12 = 7:28 (o 2

(

(

yl met hyl) pent, aﬂO@ﬁe-dﬂ @edrﬂchi iy, de; 65 - 7.7 gngoh uj Oy @fo (s, 1 H)
(3-met hyl-2-oxo-1, 3- leXOl 4- Yl)ne Y1l

(28) -5-[ (t @ok7but oxyatdpdRy2Y am no] - 2- (4, 5-di hydr oi m dazo[ 1, 5-

al gui nol i n- 3-yl met hyl ) pent anoat e (130 ng) in ethyl acetate (2.5 m),
a sol ution of 45XeHesiscREoptaning—d-ilh7ai bdflacaprehy =, 85 was

added and t hg Q}é}ﬁgé%gN%i §t| f%ﬂujoﬁ—' U a& Eoonlteqperature

The sol vent—y F—=r—vacto an 3 e

resul ting aggygygbhﬁdygdgolvent was reaned in vacuo to give the
titled conpound (conpound 36, 110 ng) as a yell ow anor phous nass.
ns(ESI/APcHO!ta]) 4mQ(N®hﬁh¢$idWWR €680L VHz{ {DEUT &&t Wi tOXILDEX 5ppm 1. 64
- 1.90(m4 F&

ydr01m1dazo[l B-alquinoline-3—carboxylate

Using 6-(trifluoromethyl)-3,4-dihydroguinolin-2(1H)-one
{7.09 g), reaction and purification were performed by the same
procedures as in Example 1(1) to give the titled compound
(6.00 g} as a pale brown powder.
MS{ESI/APCI Dual}: 311 (M+H)
H NMR (300 MHz, CHLOROFORM-d) & ppm 1.43 (t, J=7.1 Hz, 3 H),
3.03 (t, 3=7.3 Hz, 2 H), 3.29 - 3.49 (m, 2 H), 4.42 (g, J=7.1
Hz, 2 B), 7.51 - 7.68 {m, 3 H), 8.06 (s, 1 H)
[0281] {2) Synthesis of 7-(trifluocromethyl)-4,5-
dihydroimidazo[l, 5~alguinoline~3-carbaldehyde

Using ethyl 7-(trifluoromethyl}-4,5-dihydroimidazo{l, 5-



2.
7.

78 - 3.15 (m 9H), 4.82(d,J=14.2Hz, 1H), 5.03 (d, J=14.2
36 - 7.54 (m3H),7.67(d, j=8.3 Hz,1 H), 8.99
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alguinoline-3-carboxylate (6.00 g), reaction and purification
were performed by the same procedures as in Example 18(3) to
give the titled compound (4.26 g) as a pale yellow powder,
MS{ESI/APCI Dual): 267 (M+H)
'H NMR (300 MHz, CHLOROFORM-d) & ppm 2.97 - 3.10 (m, 2 H),
3.34 - 3.45 (m, 2 H), 7.53 - 7.70 {m, 3 H), 8.10 (s, 1 H),
10.03 (s, 1 H)
[0282] (3) Synthesis of tert-butyl (3E)-2-ox0o-3-{[7-
{trifluoromethyl) -4, 5-dihydroimidazo[l, 5-a] quinolin-3-
yllmethylidenel}lpiperidine-l-carboxylate

Using 7-{trifluoromethyl)-4,5~dihydroimidazo(1, 5-
alquinoline-3-carbaldehyde (130 mg), reaction and purification
were performed by the same procedures as in Example 1(4) to
give the titled compound (100 mg) as a colorless powder.
MS{(ESI/APCI Dual): 448 (M+H)
'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.57 (s, 9 H), 1.88 -
2.00 {m, 2 H), 2.95 - 3.05 (m, 2 H), 3.06 -~ 3.14 (m, 2 H),
3.21 - 3.30 {m, 2 H), 3.72 -~ 3.80 (m, 2 H), 7.51 - 7.57 (m, 1
H)y, 7.358 - 7.64 {m, 2 H), 7.65 - 7.7L (m, 1 H), 8.10 (s, 1 H)
[0283] (4} Synthesis of tert-butyl 2-oxo-3-{[7-
{trifluoromethyl}~4, 5-dihydroimidazo[l,5-aljquinolin-3-
yl]lmethyl}piperidine-l-carboxylate

Using tert-butyl (3E)-2-oxo-3-{[7-(trifluoromethyl)-4,5-
dihydroimidazo[l, 5-ajguinclin-3-yllmethylidenel}piperidine-1-
carboxylate (100 mg), reaction and purification were performed
by the same procedures as in Example 1(5) to give the titled
compound (80 mg) as a colorless powder.

MS{ESI/APCI Dual): 450 (M+H)



(s, 1H) Optical purity: 97.65%e tenp.: 25 C Mobile phase:

n- Hexane: | PA: TFA: DEA - 80:20:0.5:0.5 r.t.: 28.29 mn [0319] Exanpl e 37
Synt hesi s of (25)-2-(4,5-di hydroi m dazo[ 1, 5-a] gui nol i n- 3-

yl met hyl ) -5-[ (et hoxycar bonyl ) am nol pentanoic acid To a solution of
(2S) - 5-am no- 2- (4, 5-di hydroi m dazo[ 1, 5-

aJ gui nolin-3-yl nmethyl )pentanoic acid (200 ng) in N, Ndi net hyl f or mam de
(7 M), ethyl 4-nitrophenyl carbonate 140163 - (144 ngy) was added
and the m xture was stirred for 22 hours at roomtenperature. After
addi ng t ol daneug o( 3¢ve MEe ACCHIMRAFORMHAR, & tdien dobvend, wasi)conckht+ at ed

in vacuo and the resulting residue was purified by silica gel colum
chr omat ogr dpHY (&8 ukrit): RlMérof brd e hdnbl - 2.901y Z2olyitme tLhéltitl ed

compound (SORROUNg. RS TR ANEee Bl B RSy R R
H, 1.31 - .53 6M-% Hs (R; 52 m),2896(M 328 (m, 2178, ; R486-(M 51 H),
(m, 1 H}, 7.53 - 7.5% (m, 2 H), 7.96 (s, 1 H)
[0284] {5) Synthesis of 5-[(tert-butoxcarbonyl)amino]-2-
{[7-(trifluoromethyl)-4,5-dihydroimidazo[l,5-a]quinolin-3-
yllmethyl}pentanoic acid
Using tert-butyl 2-oxo-3~{[7-(trifluocromethyl)-4,5-
dihydroimidazo[l,5-alquinolin-3-yllmethyl}piperidine-1-
carboxylate (130 mg), reaction and purification were performed
by the same procedures as in Example 14(7) to give the titled
campound {80 myg) as a colorless powder.
MS (ESI/APCI Dual): 468 (M+H)
4 NMR (300 MHz, CHLOROFORM-d) & ppm 1.35 - 1.45 (m, 9 H),
1.47 - 1.66 (m, 3 H), 1.72 - 1.87 {m, 1 H), 2.73 - 3.04 (m, 7
H), 3.06 - 3.1%9 (m, 2 H), 4,59 -~ 4.72 (m, 1 H}, 7.48 - 7.863
{m, 3 H), 8.13 (s, 1 H)
[0285] {6) Synthesis of S-amino-2-~{[7-{trifluocromethyl)-
4,5- dihydroimidazo(l,5-a]lquinolin-3-yllmethyllpentancic acid
dihydrochloride
Using 5-[ (tert-butoxcarbonyl)amino]-2-{[7-
(trifluoromethyl) -4, 5-dihydroimidazo[l, 5-alquinolin~3-
yllmethyl}pentanocic acid (80 mg), reaction and purificatiocn
were performed by the same procedures as in Example 24 (10} to
give the titled compound {compound 27, 57 mg) as a pale brown
amorphous mass.

MS (ESI/APCI Dual): 368 (M+H)



2.78 - 2.81 (m 2 H), 2.82 - 2.87 (m 2 H), 2.87 - 2.96 (m 2 H),
3.92 (q, J=7.1 Hz, 2 H), 7.03 (t, J=5.5 Hz, 1 H), 7.15 - 7.20 (m 1
H, 7.30 - 7.34 (m 1 H), 7.35- 7.38 (m 1H, 7.68 - 7.72 (m 1 H),

8.26 (s, 1 H) [0320] Exanpl e 38 Synt hesis of (2S)-5-(([1-
(acet yl oxy) et hoxy] car bonyl j am no) - 2- (4, 5-di hydr oi m dazo[ 1, 5-
a] qui nol i n-3-yl net hyl ) pent anoi ¢ aci d To a sol ution of

(25) - 5-am no- 2- (4, 5-di hydroi m dazo[ 1-5941 -
a] qui nolin-3-yl met hyl ) pentanoic acid (256 ng) in N, Ndi net hyl f or mam de
(8.5 m) . Dl k- (84 RN CORRBERLBRYbE P kG| sacetane (230, ),

was added and the m xturé was stirr urs at room

t enper at ur e2. 5Af tep . agddimg 1bk) pez fgB t-he . veagh) an wy, Xbuse, - extiraghj on
was conducted with chloroform The organic |ayer was dried over
anhydr ous gbdi Gm7§u1'f?a-t8e1 dmd 1h@),sol-Bént Wak6 riemoed) i re \2dcue., Thi)

resulting r urified by silica gel columm chromatography
qe{%rgghl orm “}?&ﬁoﬁg

(el uent:
conpound (conpo,ggt
MS( ESI / APCI  Duar)~—4 ‘ ; 6—ppm 1. 27 -
1.56 (rn '7dihydio£ﬁhiéﬁo[3km,af@ﬂihdﬁlﬁZBhﬂl)mé%H@éﬁﬁbn@%ﬁHQC'a3130 2H),
(m12.65H, -3.03(m 7.30 - 7.3477H),

dihydrochloride

30:1 to 10: 1) to give the titled
.Na e 1 pw_powder .

(1) Synthesis of ethyl 7-{(benzyloxy)-4,5-dihydroimidazol[l, 5-
alguincline-3-carboxylate

Using 6~ (benzyloxy)-3,4-dihydroquinolin-2 (1H}-one
(40.0 g), reaction and purification were performed by the same
procedures as in Example 1(l} to give the titled compound
{22.9 g} as a yellow powder.
MS (ESI/APCI Dual): 349 (M+H)
[0287] {2} Synthesis of 7-(benzyloxy)-4,5-
dihydroimidazo[l,5-alquinocline-3-carbaldehyde

Using ethyl 7-{benzyloxy)-4,5-dihydroimidazofl, 5-
ajquincline-3-carboxylate (21.9 g), reaction and purification
were performed by the same procedures as in Example 18(3) to
give the titled compound (13.6 g) as a colorless powder.
MS(ESI/APCI Dual): 305 (M+H)
[0288] {3} Synthesis of tert-butyl (3E)-3-{[7-(benzyloxy}-
4,5-dihydroimidazofl,5-alquinolin-3-yl]methyliden}-2-
oxopiperidine-l-carboxylate

Using 7-(benzyloxy)-4,5-dihydroimidazo[l,5-a]lquinoline-3-~
carbaldehyde (24.4 g), reaction and purification were
performed by the same procedures as in Example 1(4) to give

the titled compound (20.8 g} as a pale yellow powder.



(m1l16.57 H, -6.67 7.35 - 7.38 (m 1H), 7.39 - 7.45 (m 1 H), 7.65
- 7.75 (m | H). 8.26 (s, 1 H [0321] Exanpl e 39 Synt hesi s of

(2S) -2-(4,5-di hydroi m dazo[ 1, 5-a] qui nol i n- 3-

yl met hyl ) -5- (1] 1- ( pr opanoyl oxy) et hoxyl car bonyl ) am no) pent anoi ¢ aci d
To a solution of (2S)-5-am no-2-(4,5-di hydroi m dazo[ 1, 5-

a] qui nol i n-3-yl met hyl ) pentanoic acid (150 ng) in N, Ndi net hyl f or mam de
(5.0 M), 1-{[(4- nitrophenoxy)carbonylfexyl et hyl propanoate (142 ng)
was added and the m xture was stirred for 15 hours at room

t enper at ur eus Afstigrraddiur] jhr kne (#eH)t he reaction m xture, extraction
was conducted with chloroform The organic |ayer was dried over
anhydr ous sOWid@h sul {4t Svarvdieshe ablbgahtbwagl remoVellyiroXduud- The

resulting residue was purified b i.lica gel col chr omat agr.aph

(o went - i garoH T or < Lantaing 575 ey 1 Toa S R R e -

conpound (QQH?%§99a§§1 100 ng) as a pale yell ow powder. - - 165 -

(m 1 H, 7267 -"7.72 (m 1 H, 826 (S. 1 H [0322] Exanple 40

Synt hesi's of (28pibg ({ddt—butyl (3E)-3-{{7-{benzyloxy)-4,5~-

(but anoyl oxy) et hoxy] car bonyl | am no) - 2- (4, 5- di hydr oi m dazo[ 1, 5-

al gui nol i n-B-hylkdrreinidazddt anei guamdid n-3-yllmeihy lddent Ton of

(28)-5-anino-2¢§g,5-dihydroinidazo 1, 5- )
FRASEntanBrPEy Lis (€958 ) F9RSRIRAI # hy! f or mani de

a] gui nol i n-F¢
5.0 M), 1-{[(4-_nj | L hyl form
e

t enper at ur exafbler1 eshditeg gtk nenhd aifthedr eafddei LSt Urg), LXtar paléeon
was conducted with chloroform The organic |ayer was dried over
anhydr ous swdilem Bewdeat-e and the sol vent was renoved in vacuo. The

resulting residue was purifi by silica gel colum chromatography
(el uent: cMﬁdFSFZ?ﬁq ‘ﬁﬁﬁolggsg%ﬁﬁ to 10:1) to give the titled

conpound %@@9@ 405y 1% 011 8% 2 12L&y ey P Rgueer (7 MS(ESI/ APCI

Dual ) : 458( ,
{[({trifluoromethyl)sulfonyl]oxy}-4, 5-dihydroimidazo[l,5-
alquinolin-3-yl)methyl]piperidine-l-carboxylate

To a solution of tert-butyl 3-[(7-hydroxy-4,5-

dihydroimidazo[l,5-alquinolin-3-yl)methyl]-2-oxopiperidine-1-
carboxylate (1.00 g) in chloroform (8.4 ml), triethylamine
{510 mg) and 1,1,1l-trifluoro-N-phenyl-N-
[{triflucromethyl)sulfonylimethanesulfonamide (1.08 g) were
added and the mixture was stirred for 5 hours at room
temperature. To the reaction system, a saturated aqueous
solution of seodium hydrogencarbonae was added and extraction
was conducted three times with chloroforml. After drying the
organic layer with anhydrous sodium sulfate, the desiccant was
filtered off and the sclvent was removed in vacuo. The
resulting residue was purified by silica gel column

chromatography (eluent: n-hexane/ethyl acetate = 1l:1 to 0:1)

to give the titled compound (1.32 g) as a colorless powder.



1H NVR(600 MHz, DVMSO- d6) 6 ppm 0. 86(t, J=7.3 Hz,.3 H), 1.27 1.58 (m 9H),
2.24(t, J=7.1 Hz, 2 H), 2.53 -2.64 (m
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MS(ESI/APCI Dbual): 530(M+H)
'H NMR (300 MHz, CHLOROFORM-d) &ppm 1.50 (s, 9 H), 1.55 -~ 1.71
(m, 1 H), 1.71 - 1.%4 (m, 2 H), 1.98 - 2.1% {m, 1 H), 2.69
{(dd, J=14.3, 7.8 Hz, 1 H), 2.7% -~ 3.06 (m, 5 H)}, 3.16 (dd,
J=14.3, 5.1 Hz, 1 H), 3.56 {(ddd, J=12.9, 7.2, 5.3 Hz, 1 H),
3.80 (dad, J=12.9, 7.2, 5.3 Bz, 1 H), 7.1¢ - 7.30 {(m, 2 H},
7.41 - 7,51 (m, 1 H), 7.92 {(s, 1 H)
[0281] (6) Synthesis of tert-butyl 2-oxo-3-{[7-(l-propen-2-
vl)-4,5-dihydroimidazo[l, 5-~alquinolin-3-ylimethyllpiperidine-
l-carboxylate

To a solution of tert-butyl 2-oxo-3-[(7-
{[{trifluoromethyl)sulfonyl]oxy}—-4,5-dihydroimidazo[l, 5-
alquinolin~3-yl)methyl]piperidine-1-carboxylate (5.00 g} in
tetrahydrofuran (%4.4 ml), 4,4,5,5-tetramethyl-2-(1l-propen-2-
y1l)}-1,3,2-dioxaborane (3.17 g), cesium carbeonate (12.3 g) and
1,1-bis(diphenylphosphinc) ferrocene-palladium(II) dichloride
dichloromethane complex (2.31 g} were added and the mixture
was heated under reflux for 30 minutes. The reaction system
was concentrated in vacuo and the residue was purified by NH
silica gel column chromatography {eluent: ethyl acetate).
After concentrating in vacuo, an aqueous solution of 15%
citric acid was added to the residue and back extraction was
conducted with diethyl ether. The agueous layer was
neutralized with a saturated agqueous solution of scdium
hydrogencarbonate and extraction was conducted three times
with chloroform. After drying the organic layer over anhydrous
sodium sulfate, the desiccant was filtered off and the solvent

was removed in vacuo. The resulting residue was purified by



2H), 2.64 - 3.02(m 7H), 6.58 -6.72 (m 1 H),7.12 - 7.22 (m1 H),
7.27 - 7.39 (m 2 H, 7.39 - 7.46 (m 1 H, 7.65 - 7.73 (m 1 H),
8.27 (s, 1 H) [0323] Exanple 41 Synt hesi s of (25)

-2-(4, 5-di hydroi m dazo[ 1, 5-a]guinolin-3- ylnethyl)-5-[([1-[(2-

met hyl pr opanoyl ) oxy] et hoxyl car bonyl ) am nol pentanoic acid To a
solution of (2S)-5-am no-2-(4,5-di hydroi m dazo[1,5- - 166 -

a] gui nol i n-3-yl met hyl ) pentanoi ¢ acid_(2%4 og) in N, Ndi net hyl f or mam de
(7.2 m), 1-([(4- nltrophenoxy)carbony] ] oxyl et hyI 2 rret hyl pr opanoat e

(211 ny) was. added was . Sti or. ours_,at. room
t enper at ur € alelge iumrbrl ﬁgm?goqrha@hlyeéggu%rht M ur"(gne/eex%h ;ct i on

was conductgd sckh- Ci‘l chcp e ThEe Qfa&fi@tic LAY&! $.4nl Vel
anhydr ous sodi ur% sul fa'?)re andmtvhe sol vent vvgsﬁ%(en%%d in %gcuo The

resul ting reslicdaeswasoypdsd.fied by silica gel colum chromatography
(el uent: cz\l orof orm net hanol = 30:1) to give the titl ed corrpound
(conmpound 4% NYB (RPO ddiza EBLERD ~gowdleppm 1.50 (s, 9 H), 1.55 -

.71 (m, * H), 1.71 - 1.95 {(m, 2 H), 1.99 - 2.12 (m, 1 H),
2.13 - 2.21 (m, 3 H), 2.67 (dd, J=14.5, 8.4 Hz, 1 H), 2.79 ~
3.02 (m, 5 H), 3.21 {(dd, J=14.5, 4.7 Hz, 1 H), 3.50 — 3.65 (m,
1 Hy, 3.74 - 3.88 (m, 1 H), 5.08 -~ 5.12 (m, 1 H)}, 5.36 - 5.40¢
(m, 1L 1B), 7.3L - 7.45 {m, 3 H), 7.93 (s, 1 H)
[0292] {7) Synthesis of 5-[(tert-butoxycarbonyl)amino]-2-
{{7-(l-propen-2-yl)-4,5-dihydroimidazo[l, 5~a]quinclin-3-
yllmethyl}pentancic acid

Using tert-butyl 2-oxo-3-{[7-{l-propen-2~yl)-4, 5~
dihydroimidazo{l, 5-alquinolin-3-yllmethyl}piperidine~1-
carboxylate (2.74 g), reaction and purification were performed
by the same procedures as in Example 14(7) to give the titled
compound.(2.35 g) as a colorless powder.
MS(ESI/APCI Dual): 440 (M+H)
[0293] {8) Synthesis of (1R,28)-l-phenyl-2-(pyrrolidin-1i-
yl)propyl
(28)-5-[ (tert-butoxycarbonyl)amino]-2-{[7-(l-propen-2-yl}-4, 5~
dihydroimidaze[l, 5-alquinelin-3-yllmethyl}pentanoate

Using 5-[ (tert-butoxycarboeonyl)amine]-2-{[7-({l-propen—-2-
yl}-4,5-dihydroimidaze[l,5-alquinolin-3-y1l]lmethyl}pentanoic
acid (200 mg), reaction and purification were performed by the
same procedures as in Exzample 2(2) to give the titled compound
{100 mg) as a pale brown powder.

