DESCRI PTI ON COMPOUNDS HAVI NG TAFI a | NHI Bl TORY ACTI VI TY TECHNI CAL

FI ELD [ 0001] The present invention relates to conpounds having TAFl a
(thronbi n-activated thronbin-activatable fibrinolysis inhibitor)
inhibitory activity. Background Art [0002] Thronbi n-acti vat abl e
fibrinolysis inhibitor (TAFI) is a carboxypeptidase that is activated
by thronbin and thronbonodulin to cleavg the |ysine residues at the C
term nus of the a-chain of fibrin. On the fibrin clot, tissue

pl asm nogen activator (t-PA) and plasnino%en bind to the |ysine
residues at the C ternminus of the &Of&rn 6P ibrin, wher eby plasm n
IS generated effici Lbri.no 1S i I ted. On
t he ot her hand, TAFﬁgﬁJeéﬁggsggggﬁg g ?#%i%@?éﬁ t- AAgﬁégéﬁggninogen
for the fibrin clot and fibrinolysis activity through the cl eavage of
| ysine residues at the Ctermnus of the fibrin clot. Hence, TAFla

i nhi bi t or steoMyIchAIefFECDENt |y enhance the dissolution of fibrin clots
but do not directly inhibit coagulation factors, are expected to
contri but el@@1ltihe dfseopeeyent bmtdrntthraometliacssokof compmotdsitsaving
pronoters that have higher clot specificity than the conventional

ant i coagul@ftle d@TPRPoRDAF 1T ed THEER N-RAFLEaFARL i fdisinglysis
expected to g%,anti-thFOHbosis agents that present a lower risk for

bl eedi ng &&Car e R éFOE%T%%V?”fﬁbOS]Several conpounds have
heretofoqugggqo%ggoh%gd as TAFl a inhibitors and they include thiol
derivatives, - - phosphoric acid derivatives, imdazole
derivativesoand uregndenbyalives;aldlLEehatihBywhthi gh 116 @r tfRrr)
active center of the enzyne (see PTL 1-13 and L 1-7). However,
not hi ng has keearkbaywnepabddidsé ritecliisc acadpauBasbyyphfomti byand

di hydr oi m dazoqui nol i ne derivatives which are related to the
conpounds tdfrompempdesént te nekfaveorthd dysddet reaiduddset KHmvt TARMdnus
i nhibitors are not considered to have adegqate activity and it is

desired t ®Td&bel BpceBhPothdSi R At - KAV &hendriRpent FLORS f ekt Dased on

t he TAFIl a H%gigkgor action and W#j h _henc ar e sat i fag} Y 38

pharnaceugica S. gf%Aﬁ? ST gﬁ é&TaF§08§f Tf?@ﬁﬂ?ﬁﬁﬁl qﬁ%L%f
lysine residues at the C terminus of the a-chain of fibrin,
whereby plasmin is generated efficiently and fibrinolysis is
eventually promoted. On the other hand, TAFIa decreases the
affinity of t-PA and plasminogen for the fibrin clot and
fibrinelysis activity through the cleavage of lysine residues
at the C terminus of the fibrin clot. Hence, TAFIa inhibitors,
wnich efficiently enhance the dissolution of fibrin clots but
do not directly inhibit coagulation factors, are expected to
contribute to the discovery of antithrombotics or fibrinolysis
promoters that have higher clot specificity than the
conventional anticoagulants and thrombelytics. Thereby, TAFIa
inhibitors are expected to be anti-thrombosis agents that
present a lower risk for bleeding and feature higher safety.
[0C03} 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
dihydroimidazoquinoline derivatives which are related to the
compounds o©of the present invention. In addition, those 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 PROBLEM

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

[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
formula (I). In the section of EXAMPLES, b-amino-2-(4,5-
dihydroimidazo[l,5-algquinoclin-3-ylmehyl)pentanoic acid
derivatives were chosen as exemplary prodrugs and subjected
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

r

of

to
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basis of this finding.
f0008] Briefly, the present invention provides a compound
represented by the following formula (I) or a pharmaceutically
acceptable salt thereof:

[0009]

wherein A is a benzene ring or a pyridine ring;

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

Y is the formula —(CH2}3—NH-R3 [where R® is a hydrogen atom, &
Ci-¢ alkyl group, or the formula =-CO,R? {where R? is a Ci.5 alkyl
group, the formula -CHR’OC(O)R®, or a substituent having the
structure represented by the following formula Ia (where R® is
a Ci-s alkyl group; R® is a Cig alkyl group, a Ci3-3 cyclealkyl
group, or a phenyl group:; R’ is a Ci-g alkyl group or a phenyl
group) }], the formula - (CHz) 4+~NH-R® or a Z-aminopyridyl group;