MS{ESI/APCI Dual}: 627 (M+H)



MS(ESI / APCI Dual ): 458(M+H) 311 NWMR (600 MHz, DMSO dO 6 ppm 0.97 -

1.12 (m 6 H, 1.28 - 1.56 (m 7 H, 2.41 - 2.64 (m 3 H, 2.67 -

3.01(m 7H, 6.57 - 6.68(m 1H, 7.13 - 7.22 (m 1 H, 7.28 -

7.39(m 2 H, 7.40 - 7.46 (m 1 H, 7.65- 7.74 (m 1 H, 8.26 (s, 1
[ 0324] Exanpl e 42 Synt hesi s of

(2S)-5-[({1[ (cycl ohexyl car bonyl ) oxy] et hoxy) car bonyl ) am no] - 2- (4, 5-

di hydroi mi dazo[ 1, 5- a] gui nol i n- 3-yl neth}k% pent anoi ¢ aci d To a

sol ution of (2S)-5-am no-2-(4,5-di hydroi m dazo[ 1, 5-

a] gui nol i n- @284et hyt 9 peninahekts acf d 25156~ rghedur N, Ndi met hyl f or mam de

(5.0 M), 1-{[(4- nitrophenoxy)carbonyl]oxy)ethyl

cycl ohexand®doBgggF ey Y g nay ) 2 was’ -ddeptonnd 4, bedihxd xeianigagodti T ed

for 15 hours at. roomtenperature. After addjng brine to the reaction
mi xt ure, exsjr &Pl‘:’ghnv%syr@(’fﬁgb&ﬁ%e%af‘ﬁ%h?% form The organic |ayer
was dried over gphydrpous -%9di sfat ggpolt-hﬁ sol aggg 64 -
renoved i n vacuo. eplr e’su?ti ﬁ%ﬂﬁysi gugp S plurlnf ?e%f&%/r (Wl (%582?7
col um chr onakeg-aptyxalrbent ) shlmenebor ntnet-havpbn=23@)1-4,6-10: 1) to

give the titled conpound (conpound 42, 209 ng) as a pale yellow
powder . NMSEESVAAPEN GRS [)» 348 BYUinpLAN -3 +y NWR thE0 O éhzanddNBO(d5§8 53)ppm
1.11 - 1.59 .13 1.59,- 1,70 2.52 , (m
(in 2H), 1. 70510k 0h 5 7573850 5iA ety Dot eyt §ho, . srostiors
A R e T R LT P
(2S) - 2- (4, zolbhyssoiamiodpnenid, esad.gui nol i n-3- ylnet hyl)-5-[((1-
MS{ESI/APCI Dual): 442 (M+H)
[0285] (10) synthesis of (2S8)-5-amino-2-[(7-isopropyl-4,5-
dihydroimidazo[1,5-alquinolin-3-ylimethyl]pentanoic acid
dihydrochloride
To a solution of (28)-5~[(tert-butoxycarbonyl)amino]-2-
[(7-isopropyl-4, 5-dihydroimidazo[1l, 5~alquinolin—-3-
yl)methyllpentanoic acid (600 mg) in ethyl acetate (13.6 ml),
a solution of 4 M hydrochloric acid in ethyl acetate (13.6 ml)
was added and the mixture was stirred for 2 hours at room
temperature. The sclvent was removed in vacuoc to give the
titled compound (compound 28, 485 mg) as a colorless amorphous
mass.
MS(ESI/APCI Dual): 342 (M+H)
'H NMR (600 MHz, DEUTERIUM OXIDE) &ppm 1.24 (d, J=7.3 Hz, 6
Hy, 1.57 - 1.78 (m, 4 B), 2.60 - 2.70 (m, 1 B), 2.85 - 2.92
(m, 1 H), 2.22 - 3.09 (m, 8 H), 7.37 (dd, J=8.3, 1.8 Hz, 1 H),
7.40 (d, J=1.8 Hz, 1 H), 7.61 (d, J=8.3 Hz, 1 H), 9.14 (s, 1
H)

[0296] Example 29



[ (phenyl car bony1l) oxy] et hoxyl car bonyl ) am no] pent anoi c acid To a
solution of (28)-5-am no-2-(4,5-di hydroi m dazo[1, 5-

al gui nol i n-3-yl net hyl ) pentanoic acid (150 ng) in N, Ndi net hyl f ormam de
(5.0 M), 1-{[(4- nitrophenoxy)carbonyl]oxyl ethyl benzoate (166 ny)
was added and the m xture was stirred for 15 hours at room
tenperature. After adding brine to the ggaction mxture, extraction
was conducted with chloroform The organlc | ayer was dried over
anhydrous sodiu Ln vacuo. The
resulting resi deé A+ omat ogr aphy

(el uent: ~chiqrafax a@w n@,La—qélonJilmQal9Hea9qu \éﬁt&ﬁ'&é ddied

conpound (
Dual ) : 492«Nhuhr$&hlof®&§(600 MHz, DMSO d6) Oppm 1. 30 - 1.61 (n1 7
H, 2.51 - - 168 - 2.63 (m 2 H, 2.65- 2.8 (m 5 H, 2.88 - 3.04

(m 2 H, 6(1835ynghegig rqf j;eHy DLV 3= (17 2methmy 1A, By, 7.26 - 7.40 (m
2 H, 7.46 - 62 - 7 2 86 -

H), 8.26 (éilhfdﬁjpl%nﬁ%az?fﬂ [éXér’rﬁi %uwlln-% 3(;%%@&113 O?xoplperldlge 1—
(29) -5- ([ [ Llagelyloxy) -2

nethylpropoxy onyl}anlno) 2- (4, 5-di hydr oi m dazo[ 1, 5-

a] gui nol i n-3-yl met aysopananet ctami-butyl 2-dhb-8-gql7uti on of

(2S) - 5-am no- 2- (4, 5-di hydroi m dazo[ 1, 5-
a]quinoIir1{Eiytﬁélhgigmﬁﬂhwéh@ﬁtfqnﬁld062564r@ndﬁhdeommi¢ﬁRQﬁ}hﬁornanide
(5 mM), 2-nethyl-1 ni t r ophenoxy).car bonyl ] ox rop ce ate
(354 ) s HIBRL G A F L (B Aaa e TS TP P te 4 B

t emper at ur g to t tr

was conduct St T SRy 422 S O pRERyI B L 3%?%%@%%%@“
anhydr ous sedbufAnssll fpz 8 ghdatdnel 6V e Nk i pasn VIQNRY PRI hd) AL deendhe
resulting residue was purified by silica gel colum chromat ography
(el uent: ciradlofibwmi et Wéﬁbllori%@i@hﬂ-ergme@)net cogpbirx t {¥e 36i gl edere
conpound (conpound 48, 181 as coI S. ann hous ma

VB( ESI / APCRAEREI 724 481 W#ﬁfn%lwﬁv%eeéﬁ %36501’6 %%nﬁ@uéﬁ
0.89 (m 6T'FD3 r;aé%.on JSY%%EI(’[E%’ c'EDncel:lxtf’éted]l %a(:E%v ailncﬁ)aft%roo 2.01
(s, 3 H, 2.52 - 2.60 (m 2 2.69 - 2.75 (m T77 - 2.82 (m
2 H, 2.82add2n87efi)l 2acHrat?. BD0 md) 98nd at2rH)(106. IBZ& B AR (m 1
H, 715 - 719 (m 1 H, 7.30 - 7.34 (m 1H, 7.35- 7.39 (m 2 H,
7.67 - 7. 7Zegifug, Hhe upurs was ﬁﬁlFQBQQ]Eaaﬂﬁﬁthﬂ5ite fgger the
Synhest s of (29022t S db Ao 4320l d 53 ARG L Foanic 1ayer,
(Propanoy! axy) p opoxylGaLR0RYA | AT ahPE AN GolGtfod e 968! BEEL o Of
1-i odo- 2- net hyl propy3. 4-nitrophenyl carbonate To a solution of
1- chl or o- 2agetihyh propitimed; Natd oghenyh sardnnatse 14186 «f 1 m t ol uene
(100 M), sodiumiodide (10.7 g) and calciumchloride (7.90 g) were
added and ﬂihférmﬂx%w:e: wed dhebresd tinger AEfeneusradi hing §hEA¢P@@lned
adding water to t reaction m xture gxtractlon S, con u d W th

et hyl acet &88%°%H E’B're&e?niw&t oY P REE taTi RS SaAbIR DS §
sul fate and hhg %%av%a\e@s é ‘_jLoh”wé@%dtu%tghV@lEH‘%tﬁq&ﬁ' ed

conpound ( 6: 26 s an unpurified brown ol
acetate. After drying the organic layer over anhydrous

magnesium sulfate, the desiccant was filtered off and the
solvent was removed 1n wvacuo. The resulting residue was
purified by NH silica gel column chromatography (eluent: n-
hexane/ethyl acetate = 35:65 to 0:100}) and subseguent

recrystallization from n-hexane/chloroform gave the titled



111 NWR (300 MHz, CHLOROFORMd) 5 ppm 1.05 - 1.15 (m 6 H), 1.77 -
1.92 (m 1 H, 6.75 (d, J=4.0 Hz, 1 H, 7.39 - 7.47 Cn 2 H), 8.28 -
8.3 (m 2 H) [0328](2) Synthesis of 2-nethyl-1-1[(4-

ni t rophenoxy) car bonyl ] oxyl propyl propanoate To a sol ution of
1-i odo- 2- net hyl propyl 4-nitrophenyl carbonate (1.20 g) in toluene (10
m ), silver propionate (1.06 g) was added and the m xture was stirred
for 2 hours at 90 C. The reaction mxture was filtered through Celite
and the filtrate was concentrated i n-va&lo: To the resulting residue,
et hyl acetate was added and the m xture was washed with water and
brine. Afteyomghopndg(l s gngani & ¢alyerlessepowddry.dr ous sodi um sul fate,

t he sol vent vvas renoved i n vacuo. The reSulting residue was purified

by silica & (Ee8VbRAT chiednat 88F 8FHY (el ul ent: n-hexane/ chl or of orm -
(ol ul ont: 505 o gt chithiedondial St 8 15 64) T, gﬁrﬁﬁh%ﬁe
Dual ) 334( Nikk) |11 WAL 300 R T i GROFERM ) & i T 06 (d 3:3%o'%,
6H), 1.18 (qHI(t2.9E% 2.J27(b, Hz, 13 ,Hz2.29H) ,2 {7, (A, 69 B.,13. (Ld - 3 26
(m, 1 H), 3.51 - 3.62 (m, 1 H), 3.74 - 3.86 (m, 1 H), 7.10 (s,
1 H), 7.25 - 7.29 (m, 2 H}, 7.90 (s, 1 H)
[0297] {2) Synthesis of 5-[(tert-butoxycarbonyl)aminoc]-2-
[(7-methyl-4,5-dihydroimidazo[l, 5-alquinolin-3-
yl)methyl]lpentanoic acid
Using tert-butyl 3-[(7-methyl-24,5-dihydroimidazo[l, 5-
alquinolin-3-yl)methyl]-2-oxopiperidine-l-carboxylate (1.58
g}, reaction and purification were performed by the same
procedures as in Example 14(7) to give the titled compound
(l6.7 g) as a colorless amorphous mass.
MS (ESI/APCI Dual): 414 (M+H)
'H NMR (300 MHz, CHLOROFORM~-d) &ppm 1.41 (s, 9 H), 1.43 - 1.65
(m, 3 H), 1.69 - 1.88 (m, 1 H), 2.36 (s, 3 H), 2.72 - 2.93 (m,
7 H), 3.05 - 3.17 (m, 2 H), 4.57 - 4.70 (m, 1 H), 7.08 - 7.15
{m, 2 H), 7.27 - 7.32 {m, 1 H), 8.02 (s, 1 H)
[0298] (3} Synthesis of (1R,2S)-l-phenyl-2-(pyrrolidin-1-
vl)propyl
(28} -5-[ (tert-butoxycarbonyl)amine]-2-[ {7-methyl-4, 5-
dihydroimidazeo{l,5-alquinolin-3-yl)methyllpentanocate
To a solution of 5-[ (tert-butoxycarbonyl)aminol-2-[{7-
methyl-4,5-dihydroimidazo[1, 5~aJquinelin-3-yl)methyl]pentanoic
acid (1.67 g) in chloroform (20 ml), (lR,2S)}-1l-phenyl-2-

(pyrrolidin-l-yl)propan-1-ol (1.23 g), 4-dimethylaminopyridine



(gd, J=5.0 J=6.9,5.0 Hz,1H), Hz, 7.38 1H), - 7.45 2.43 (m2 H), 8.25
-8.32(m 2H) [0329] (3) Synthesis of (29)
-2- (4, 5-di hydroi m dazo[ 1, 5-

- 148 -

{99 mg) and N-[3-(dimethylamino)propyl]-N’-ethylcarbodiimide
hydrochloride (1.15 ¢g) were added and the mixture was stirred
for 16 hours at room temperature. The reaction mixture was
purified by silica gel column chromatography (eluent:
chloroform/methanol = 90:;10 to 80:20), then by three runs of
NH silica gel column chromatography (eluent: n~hexane/2-
propanol = 95:5}, subsequently by yet another run of NH silica
gel column chromatography (eluent: n-hexane/2-propancl =
96:4), finally by silica gel column chromatography (eluent:
chleroform/methancl = 853:15 to 70:30) to give the titled
compound (685 mg) as a colorless amorphous mass.
MS{(ESI/APCI Dual): 601 (M+H)
'H NMR (300 MHz, CHLOROFORM-d} & ppm 0.94 {d, J=6.7 Hz, 3 H),
1.44 (s, 9 H), 1.62 - 1.88 (m, 8 H), 1.95 - 2.12 (m, 1 H),
2.34 (s, 3 H), 2.38 - 2.46 (m, 1 H), 2.48 - 2.57 {(m, 3 H);
2.58 - 2,7 {m, 5 H), 2.80 - 2.91 (m, 1 H}, 3.09 - 3.27 (m, 3
H), 5.27 - 5.37 (m, 1 H), 6.07 - 6.14 {m, 1 H), 6.73 - 6.81
(m, 1 H), 6.84 - 6.98 (m, 5 H), 7.06 - 7.11 (m, 2 H}, 7.26 -
7.3 (m, 1 H), 7.94 (s, 1 H)
[0299] {4) Synthesis of (28)-5-[(tert-
butexycarbonyl)amine]-2—{ (7-methyl-4, 5~dihydroimidazo[1l, 5-
alguinolin-3-yl)methyl]pentancic acid

To a solution of (1R,28%)-1l-phenyl-2-{pyrrolidin-1-
yl)propyl (28)-5-[{tert-butoxycarbonyl)aminc]-2~[{7-methyl-
4,5~-dihydroimidazo[l, 5-alquinoclin~3~-yl)methyl]pentancate
{500 mg) in methanol {10 ml), 20% palladium hydroxide (44%
water content, 250 mg) and the mixture was stirred under

hydrogen purge for 3.5 hours at 60 °C. The reaction mixture



a] qui nol i n-3-yl net hYl) - 5- (f[ 2- met hyl -

(propanoyl oxy) pr opoxy] car bonyl } am no) pent anoi ¢ aci d To a
solution of (2S)-5-am no-2-(4,5-di hydr01m dazO[1, 5-

a] qui nol i n-3-yl met hyl ) Pent anoi ¢ acid (200 ng) in N, Ndi net hyl f or mam de
(6 M), 2-methyl-1-([(4- nitrophenoxy)carbonYl]oxYl propyl propanoate
(249 ngy) was added and the mi xture was _stirred for 2 days at room
tenperature. After adding water to the 1#3action m xture, extraction
was conducted with ethyl acetate. The organic |ayer was dried over
anhydr ous s%ﬁﬁ|§#ﬂ§9¥¢%1¥hnﬂm§htﬁedsﬂﬂ\ﬂﬂdtthaSSQkMﬂBWedasrmamﬂmmd ifhe
resul ting residue mas€¥ur|f|ed by silica col um chr omat ogr aphy

(el uent : : chia5™5F oF A et FardPI—reiang yag ‘i’é‘)fjte(? BV\A?EJ-JH@ tged| ggltmn
K/E(mégf? AP R S A1 T ﬁfﬁ?@%@%@jﬁ%ﬁ}é‘%mﬁgg ohlo. 8950 BY o0

J=7.6 Hz, 3 HiLcl (88rcHLIFhKMMETH) , d1 @Rt 2. 84025828k 2c acid/methanocl =
H),2.51-2. 60(m 2H), H),2.77-2.87(m 4H), 2. 89-2. 98(m 2

(m1H), 7. 15i57 659¢ n*;rmpuriﬁed J@aasi(dneGH)aﬁlr@D(ded t@ @@(cmrlrﬂ)rpm w
2.70-2.75( F% 41-6. 44 1&% 35- - 171 - 2 H, . 66
- 7.72 (m o/gthiy Agetatey tQIHEIPEKRFTE 126 Compoursiyr{tlﬁés%) ﬁs

2S)-5-(1
Eret %yl pEoE)(])axg?]ggg?ﬁgyl I a%TI]E%O) 2- (4, 5-di hydroi m dazo[ 1, 5-

a] qui nol i n¥3«gbmeddydl opany andi Hpadc)d (1) Synthesis of

2-met hyl-1-{[ (4- nitrophenoxy)carbonyl]oxy}propyl butanoate To
a sol uti on 'BfNMR | (GQ6- BH prp t GRTIOROSPHM -l rﬁpuamo[:bhehyls,c@r Bonat e23 L. 2068)
in tol ueneégnlo m si | ver_but anoat e ) was added and the

mixture was™st?rided 67 2 hot st 95)C2'I3r§eqf5ea§tli”0n "Rt ur & Wasim
filtered thrgugh; Gl itg and r{!]hez fhl tyaie \N@p@ﬁ@ﬁe &ﬁt ed hp vacuya.

To the resultlng resi dué, cétate was ‘a t'he m xt ur'e “was
washed wi t hmywat er) arvdzbrl-ne.szﬁxf(tr@r 1day) ng ozhesorgani c | ayer over
anhydrous sodium sul fate, the solvent was renoved in vacuo. The

resul ting Mf83P@le we{§)pﬁvmth%ﬂiSbyfsi(%beﬁ-gaeﬂineaq?uw-mhrtbym-@gi-aphy
(elul ent: g&%’xane/ chloroform = X and_ by anot her run of

silica gel rERRG AL o rﬂwnﬁéfﬁT%Ml)“ﬁtﬁékh‘?@t@PﬁﬂlF agd ate =
1:0 to 19 {n{@-Hinerihe titled conpound (518 ngy) as a pale yellow

oil.

To (28)-5-[ (tert-butoxycarbonyl)amino]-2-[{(7-methyl-4, 5-
dihydroimidazo[l,5~alquinolin-3~yl)methyl]pentanoic acid
{105 mg), an aqueous solution of 6 M hydrochloric acid (4 ml)
was added and the mixture was stirred for 2.5 hours at room
temperature. The solvent was removed in vacuo to give the
titled compound (compound 29, 95 mg) as a colorless amorphous
mass.
MS(ESI/APCI Dual): 314 (M+H)
'H NMR (600 MHz, DEUTERIUM OXIDE) 5 ppm 1.63 - 1.79 (m, 4 H),
2.36 {s, 3 H), 2.71 - 2,78 {m, 1 H), 2.91 - 2.98 {(m, 5 H},
2.99 -~ 3.06 (m, 3 H), 7.27 (d, J=8.3 Hz, 1 H), 7.30 (s, 1 H),
7.53 (d, J=8.3 Hz, 1 H), 9.13 (s, 1 H)

{0301] Example 30



MS(ESI / APCI Dual ): 348(MrNa) 1H NVR (300 MHz, CHLOROFORM d) ‘6ppm
0.98(t,J=7.4 Hz, 3 H), 1.06 (qd, (d,J=6.8 J=6.8,5.0 Hz, Hz, 6H), 1H),
1.70 2.38 (qt, (t, J=7.4,7.4 J=7.4Hz, Hz, 2H), 2H),

- 150 -

Synthesis of (5)-5-amino-2-{{7-propvl-4,5-

dihydroimidazo(l, 5~alquinolin-3-yl)methyl)pentanoic acid

dihydrochloride

(1) Synthesis of (Z)-tert-butyl 2-oxo-3-{(7-propen-l-yl)-4,5-
dihydroimidazo[l, 5-alquinolin-3-yl)methyl)piperidine-1-~
carboxylate

To a solution of tert-butyl 2-oxo-3-((7-
trifluoromethylsulfonyloxy—-4,5-dihydroimidazo[l, 3-alquinolin-
3-ylimethyl)piperidine-l-carboxylate (5.13 g) in
tetrahydrofuran {250 ml), (lZ)-l-propen-l-yl-boronic acid
(3.33 g), cesium carbonate (12.6 g) and 1,1-
bis (diphenylphosphing) ferrocene-palladium({II) dichloride
dichloromethane complex (2.38 g) were added and the mixture
was heated under reflux for 7 hours. The reaction system was
filtered through Celite and concentrated in wvacuo; the
resulting residue was purified by NH silica gel column
chromatography {(eluent: n-hexane/ethyl acetate = 1l:1 to 0:1).
The purified residue was reduced to powder f£rom n-
hexane/diethyl ether, to give the titled compound (1.68 g) as
a colorless powder.
MS (ESI/APCI Dual): 422 (M+H)
'y NMR (300 MHz, CHLOROFORM-d) & ppm 1.52 (s, 9 H), 1.55 -
1.68 (m, 2 H), 1.73 - 1.96 (m, 4 H), 1.98 - 2.13 (m, 1 H),
2.60 - 2.73 {m, 1 H), 2.75 - 3.00 {m, 5 H), 3.13 - 3.27 (m, 1
Hg), 3.48 - 3.64 {m, 1 H), 3.73 -~ 3.87 (m, 1 H), 5.72 - 5.89
(m, 1 B), 6.35 - 6.46 {(m, 1 H), 7.20 - 7.25 (m, 2 H), 7.33 -
7.40 (m, 1 H), 7.93 (s, 1 H)

[0302] {1) Synthesis of tert-butyl 2-oxo-3-[{7-propyl-4,5-



6.60 2.15 (d, J=5.0 Hz,1 H), 7.38- 7.45(m 2 H),8.25 -8.31 (m2 H)
[0331] (2) Synthesis of (2S) -5-(.([21-(butanoyl oxy)-2-

nmet hyl pr opoxyj car bonyl ) am no) - 2- (4, 5-di hydr oi m dazo[ 1, 5-

al qui nol i n-3-yl net hyl ) pentanoic acid - 172 - To a sol ution of
(2S) - 5-am no- 2- (4, 5-di hydroi m dazO[ 1, 5-

a] qui nol i n-3-yl met hyl ) pentanoic acid (200 ng) in N, Ndi net hyl f or mam de
(6 M), 2-nmethyl-1-{1(4- nitrophenoxx)gggbpnYl]oxYIpropyl but anoat e
(260 ng) was added and the m xture was irred for 2 days at room
tenperature, After adding water to the reaction m xture, extraction
was conductEdRAreATEE#3A éeﬁé‘fi‘élnc’liﬁél"él"gjéﬁﬂ%thyéﬂé‘ﬁpmﬁdﬂdﬁ"éd over
anhydr ous sod% T §u£fate and the solvent was renoved in vacuo. The
resul ting resi was purified by silica gel colum chromatography

(eluent: chior ofrergfg@m%al of L9e7rt3-btuQ;Iy9021&)o-t3Q (Q'TV?(ii\e'ltb%ﬁgn 1-

conpound (conpound 46, 194 ng) as a colorl ess anorphous nass.
nms( Esi / APClylDudl, $+ diﬁﬁdwﬂmhla&bawﬁﬁﬁaﬂqh&hormﬁx}ﬂﬁ)ﬁetnymN@ﬂﬁaridlne—
0.90(m9 H),1.32 - 1.56(m6 H),1.85-1.93(m 1H), 2. 26(t J=6.9 Hz, 2H),
2.51- 2.60 %nczﬂy’ozzy?eagte 2(17§§rr§!)1 L) H@t?p?nel 8 ; 10% palladium-

H) 2.89-2. gchbztgd car on' ?Eéﬁnmg) was adgeg'and the mixture was

stirred under hydrogen purge for an hour at room temperature.
The reaction mixture was filtered through Celite and the
sclvent was removed in vacuo. The resulting residue was
purified by silica gel column chromatography {eluent:
chloroform/methanol = 49:1 to 9:1) and the purified residue
was reduced to powder from n-hexane/diethyl ether, to give the
titled compound (1.20 g) as a colorless powder.
MS (ESI/APCI Dual): 424 (M+H)
'H NMR (300 MHz, CHLOROFORM-d) & ppm 0.95 (t, J=7.3 Hz, 3 H),
1.52 (s, 9 H), 1.56 - 1.69 (m, 3 H), 1.70 - 1.91 (m, 2 H),
1.97 - 2.11 (m, 1 H), 2.53 -~ 2.61 [(m, 2 H), 2.62 - 2.71 (m, 1
H), 2.80 -~ 2.96 {m, 5 H), 3.08 - 3.25 (m, 1 H), 3.51 ~ 3.62
(m, 1 H), 3.74 - 3.86 {(m, 1 H), 7.05 - 7.12 (m, 2 H), 7.28 -
7.33 {m, 1 H), 7.51 (s, 1 H)
[0303] (3) Synthesis of 5-[(tert-butoxycarbonyl)amino]-2-
[ (7-propyl-4, 5-dihydroimidazo[l, 5-alquinolin-3-
vl)methyvlipentancic acid

Using tert-butyl 2-oxo-3-(7-propyl-4,5-
dihydroimidaze[1l,5-alquinolin~3~-yl)methyl]piperidine-1-
carboxylate (1.20 g), reaction and purification were performed
by the same procedures as in Example 14(7) to give the titled

compound (1.35 g) as a colorless amorphous mass.



(m1H,7.30-7.34(m1 H),7.35- 7.39(m 2H), 7. 66 -

7.72(m 1H), 8. 26(s, 1H) [ 0332] Exanpl e 47 Synt hesi s of

(2S)-2-(4, 5-di hydroi m dazo[ 1, 5- al qui nol i n- 3-

yl met hyl )-5-[(12-net hY1l-1-[ ( 2-

met hyl pr opanoyl ) oxy] pr opoxy) car bonyl ) am no] pent anoi ¢ acid To a
solution of (25)-5-am no-2-(4,5-di hydroi mdazo(1, 5-

aj gui nol i n-3-yl met hyl ) pentanoi c acid_(24% ng) in N, Ndi met hyl f or mam de
(8 M), 2-methyl-1-1[(4- nitrophenoxy)carbonYl] oxY}propyl

2- met hyl pr noat.e 18 ng) dded and the m xture was stirred
over ni ght %Sazﬁgg@%lsl%@:t\é\%%é}?gﬂur e. After adding water to the
reacti on muxt : ti 5&% nduc int B4 et hyl t akeyy The
organic | aylae%r iﬂl%\gs( ri gﬁgbvg@' an %ﬁogg $so i%m%'glljl fg(%/'eggg(r:l(gl't Eems'ol vent
was renoved .i4n (acu®.n)lha .uesdl sy mesikduge, vimszpur 2f 6®dinhy 2skh | ca
gel colum chromat ography (eluent: chloroform nmethanol = 100:0 to
85:15) to @-Vé the-%4timed ‘cBhpodnth (cénpduftre £7H)294-¢@)- ds7d (m, 1
col orl ess paowder, M5( S]I% APCI _Dual )_ 486§ I\/Hrl—g_ 2I5| NVR( 600 MHz, DVS- d6) 5
ppm 0. 83 - H8d¢hYe |f 08 -21Mgo(/mPs 14, J=6.7 Hz, "1 H), 8.15 (s,

H, 1.22-1.28(m 1H), 1. 33- 1. 50(m 4H),
1.86-1.94(m'1H), 2. 51- 2. 58(m 2B), 2. 70- 2. 76(m

H), 2. 76- 2. §@Gou4H) , 2(89-53n9R681 2H)E §18926) 4B8-phenyl-2- (pyrrolidin=~1-

(m1H),7.15-7.19(m 1H),7.29-7.40(m 3H), 7. 65- 7.72(m 1H), 8.25(s,1H) 1
yl)propyl
{28) -5~ (tert-butoxycarbonyl)amino]-2~[ (7-propyl-4, 5-
dihydroimidazo[l,5-alquinelin-3-yl)methyl]pentanocate

Using 5-[ (tert-butoxycarbonyl)amino]-2-[(7-propyl-4,5-
dihydroimidazo[l, 3-alquinolin—-3-yl)methyl]lpentancic acid
{1.35 g}, reaction and purification were performed by the same
procedures as in Example 2(2) to give the titled compound
{632 mg) as a colorless amorphous mass.
MS (ESI/APCI Dual): €29 ({M+H)
W NMR (300 MHz, CHLOROFORM-d) & ppm 0.90 - 1.02 (m, 6 H),
1.44 (s, 9 H), 1.61 - 1.80 (m, 10 H), 31.94 - 2.10 (m, i H),
2.35 - 2,46 {(m, 1 H), 2.49 - 2.69 (m, 10 H), 2.78% - 2,81 (m, 1
H), 3.12 - 3.24 {m, 3 H), 5.24 - 5.35 (m, 1 H), 6.06 - 6.13
{m, 1 H), 6.69 - 6.78 (m, 1 H), 6.82 - 6.96 (m, 5 E), 7.05 -
7.12 (m, 1 H), 7.30 (4, J=8.4 Hz, 1 H), 7.95 (s, 1 H)
[0305] (5) Synthesis of (28)-5-[(tert-~
butoxycarbonyl)amino]-2-[ (7-propyl-4,5-dihydroimidazo[1l, 5~
alguinolin-3-yl)methyl]}pentanoic acid
To a solution of (1R,28)-1-phenyl-2-(pyrrolidin-1-

yl)propyl (2S8}-5-[(tert-butoxycarbonyl)amino]-2-[{7-propyl-

4,5-dihydroimidazo[l,5-ajgquinolin-3-ylimethyllpentancate



[ 0333] Exanpl e 48 Synt hesi s of (2S)

-5-[({2-[ (cycl ohexyl car bony]) oxy] - 2-

nmet hyl propoxy} car bonyl ) am no] - 2- (4, 5-di hydr oi m dazo[ 1, 5-

aJ gui nolin-3-yl methyl )pentanoic acid (1) Synthesis of

2-nmet hyl-1-{[ (4- nitrophenoxy)carbonyl] oxyl propyl

cycl ohexanecar boxyl at e To a solution of 1-iodo-2-nethyl propyl
4-ni trophenyl carbonate (1.55 g) in tohggne (14 m), silver

cycl ohexanecar boxyl ate (2.00 g) was added and the m xture was stirred

f h G, T tion v xt fi.ltered t h_Celit
and the 111178 A%)at™ CRRHSEBT. | 85 41", 408 P8 o nbp bl iRy S et b,

ethyl acetatmonag) asldedanrd bhe tHXhdkeunas,Nashed v tihat aLaahtkn
brine. After drying the organic |ayer over anhydrous sodi um sul fate,

t he sol ventrusgs for 1¥hounsepbvéd *tn Vae usacthenresthirengas esi i odas
purified by silica q&! col um chronmat ogr aphy (el ul ent:
n- hexane/ cHP6PYEBr rf L te erfothe [olypathyaamksmeeedr in Gicusi-| Tea gel

col umm chr .el ul ent:_n--hexane/ethyl acetate = 1:0 to 19:1
o e U BRLROLAD e Gl G0L "o BOXANS) LML DGR S )
V5( ESI / APClerhdak o £g$H: ehtd NMRG ofﬁﬁhe a -1, o 9:

H),(l. 72-1.82 (m% %,2.%%&%@@3?5 ppmt:lf. ég%d,sﬁ%.ﬁg}tm?al)ma,m
3H), 1. 40 - BubSequentH)retr§9tall F(tipd (roR ddhyl. 88etate gave the
-2.01(m 2H), 2.08-2. 22 -2.453m 1H), 6.59(d, 3=5.0 Hz, 1H),7.38 - 7.44
(m 2 H, &ibded gomppung) (323)mq)0384F (YL ShesEeBPud®df- (2S) -5-[ ({1-

[(cyclohex%gqggpﬂg%h)?%gljg-gqggﬂﬁhQropoxy)carbonyl)anino]-2-
'H NMR (300 MHz, CHLOROFORM-d) & ppm 0.95 (t, J=7.3 Hz, 3 H),
1.41 (s, 9°H), 1.44 - 1.72 (m, 5 H), 1.72 - 1.86 (m, 1 H),
2.54 - 2.63 (m, 2 H), 2.73 - 2.94 (m, 7 H}, 3.06 - 3.16 {(m, 2
H}, 4.58 - 4.68 (m, 1 H), 7.08 - 7.15 {(m, 2 H), 7.29 - 7.35
{m, 1 H), 8.02 (s, 1 H)
[0306] (6) Synthesis of (2S)-5-amino-2~[(7-propyl-4,5-
dihydroimidazo(1, 5~a]quinolin-3-yl)methyl]pentanoic acid
dihydrochloride

To a solution of (2S)-5-[ (tert~butoxycarbonyl)amino]-2-

[{7-propyl-4,5-dihydroimidazo[1, 5-alJquinolin~3-
yl)methyl]pentancic acid (120 mg) in ethyl acetate (8 ml), a
solution of 4 M hydrochloric acid in ethyl acetate (4 ml) was
added and the mixture was stirred for an hour at room
temperature. The solvent was removed in vacuo and after adding
ethyl acetate, decantation was performed. Water was added to
the resulting residue and the solvent was removed in vacuo to
give the titled compound (compound 30, 115 mg) as a colorless
amorphous mass.