[0010]

Q

W

O)%{ (Ia}
RT

R' is a hydrogen atom, a halogen atom, a Ci_g alkyl group
substituted by 1-3 halogen atoms, a Cj-i1q alkyl group, a Ci-g

alkoxy group, a Cig cycloalkyl group, a Ci3 cycloalkoxy group,



[0005] - 3 - NPL 1: J. Med. Chem, Vol. 46, No. 25, pp. 5294-5297,
2003 NFL 2: Bioorganic & Medicinal Chemstry, Vol. 12, No. 5, pp.
1151-1175, 2004 NFL 3: Bioorganic & Medicinal Chem stry Letters, Vol.
14, No. 9, pp. 2141-2145, 2004 NPL 4: J. Pharmacol ., Exp., Ther.,

Vol . 309, No. 2, pp. 607- 615, 2004 NFL 5: J. Med. Chem, Vol. 50,

No. 24, pp. 6095-6103, 2007 NPL 6: Bioorganic & Medicinal Chem stry
Letters, Vol. 17, No. 5, pp. 1349- 1354, 2007 NFL 7: Current Opi ni on
in Drug & Devel opnent, Vol. 11, No. 4, pp. 480-486, 2008 SUMVARY OF

| NVENTI ON aEGHNMI CaE 1 PROBIEM §10008]o4P olofreet pheényhegiprusent i nventi on
is to provi,de conpagunds havipng superior TAFla inhibitory activity.
SOLUTI ON T PROBPEM [(0b67FTRe ot &s &MATcR¢EnEbPE: cdrithaet édkiYht 8RSERe ©OF
studies with %} wto ttainigg t he stated object ﬁng goqu t hat
conpounds T eptésent &d b@aYHEQf ? oW Y T O AR EP T RV P L upet i or
TAFIl a i nhifit VA 0 p ted by
formula (I ]§$§M€ ogféggx?o§82§ erctgﬁ%ghﬁggggg%%gﬁnéﬁgsg1). In the
section of [g¥ANPLES, 5-am no-2-(4, 5-

di hydr oi m dazo[ 1, 5-a] qui nol i n- 3-yl nehyl ) pentanoi c acid derivatives
wer e chosen as exenpl ary prodrugs and sulghected to an ani nal

experi nment _~gher eupon_ t hese types of prod were found to increase
the in vi o re Gldyel of "the par ent (xoppouynd. The present
invention R (5 mpKilsbed on the - : i g PE)this finding.
[0008] Briefly, Yhe present invention preyides a conmpound represented

P
by the following formula (1) or a pharnaéeutically accept abl e salt
t hereof : [0009]

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

RB

0P N

H N—fﬁm
N =
R >z h A (I
X~ R’

wherein Z is the formula -(CHz)3- or the formula —{(CHjy)4—:

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

[0013] In another embodiment of the present inventiocn, the
compound of formula {(II) or a salt thereof is a compound
represented by the following formula (III) or a

pharmaceutically acceptable salt thereof:



wherein A is a benzene ring or a pyridine ring; Xis the formula

_(CHZ)_

the formula -(CH2)2-, an oxygen atom a nitrogen atomor a

single bond; Y is the formula -(OH2)3-NH-R3 [where R3 is a hydrogen
atom a Cl-6 al kyl group, or the fornula -0O2R4 {where R4 is a Cl-6
al kyl group, the fornula -CHR500(0) R6, or a substituent having the
structure represented by the follow ng formula la (where R5 is a Cl-6
al kyl group; R6 is a C-6 alkyl group, a C3-8 cycloal kyl group, or a

phenyl
formul a

group; R7 is a 01-6 al kyl group or a phenyl group)}], the
-(CH2)4-NH R3 or a 2-am nopyridyl group; [0010] O ( | a) RY

Rl is a hydrogen atoaa a hal ogen atom a Cl1-4 al kyl group substituted

by 1-3 hal ogen atons
03-8 cycl oal kyl grod@ _e0
cycl oal kyl al kyl group,
hydr ogen at om Cl_
structure rmgpreseng
tetrazoly

a 01 10 al kyl group, a 01-8 al koxy group, a
: 6 koxy group, - 5- ac-14

up; is CO2R8 (where R8 is a
afqﬁlbstl tuent having the
9gpformula Ib or Ic) or a

y \ Ay
group; [0011] A .0 CA3 ctikoAdc ( I b) (I ¢) mand n

are each an integer of zero or one. [0012]In anot her enbodi nent of

t he preserthdnnientd én, thhefeompbund( @) for raeaf¢fulor ol Ghlb -t My eof
is a conpound represented by the following fornula (Il) or a

phar maceut ATy 34C8epPAbP e $ 5 I het &bt :

A, 2, RY, R’-R% and n are as defined above in connection with
formula (II).