MS(ESI/APCI Dual): 342 (M+H)



(4, 5-di hydroi m dazo[ 1, 5- a] gui nol i n- 3-yl et hyl ) pent anoi ¢ aci d To
a solution of (2S)-5-am no-2-(4,5-di hydroi m dazo[ 1, 5-

a)l gui noli n-3-ylnet hyl) pentanOic acid (200 ng) in N, Ndi net hyl f ormam de
(6 M), 2-nmethyl-1-{{(4- nitrophenoxy)carbonYl] oxy) propyl

cycl oyhexanecar boxYl ate (292 ng) was added and the m xture was
stirred for 2 days at roomtenperature. After adding water to the
reaction mxture, extraction was condutbeéd-with ethyl acetate. The
organi c |l ayer was dried over anhydrous sodium sul fate and the sol vent
was renovedy RuNacsiy vERS DESRRETUNIOK €St dUL ppas opYs i {i,ed=hy3sii) ca
gel colum chromat ography (eluent: chloroform nethanol = 97:3 to
85:15) to divelthe +itlEd (@onpoind A.Génpolingk 48, 20B) np - &8s (&, J=7.6
col orl ess anorphous mass. MS(ESI / APCI DuaI% 526(MtH) 111 NWMR (600
|sz DVBO- d 5 Bpm -4 ~ 208800tml &) ) 2- 41 1 3.05. (11757 Hy. 49 @m(dflo

1 1861-51 411(85g gl-lm %@'25 390(§3]]( &7, (%3 @,531187% iy 8%){’%%1

270-275(?mlﬂ;)H) 2.77 - 2.81 (m 2H),282-287(m2 ,

2.90 - 2.95 H, 6.40 - 6.43 (m 1 H, 7.15 - 7.20 (m 1 H,
7.30 - 7.34080711 HExafmp3® 317.40 (m 2 H), 7.66 - 7.73 (m 1 H),
8.26 (s, 1 H) [0335] Exanple 49 Synt hesi s of

(2S)-2- (4, 5-di hﬁmﬁﬂiﬁﬁlrﬁaﬂfr nethywh prigpdiene3(4, S-dihydroimidazofl, 5-
yl met hyl)-5-

[(phenylca Fot¢—aci d To
a solution of (¥§)a%@mtaen%f%&wlhsdméﬂtd%% éarbonyl)ammo] -2-
aJ gui nolin-3-yl methyl )pentanoic acid (114 ng) in NyNdl met hyl f or mam de
(10.m), 2-mpbhyihsLdifridand(t opfednoiydtan-bdiplideaky} pramanchenz 624 &
(136 ng) was added and the m xture was stirred overni ght at room

t enper at ur @9)A#Fe?t}bﬂdlaﬁ§tﬁ/5?ef5 g he FRBEE %n ofi &t ¥rwsreeblagts on
was conducted with y acege{t_' gs he orga&‘n&c Ia ayer, W mlxdc“ ed over

d in e ure “wa
anhydrous $6drum'st e an PVERE YAST ERoved i VAcdo S The

resul ting resi-dug #as 1@“5&:{1!:@%@}5:0%111' t o &8l £16Ql. UiRe CABIQRREOGE APhY
(eluent: chloroform nmethanol = 97:3 to 90:10) to give the titled
conpound (cenpoaddindFacld2tagyies theptaleled mompoonghoesumasy. 31,

MS( ESI / APCI Dual?: 520(M+H) 11-1 NWMR (600 MHz, DVBO-d6) 5 ppm 0.92 -
0.99 (m 63R), Mg} 3% 2 £OAQTIHFS AMIFPhSUPIESH 10 (m 1 H), 2.52 -
2.60 (m 2 ( 2.89 - 2.98 (rill 2 H, 6.65 -
6.69 (m 1“@‘Ei§€§§c% é"?‘BL? 3 éﬁ’ms 25 (s, 1 H) [0336] Exanpl e 50
Synthesi s of d3)3d0(Aus; Ohm)dﬂzb@bmad&)z@ oo &l guind k- 3m, 4 1),

yl met hyl ) -5-({[ (5-nmet hyl - 2- oxo- 1, 3- di oxol - 4-y1) met hoxy]

car bonyl | agi.ad) pent2dimg &ctd, 3. 64 (SII'03 dlisollukBon of34 (m, 2 H),

(2S) - 5-am no- 2- (4 5- di hydr0| m dazo[ 1

a] qui nol i n733y1 Tret )ﬁ‘en tahbi & -3¢ dd(S‘Eﬂ'f 792 Zr n T NENdi Sreeh§ PF or franiZde
(16.7 m), 5 _rl’rgt?é/\}\sa g 1, 3-di oxol-4- yl)methyl 4-nitrophenyl

car bonat e 93 ¢ ad zad and the m xture was stirred for 16 hours
at room tenpengi Ur e.pxAhbee @gding brine to the reaction mxture,
extraction was conducted with chloroform The organic layer was dried
over anhydrous Swydihemisubfat¢ehdnd 26heSsabivent?2-WdsS+ enoved i n vacuo.
The resulting resi due was ur| fied by silica gel coI um1
Chroma_togrd piglazo [ ne o s prapige th i

titled conmpo ngj Gomno nd 50 467 rrg) as a colorless am)rphous mass.
VB( ESI/APCM%I—D

{1) Synthesis of ethyl (23)-5-[(tert-butoxycarbonyl)aminol-2-

{4, 5-dihydroimidazo{l,5-alquinolin-3-ylmethyl)pentanoate
To a solution of (28)-5-[(tert-butoxycarbonyl)amino]-2-

{4, 5-dihydroimidazao[l, 5-a]quinelin-3~yimethyl)pentanoic acid



IH NV\R (600 MHz, DMSO- dO oppm 1.30 - 1.58 (m 4 H), 2.13 (s, 3 H,
2.52 - 2.64 (m 2 H, 2.66 - 2.76 (m 1 H, 2.76 - 2.89 (m 4 H),
2.90 - 2298 (m 2 H, 4.82 (s, 2 H, 7.14 - 7.21 (m 1 H, 7.27 -
7.42 (m 3 H, 7.70 (d, J=7.8 Hz, 1 H), 8.26 (s, 1 H Optical purity:
99. 87%e tenp.: 10 C Mobi | e phase: n-Hexane: | PA: TFA: DEA =
80:20:0.5:0.5 r.t.: 34.06 mn [0337] Exanple 51 - 177 -

Synt hesi s of (25)- 2 (4, 5-di hydroi m dazg[i, 5-a] gui nol i n-3_

yl met hyl ) -5- ({[ (2- oxo-5-phenyl -1, 3- dIOXO - 4-y1) met hoxy]

carbonyl ) a tan0| a sol ution of

(25) - 5- ami gy}g) ?"%@5 8.% r0|fdr%rﬁ‘a£8[(1 )7 SEhanol (47 p1), n-g3-

a] gui nol i n- gsildmet h I £l r mam de
(5.0 m), 4&% t roE)(hgllrr;i IZﬁggé@Sﬁphéejcl{y}.%% gyaldl oxolyghg%m %
carbonate ((73 my) wad adbedtaplabhheodirkiine VRSS! héf@dacicférd &ﬁdh%s
at roomtenperature. After adding brine to the reaction m xture,
extracti on "HaduEEndae t ¥el saiech fehl t dfogrm aThewr ganperdayer. Wastis i ed
over anhydrous SOdI um suI fate a{;ld t he sol vent was renoved in vacuo.

The resul ting o aSPdlie WS pir FRFLTRER 8RFPRE FOluEoPEn®E Sodium
chr omat ogr aRky-o E;Qhé'%ona@él 959f Qrﬁdgﬁtrlgaggtl.ra t%% 121a£ o V%tteg with

titled conmpound™(conpound 51, ed8 annrp ouas

MVB( ESI / APCletByal hce Gk, MAlﬂ):einMn(gﬁ@Qe Mrfganws@agi@} ‘m@p@klnép It
1.58 (m 4 H, 2.52 - 2.65(m 2 H, 2.67 - 2.912 (m 5 H),

3.05 (m 2VvAp, doigd quer andrquﬁlfﬁcdl?mzwl(ﬁﬂtel Fhe FoldEnt WaéO (m 2
|—|),745-nc 1grn;;”_‘edl Eg 8.26 (s, 1 H

[ 0338] Exanmpl"8°52 P{?‘ﬁlé%@“doft 3 $idbe Nas®pini dia by silica

25) - 2- (4,
§/| m)et hyl() ?:\géf%ingi ggh%%ég%%% éﬁ’])ﬁi;{'e?ﬁ%ﬁ@ ‘?h 8exzne/ethyl acetate =

yl ] met hoxy ke ar bomdghar: nokpemt ANaicC gacs dthe €l k1 M NENRI$ 0% 230 mg)
4-ni trophenyl [2-o0x0-5-(propan-2-yl)-1,3- dioxol-4-yl]nethyl

carbonate 3as a Cqﬂd°ré9§él 9%10n of 4-(hydroxymethyl)-5-isopropyl-1, 3-
di oxol - 20{& pﬁ\ form(95n1) pyridine - 178 - (248
ng) and 4- n| enyI B’SHéte (631 ng) were added under

cool i ng Wi.th m@e (apg r&ﬂf&e @H&bﬁbﬁoﬁ(@%ﬁ%‘ [oqul o 3 hquss, at, rgggh

temperature. To the reaction m xture, uecus 'sél uti of n of

hydr ochl orilc4zacisd wad)addedk and. .abt en, e@(ﬁ{r)acrzlam Wiz lveChhorofigrm the
organic | ayer was washed with brine. After drying the organic |ayer
over anhyd¥oﬁ% sadi’@miBul § dtle, 3t-Aé sol ventimwa? Henovd@ Fnévbtum, Zhe

resultin Si wa d i ca col um chr onat ogr aph
(el uent: O f ﬁexgtl%g/ et ?ﬁl t?réfté‘tgl?y i J13) ggpvé‘“'tﬂe}]tiftle@l co?ﬂp@gné
416 agmA £a)orhess oi 2H N 30 s CRMd m
(1 27 ?g) J‘BH7l Hz,) 6|7H)§,$ 2FJ9043-|-(1113>l (I\)/glf) Q Mﬁz( '5?10 (s, ) 7?25 -

7.45 (m 20#9Q918. 26(2)8Ssarﬁcr(em§u520f4)e1£r@»3;39]zé295%&@@3449%-
(23)-2-(4, 5-di hydroi m dazo[ 1, 5-
dihydroimidazo[l, a]qulnolln 3-ylmethyl)pentanoate

dihydrochloride

To a solution of ethyl (2S)-5-[(tert-
butoxycarbonyl}amino]-2-{4,S—dihydroimidazo[l,s—a]quinolin-B—
ylmethyl)pentanoate (207 mg) in ethyl acetate (5 ml), a
solution of 4 M hydrochloric acid in ethyl acetate (5 ml) was
added and the mixture was stirred for 2 hours at room
temperature. The solvent was removed in vacuo and an agueous

solution of 6 M hydrochloric acid was added to the resulting



al gui nolin-3-yl nmethyl)-5-[ (1] 2- oxo-5-(propan-2-y1)-1, 3-di oxol 4-yl ] met
hoxy) car bonyl ) am no] pent anoi c acid To a sol ution of

(2S) - 5-am no- 2- (4, 5-di hydr oi m dazo[ 1, 5-

aJ gui nolin-3-yl met hyl )pentanoic acid (150 ng) in N, Ndi net hyl f or mam de
(5.0 M), 4-nitrophenyl [2-ox0-5-(propan-2-

yl)-1, 3-di oxol-4-yl ] methyl carbonate (162 ng) was added and the

m xture was stirred for 16 hours at robwmétenperature. After adding
brine to the reaction m xture, extraction was conducted with

chl or of or mycTheuef gawd GJdlaxet Was rinoddovervaanidy d6oybves atieun sLéd at e
and the solvent was renoved in vacuo. The resulting residue was
purified byospbigd geimpeehndn®? chridmaodgeaphyysldlodeanorphous mass.

chl orof orml met hanol = 20:1) to give the titled conpound (conpound 52,
90 ny) as ASEBFOFRESS %Rbh?ﬁ%ﬂﬁ‘ﬁ%}s. - 179 - MS(ESI/APCI Dual):

1300 11 (P S -1 o 155 o e

1.31 - 1.537(Mm 4 8- 2.76"(m 71
2.76 - 2.83 .68 (R, H 12 8270 2.8 M, 20H)), 2.89 (g2 987 (Muz2 B)u),
2.99 - 3.08 (m 1 H, 483 (s, 2 H, 7.13 - 7.21 (m 1 H, 7.28 -
7.41 (m 37HBS 7.6H4 dm,I37HB, Hz., 881 -Hy,98. 26 «( &, H1, Hj . 0346@]- BXafpl e
53 Synt hesi s of é?S -2- (4, 5-di hydroi m dazo[ 1, 5- a] qui nol i n- 3-

yl met hyl ) - B3¢ { P¢ 94 o¥o- -ﬁ%opyl-l,s-dioxol-4-

yl ) met hoxy] nyl l.am nq)lpseptanoic acid (1) Synthesis of

4- ni tropher{;@?EPg- oxo]‘j:j}%a-m ?}Spg -1, 3-di oxol-4- yl)methyl carbonate

To a sol ution ofydeddMAd Q%Y DBsIWdy15-(REPPY-darkind~di-x i~ 2- one (380
ng) in chlorofofrm{8-0 m ), pyritdine (209 ng) and 4- nitrophenyl

chl or ocar benayér¢Eaamy) lwer ] auded inndeyluodivilpgentddrdtee and t he

m xture was stirred for 3 hours at roomtenperature. To the reaction
m xture, aft ioln of 1 Mhydrochloric acid was added and
after extr ign_ wth chlot t rgapj ayer was washed with
brine. Aft 3?’5 drgf/?%e{kﬁe%gr égélé)%éﬁyalyg?sgv%rpg%ﬁfdr ous sodium sul fate,
the sol vent, wasy&£rmued ) iahi Naruo- (4Teds Beal dini@ak63i dsies MRS npULhf3-ed
by silica gel colum chromat ography (eluent: nhexane/ethyl acetate =
4:1) to gi yémeheyiigdradneerpound (750 ng) as a colorless oil. IHNW
(300 MHz, CHLOROFORM d) 5,ngm 0..99 %t, J=7.4 Hz, 3 I—% 11.60.- #5
(m 21, 250 (8,5 Forusiep ob 145 -8 G6teet butpyeythgnil FnEol =
H, 8.27 - §.35 H). y is ; .

) 2_(4’ 5- di Hgdrgo#n a%o%?é-gg;ﬁhg.?d @i%@f& > yque(:g;r?i}pentanoz.c acid

a] qui nol i n-3oy! 58 M JerBokbEé2n 005 R PPy oplhopatbox 062 4r) , N—[3-

yl ) met hoxy] car bonyl ) am no) pent anoi ¢ aci d To a sol ution of

(2S) - 5- am g4 RetdyBardidw) gr-opyd dad¥ oferhglcarbodiimide hydrochloride

a] qui nol i n-3-yl met hyl ) pentanoi c acid (150 ng) in N, Ndi net hyl for i de
(5.0 ), 41Art¥ob |4'é2£ﬂ%*klbY35%“b‘P85§’i%%’g ‘cﬁ B‘%l‘i’%?fﬁ)%%wga the
carbonate (162.00), 0%added A INQILXLE &3S 8hbe L0l xdScROUT S
at roon1tenperafure. o the reaction mxture, water and di et hyl ether
wer e added xapdtibe Pi-aGirRI, t at sagupasdeaquesus eraveies &y ddditmat i on.
The powder was then washed with water and diethyl ether to give the
titled comrgdndgé¢conpoumades58as 1Ekiary pndseat vasitdonewss powpdicted with
MS( ESI / APCI Dual ) : 484( M+H)_ 1H NWVR(,600 M1z, DNSQ dg) SE m 0. 8%@, J=7,6
Hz, 3 H), 1. 32byl1acghanss AfLer 4e2Snigg MRy BES 297 ?nﬁ‘ﬁ), ine, it

was dried over anhydrous sodium sulfate. The solvent was

concentrated in vacuo and the residue was purified by silica
gel column chromatography (eluent: n—hexane/ethyl acetate =
9:1 through 1:1 to 0:1) to give the titled compound (169 mg)

as a pale yellow cil.



2.77 - 2.82 (m 2H),2.82-2.88(m 2H),2.90-2.98 (m 2 H), 4.83(s, 2
H,7.14-7.21(m1 H),7.29-7.40(m 3 H), 7.67 - 7.72 (m 1H), 8. 26(s, 1H)

- 157 -~

MS (ESI/APCI Dual): 442 (M+H)
*H NMR (300 MHz, CHLOROFORM-d) & ppm 1.12 {(d, J=6.2 Hz, 3 H),
1.20 (d, J=6.2 Hz, 3 H), 1.42 (s, 9 H), 1.45 - 1.74 (m, 4 H),
2.63 - 2.73 {(m, 1 H), 2.77 - 2.93 (m, 6 H), 3.04 - 3,17 (m, 2
Ry, 4.70 - 4.81 (m, 1 H), 4.85 - 5.01 (m, 1 H), 7.12 - 7.20
(m, 1 H), 7.25 - 7.33 (m, 2 H), 7.37 - 7.43 (m, 1 H), 7.94 (s,
1 H)
[0311] (2) Synthesis of isopropyl (28)-5-amino-2-(4,5-
dihydroimidazo(l,5~alquinolin-3-ylmethyl)pentanocate
dihydrochloride

To a solution of isopropyl (28)-5-~[{tert-
butoxycarbonyl)amino]-2-(4,5-dihydroimidazo[1, 5-a] quinolin~3-
ylmethyl)pentanoate (169 mg) in ethyl acetate (5 ml}, a
solution of 4 M hydrochloric acid in ethyl acetate (5 ml) was
added and the mixture was stirred for 2 hours at room
temperature. The solvent was removed in vacuc and an agueous
solution of 6 M hydrochloric acid was added to the resulting
residue; the solvent was removed in vacuo to give the titled
compound (compound 33, 119 mg) as a yellow amorphous mass.
MS(ESI/APCI Dual): 342 (M+H)
'H NMR (300 MHz, DMSO-ds) & ppm 1.05 (d, J=6.2 Hz, 3 H), 1.16
(d, J=6.2 Hz, 3 H), 1.45 - 1,69 (m, 4 H), 2.68 - 3.06 (m, 9
H), 4.84 (quin, J=6.2 Hz, 1 H), 7.36 - 7.54 (m, 3 H), 7.88 -
7.96 (m, 1 H), 7.98 - 8.13 (m, 2 H), 9.91 (s, 1 H)
[0312] Example 34

Synthesis of heptyl (2S}-5-aminc-2-(4,5-

dihydroimidazo{l,5-alquinolin-3-ylmethyl)pentanocate

dihydrochloride




[ 0342] Exanpl e 54 Synt hesi s of
(2S)-5-({[(5-tert-butyl-2-o0x0-1, 3-di oxol -

yl ) met hoxy] car bonyl | am no) - 2- (4, 5- di hydr oi m dazo|[ 1, 5-

a] qui nol i n- 3-yl met hyl ) pent anoi ¢ aci d (1) Synthesis of
(5-tert-butyl-2-o0xo0-1, 3-di oxol-4-yl)nethyl 4- nitrophenyl carbonate
To a solution of 4-tert-butyl-5-(hydroxynethyl)- 1,3- dioxol-2-one
(400 ng) in chloroform (5 m ), pyridinesg210 gL) and 4-nitrophenyl

chl orocarbonate (516 ng) were added under cooling with ice and the

m xture was§t iLhefed 01591'1994:5;}? @ls) -8Ry £ SPPES ALY EarJéh NG fBFL 2 ON
m xt ure, an aqueous - -~ solutioln of 1 M hydrochloric acid was
added and &MtGpdiﬁﬁﬂfﬁﬂﬂiﬁ@kaDSSNHHdmlﬁbmyﬁ Bogdimetryl I hentanganiec | ayer
was dried over anhydrous magnesi um sul fate and the sol vent was then
renoved in vacu8e ﬂTﬁPhﬂ?ieptPﬁgﬂﬁﬁsﬁddétvﬁﬁrﬁﬂPQKWFéﬁb?ﬂﬁ%ﬁqmﬁéa get

Cubsequent 104 By ShRBIRAPRRO bt Sialebg R ot »CHTiMe oAt REYGGPABNGC

(el uent: a y. S h indyedycegpound
(490 mg) as 280enlbrioee SEREaLE (Pt heBERet "l e T AR

(300 NPE QHhGE£E§I@ﬁﬂ£b)§rapﬁ1ﬂ185e¢ay19afﬁqdﬂimiae(Bydﬁbdﬂnprzd88 -
7.45 (m 2 H), 8.28 - 8.38 (m 2 H [0343](2) Synthesis of
(25) - 5- ({[agéﬂemg}bugyﬁ-gimgthm;qyinopyridine (6 mg) were added and the

di oxol- 4-yl ) et hoxy carbon 4, 5-di hydr oi m daz

2] qui nol i 2 xwﬁat FraTtkRorE 20 houts 3% Hooh EopRiigr sy To the
(2S)-5-am roimdazally5squeou ution

a] qui nol i nr}%agr' hyjlqﬁ E%%f aérllg% o ac[téd a% =T 53 s|Or11 tN Ndlon%tsﬁyl For manm de
(5 m), (Sh@a&bgémﬁaﬁbdaaaxOWés1£d$eaxaﬂd4exﬁﬂdbme5hywaé.duﬂdwapbenwith

carbonate (210 ng) was added and the m xture was stirred for 46 hours
at room t essbrat aeetata-t dFtexdiangirg Ebﬁeoﬁqaftlﬁelﬁlé%t‘fi@ﬁl RickDar el t

t he sol vent was repoved in_vacuo. e res |ng esi due urified
by s 1 i ca dBF Bbt P i SRRV SOy L P B Bl FBr ST iete: FaRol =
95:5 10 90y E):e %Jg)ée%qliﬁ%gau@yar@n%eegegmeofwagl J%maﬁge@ pGOLYMTkA
chronatograp ? uent: chl orof ornf net hanol = to 90:1 ) to give
t he tltledg@mna@umﬁa@mmﬂmQU6@kébhy 160Quem): as-haxant Hstggs aarbbplods.

ms( ESI/ ApC Dual ): 498(MtH) I H NWR (600 MHz, ci noROFORm d) 6 ?pnll.BO
(s, 9 H, P:iothroughygrl_tq G7l) to give the titled compound (221 mg)

as & pale yellow oil.
MS (ESI/APCI Dual): 498 (M+H)
¥ NMR (300 MHz, CHLOROFORM-d) & ppm 0.80 - 0.88 {(m, 3 H),
1.10 - 1.32 (m, 8 H), 1.42 (s, 9 H), 1.46 - 1.73 (m, 6 H),
2.63 - 2.75 (m, 1 H), 2.79 - 2.94 (m, 6 H), 3.04 - 3.17 {m, 2
H), 3.95 - 4.05 (m, 2 H), 4.68 - 4.80 (m, 1 K), 7.11 - 7.18
{m, 1 H), 7.25 - 7.33 {m, 2 H), 7.37 - 7,42 (m, 1 H), 7.94 (s,
1 H)
[0314] {2} Synthesis of heptyl (2S8)-5-amino-2-{4,5-
dihydroimidazo[l,5-a]lguinolin-3-ylmethyl)pentanoate
dihydrochloride

To a solution of heptyl (28)-5-[(tert-

butoxycarbonvl)amino]-2-(4,5~dihydroimidazo[l, 5-a]lquinolin-3-



- .72 -2.83(m 2 H), 2. 85-
1 H), 1.58-1.68(m2H), 1.73-1.83(m1H), 2.72

(2.m96(rknl) 5 H),3.15 -3.24(m 2 H), 4.90(s,2 H),5.22-5.28(m 1 1105 10
H,7.18-7.22(m1 H), 7.28 -7.34(m 2 H),7.39 -7.44(m 1H), 8. 11(5,
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ylmethyl)pentanocate (221 ng) in ethyl acetate (5 ml), a
solution of 4 M hydrochloric acid in ethyl acetate (5 ml) was
added and the mixture was stirred for 2 hours at room
temperature. The solvent was removed in vacuo and an agueous
solution of 6 M hydrochloric acid was added to the resulting
residue; the solvent was removed in vacuo to give the titled
compound (compound 34, 180 mg) as a yellow amorphous mass.

MS (ESI/APCI Dual): 398 (M+H)

H NMR (300 MHz, DMSO-ds) & ppm 0.75 - 0.83 (m, 3 H), 1.05 -
1.26 {m, 8 H), 1.36 - 1.50 (m, 2 H), 1.53 - 1.67 (m, 4 H),
2.70 - 3.03 (m, 9 H), 3.87 - 4.07 (m, 2 H), 7.35 - 7.54 (m, 3
H), 7.87 - 7.94 (m, 1 H), 7.95 - 8.09 (m, 2 H), 9.89 (s, 1 H)e»
[0315] Example 35

Synthesis of 1~{[(cyclohexyloxy)carbonyl]oxy}ethyl (238) -

5—amino—2—(4,5—dihydroimidazo[1,5—a]quinolin—3—

yimethyl)pentanoate dihydrochloride

(1) Synthesis of l—{[(cyclohexyloxy)carbonyl]oxy}ethyl (28)-5-
[(tert—butoxycarbonyl)amino]—Z—(4,5~dihydroimidazo[1,5—
alquinolin-3-ylmethyl)pentancate

To a solution of (2SJ—5—[(tert—butoxycarbonyl)amino]—2—
(4,5~dihydroimidazo[1,5—a]quinolin—3—ylmethyl)pentanoic acid
(400 mg) in N,N-dimethylformamide (3.3 ml), cyclohexyl 1~
iodoethyl carbonate (597 mg) and cesium carbonate (489 mg)
were added and the mixture was stirred for an hour at the same
temperature. Afte adding water to the reaction mixture,
extraction was conducted with ethyl acetate. The organic layer
was dried over anhydrous sodium sulfate and the sclvent was

concentrated in vacuo. The resulting residue was purified by




[ 0344] Exanpl e 55 Synthesis of (25)

-2-(4, 5-di hydroi m dazo[ 1, 5-a] qui no3- ylmethyl)-5-[([1-](3-

met hyl but anoyl ) oxy] et hoxy) car bonyl ) am no] pentanoic acid (1)

Synt hesis of 1-{[(4-nitrophenoxY)carbonyl]oxy)ethyl 3-

met hyl but anoat e To a solution of 1-iodoethyl 4-nitrophenyl
carbonate (1.88 g) in toluene (18.6 n1% silver isobutanoate (2.33 g)
was added and the m xture was stirred 49'"3 hours at 70 C. The
reaction mxture was filtered and water was added to the filtrate;
after thregjexéd aplli @ebsumh tdheidatboagstat @luehe: orgtiagel/ayeyl was
washed with brine. After drying the organic Iaﬁer ﬁlég anh dro S own
sodi um sul kaeeate e 1sd) ventIites thenbietrd ForRelRd TP M8y tc’l?ng ©

resi due mas_gurlfled by silica gel columm chronmatography (el ul ent:
n- hexane/ cRForof orm = 1:1 to n-hexane/ ethyl acetate - 4:1) to give

G ORI RV B R 008 (8> B P i, B H). 1,62 (d. 355, 4. o, 31,

2.08 - 2.21 (el (Bho Bu24 cHIDRROORMYA)2Hppn6l8EE q; 1.98 (m, 14 H),
1.42 (s, 9 H), 1.48 (d, J=6.0 Hz, 3 H), 2.61 - 2.77 (m, 1 H),
2 77 - 2.99 {m, 5 H), 3.02 - 3.18 (m, 2 H), 4.40 - 4.68 (m, 1
Hy, 4.75 - 4.88 (m, 1 H), 6.66 — 6.78 {(m, 1 H), 7.10 - 7.22
(m, 1 H), 7.24 - 7.35 (m, 2 H), 7.39 (d, J=8.4 Hz, 1 H),
7.926, 7.933 (s, 1 H)
[0316] (2) Synthesis of 1-
{[(cyclohexyloxy)carbonyl}oxy}ethyl (28)-5~amino-2-(4, 5-
dihydroimidazo[1,5—a]quinolin*S—ylmethyl}pentanoate
dihydrochloride '

To a solution of 1~
{[(cyclohexyloxy)carbonyl]oxy}ethyl(28}—5—[(tert-
butoxycarbonyl)amino]—2—(4,5—dihydroimidazo[1,5—a]quinolin—3-
ylmethyl)pentanoate (183 mg) in ethyl acetate (3.2 ml), a
solution of 4 M hydrochloric acid in ethyl acetate (3.2 ml)
was added and the mixture was stirred for an hour at xroom
temperature. The solvent was removed in vacuo and after adding
water to the resulting residue, the solvent was removed in
vacuo to give the titled compound (compound 35, 153 ng) as a
pale brown amorphous mass.

MS (ESI/APCI Dual): 470 (M+H)
1y NMR (600 MHz, METHANOL-d;) Sppm 1.06 - 1.89 (m, 17 H), 2.88
- 3.15 {(m, 9 H), 4.08 - 4,15, 4.45 - 4.52 (m, 1 H), 6.51 -

6.55, 6.61L - 6.67 (m, 1 H), 7.41 - 7.53 (m, 3 H), 7.81 (d,



3=5.4 Hz, 1H), 7.36 -7.47 (m 2H), 8.24- 8.35 (m2 H)
[ 0345] (2) Synthesis of (2S)-2-(4,5-dihYdroi mdazo[1, 5-
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J=7.3 Hz, 1 H), 9.61 (s, 1 H)

Optical purity: 99.84%ee

temp.: 25 °C

Mobile phase: n-Hexane:IPA:TFA:DEA = 85:15:0.5:0.5
r.t.: 12.38,24.89 min

[0317] Example 36

Synthesis of (5—methyl—2—oxo—1,3—dioxol—4-yl)methyl (28) -

5-amino—2—(4,5~dihydroimidazo[l,5—a]quinolin—3—

ylmethyl)pentancate dihydrochloride

(1) Synthesis of (5—methyl—2-oxo—1,3~dioxol—4—yl)methyl (28) -
5-[(tert-butoxycarbonyl)amino]-2~(4,5—dihydroimidazo[l,5—
aJquinolin-3-ylmethyl)pentanoate

To a solution of (28)~5-[(tert—butoxycarbonyl)amino]—2—
(4,5—dihydroimidazo[l,5—a]quinolin-B—ylmethyl)pentanoic acid
(500 mg) in N,N-dimethylformamide (4.2 ml), 4-(chloromethyl)-
S-methyl-1,3-dioxol-2-one (279 mg) and cesium carbonate (613
mg) were added under cooling with ice and the mixture was
stirred for an hour at the same temperature. Afte adding water
to the reaction mixture, extraction was conducted with ethyl
acetate. The organic layer was dried over anhydrous sodium
sulfate and the solvent was removed in vacuo. The resulting
residue was purified by silica gel column chromatography
(eluent: n-hexane/ethyl acetate = 1:4) to give the titled
compound (130 mg) as a colorless oil.
MS(ESI/APCI Dual): 512 (M+H)
'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.42 (s, 9 H), 1.45 =
1.81 (m, 4 H), 2.14 (s, 3 H), 2.66 - 2.94 (m, 7 H), 3.03 -

3.21 (m, 2 H), 4.80 (s, 2 H), 7.12 - 7.22 (m, 1 H), 7.24 -




al guinolin-3-ylnethyl)-5-[({1-[(3- - 183 -
met hyl but anoyl ) oxyl et hoxyl car bonyl ) am no] pent anoi ¢ aci d To a
solution of (2S) -5-am no-2-(4,5-dihydroi m dazo[1, 5-

aJ gui nolin-3-yl methyl) pentanOic acid (150 ng)

(5.0 m),

i n N, Ndi et hyl f or mam de
1-{[ (4- nitrophenoxy)carbonyl]oxyl ethyl 3-nethyl butanoate

(156 ng) was added and the m xture was stirred for 15 hours at room

tenperature. Water was added to the ek ion mixture and after three

extractions with ethyl acetate, the organic |ayer was washed with

brine. Aftersdryhng the orFant 7 Jikydm, ovef) .anhyadr é8s Sddi um sul f at e,
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(2.5 ml), a solution of 4 M hydrochloric acid in ethyl acetate
(2.5 ml) was added and the mixture was stirred for an hour at
room temperature. The solvent was removed in vacuo and after
adding water to the resulting residue, the solvent was removed
in vacuo to give the titled compound ({(compound 36, 110 mg) as
a yellow amorphous mass.

MS({ESI/APCI Dual): 412 (M+H)

4 NMR (600 MHz, DEUTERIUM OXIDE) &ppm 1.64 - 1.90 (m, 4 H),
2.06 (s, 3 H), 2.78 - 3.15 (m, 9 H), 4.82 (d, J=14.2 Hz, 1 H),
5.03 (d, J=14.2 Hz, 1 H), 7.36 — 7.54 (m, 3 H), 7.67 (d, J=8.3
Hz, 1 H), 8.99 (s, 1 H)

Optical purity: 97.65%ee

temp.: 25 °C

Mobile phase: n-Hexane:IPA:TFA:DEA = 80:20:0.5:0.5

r.t.: 28.29 min

[0319] Example 37

Synthesis of (28)-2-(4, 5-dihydroimidazo[l, 5-alquinolin-3-

ylmethyl)—5—[(ethoxycarbonyl)amino]pentanoic acid

To a solution of (28)-5-amino-2-{4,5-dihydroimidazo[l,5-
alquinolin-3-ylmethyl)pentanocic acid (200 mg) in N,N-

dimethylformamide (7 ml), ethyl d-nitrophenyl carbonate
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(144 mg) was added and the mixture was stirred for 22 hours at
room temperature. After adding toluene to the reaction
mixture, the solvent was concentrated in vacuo and the
resulting residue was purified by silica gel column
chromatography (eluent: chloroform/methancol = 9:1) to give the
titled compound (compound 37, 162 mg) as a colorless powder.s*
MS{ESI/APCI Dual): 372 (M+H)

'H NMR (600 MHz, DMSO-d¢) & ppm 1.10 (t, J=7.1 Hz, 3 H), 1.31 -
1.51 (m, 4 H), 2.52 - 2.64 (m, 2 H), 2.70 - 2.76 (m, 1 H),
2.78 - 2.81 (m, 2 H), 2.82 - 2.87 (m, 2 H), 2.87 - 2.96 (m, 2
H), 3.92 (g, J=7.1 Hz, 2 H), 7.03 (t, J=5.5 Hz, 1 M), 7.15 -
7.20 (m, 1 H), 7.30 - 7.34 (m, 1 H), 7.35 ~ 7.38 (m, 1 H),
7.68 ~ 7.72 (m, 1 H), 8.26 (s, 1 H)

[0320] Example 38

Synthesis of (28)—5-({[1-

{acetyloxy)ethoxy]carbonyl}amino}-2-(4,5-dihydroimidazoll, 5-

alquinolin-3-ylmethyl)pentanocic acid

To a solution of (28)=-5-amino-2-(4,5-dihydroimidazo[1,5-
alguinolin-3-ylmethyl)pentanoic acid (256 mg) in N,N-
dimethylformamide (8.5 ml), 1-{[ (4~
nitrophenoxy)carbonyl]oxylethyl acetate {230 mg) was added and
the mixture was stirred for 15 hours at room temperature.
After adding brine to the reaction mixture, extraction was
conducted with chloroform. The organic layer was dried over
anhydrous sodium sulfate and the solvent was removed in vacuo.
The resulting residue was purified by silica gel column
chromatography (eluent: chloroform/methanol = 30:1 to 10:1) to

give the titled compound {compound 38, 258 mg) as a pale
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yellow powder.

MS (ESI/APCI Dual): 430 (M+H)

ly NMR (600 MHz, DMSO-dg¢) & ppm 1.27 - 1.56 (m, 7 H), 1.99 (s,
3 H), 2.52 - 2,64 {m, 2 H), 2.65 - 3.03 (m, 7 H}, 6.57 - 6,67
(m, 1 H), 7.15 - 7.20 (m, 1 H), 7.30 - 7.34 (m, 1 H), 7.35 -
7.38 (m, 1 H), 7.39 -~ 7.45 (m, 1 H), 7.65% - 7.75 {m, 1 H),
8.26 (s, 1 H)

[0321] Example 39

Synthesis of (2S)—2-(4,5~dihydroimidazeo[1,5-a]jguinolin-3-

ylmethyl)-5-({[1-(propanoyloxy)ethoxy] carbonyl}amino}pentanoic

acid

To a solution of (28)-5-amino-2-(4,5-dihydroimidazo{l, 5-
ajquinolin-3-ylmethyl)pentancic acid (150 mg) in N,N-
dimethylformamide (5.0 ml), 1-{[{4-
nitrophenoxy)carbonyl]oxylethyl propancate (142 mg) was added
and the mixture was stirred for 15 hours at room temperature.
After adding brine to the reaction mixture, extraction was
conducted with chloroform. The organic layer was dried overx
anhydrous sodium sulfate and the solvent was removed in vacuo.
The resulting residue was purified by silica gel column
chromatography (eluent: chloroform/methancl = 30:1 to 10:1) to
give the titled compound (compound 39, 100 mg) as a pale
yellow powder,
MS(ESI/APCI Dual): 444 (M+H)
gy NMR (600 MHz, DMSO-d¢} & ppm 0.99 (t, J=7.3 Hz, 3 H), 1.28 -~
1.57 {(m, 7 H), 2.28 (g, J=7.3 Hz, 2 H), 2.52 - 2.65 (m, 2 H),
2.67 - 3.03 {m, 7 H), 6.61 -~ 6.67 (m, 1 H), 7.15 - 7.20 (m, 1

H), 7.30 - 7.35 (m, 1 H), 7.35 - 7.38 {(m, 1 H}), 7.39 - 7.44
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(m, 1 H), 7.67 - 7.72 (m, 1 H), 8.26 (s, 1 H)
[0322] Example 40
Synthesis of (28)—-5-({[1-

(butanoyloxy)ethoxy]carbonyl}amino)-2—(4,S—dihydroimidazo[l,S-

alquinolin-3-yvlmethyl)pentanoic acid

To a solution of (28}—5—amino—2—(4,5—dihydroimidazo[l,5—
alquinolin~3-ylmethyl)pentanoic acid (150 mg) in N,N-
dimethylformamide (5.0 ml), 1-{](4-
nitrophenoxy)carbenyl]oxy}ethyl butanoate (149 mg) was added
and the mixture was stirred for 15 hours at room temperature.
After adding brine to the reaction mixture, extraction was
conducted with chloroform. The organic layer was dried over
anhydrous sodium sulfate and the solvent was removed in vacuo.
The resulting residue was purified by silica gel column
chromatography (eluent: chloroform/methanol = 30:1 to 10:1) to
give the titled compound (compound 40, 101 mg) as a pale
yellow powder.
MS(ESI/APCI Dual): 458 (M+H)
'H NMR (600 MHz, DMSO-de¢) & ppm 0.86 (t, J=7.3 Hz, 3 H), 1.27 -
1.58 (m, 9 B), 2.24 {t, J=7.1 Hz, 2 B), 2.53 - 2.64 (m, 2 1),
2.64 - 3.02 (m, 7 H), 6.58 - 6.72 (m, 1 H), 7.12 - 7.22 {m, 1
B), 7.27 - 7.3%9 (m, 2 H), 7.39 - 7.46 (m, 1 H), 7.65 - 7.73
(m, 1 H), 8.27 (s, 1 H)
[0323] Example 41

Synthesis of (28)—2-(4,5-dihydroimidazo{l, 5-a]lquinolin~3-

ylmethyl)-5~[({1-[(2-

methylpropanoyl)oxy]ethoxy}carbonyl)amino]pentanoic acid

To a solution of (28)~5—amino—2—(4,5—dihydroimidazo[l,5—




- le66 -

alquinolin-3-ylmethyl)pentancic acid (212 mg) in N,N-
dimethylformamide (7.1 ml), 1-{[(4-
nitrophenoxy)carbonyl]oxylethyl 2-methylpropanoate (211 mg)
was added and the mixture was stirred for 15 hours at room
temperature. After adding brine to the reaction mixture,
extraction was conducted with chloroform. The organic layer
was dried over anhydrous sodium sulfate and the solvent was
removed in vacuo. The resulting residue was purified by silica
gel column chromatography (eluent: chloroform/methanol = 30:1)
to give the titled compound (compound 41, 40 mg) as a '
colorless powder.