[0014] In another embodiment of the present invention, the
compound of formula (III) or a salt thereof is a
dihydroimidazoquinoline compound represented by the following

formula (IV) or a pharmaceutically acceptable salt thereof:

RB
I
o. .0

H
R3’N = N 5%, (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
dihydreimidazogquinoline compound represented by the following

formula (V} or a pharmaceutically acceptable salt therecf:



N-(Thkin (11) XRi wherein Zis the formula -(CH2)3- or the formul a
-(CH2)4-; A, X, R, R3-R8, in and n are as defined above in
connection with formula (1). [0013]In another enbodi nent of the
present invention, the conpound of fornula (Il) or a salt thereof is
a conmpound represented by the following fornula (111) 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, Z, 121, R3-R8, and n are as defined above in connection wth
formula (11). [0014]1n another enbodi nent of the present invention,

t he conpound of fornula (Il11) or a salt thereof is a

di hydr oi mi dazoqui nol iR conpound represented by the followi ng fornmula

(1V) or a pharmaceutifally acceptable salt thereof: wherein R and
R3-R8 are as defined(aQ%y@ &" onnection with formula (111). [0015]In
anot her enbodi gent of t#e p gggq y/nve tio?ﬁfihe

- e

R

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)-configuration.

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

formula (VI) or a pharmaceutically acceptable salt thereof:

HO,0 N

S W

H
RN

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

[0017] 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 (VII) or a pharmaceutically acceptable salt thereof:



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 pharmaceutically acceptable salt thereof: -7- wherein Rl
and R3-R8 are as defined above in connection with formula (1V). The
steric configuration of the asymetric carbon atomin fornula (V) is
the (S)-configuration. [0016]1n another, enbodi nent of the present

i nvention, the conpound of formula (V) 8r "a salt thereof is a

di hydr oi m dazoqui nol i ne conpound represented by the followi ng fornula
(VI) or a pharnaceutically acceptable salt thereof: wherein R

and R3-R3 are as deggned above in connection with fornula (V). The
steric configurationh of the asymmetric carbon atomin fornmula (VI) is
the (S)-configurati mwll@Ol?]ln anot her enbodi nent of the present

i nvention, the compo of NFoRmul or a salt thereof is a
d|hydr0|n1 qui noline co ent by the follow ng formula
(VI'l1) or a I hereof: wherein R and
R8 are as defined above in co ion wth formula (V). The steric
configuration of the asynmmetric carbon atomin formula (VII) is the
(S) - confi gureatdion R [ 8848}% mraneshdefendddibent iof coheeptésentith

i nvention, the conpound of formula (I11l1) or a salt thereof is a

di hydr oi m%&z@&@i fdl i- néhe oppouhe sEpriesgestéadnbyt hee f &% Yus gl o Gemsion
(VIT'1) or a har ceutically acceptable salt thereof: wherein A X Z
and n are 83 Hhdy eV ¥ﬁ ) cohrietd i G “GePRLEBFAEFAP (111); and Ru

Is a hydrqggnﬁgtonllﬁ Q%l £ g%énglmenglo%o %lkﬁreg %mknveéﬁiﬁ%, the

al koxy gro cycC oa KOXy group eny rou I's a

hydrogen %&lﬁo%&daoglfgrﬁbfyl -_gmunx IaOQJaQItI @hégeébeiseybod' ment  of

the present invention, the conpound of formula (VIIl) or a salt

t her eof i samy@nrbyd&aaﬁbdazmmldda@cmmpaupdeéeﬁte@ew ethdyrdin@wing

following formula (I X) or a pharnaceutically acceptable salt thereof:
formula (VIII) or a pharmaceutically acceptable salt thereof:

R12

OO N
HoN % (VIE)
27~z n X R

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

R'" is a hydrogen atom, a halogen atom, a Ci-19 alkyl group, a
Ci-g alkoxy group, a C33 cycloalkoxy group, or a phenyl group;
R' is a hydrogen atom or a Cig alkyl group.

[0010] In another embodiment of the present invention, the
compound of formula (VIII) or a salt thereof is a
dihydroimidazoquinoline compound represented by the following

formula (IX) or a pharmaceutically acceptable salt thereof:



wherein Rn and Rn are as defined above in connection with formula
(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: wherein R11 and
R12 are as defined above in connection w th formula (1X). The steric
configuration of the asymmetric carbon atomin formula (X) is the
(S)-configuration. ADVANTAGEQOUS EFFECTS OF | NVENTI ON [ 0021] Accor di ng
to the present invention, conpounds having superior TAFla inhibitory
activity can be provi ded. DESCRI PTI ON OF EMBODI MENTS [ 0022] The
present invention pR&/ides conpounds of formulas (1) to (X), and

phar maceutical |y ac¢eptable salts thereof, having superior TAFla

i nhibitory activitﬁ? C)p&BﬂGOWD s of formulas (1)-(Ill) and
(M), when Ais a pyridine N posijion of nitrogen is not
linmited butH,N < e Al potk&)on is preferably
represented by the 11 ornul a: [0023] When Ais a
benzene ring, the position of

wherein R and R'? are as defined above in connection with
formula (VIII).

[0020] In another embodiment of the present invention, the
compound of formula (IX) or a salt thereof is a
dihydroimidazoquinoline compound represented by the following

formula (X) or a pharmaceutically acceptable salt thereof:

R12
|

(D\xfﬁ)rqﬂﬁ}q

H,N

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

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

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



substitution of RL is not limted but RL is preferably |ocated at the
foll owi ng position: [0024] I n the compound of fornmula (1), the
position of substitution of the tetrazolyl group as R2 is not limted
and it may be either a 1Htetrazol-4-yl group or a 1Htetrazol-5- vyl
group, with the 1Htetrazol-5-yl group being preferred. In the
conpound of formula (1), when Y is a 2-,@ninopyridyl group, Y nmay be
any one of a 2-am nopyridin-3-yl group, a 2-am nopyridin-4-yl group,
a 2-am nopyridin-5-y1 group and a 2-am nopyridin-6-yl group, with the
2- aninopy?ﬁ%ﬁ9¥§$9¢?egF689 B@FE@O%r%ﬁeﬁ%%ﬁ%raPéazﬁfﬂge?%Pt?%rbﬁnEPe
(M), conmppunds .where R1.is drogen atom a hal ogen atomor a

Cl1- 40 aIky(ggfgﬁﬁgaﬁgrBFEFg??eg¥r%ﬁ%abonpounds where R2 is a hydrogen
atom a fluorine atom a nethyl group, a n-propyl group or an

i sopropyl re nore preferre In addition, Rl is preferably
| ocated at 6° Non or 7-posi nore preferably at 7-position,
of the di hydr|pi m dazoqgui-noline ffing.|As for R3, preferred conpounds

are such t itAFs a hydroge or the fornmula -0O2R4 (where R4
is the forrmula - CHR500(0)R6 or a bstituent having the structure
represented by the following formula la, R5 is a Cl-6 al kyl group, R6

is preferably a Cl-6 al kyl ,group, a C3-8 cycloal kyl ,group or a phenyl
group, R7 ﬁosdlzr}r]eferyﬁﬁi? g bg-% kgéf"i*&f:?ne‘grl'dﬁ’ﬁ)', tﬁﬁr@"ﬁf%%‘?a‘?ﬁy a

hydr ogen m.qr.. the formi a - R4 .(wher,e, R4 is .the farnu

R0 0) HE e A E BB Bt hemt® Nt 6 EREUSPF it ure Eseesant ot B3 Fith

fol I owi ng fordmel @ch@owkRgl So8PE£or ef erably a methyl group or an
i sopropyl group, R6 is nbre preferably a nmethyl group, an ethyl

group, a n-propwl. group, an isopraopyl group, an isobutyl group, a

cycl ohexyl gry a phenyl grsg SR7 is nore preferably a nethyl
group, a n-pr Jr ouperan i sof group, or a t-butyl group).