MS (ESI/APCI Dual): 458 (M+H)

1y NMR (600 MHz, DMSO-dg) & ppm 0.97 - 1.12 (m, 6 H), 1.28 -
1.56 (m, 7 H), 2.41 - 2.64 (m, 3 H), 2.67 - 3.01 (m, 7 H),
6.57 — 6.68 (m, 1 H), 7.13 - 7.22 (m, 1 H), 7.28 - 7.39 (m, 2
Hy, 7.40 - 7.46 (m, 1 H}, 7.65 - 7.74 (m, L H}, 8.26 (s, 1 H)
f0324] Example 42

Synthesis of (28)—5-[({{1-

[(cyclohexylcarbonyl)oxy]ethoxy}carbonyl)amino]—2-(4,5—

dihydroimidazo[l,5-a}quinolin~3—y1methyl)pentanoic acid

To a solution of (28)-5-amino-2-(4,5-dihydroimidazo{l,5-
alquinolin-3-ylmethyl)pentanocic acid (150 mg) in N,N-
dimethylformamide (5.0 ml), 1-{[(4-
nitrophenoxy)carbonyl]oxy}ethyl cyclohexanecarboxylate (169
mg) was added and the mixture was stirred for 15 hours at room
temperature. After adding brine to the reaction mixture,
extraction was conducted with chloroform. The organic layer

was dried over anhydrous sodium sulfate and the solvent was
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removed in vacuo. The resulting residue was purified by silica
gel column chromatography (eluent: chloroform/methanol = 30:1
to 10:1) to give the titled compound (compound 42, 209 mg) as
a pale yellow powder.

MS (ESI/APCI Dual): 498 (M+H)

'H NMR (600 MHz, DMSO-dg) & ppm L1.11 - 1.59 (m, 13 H), 1.59 -
1.70 (m, 2 H), 1.70 - 1.83 (m, 2 H), 2.20 - 2.34 (m, 1 H},
2.52 - 2.64 (m, 2 H), 2.66 - 3.02 (m, 7 H), 6.60 - 6.67 (m, 1
H), 7.15 - 7.21 (m, 1 H), 7.30 — 7.39 (m, 2 H), 7.39 - 7.45
{m, 1 H), 7.67 - 7.73 (m, 1 H), 8.26 (s, 1 H)

[0325] Example 43

Synthesis of (25)—2-(4,5-dihydroimidazo[l,5~alguinolin-3-

ylmethyl)-5-[ ({1~

[ (phenylcarbonyl)oxylethoxylcarbonyl)amino]lpentancic acid

To a solution of (28)-5-amino-2-(4,5-dihydroimidazo{l,5-
alquinolin-3-ylmethyl)pentanoic acid (150 mg) in N,N-
dimethylformamide (5.0 ml), 1-{[(4-
nitrophenoxy) carbonyl]oxy}lethyl benzoate (166 mg) was added
and the mixture was stirred for 15 hours at room temperature.
After adding brine to the reaction mixture, extraction was
conducted with cﬁloroform. The organic layer was dried over
anhydrous sodium sulfate and the solvent was removed in vacuo.
The resulting residue was purified by silica gel column
chromatography (eluent: chloroform/methanol = 30:1 to 10:1) to
give the titled compound (compound 43, 201 mg) as a colorless
powder.

MS(ESL/APCI Dual): 492 (M+H)

'H NMR (600 MHz, DMSO-dg¢)} Sppm 1.30 - 1.61 (m, 7 HY, 2.51 -
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2.63 {(m, 2 H), 2.65 - 2.88 (m, 5 H), 2.88 - 3.04 (m, 2 H),
6.83 - 6.93 (m, 1 H), 7.12 - 7.21 {m, 1 H), 7.26 - 7.40 {m, 2
H), 7.46 — 7.58 (m, 3 H), 7.62 - 7.73 (m, 2 H), 7.86 - 7.98
(m, 2 H), 8.26 (s, 1 H)

[0326] Example 44

Synthesis of (28)-5-{{[1—-({acetyloxy}—-2-

methylpropoxy]carbonyl}amino)-2~-(4,5-~dihydroimidazo(1, 5-

algquinolin-3-ylmethyl)pentanoic acid

To a solution of (28)-5~amino-2-(4,5~dihydreoimidazo[l,5-
alquinolin-3-ylmethyl)pentanoic acid (156 mg) in N,N-
dimethylformamide (5 ml}, 2-methyl-1-{[(4-
nitrophenoxy)carbonyl]oxylpropyl acetate (154 mg) was added
and the mixture was stirred overnight at room temperature.
After adding water to the reaction mixture, extraction was
conducted with ethyl acetate. The organic layer-was dried over
anhydrous sodium sulfate and the solvent was removed in vacuo.
The resulting residue was purified by silica gel column
chromatography {eluent: chloroform/methanol = 100:0 to 90:10)
to give the titled compound (compcund 48, 181 mg) as a
colorless amorphous mass.

MS (ESI/APCI Dual): 458 {M+H)

‘4 NMR (600 MHz, DMSO-dg} & ppm 0.82 - 0.89 {(m, 6 H), 1.32 -
1.51 (m, 4 H), 1.85 - 1.93 (m, 1 H), 2.00, 2.01 (s, 3 H), 2.52
- 2.60 (m, 2 H), 2.69 - 2.75 {m, 1 H), 2.77 - 2.82 {m, 2 H},
2.82 -~ 2.87 (m, 2 H), 2.89 - 2.99 (m, 2 H), 6.39 - 6.42 (m, 1
g), 7.15 - 7.19 {(m, 1 H), 7.30 - 7.34 {m, 1 H), 7.35 - 7.39
(m, 2 H), 7.67 - 7.72 (m, 1 H), 8.26 (s, 1 H)

[0327] Example 45



2?00 11, ... -

- 1868 -

Synthesis of (28)-2—(4,5—dihydroimidazo[1,5—a]quinolin—3-

ylmethyl) -5- ({ [2-methyl-1-

(propanoyloxy)propoxy]carbonyl}amino)pentanoic acid

(1) Synthesis of l-iodo-2-methylpropyl 4-nitrophenyl carbonate

To a solution of l-chloxo-2-methylpropyl 4-nitrophenyl
carbonate (4.86 g) in toluene (100 ml), sodium iodide (10.7 g)
and calcium chloride (7.90 g) were added and the mizxture was
heated under reflux for 9 hours. After adding water to the
reaction mixture, extraction was conduected with ethyl acetate.
The organic layer was dried over anhydrous sodium sulfate and
the solvent was removed in vacuo to give the titled compound
(6.26 g) as an unpurified brown oil.
"H NMR (300 MHz, CHLOROFORM-d) & ppm 1.05 - 1.15 (m, 6 H),
1.77 -~ 1.92 {m, 1 H), 6.75 (d, J=4.0 Hz, 1 H), 7.39 - 7.47 (m,
2 H), 8.28 - B.34 (m, 2 H)
[(0328] (2) Synthesis of 2-methyl-1-{[ (4~
nitrophenoxy)carbonyl}oxy}propyl propanocate

To a solution of l1-iodo-2-methylpropyl 4-nitrophenyl
carbonate (1.20 g) in toluene (10 ml), silver propionate (1.06
g) was added and the mixture was stirred for 2 hours at 90 °C.
The reaction mixture was filtered through Celite and the
filtrate was concentrated in vacuo. To the resulting residue,
ethyl acetate was added and the mixture was washed with water
and brine. After drying the organic layer over anhydrous
sodium sulfate, the solvent was removed in vacuo. The
resulting residue was purified by silica gel column
chromatography (elulent: n-hexane/chloroform = 9:1 to 1:1) and

by another run of silica gel column chromatography (elulent:




- 170 -

n-hexane/ethyl acetate = 1:0 to 19:1) to give the titled
compound (411 mg) as a pale yellow oil.
MS(ESI/APCI Dual): 334 (M+Na}
14 NMR (300 MHz, CHLOROFORM-d) & ppm 1.06 (d, J=6.9 Hz, & H),
1.18 (t, J=7.5 Hz, 3 H), 2.15 {qgd, J=6.9, 5.0 Hz, 1 H), 2.43
(q, J=7.5 Hz, 2 H), 6.60 (d, J=5.0 Hz, 1H), 7.38 - 7.45 (m, 2
H), 8.25 - 8.32 {m, 2 H)
[0329] {3) Synthesis of (28)—2-(4,5-dihydroimidazo([1, 5~
a]quinolin-S—ylmethyl)—5~({[2—methyl—1~
(propanoyloxy)propoxy]carbonyl}amino)pentanoic acid

To a solution of (2S)—5—amino—2—(4,5~dihydroimidazo[l,5—
a]quinolin—3—ylmethyl)pentanoic aclid (200 mg) in N,N-
dimethylformamide (6 ml), 2-methyl-1—-{{ (4-
nitrophenoxy)carbonyl]oxy}prcpyl propanoate (249 mg) was added
and the mixture was stirred for 2 days at room temperature.
After adding water to the reaction mixture, extraction was
conducted with ethyl acetate. The oxganic layer was dried over
anhydrous sodium sulfate and the solvent was removed in vacuo.
The resulting residue was purified by silica gel column
chromatography (eluent: chloroform/methanol = 97:3 to %0:10)
to give the titled compound (compound 45, 198 mg) as a
colorless amorphous mass.
MS{ESI/APCI Dual): 472 (M+H)
4 NMR (600 MHz, DMSO-ds) & ppm 0.82 - 0.90 (m, 6 H), 1.00 (t,
J=7.6 Kz, 3 H), 1.33 - 1.51 (m, 4 H), 1.85 - 1.93 (m, 1 H),
2.24 - 2.35 (m, 2 H), 2.51 - 2.60 (m, 2 H), 2.70 - 2.75 (m, 1
H), 2.77 - 2.87 {m, 4 H), 2.8% - 2.98 (m, 2 H)Y, 6.41 - 6.44

(m, 1 H), 7.15 - 7.19 (m, 1 H), 7.30 - 7.34 {(m, 1 H}, 7.35 -
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7.38 (m, 2 H), 7.66 -~ 7.72 (m, 1 H), 8.26 (s, 1 B)
[0330] Example 46

Synthesis of (28)—5—({[1—(butanoyloxy)—2—

methylpropoxy]carbonyl}amino)—2—(4,5—dihydroimidazo[l,5—

alguinolin-3-ylmethyl)pentanoic acid

(1) Synthesis of 2-methyl-1-{[({4-
nitrophenoxy)carbonyl]oxy}propyl butanocate

To a solution of l-iodo-2-methylpropyl 4-nitrophenyl
carbonate (1.20 g) in toluene (10 ml), silver butanoate
(1.14 g) was added and the mixture was stirred for 2 hours at
90 °C. The reaction mixture was filtered through Celite and
the filtrate was concentrated in vacuo. To the resulting
residue, ethyl acetate was added and the mixture was washed
with water and brine. After drying the organic layer over
anhydrous sodium sulfate, the solvent was removed in vacuo.
The resulting residue was purified by silica gel column
chromatography (elulent: n-hexane/chloroform = 9:1 to 1:1) and
by another run of silica gel column chromatography (elulent:
n-hexane/ethyl acetate = 1:0 to 19:1) to give the titled
compound (518 mg) as a pale yellow oil.
MS (ESI/APCI Dual): 348 (M+Na)
H NMR (300 MHz, CHLOROFORM-d) oppm 0.98 (t, J=7.4 Hz, 3 H},
1.06 (d, J=6.8 Hz, 6 H), 1..70 (gqt, J=7.4, 7.4 Hz, 2 H), 2.15
(qd, J=6.8, 5.0 Hz, 1 H), 2.38 (t, J=7.4 Hz, 2 H), 6.60 (d,
J=5.0 Hz, 1 H), 7.38 - 7.45 (m, 2 H), 8.25 - 8.31 (m, 2 H)
[0331] {(2) Synthesis of (28)~5-({[1-(butanoyloxy)-2-
methylpropoxy]carbonyl}amino)~2—(4,5—dihydroimidazo[1,5~

alquinolin-3-ylmethyl)pentancic acid
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To a solution of (2S)-5-amino—2-(4,5-dihydroimidazoll, 3~
a]quinolin—B-ylmethyl)pentanoic acid (200 mg) in N,N-
dimethylformamide (6 ml), 2-methyl-1-{[(4-
nitrophenoxy)carbonyl]oxylpropyl butanoate (260 mg) was added
and the mixture was stirred for 2 days at room temperature.
After adding water to the reaction mixture, extraction was
conducted with ethyl acetate. The organic layer was dried over
anhydrous sodium sulfate and the solvent was removed 1n vacuo.
The resulting residue was purified by silica gel column
chromatography {eluent: chloroform/methanol = 97:3 to 90:10)
te give the titled compound {(compound 46, 194 mg) as a
colorless amorphous mass.

MS(ESI/APCI Dual): 486 (M+H)

ly NMR (600 MHz, DMSO-dg) & ppm 0.82 — 0.90 (m, 9 H), 1.32 -
1.56 (m, 6 H), 1.85 - 1.93 (m, 1 H), 2.26 (t, J=6.3 Hz, 2 H),
2.51 - 2.60 (m, 2 H), 2.69 - 2.75 (m, 1 B), 2.77 - 2.87 {m, 4
H), 2.89 - 2.97 {(m, 2 H), 6.41 - 6.45 (m, 1 H}, 7.15 - 7.19
(m, 1 H), 7.30 - 7.34 (m, 1 H), 7.35 - 7.3% (m, 2 HY, 7.66 -
7.72 (m, 1 H), 8.26 (s, 1 H)

[0332] Example 47

Synthesis of (2S)—2—(4,5—dihydroimidazo[1,5—a]quinolin—3~

ylmethyl)—S—[({2—methyl—1"[(2—

methylpropanoyl)oxy]propoxy}carbonyl}amino]pentanoic acid

To a solution of (28)-5-amino-2-(4,5-dihydroimidazo(l, 3~
a]quinolin-3—ylmethyl)pentanoic acid (245 mg) in N,N-
dimethylformamide (8 ml), 2-methyl-1-{[ (4-
nitrophenoxy)carbonyl] oxy}propyl 2-methylpropancate (318 mg)

was added and the mixture was stirred overnight at room
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temperature. After adding water to the reaction mixture,
extraction was conducted with ethyl acetate. The organic layer
was dried over anhydrous sodium sulfate and the solvent was
removed in vacuo. The resulting residue was purified by silica
gel column chromatography (eluent: chloroform/methanol = 100:0
to 85:15) to give the titled compound (compound 47, 291 mg) as
a colorless powder.

MS(ESI/APCI Dual): 486 (M+H)

'H NMR (600 MHz, DMSO-dg) & ppm 0.83 - 0.89 (m, 6 H), 1.03 -
1.09 (m, 6 H), 1.22 - 1,28 (m, 1L H), 1.33 - 1.50 (m, 4 H),
1.86 - 1.94 {(m, 1 H), 2.51 - 2.58 {m, 2 H), 2.70 - 2.76 (m, 1
H), 2.76 - 2.86 (m, 4 H), 2.89 - 2.96 {(my{ 2 H), 6.39 - 6.43
{m, 1 H), 7.15 - 7.19 (m, 1 H), 7.29 - 7.40 {m, 3 H), 7.65 -
7.72 (m, 1 H), 8.25 (s, 1 H)

[0333] Example 48

Synthesis of (28)—5-[({l—[(cyclohexylcarbonyl)oxy]-2—

methylpropoxy}carbonyl)amino]~2—(4,5—dihydroimidazo[l,5—

alguinolin-3-ylmethyl)pentanocic acid

(1) Synthesis of 2-methyl-1-{[(4-
nitrophenoxy)carbonyl]oxy}propyl cyclohexanecarboxylate

To a solution of l1-iode~2~methylpropyl 4-nitrophenyl
carbonate (1.55 g) in toluene {14 ml), silver
cyclohexanecarboxylate (2.00 g) was added and the mixture was
stirred for an hour at 90 °C. The reaction mixture was
filtered through Celite and the Ffiltrate was concentrated in
vacuo. To the resulting residue, ethyl acetate was added and
the mixture was washed with water and brine. After drying the

organic layer over anhydrous sodium sulfate, the solvent was
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removed in vacuo. The resulting residue was purified by silica
gel column chromatography (elulent: n-hexane/chloroform = 9:1
to 1:1) and by another run of silica gel column chromatography
(elulent: n-hexane/ethyl acetate = 1:0 to 19:1) to give the
titled compound (1.08 g} as a pale yellow oil.
MS (ESI/APCI Dual): 388 (M+Na)
!4 NMR (300 MHz, CHLOROFORM-d) & ppm 1.05 (d, J=6.8 Hz, & H},
1.20 - 1.38 (m, 3 H), 1.40 - 1.55 (m, 2 H), 1.59 - 1.70 {m, 1
H), 1.72 - 1.82 (m, 2 H), 1.89 - 2.01 (m, 2 H), 2.08 - 2.22
(m, 1 H), 2.33 - 2.45 (m, 1 H), 6.59 (d, J=5.0 Hz, 1 8), 7.38
~ 7.44 {m, 2 H), 8.24 - 8.32 (m, 2 H)
[0334] (2) Synthesis of (25)—5-[({1-
[(cyclohexylcarbonyl)oxy]—2—methylpropoxy}carbonyl)amino]—2—
(4,5—dihydroimidazo[1,S—a]quinolin~3—ylmethyl)pentanoic acid
To a solution of {ZS)—S—amino—Zﬂ(4,5—dihydroimidazo[1,5—
alquinolin-3-ylmethyl)pentanocic acid (200 mg) in N,N-
dimethylformamide (6 ml), 2-methyl-1-{[ (4~
nitrophenoxy)carbonyl]oxy}propyl cycloyhexanecarboxylate
(292 mg) was added and the mixture was stirred foxr 2 days at
room temperature. After adding water to the reaction mixture,
extraction was conducted with ethyl acetate. The organic layer
was dried over anhydrous sodium sulfate and the sclvent was
removed in vacuo. The resulting residue was purified by silica
gel column chromatography (eluent: chloroform/methanol = 97:3
to B5:15) to give the titled compound (compound 48, 202 mg) as
a colorless amorphous mass.
MS{ESI/APCI Dual}: 526 (M+H)

ly NMR {600 MHz, DMSO-dg) & ppm 0.81 - 0.90 (m, 6 H), 1.12 -
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1.49 (m, 10 H), 1.51 - 1.57 (m, 1 H), 1.60 — 1.67 (m, 2 H,
1.71 - 1.82 (m, 2 H), 1.86 - 1.94 (m, 1 H), 2.25 - 2.33 {m, 1
H), 2.53 - 2.5%9 (m, 1 H), 2.70 - 2.75 (m, 1 H), 2.77 - 2.81
{m, 2 H), 2.82 - 2.87 (m, 2 H), 2.90 - 2.95 (m, 2 H), 6.40 -
6.43 (m, 1 H), 7.15 - 7.20 {m, 1 H), 7.30 - 7.34 {m, 1 H},
7.35 - 7.40 (m, 2 H), 7.66 - 7.73 (m, 1 H), 8.26 (s, 1 H)
[0335] Example 49

Synthesis of ({25)—2-(4,5-dihydroimidazo[l,5-ajquinolin-3-

ylmethyl)-5-[ ({2-methyl-~1-

[(phenylcarbonyl)oxy]propoxy}carbonyl)amino]pentanoic acid

To a solution of (2S)-5-amino-2-(4,5-dihydroimidazofl,5—
alquinelin-3-ylmethyl)pentanoic acid (114 mg) in N,N-
dimethylformamide (10 ml), 2-methyl-1-{[ (4-
nitrophenoxy) carbonyl]oxy}propyl benzoate (136 mg) was added
and the mixture was stirred overnight at room temperature.
After adding water to the reaction mixture, extraction was
conducted with ethyl acetate. The organic layer was dried over
anhydrous sodium sulfate and the solvent was removed in vacuo.
The resulting residue was purified by silica gel column
chromatography (eluent: chloroform/methancl = 97:3 to 80:10)
to give the titled compound (compound 49, 172 mg) as a pale
pink amorphous mass.