[ 0026] R On the foll gwiRg gages| t he conpounds of the
present inventiqgn are described in gredider detail. [0027] The "hal ogen
atonf may be ex lified by a fluorine atom a chlorine atom a

brom ne atom or an iodine atom [0028] The "Cl1..4 al kyl group

substitut ey 1-3 hal eRENcahoNd &Y Folnlidal I Bpar.RL Dranahad Bl kyl

groups that have 1 to carbon atons an rch™afe substituted by 1-3

hal ogen  substitution of the tetrazolyl group as R? is not limited and
it may be either a lH-tetrazol-4-yl group or a lH-tetrazol-5-
yl group, with the 1B-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 Z2-aminopyridin-3-yl
group, a 2-amincopyridin-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 Cj-1p 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



- 12 - atons. Exanples include a trifluoromethyl group, a

di fl uoronet hyl group, a 2,2,2-trifluoroethyl group, and a 1, 1-

di fl uoroethyl group. [0029] The "Cl-6 al kyl group” refers to linear or
branched al kyl groups having 1 to 6 carbon atons. Exanples include a
met hyl group, an ethyl group, a n-propyl group, an isopropyl group, a
n- butyl group, an isobutyl group, a sgc-gq;yl group, a tert-butyl
group, a n-pentyl group, an isopentyl g} up, a neopentyl group, a

n- hexyl group, and an isohexyl group. [0030] The "Cl_10 al kyl group"”
refers to Bigfearaldy Brarchedibi®yl @f oups ddvidngimidezeguinebore ring.
atons. Exanpl es include_a nmethyl group, an ethgl group, a n-propyl
group, an A3oftopyt BFelprred EWAINNYGr 66F, SBRDI Sablity gy supydgogen
sec-butyl group tert-butyl group, a n-pentyl group, an isopentyl
group, a ﬁ%ﬁﬁ%ﬁ?&%hﬁrgﬁﬁﬁuggn-hexyl group, an isohexyl group, a
nheptyl grourtacikOsd e gE0pRe Ao flnioMcigE88Ro) NG, A N5ABSY) + GLQUP.
[ 0031] The "CI 8 al koxy group” refers to linear or branched al koxy
groups hawdignl t®e8statbenrat 8apre RAHY &y ithel 1821 3w iR eI ar-ouR,,
an et hoxy group, a n-propoxy group, an i SOpropoxy group, a n-butoxy
group, an Rsabutofysgablypl graegcb®’oxy grefeatd t er C1hubdkylgyooy, &
n-pentyl oxy group, an isopentyloxy group, a neopentyloxy group, a

n- hexyl oxycsgr GUF1oan kivd oBERYP oYy @rﬁgl'lﬁﬂyla grolept i oy RfredmFabandaaCi-s
n-oct yl oxy graoup. [0032] The "C3_6 cycl oal kyl group” refers to cyclic
al kyl gr o@&%ﬁaﬁrﬁé‘p&tﬁ%ecar%%aﬁw hE%éﬁﬁ%FBngﬂlEI%et%e formula
cycl opr opylegRoURy, & Y0l OBULYL EIOUR, 3 RUShORSIUY| OLOURY R, ciedd -
cycl ohexyl g@roup, a cyc oﬁep yI ‘group, and a cycl oocC yF group.

[ 0033] The h3:nB teUCLeaLKLAYe IF QML s RIS Byt @neY bl Eofl KOX¥oHhAUPS &,
having 3 to 8 carbon atons. Exanpl es |nclu5e a cycl opropoxy group, a
cycl obut 0%/ @&O0HPre apEyEd HIANE VW e hglogpoud &Y Cdrohiesad rapy106eupp, ar®
cycl oheptyl oxy group, and a cycl ooctyl oxy group. [0034] The "C4_24
cycl oal kylid mpregpogpereki eras netlylclgroug, kyh gtbupsgtdiat, ave 8 deyl8
carbon atonms and which are substituted by linear or branched al kyl
groups hadhf§Pr £8 6SERFBBY! st ot BradflobstvhcPhgerq @ cyclohexyl
cycl opropyl net hyl gro cycl oprgpyl et hyl gro cycl obut yl net hyl
Toun Bty b, FophEy S, Hanoh R Erobate P iyt et RSO,
cycl opent y] et hyl o] cycl Qﬁﬁy t hyl. .group, [o h t,hyl
group, a égc %%88?3|§£?H§1 %&dﬁp, éhgébgﬁﬁggfy gtﬁ?? %%% p?ﬁ%hﬁﬂ'
cycl ooct ylmetoleyl group, and a cycl ooctylethyl group. [0035]The
conpounds of the present invention are tricyclic conpounds typified
by di hydroi jg dazoqui nol i ne derivatives, or they may be