MS(ESI/APCI Dual): 520 (M+H)

"H NMR (600 MHz, DMSO~-ds) & ppm 0.92 ~ 0.99 (m, 6 H), 1.34 -
1.49 (m, 4 H), 2.03 - 2.10 (m, 1 H), 2.52 - 2.60 (m, 2 H),
2.68 - 2.86 (m, 5 B}, 2.89 - 2,98 (m, 2 H), 6.65 ~ 6.69 (m, 1
H), 7.14 - 7.20 (m, 1 H), 7.29 - 7.37 {(m, 2 H), 7.43 - 7.47

(m, 1 H), 7.52 - 7.57 (m, 2 H), 7.64 - 7.71 (m, 2 H), 7.91 -
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7.97 (m, 2 H), 8.25 (s, 1 H)
[0336] Example 50
Synthesis of (28)—2-(4,5-dihydroimidazo[l,5-alquinolin-3-

ylmethyl)—S—({[(5—methyl—2—oxo—l,3-diox01—4—yl)methoxy]

carbonyl}amino)pentancic acid

To a solution of (28)-5-amino-2-(4,5-dihydroimidazofl, 5-
alquinolin-3-ylmethyl)pentanoic acid (500 mg) in N,N-~
dimethylformamide [(16.7 ml), (5-methyl-2-oxo-1,3-dioxol-4-
yl)methyl 4-nitrophenyl carbonate (493 mg) was added and the
mixture was stirred for 16 hours at room temperature. After
adding brine to the reaction mixture, extraction was conducted
with chloroform. The organic layer was dried over anhydrous
sodium sulfate and the.solvent was removed in vacuo. The
resulting residue was purified by silica gel column
chromatography {eluent: chloroform/methanol = 20:1) to give
the titled compound (compound 50, 467 mg) as a colorless
armmorphous mass.

MS(ESI/APCI Dual): 456 (M+H)

5 NMR (600 MHz, DMSO-ds) Sppm 1.30 - 1.58 (m, 4 H), 2.13 (s, 3
H), 2.52 - 2.64 (m, 2 H), 2.66 - 2.76 (m, 1 H), 2.76 - 2.89

(m, 4 H), 2.90 - 2,98 (m, 2 H), 4.82 (s, 2 H), 7.14 - 7.21 (m,
1 H), 7.27 - 7.42 {(m, 3 H), 7.70 {d, J=7.8 Hz, 1 H), 8.26 (s,
1

Optical purity: 99.87%ee

temp.: 10 °C

Mobile phase: n-Hexane:IPA:TFA:DEA = 80:20:0.5:0.5

r.t.: 34.06 min

[0337] Example 51
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Synthesis of (28)—2-(4,5-dihydroimidazo[l, 5-alquinolin-3-

ylmethyl)-5- ({[{2-oxo-5-phenyl-1,3~-dioxol-4-yl)methoxy]

carbonyl}amino)pentanoic acid

To a solution of (285}-5-amino-2-(4,5-dihydroimidazo[l, 5-
alquinolin-3-ylmethyl)pentancic acid (150 mg) in N,N-
dimethylformamide (5.0 ml), 4-nitrophenyl (2-oxo-5-phenyl-1, 3-
dioxol-4-yllmethyl carbonate (179 mg) was added and the
mixture was stirred for 16 hours at room temperature. After
adding brine to the reaction mixture, extraction was conducted
with chloroform. The organic layer was dried over anhydrous
sodium sulfate and the solvent was removed in vacuo. The
resulting residue was purified by silica gel column
chromatography (eluent: chloroform/methancl = 20:1) to give
the titled compound (compound 51, 125 mg) as a colorless
amorphous mass.

MS(ESI/APCI Dual): 518 (M+H)

'H NMR (600 MHz, DMSO-ds} & ppm 1.30 - 1.58 (m, 4 H), 2.52 -
2.65 (m, 2 H), 2.67 - 2.91 (m, 5 H), 2.81 - 3.05 (m, 2 H),
5.08 (s, 2 H), 7.13 - 7.20 {(m, 1 H), 7.27 - 7.40 (m, 2 H),
7.45 - 7.61 (m, 4 H), 7.61 - 7.74 (m, 3 H), 8.26 (s, 1 H)
[0338] Example 52

Synthesis of (28)—2-(4,5-dihydroimidazo([1,5~a]quinolin-3-

ylmethyl)-5-[ ({ [2-0ox0—5~(propan—-2-yl) -1, 3-dioxol-4-

vl]lmethoxy}carbonyl)amino]pentanoic acid

(1) Synthesis of 4-nitrophenyl [2-ox0-5- (propan-2-yl)-1, 3~
dioxol-4-yllmethyl carbonate
To a solution of 4-(hydroxymethyl)~5-iscpropyl-1, 3-

dioxol-~2-one (450 mg) in chloroform {9.5 ml}, pyridine
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(248 mg) and 4-nitrophenyl chlorocarbonate (631 mg) were added
under cooling with ice and the mixture was stirred for 3 hours
at room temperature. To the reaction mixture, an agueous
solutioln of 1 M hydrochloric acid was added and after
extraction with chloroform, the organic layer was washed with
brine. After drying the organic layer over anhydrous sodium
sulfate, the solvent was removed in vacuo. The resulting
residue was purified by silica gel column chromatography
(eluent: n-hexane/ethyl acetate = 4:1) to give the titled
compound (416 mg) as a colorless oil.
1§ NMR (300 MHz, CHLOROFORM-d) & ppm 1.27 (d, J=7.0 Hz, 6 H},
2.90 - 3.05 (m, 1 H), 5.06 (s, 2 H), 7.35 - 7.45 (m, 2 H),
8.26 - 8.36 (m, 2 H)
[0339] (2) Synthesis of (2S)—2-(4,5~dihydroimidazo[1, 5-
alquinolin-3-ylmethyl)-5-[ ({ [2-0ox0~5~ (propan—-2-yl}=1,3-dioxol-
4-ylimethoxyl}carbonyl)amino]lpentancic acid

To a solution of (28)-5-amino-2-(4,5-dihydroimidazcll, 5~
algquinolin-3-ylmethyl)pentanoic acid (150 mg) in N,N-
dimethylformamide (5.0 ml}), 4-nitrophenyl [2-oxo-5-({propan-2-
yl)-1,3-dioxol-4-yllmethyl carbonate (162 mg) was added and
the mixture was stirred for 16 hours at room temperature.
After adding brine to the reaction mixture, extraction was
conducted with chloroform. The organic layer was dried over
anhydrous sodium sulfate and the solvent was removed in vacuo.
The resulting residue was purified by silica gel column
chromatography (eluent: chloroform/methancl = 20:1) to give
the titled compound {(compound 52, 90 mg) as a colorless

amorphous mass.
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MS (ESI/APCI Dual): 484 (M+H)

'H NMR (600 MHz, DMSO-dg¢) & ppm 1.14 (d, J=6.9 Hz, 6 H), 1.31 -
1.53 (m, 4 H), 2.52 - 2.61 (m, 2 H), 2.68 - 2.76 (m, 1 H),
2.76 - 2.82 (m, 2 H), 2.82 - 2.88 (m, 2 H), 2.89 -~ 2.98 (m, 2
H), 2.99 - 3.08 (m, 1 H), 4.83 (s, 2 H), 7.13 - 7.21 {m, 1 H),
7.28 - 7.41 (m, 3 H), 7.69 (d, J=7.8 Hz, 1 H), 8.26 (s, 1 H)
[0340] Example 53

Synthesis of (28)—2- (4, 5-dihydroimidazofl, 5-a] quinolin-3-

ylmethyl)-5-({[(2-oxo-5-propyl—-1, 3~dioxol-4-

yl)imethoxylcarbonyl}amino)pentanoic acid

(1) Synthesis of 4-nitrophenyl {2-oxo-5-propyl-1, 3-dioxol-4-
yl)methyl carbonate

To a solution of 4—(hydroxymethyl)-5-propyl-1, 3-dioxol—-2-
one (380 mg) in chloroform (8.0 ml), pyridine (209 mg) and 4-
nitrophenyl chlorocarbonate (532 mg) were added under cooling
with ice and the mixture was stirred for 3 hours at room
temperature. To the reaction mixture, an aqueous solutioln of
1 M hydrochloric acid was added and after extraction with
chloroform, the organic layer was washed with brine. After
drying the organic layer over anhydrous sodium sulfate, the
solvent was removed in vacuo. The resulting residue was
purified by silica gel column chromatography {(eluent: n-
hexane/ethyl acetate = 4:1) to give the titled compound
{750 ng) as a colorless oil.
'H NMR (300 MHz, CHLOROFORM-d) élppm 0.99 (t, J=7.4 Hz, 3 H),
1.60 - 1.75 (m, 2 H), 2.52 (t, J=7.4 Hz, 2 H), 5.05 (s, 2 H),
7.36 - 7.45 {(m, 2 H), 8.27 - 8.35 (m, 2 R)

[0341] (2) Synthesis of (28)—2-(4,5-dihydroimidazo[l,5-
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a]quinolin—B—ylmethyl]—5—({[(2—oxo—5—propyl—l,3—dioxol—4—
yl)methoxy]carbonyl}amino)pentanoic acid

To a solution of (28)-5-amino-2-{4,5-dihydroimidazo[l,5-
alquinclin-3-ylmethyl)pentanoic acid (150 mg) in N,N-
dimethylformamide (5.0 ml), 4-nitrophenyl (2-oxo-5-propyl-1,3-
dioxol-4-yl)methyl carbonate (162 mg) was added and the
mixture was stirred for 15 hours at room temperature. To the
reaction mixture, water and diethyl ether were added and the
precipitating powder was recovered by filtration. The powdex
was then washed with water and diethyl ether to give the
titled compound {compound 53, 151 mg) as a colorless powder.
MS(ESI/APCI Dual): 484 (M+H)
1§y NMR (600 MHz, DMSO-dg) & ppm 0.88 (t, J=7.6 Hz, 3 H), 1.32 -
1.56 {m, 6 H), 2.46 — 2.60 (m, 4 H), 2.68 - 2.76 (m, 1 H),
2.77 - 2.82 {(m, 2 H), 2.82 - 2.88 (m, 2 H), 2.90 - 2.98 (m, 2
H), 4.83 (s, 2 H), 7.14 - 7.21 (m, 1 H), 7.29 - 7.40 (m, 3 H),
7.67 - 7.72 (m, 1 H}, 8.26 (s, 1 H)
[0342] Example 54

Synthesis of (28)—=5-{{[ (5—tert-butyl-2-oxo-1, 3-dioxol-4-

y1l)methoxy) carbonyl}anino) -2-(4, 5-dihydroimidaze([l, 5-

algquinelin-3-ylmethyl)pentanoic acid

(1) Synthesis of (5-tert-butyl-2-oxo-1,3-dioxol-4-yl)methyl 4-
nitrophenyl carbonate

To a solution of 4-tert-butyl-5-(hydroxymethyl)- 1,3-
dioxol-2-one (400 mg) in chloroform (5 ml), pyridine (210 puL)
and 4-nitrophenyl chlorocarbonate (516 mg) were added under
cooling with ice and the mixture was stirred for 19 hours at

room temperature. To the reaction mixture, an agqueous
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solutioln of 1 M hydrochloric acid was added and after two
extractions with ethyl acetate, the organic layer was dried
over anhydrous magnesium sulfate and the solvent was then
removed in vacuo. The resulting residue was purified by silica
gel column chromatography (eluent: n-hexane/ethyl acetate =
80:20) and Subsequently by another run of silica gel column
chromatography (eluent: n-hexane/ethyl acetate = 85:15) to
give the titled compound (490 mg) as a colorless powder.
MS{ESI/APCI Dual): 360 (M+Na)
'H NMR {300 MHz, CHLOROFORM-d} 5 ppm 1.35 (s, 9 H), 5.17 {s, 2
H), 7.38 - 7.45 (m, 2 H), 8.28 - g8.38 {m, 2 H)
[0343] {2} Synthesis of (ZS)—S*({[(5-tert-buty1—2—oxo—1,3—
dioxol—4~yl)methoxy]carbonyl}amino)—2—(4,5—dihydroimidazo[l,5-
a]quinolin-3~ylmethyl)pentanoic acid

Te a soclution of (28)—5-amino—2—(4,5—dihydroimidazo[l,5—
a]quinolin—3~ylmethyl)pentanoic acid (153 mg) in N,N-
dimethylformamide (5 ml}, {5~tert-butyl-2-oxo~1, 3-dioxol-4-
yl)methyl 4-nitrophenyl carbonate (210 mg) was added and the
mixture was stirred for 44 hours at room temperature. Aftex
adding toluene to the reaction mixture, the solvent was
removed in vacuo. The resulting residue was purified by silica
gel column chromatography (eluent: chloroform/methanol = 95:5
to 90:10), subsequently by another run of silica gel column
chromatography (eluent: chloroform/methanol = 93:7 to 90:10)
to give the titled compound {compound 54, 160 mg) as a
colorless amorphous.
MS(ESI/APCI Dual): 498 (M+H)

'H NMR (600 MHz, CHLOROFORM-d) & ppm 1.30 (s, 9 B), 1.49 - -
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1.57 {m, 1 H), 1.58 - 1.68 (m, 2 H), 1.73 - 1.83 {(m, 1 H),
2.72 - 2.83 (m, 2 H), 2.85 - 2.96 (m, 3 H), 3.15 - 3.24 (m, 2
H), 4.%0 (s, 2 H}, 5.22 - 5.28 (m, 1 H), 7.18 - 7.22 (m, 1 H),
7.28 - 7.34 (m, 2 H), 7.3%9 - 7.44 (m, 1 H), 8.11 (s, 1 H)
[0344]

Example 55

Synthesis of (28)—2—(4,5—dihydroimidazo[l,5—a]quinolin—3—

ylmethyl) -5-[({1-[ (3~

methylbutanoyl)oxy]ethoxy}carbonyl)amino]pentanoic acid

(1) Synthesis of 1-{[(4—nitrophenoxy)carbonyl}oxy}ethyl 3-
methylbutanocate

To a solution of l-iodoethyl 4-nitrophenyl carbonate
(1.88 g) in toluene (18.6 ml), silver isobutanoate (2.33 g}
was added and the mixture was stirred for 3 hours at 70 °C.
The reaction mixture was filtered and water was added to the
filtrate; after three extractions with ethyl acetate, the
organic layer was washed with brine. After drying the organic
layer over anhydrous sodium sulfate, the solvent was removed
in vacuo. The resulting residue was purified by silica gel
column chromatography {elulent: n-hexane/chleoroform = 1:1 to
n-hexane/ethyl acetate = 4:1) to give the titled compound
(640 mg) as a pale yellow oil.
14 NMR (300 MHz, CHLOROFORM-d) & ppm 0.98 (&, J=6.7 Hz, 6 H),
1.62 (d, J=5.4 Hz, 3 H), 2.08 - 2.21 (m, 1 H), 2.24 - 2.29 (m,
2 H}, 6.86 (g, J=5.4 Hz, 1 H), 7.36 - 7.47 (m, 2 H), 8.24 -
8.35 {m, 2 H)
[0345] (2) Synthesis of (28)—2—(4,5—dihydroimidazo{1,5—

a]quinolin—3—ylmethyl)—5-[({1-[(3—
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methylbutanoyl)oxy]ethoxy}carbonyl)amino]pentanoic acid
To a solution of (28)—5-amino-2—(4,5~dihydroimidazo[l,5—

alquinolin-3-ylmethyl)pentanoic acid (150 mg) in N,N-
dimethylformamide (5.0 ml), 1-{[(4-
nitrophenoxy)carbonyl]oxy}ethyl 3-methylbutancate (156 mg) was
added and the mixture was stirred for 15 hours at room
temperature. Water was added to the reaction mixture and after
three extractions with ethyl acetate, the organic layer was
washed with brine. After drying the organic layer over
anhydrous sodium sulfate, the solvent was removed in wvacuo.
The resulting residue was purified by silica gel column
chromatography (elulent: chloroform/methanol = 100:0 to 97:3)
to give the titled compound (compound 55, 200 mg) as a
cclorless amorphous mass.

MS (EST/APCI Dual): 472 (M+H)

'H NMR (600 MHz, DMSO-dg) & ppm 0.89 (d, J=6.9 Hz, 6 H), 1.28 -
'1.55 (m, 7 H), 1.89 - 2,00 (m, 1 H), 2.08 - 2.20 (m, 2 H),
2.52 - 2.63 (m, 2 H), 2.67 - 2.88 (m, 5 H), 2.88 - 3.01 (m, 2
H), 6.60 - 6.71 (m, 1 H), 7.12 - 7.22 {m, 1 H), 7.28 - 7.40
(m, 2 H), 7.40 - 7.48 (m, 1 H), 7.70 (d, J=7.8 Hz, 1 H), 8.27
(s, 1 H)

[03456] The structural formulas of compounds 1-55 prepared
in the Examples of the present invention are shown in the
following Tables 1-1, 1-2, and 1-3.