pharmaceuti'eal | y acceptable salts of such conpounds (either type is
her ei naft er ed "the conpounds of the present invention" as

i 00 6]E{dhg0es of the pharmaceutically acceptable salts

Cn the following pages, the compounds of the present
invention are described in greater detail.
[0027] The “halcgen atom’” may be exemplified by a fluorine
atom, a chlorine atom, a bromine atom, or an iodine atom.
f00281 The “Ci-4 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



include acid addition salts such as mneral acid salts (e.g.
hydr ochl ori de, hydrobrom de, hydroi odi de, phosphate, sulfate, and
nitrate), sulfonic acid salts (e.g. nethanesul fonate,

et hanesul fonate, benzenesul fonate, p-toluenesul fonate, and
trifluoronethanesul fonate), and organic acid salts (e.g. oxal ate,
tartarate, citrate, naleate, succinate,jacetate, - 14 - benzoate,
mandel ate, ascorbate, |actate, gluconate, and mal ate); am no acid

| t h | yci It i It i ni | t, ithi
a1 1T o A e eAre, AN R A T A PREATET BREUPnof gani ¢ sl i s
gl ureh Eaft, 'afd aSpar T dti eat _ e
mgnoa um Sa TOAR R RESILT T 2 P ST B TR R M

by amoni uwm s@aldrodthivet Bybapi ne salt, diisopropylamne salt, and
cycl ohexyl am ne salt. The salts nay be hydrate salts. [0037] Sone of

t he conpourm= af t hehpr 8sent ai pyeEnii@mpane fredrtugsinSpecof iwaddahed
t hose conpounds of formula (1) in which Y is the formula
- (CH2) 3- N IR/ lorg ot sf bemiha 1 (GH2) 4-aNHRE) amiomls . RBx bep hes - CPRAHe or
t hose conpounds of fornula (l) in which R2 is CO2R8, with R8 being a
subst i t uerftedtHe I OHEN ANhGHR YR oM G PEREYE E8RPPUNS BTCHIMH a
(I') inwhich Yis th% fggnula -(01-12)3-NHR3 or the forﬂgla
- (CH2) 4- NFTRYRRS PsPYOERRAT O Hd B 1O Re IEREPT % a° ST L Houp-
other than, g Jydi0gen gtop), under Zymiic on ¢b '863('3 ygl s
in vivo so ?ﬁap th¢§an?no roup é%%nﬁﬁé ca&%ﬁxyﬁic g@%d %2%%£§Le%
depr ot ect ethopdrehdi BgoGNMPAURLSetyI Wi, bahh B8 aseh &8y Ar&-dup.
hydr ogen at om and whi ch have a strong inhibitory activity on TAFI a.
[ 0038] For [idisttdnce, Tap BSief adewvilvatroue”havfags a-gprigtreciredrcarhaxyedc
acid group located on the carbon chain extending fromthe imdazole
ring, or a&ldarbameresdbpviagivethald mprdopr etens edEaaimee yriowg udes @
| ocated on the _sanme carbon chain, typically a conpound that is
repr esent & Wy lf GERHPa ERVSERYL IroMP.. aRIRETPPYH. $HOURY NiYyAIGREPPYl
N--;-\ HH wherein either R8 or R8 is.other than_a_hydr n _atom
s conver AP 3 B- Bk SEQP 5t Mt a5 81 52 e ST in G o,
yl)pentang ¢ acid defi yabhye 4 hat 1t B8 o8P UGH US Sof SR 0%
the foll ow ng for #u?a %{XI 1jllyor (lel) V\h%r%g I'S aso%ef iaﬁe?}} n
connect i omewigleh thar gubap) Va of-Nx @Ndy nedtipG h ahas sah sk § DNgrduph)i ki ery
activity on TAFla: HO O
heptyl group, & n-octyl group, a n-nonyl group, and a n-decyl
group.
[0031] The “Ci-g alkoxy group” refers to linear or branched
alkoxy groups having 1 toc 8 carbon atoms. Examples include a
methoxy group, an ethoxy group, a n-propoxy group, an
isopropoxy grcup, a n-butoxy group, an iscbutoxy group, a sec-
butoxy greoup, 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



(XI)H2N (XI'l) R [0039] Thus, the above-described ester derivative
and carbamate derivative which function as prodrugs are extrenely
useful conpounds. [0040] The conpounds of the present invention

soneti mes have an asymetric center and in that case they occur as
various optical isoners or with various configurations. Hence, the
conpounds of the present invention nayﬁﬁf_gble to occur as separate
optically active substances with the ( and (S) configurations;
alternatively, they may be able to occur as a racemate or an (RS)

m xture. |¢¥alvdceade 95PUR, cAnpoEheRdiiA In@rone r oRNADR ec BSYPORE ¥ @roup.
centers, diastereoners can al so occur on account of the optjcal

i someri sm#A%FHch advinetriecCreht @y koh TOFRpoaREST B EP heY phids éltkoxy

| nvent i on 406l ude 90es Lhal o-cd9.sn SAMAI N ALIOL  thesg dorTs | n
desired pﬁ%pofilons. For exanpre, di a5 eréonerspcap € sSeparated by
met hods yWﬂJqﬂ8ﬂ¥M%o&9 Egeﬁﬁ I é;Ei&H&toﬁiaﬁmoLb?cg'QQ@iopentylox
crystallization, and optlcally active subst'ances can” be obtalnea’by
t echni quesgrdur gariye16henyséxy didip are cyehbhkpownokerqgidis, RIHPRSeE.
The conpounds of the present invention may contain isoners such as a
cis form andladatgdsxioprruffhe conpounds of the present invention
include these isoners, as well as conpounds that contain these

i somers i %Sl ed EPSpBFi¢{nﬁ¥ClP@é#gF¢ﬁEYéo%i@ﬁﬁﬂk?ﬁﬁeﬁﬁhéopﬁ§§éhﬁ

i nvention have TAFIl a inhibitor ctivjt nd can be used a

t hor apeut 10390y SBPURAYFARET ST of i CoibaDorngBhUp i T AT dith as
deep vein I LS, .di $sem i.nt r l.atj .

dech ven BLaTesls ol FRRELOY e INARUASOI S o POAMI BN AD: 1 o
i schem ¢ heaiford$8ASE, ERERS1Ss DEIMRAATY fihbRsbSy1RESPI T &b, a
di stress syndrone, cerebral stroke, obstructive renal di'sorder,
Behcet's divsfapecpRouthyTaficelp, abesidlypiuty3suehdegenemt ion,

preecl anpsia, retinal vein occlusion, inflammatory intestinal

di sease, amdhobuityletbpnl ngoewrc e w,clapentydpeicbat | onsumf «i dney

transpl antation. The congounds of the present invention can be
adni ni st er’dFLOPEREY LSFBRE FFOHRIgEt HaiC WiPeK YpRAFRBE ¥ BYgiRald y or

h i | bl i di | .. 1f th d f
Phe. pr esertCLRVSHIIGR 4T €553 e L IBPEALTS BE TRETS A i bi tors,
they may &@%ﬁggg&sﬁﬁgﬁﬁwﬁ ae'ch{lﬁ.roo%rtgﬂnéétf?%p S erfldy !f

desired, the co nds e prese I nventi on y~ be "adm ni stered
orally or panesteryaktMyasgfoipul ati ons that contain themas an active
ingredient. An exanple of the - 17 - parenteral adm nistration is

i ntravenou®0adm ni sThat canmpdyndnjectthen pre@642] Shveret 1dre acenpodrgslat
the present invention have TAFla inhibitory activity, patients who
are suspecra@oghndehbydefbedghie itihafdnoims fpepelde bees ce miEt iyesdeep
vei n thronbosis caused bymrisk factors including a surgical operation

such as artiefi BR¥ Of PR IPRPTHCS MY, 2355 RERPLEsS pHF SroiariF %ol i sm
cardi ogeni ¢c_cerehral ipnfarction .and ischem c_hea i.sease, or

bat i ents ICGTRRGAEP nie hERFT celat i her 2 an rar cEab bt dipounas of
confirmed HRY phesadfl Dhvdef achmith Lhese-gaepounds as antithrombotics
or fibrinolysis pronoters to prevent or treat those di seases.

[ 0043] The [@omBOUNdSEREmb hes PSRt dhaverteani SRY1 Pes dehp tHkSieesad tisn
anounts of, say, 1 ng to 1000 ny, preferably 10 ng to 200 ny, per
dose, and inkéduiieegquidcydaditaehr swldtsr aticon arayi ber @hceciid ddirtee (Bi.pes
a day. The dosage of the conpounds of the present invention can be
adj ust ed §§déﬁﬁgé9rﬂﬁ%e hiratiemge, bydyoneight, RimPEafsomsléRtehe
pati ent under trgg%g?nt. { 04ﬂJThe conmpounds of the present invention

can be and nit ; sulfonic acid salts (e.g. methanesulfonate,
ethanesulfonate, benzenesulfonate, p-toluenesulfonate, and

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

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



eval uated for their TAFla activity by known procedures, such as the
met hod described in the test procedures described hereinafter.