[0347] [Table 1-1]
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[0349) [Table 1-3]
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: - 187 - [0350] Test 1 [TAFla Inhibition
Conpounds of the present invention were nmeasured for

[ i nhi bi I Vi he met hod
their TAFla inhibitory activity as foll ows based on t (
described in Thronb. Haenost. 371 (1988). [0351](a) Preparation of
TAFl a sol ution To 450 gl of TAFI (the product of Enzyne
Research Laboratori es whose concentrati®¥ was adjusted to 18 gg/ ni

with buffer (835400 MWKk §-t@;ﬁufﬁﬁgbi%p&—r{l Zreg)cij 45 gl of a

t hr ombonodul i n solution (a rabbit [ung _ _
produced by Amer¢@mmeuBdagebstliea preeset chieentibat i@ Wassadbysied to 1

gg/nmL with
and 45 pl

erive hr onbonodul i n

f%lffer B:. 50 mM Tris-HCl, pH 7.5, containing 0.15 M NaCl)
o]

%t ASE ArRYPLRGT N ach1TE e A dpll bolvsh lmsrdpbastie devthead

' e . S nd ,.di sso] v in ter to have a
boncont 1 pirgﬂ of q}fgyé?%m%'eﬂgﬁﬂgﬁéaﬁ%% Hé\é\ﬁ’l’&t ure was left to

concentrat
stand for

2bo3aIut es (af BOYALeRBR! & WlTa solution

To 450 pl of TAFI (the product of Enzyme Research
Laboratories whose concentration was adjusted to 18 ug/ml with
buffer A: 100 mM Tris-HCl buffer » PH 7.4), 45 ul of a
thrombomodulin solution (a rabbit lung derived thrombomodulin
produced by American Diagnostia whose concentration was
adjusted to 1 pg/ml with buffer B: 50 mM Tris-HCl, pH 7.5,
centaining 0.15 M NaCl) and 45 ul of a thrombin solution (a
freeze-dried human plasma derived thrombin produced by Sigma
and dissolved in water to have a concentration of 30 p/ml)
were added and the mixture was left to stand for 25 minutes at
room temperature,
[0352] (b) Method of measuring TAFIa inhibitory activity

To wells on a 96-well microplate, the above-prepared
TAFIa solution, a test compound, and a substrate solution
(Hip-Arg produced by Sigma and dissolved in buffer C of 100 mM
Tris~HCl buffer, pH 8.3, to have a concentration of 3.6 mM)
were added in respective amounts of 20 ul/well, 10 ul/well,
and 70 pil/well. The individual components were mixed well and
the reaction was carried out for 40 minutes at room
temperature.

Subsequently, a color former {1% cyanuric chloride in
1l,4-dioxane) was added in an amount of 50 pl to each well and

the plate was left to stand for 3 minutes at room temperature;




[ 0352] (b) Method of neasuring TAFla inhibitory activity To
wells on a 96-well mcroplate, the above-prepared TAFl a solution, a
test conmpound, and a substrate solution (H p-Arg produced by Sigma
and dissolved in buffer C of 100 mM Tris-HCL buffer, pH 8.3, to have
a concentration of 3.6 nmV) were added in respective anounts of 20
pl/well, 10 gi/well, and 70 pl/well ._'I'llc“inae8 i_ndi vi dual conponents were
m xed well and the reaction was carried out for 40 m nutes at room

t enper at ur e. Subsequently, a color forner (1% .cyanuric c |Q{i de
in 1,4-di oxher) W ahaaebanee &F 4RBUMT WS BEAGRTED anit- *he

plate was left to stand for m_nyt es r om. er, re;. - 188 -
then, the 4B8%Fbalmiecat N’ o\f/agogr%%lgfuarre e\?\r} {Eﬁgf}; nvg?_ }:t?{ogpgte r eader

(Spect r amax, Mo 0f , MoligeybarafRyicees . a Wddt hepabsortianeecha the
absence of "a test conmpound m nus the absorbance in the absence of an
enzyne bei ggsbakeitaas nl @R aidhmceont et rat4yor beindeakempoantC@hat

i nhi bited 50% of the reaction (1C50 was cal cul ated from_the

absor bancetha ¢témcqntessher of thise CPBRPURDHIGHN MM Hife% RE%*aBE o Hance
in the absence of the enzyne. For._several_,c of...t.he
present i n¥EAEFHI: (tII‘Fé“)aES’yS\?eC‘_f‘]e%'ila\;\cﬁg E5RAUTE ee(?basﬁgi?%% fliél t%%i s of

the resul tg of measw eMeniss: TARLAuhAMBILOY caEbiNiAeasnCahe Ul at ed

to give the“results shown in Table 2. [ 0353] [ Tabl e 2] - 190 -
[ 0354] Test a8sEMeaisdr @eNEndfmd.N Vi vo exposure based on plasna | evel
in rats) To determine the in vivo exposure, conpqunds, 38, 41

and 50 as exenpFar ysqyegdl ugerBeInEs Bie (i@ SEREsERTSI et FBR Shite
conmpound 2 as their parent conpaoun re oral adm nj.stered to rats
and the pl &&fR F&% &fo0gfRC Sﬂpﬁ{m(ﬁmﬁaﬁmgb%lass@rfleéh%s& esl%%i gd bel ow
for comparati %5%%56 inhi yWeekiAld hatsc{1200-260 go €e;
| i neage; Or%%?%% 'pE?gﬁaaslenéu??g%P arles River Laboratories %?pan
Inc. were aegl raniiwzednben at Taeast 2t wo days before they were

adm ni stered with compounds of the present invention. The conpounds
of the pred@3b3invenklagAewdl e di ssolved in various administration
solvents at a concentration equivalent to 2 ng/nL as cal culated for

t he parent conpound 2 and they were then adnministered orally in an
anount equivalent to 10 ng/ kg of that parent conpound. Half an hour
and two hours later, blood was taken fromthe tail vein of each rat

t hrough a bl ood collecting tube (EDTA | oaded) and i mredi atel y
centrifuged (10,000 x g at 4 C for 3 minutes) to recover plasm
sanpl es, which were stored frozen at -70 C and bel ow. After thaw ng
t he plasma sanpl es under cooling on ice, a solution of internal
standard substance in a 9:1 mxture of acetonitrile and nethanol was
added, followed by deproteinization and centrifugation (3600 x g at 4
C for 10 mnutes). The concentration of the parent conpound 2 in the
super nat ant was neasured by LC/ MS/ MVB. As the follow ng Table 3
summari zes, the adm nistration of the prodrug conpounds of the
present invention showed



- 191 - higher plasma | evels of the parent conpound 2, indicating

hi gher in vivo exposures of that parent conpound. Therefore, it is
believed that by adm nistering the prodrug conpounds of the present

i nvention, the physiological action of the parent conmpound will be
exhi bited nore effectively than when theparent conpound is

adm nistered on its own. [0355)[Table 3] Table 3 Conpari son of
Pl asma Level s of Conmpound 2 (Parent Co nd) for Various Conpounds
of the Present Invention (10 ng/kg p.o.) Plasma Level of Conpound 2

(Par ent CbnﬁBBﬁﬁ)z(ng/nL) 0.5 hrs later 2 hrs later Conpound 2
(parent con Uund‘% 173118 Conpound. 38 2020 377 Conpound 41 1390
X.TJO' K350(nnﬂ) sesenesn
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439 Conpound 50 1310 328 Administration solvent for conpound 2:
physi ol ogi cal saline Adm nistration solvent for conpounds 38, 41 and
50: 0.01 MHC1 in water Internal standard substance for conpbund 2:
m dazol am (Wako Pure Chemical Industries, Ltd.) Internal standard
substance for conpounds 38, 41 and 50: conpound 24 of the present
invention - 192 - | NDUSTRI AL APPLIQA%P%IIY (0356] The present

I nvention provides pharmaceuticals that have sufficiently high TAFI a

inhibitory activity to be effective for_preventing or treati
cl ot - deri véB3 keas@§Sand EMﬁ?ﬁWF?@?nEHﬁEBf‘WEV?h AN ] g%ﬁ%@?ﬁh to

relieve the_burden o atient.s and contribute to the progress of th

e
pEarnaceut?%%ﬁm?ﬁﬁﬁ??rg? ratSlgs . CLAIMB 1. A conpoung rgpresented by
the fol lowing for mikarhlle Qe anPhacsasgidsueal | yomeaspisabBe snldmd

t her eof :
50 as exemplary prodrug compounds of the present invention and
compound 2 as their parent compound were orally administered
to rats and the plasma level of compound 2z was measured as
described below for comparative purposes.

Seven-week old rats (200-260 g; male; lineage; Crl:CD
(sD})) purchased from Charles River Laboratories Japan Inc.
were acclimatized for at least two days before they were
administered with compounds of the present invention. The
compounds of the present invention were dissolved in various
administration solvents at a concentration equivalent to 2
mg/mL as calculated for the parent compound 2 and they were
then administered orally in an amount equivalent to 10 mg/kyg
of that parent compound. Half an hour and two hours later,
blood was taken from the tail vein of each rat through a bloed
collecting tube (EDTA loaded) and immediately centrifuged
{10,000 x g at 4 °C for 3 minutes) to recover plasma samples,
which were stored frozen at —70 °C and below. After thawing
the plasma samples under cooliﬁg on ice, a solution of
internal standard substance in a 9:1 mixture of acetonitrile
and methanol was added, followed by deproteinization and
centrifugation (3600 x g at 4 °C for 10 minutes). The
concentration of the parent compound 2 in the supernatant was
measured by LC/MS/MS.

As the following Table 3 summarizes, the administration

of the prodrug compounds of the present invention showed



' ' nzene ring or a pyridine ring; Xis the formla
T?ELE;?,AtLZ ?o?ﬁula -(CHZ?Z-, anpoxygen atom a nitrogen atomor a
single bond; Y is the fornula -(CH2)3-N+R3, the fornulah i ogen
-(CH2)4-NH R3 or a 2-am nopyridyl group; .R3 is a %1-89alkl
atom a C1-8 alkyl group, or the fornula -CO2R4; R4 is a o y
group, the fornula -CHR50C(0)R6, or a substltuent_haV|gg e . cLg
structure represented by the follow ng ¥¥¥nul a |a; R isa cl
al kyl group; R6 is a Cl-8 al kyl group, a C3-8 cycl oal ky .gr P, 0
Py e ot e Tl 20T SLOM & ELoA SrEel oo oo IS, o
o oot ottt O AR By ot o Ent ks s e

-8 cycl oak 4 | oal koxy. group, a CA-

gicloarkylaFEi*Sgﬁgﬁgfegrggﬂbﬁjnéﬁmb?%ﬁﬁfggé% FggdﬁﬁﬁgPQOFO%POUHdS of
tetrazolyl gheupesent invention, the physiological action of the parent

compound will be exhibited more effectively than when
theparent compound is administered on its own.
[0355] [Table 3]
Table 3
Comparison of Plasma Levels of Compound 2 (Parent

Compound) for Various Compounds of the Present Invention

Compound Plasma Level of Compound 2 (Parent
Compound)
(10 mg/kg p.o.) {ng/mL}
0.5 hrs later 2 hrs later
Compound 2 173 118

(parent compound)

Compound 38 2020 377
Compound 41 13890 439
Coempound 50 1310 328

Administration solvent for compound 2: physiclogical saline
Administration solvent for compounds 38, 41 and 50: 0.01 M HC1
in water

Internal standard substance for compound 2: midazolam (Wako
Pure Chemical Industries, Ltd.)

Internal standard substance for compounds 38, 41 and 50:

compound 24 of the present invention




R8 is a hydrogen atom a Cl..10 al kyl group, or a substituent having
the structure represented by the followng fornula Ib or Ic: m and
n are each an integer of zero or one. 2. The conpound of claim1,
which is a conpound represented by the following formula (I11), or a
pharmaceutically acceptable salt thereof: wherein Zis the formula
-(CH2)3- or the fornmula -(CH2)4-; A R, R3-R8, mand n are as
defined in claiml1. 3. The corrpound of 9(:2I al m 2, which is a conpound
represented by the following forrmula (I11), or a pharnaceutically
accept abl e rmabsTRIMGr @GPLIERBIALITY 195 - A Z, 121 R3 R8, and n are
as defined in claim2. 4.The conmpound of cl

di hydr oi ni d&388Li noITPﬁePE?)ﬁ?)‘b%ri‘dwreé‘ﬁ8’§e9ﬁ°vdd8y ?]ﬁan? ué:\?\f%sf%r}ar}:ul a

(1V), or hggars fe%tlle%%hbyhf&?e.r@ﬁgl ensdldedjerepfvicy to be
effective for preventing or treating clot-derived diseases and
the like, and it is therefore expected to relieve the burden
on patients and contribute to the progress of the

pharmaceutical industry.



wherein RL and R3-R8 are as defined in claim3. 5. The conmpound of
claim4, which is a di hydroi m dazoqui nol i ne conpound represented by
the following fornula (V), or a pharmaceutically acceptable salt

t her eof : wherein R1 and R3-R8 are as defined in claim4. 6.The
conmpound of claim5, which is a dihydroim dazoqui noline conpound
represented by the following formula (VI), or a pharmaceutically
acceptable salt thereof: wherein Rl and-R3-R7 are as defined in claim
5. 7. The compound of claim5, which is a dihydroi m dazoqui noline
conpound represented by the follow ngCisidla (M 1), or a
pharmaceutically acceptable salt thereof: - 196 - wherein R1L and
Re are as defined in claim5. 8. The conpound of claim3, which is a

conmpound repreSQQQﬁﬂ@ound represented by the following formula (I), or a

pharmaceutically acceptable salt thereof:

RZ N&\
'--..N m
S AW ANRE
X R1
wherein A is a benzene ring or a pyridine ring;
X is the formula -(CH;)-, the formula —-{(CHz)2—, an oxygen atom,
a nitrogen atom or a single bond;
Y is the formula -(CHz)3-NH-R?®, the formula - (CHz) 4~NH-R® or a
2~aminopyridyl group;
3 .
R” is a hydrogen atom, a Cj_g alkyl group, or the formula
-COzR*;
4 o
R® 1s a C;-¢ alkyl group, the formula —CHRﬁOC(O)RE, or a
substituent having the structure represented by the following

formula Ia;

O)L

o)ﬁ\,( (1a)

R7
R’ is a Ci-s alkyl group;

6 .
R* 1s a C; .6 alkyl group, a Cig cycloalkyl group, or a phenyl
group;
R? is a Cyig alkyl group or a phenyl group;

1 .
R® is a hydrogen atom, a halogen atom, a C;-4 alkyl group

substituted by 1-3 halogen atoms, a Ci-1p alkyl group, a Ci-g




by the following fornmula (VMI11), or a pharnaceutically acceptable
salt thereof: R1, wherein A, X, Z and n are as defined in claimS3;
Rfl is a hydrogen atom a halogen atom a Cl1.40 al kyl group, a Cl1-8
al koxy group, a C3.4 cycl oal koxy group, or a phenyl group; and Rn is
a hydrogen atomor a Cl-6 al kyl group. 9. The conpound of cl aim 8,

whi ch is a di hydroi m dazoqui nol i ne conppund represented by the
following fornmula (1X), or a pharmaceutically acceptable salt

t her eof : wherein RfI and R12 _ar defi ned Ln cl
conpound oflEPHY HTPUPWNA cHe-p SYET 8F‘ﬁ %aﬁfoq’?ﬁut?aZSqu? Flo?’l?cr%? c%ﬁ%gu%ryh%'
repr esent ed gy thec&°ﬁiéﬁ¥4¥%¥a|?}gﬁ% (ﬁpgnyh@nﬁfogrdgb . a

phar maceut Pcal Pycgccep 'r eof :
R%? is COsR%®, or a tetrazolyl group;

R® is a hydrogen atom, a Ci-ip alkyl group, or a substituent
having the structure represented by the following formula Ib

or Ic:

»)
W
0 CH
O\O}Lo):f (1b) Hoz'j\k (Tc)
3

m and n are each an integer of zZero or one.
2. The compound of claim 1, which is a compound represented
by the foliowing formula (II), or a pharmaceutically
acceptable salt thereof:

RB

O 0

[I:E = Nﬂ"‘
RNz A (IL)
X~ R

wherein 2% is the formula —(CHz)s— or the formula - (CH2) 4—;

A, X, RY, R¥*-R®, m and n are as defined in claim 1.

3. The compound of claim 2, which 1s a compound represented
by the following formula (III), ox a pharmaceutically

acceptable salt thereof:

020

wherein X is the formula -{(CH)-, the formula -{CHz)2—, an

oxygen atom, or a nitrogen atom;



wherein R11 and R12 are as defined in claim9. 11. A TAFla |Ph|b|tor
conprising the conpound or the pharmaceutically acceptable salt
thereof defined in any one of clains 1 to 10, as an active ved
ingredient. 12. An agent for preventing or treating a clot-derive

di sease that conprises the conpound or the pharnmaceutically ]
acceptabl e salt thereof defined in any qﬂs of clainms 1 to 10, as a

active i ngredl ent.
A, z, RY, R*R®, and n are as defined in claim 2.
4, The compound of claim 3, which is a
dihydroimidazoquinoline compound represented by the following

formula (IV), or a pharmaceutically acceptable salt thereof:

e N
wherein R' and R*-R® are as defined in claim 3.
5. The compound of claim 4, which is a
dihydroimidazoquinoline compound represented by the following

formula (V), or a pharmaceutically acceptable salt thereof:

RB

wherein R' and R3-R® are as defined in claim 4.
6. The compound of claim 5, which is a
dihydroimidazoguinoline compound represented by the following

formula (VI), or a pharmaceutically acceptable salt thereof: .

wherein R' and R*-R’ are as defined in claim 5.
7. The compound of claim 5, which is a
dihydreoimidazoquinoline compound represented by the following

formula (VII), or a pharmaceutically acceptable salt thereof:




- 196 -

HN

wherein R!' and R® are as defined in claim 5.
8. The compound of claim 3, which is a compound represented
by the following formula (VIII), or a pharmaceutically

acceptable salt thereof:

wherein A&, X, Z and n are as definéd in claim 3;

R! is a hydrogen atom, & halogen atom, a Ci.-1o alkyl group, a
Ci-g alkoxy group, a Ci-g cycloalkoxy group, or a phenyl group;
and

R!? is a hydrogen atom or a Ci-g alkyl group.

9. The compound of claim 8, which 1s a
dihydroimidazoguinoline compound represented by the following

formuia {(IX), or a pharmaceutically acceptable salt thereof:

HaN

wherein R and R'? are as defined in claim 8.
10. The compound of claim 8, which is a

dihydroimidazoquinoline compound represented by the following



- 197 -

formula (X}, or a pharmaceutically acceptable salt thereof:

wherein R and R' are as defined in claim ¢.

11. A TAFIa inhibitor comprising the compound or the
pharmaceutically acceptable salt thereof defined in any one of
claims 1 to 10, as an active ingredient.

12. An agent for preventing or treating a clot-derived
disease that comprises the compound or the pharmaceutically
acceptable salt thereof defined in any one of claims 1 to 10,

as an active ingredient.