[ 0045] The net hods of produci ng the conpounds of the present invention
are hereinafter described in detail but they are not particularly
limted to the exanpl es shown bel ow. The solvents to be used in
reactions may be of any kinds that do no& interfere with the
respective reactions and they are not 1418 - particularly limted to
the foll owi ng description. [0046] Producti on Method 1 The
conpound (H9nzzfatichempndséntei nvernilete i daattietk, Aglscandenzearal ri ng
or a pyridine ring; Xis the fornmula -(CH2)-, the fornula -(CH2)2-,
or an oxyd&h-adtarm apipe fRedf v bt SuqCEP) FINALRS fahker el RBINS s2lt,

hydrogen atomn);. Rl is _a hydrogen at a _hal ogen_at om 01-4, al kyl

o1 oup SUbSTTAUEES 591t 3ORAT bULRe Ay, 4 OPMI6 AFRYI BT BUF R O f i
al koxy gr .03 c al - c Y 18, ,
04-24 cycl ogialfﬁllgl ﬁ%ﬁzdg%g%gf %ﬁr{é1 alq{pﬂgqnfll%grggag;s é‘g&?gé%%ﬁ(%%ﬁﬁ%
is a hydrogen .t @@, "bbsaddidmtLger, 1280 8RUtNahE AyddYiREErsQf,
one, can be synthesized by the follow ng nethod (schenme 1). In schene
1, Ra is Rk orela hydsaxyt @i tuporgariendplsexy gsodpemplifidd aive group,

a 1-cycl ohexen-1-y1 group, a (1E)-1-propen-1-yl group, a
(12) - 1- pr cpEeniugn] sglouptroethy lapmspes-l2-y $igsoppopy Dodizle saltg and

Step 1 (cyclization reaction) Step 2 (reduction Step 6
(reductioﬁ?ﬂ@Ohﬁf§l§¢kP?)s x The salts may be hydrate salts.
[0037] Some of the compounds of the present invention are

prodrugs. Specifically, those compounds of formula (I} in
which Y is the formula —(CH2)3—NH—R3 or the formula —-{CH,)s—-NH-
R®, with R® being -COz;R?, or those compounds of formula (I) in
which R? is CO,R®, with R® being a substituent other than a
hydrogen atom, or those compounds of formula {(I) in which Y is
the formula —-(CHz)3-NH-R® or the formula -{CH,)-NH-R® (R® is
-COR*Y) and R* is co.R® (R® is a substituent other than a
hydrogen atom) undergo enzymatic or chemical hydrolysis in
vivo so that the amino group and the carboxylic acid group are
deprotected, yielding compounds in which both R® and R? are a
hydrogen atom and which have a strong inhibitory activity on
TAFIa.

[0038] For instance, an ester derivative having a protected
carboxylic acid group located on the carbon chain extending
from the imidazole ring, cor a carbamate derivative having a
protected amino group alsco located on the same carbon chain,
typically a compound that is represented by formula (IV) or

{V)



(6) Step 7 (hydrolysis)HO We:\ ----+ ElocHNN X (8) SCHEME 1
[0048] (1) Step 1 (cyclization reaction) Compound (1) 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
et hyl isocyanoacetate in the presence_ a_suitabl e base, to give
conpound (2). The bases to be used in this step include potassium
tert-butoxide, sodiumhydride, n-butyllithium [Iithium

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

di oxane, tol uene,R¥tc.; the reactions can be caRtied out at

tenperatures rangg ngyfrom- - 20 - 780tC)roon$L95perature

[0049] (2) Stgp 2 (Wedf&ty Conpoungy (2) 12 MEdnce@ Wit
N i i i num Ry give \cGk 03\4@
din this reaction include

reduci ng it
(3). The solvents to be
tetrahydrofuran, diethyl ether, dioxane, toluene, etc. The reaction
can be carried out at tenperatyres ranging from-78C to room
t enper at urerAine eA&PEVeRy O dpbEnatiien Fe hvddgeed aten &s
reduci ng agent such as diisoputyl alum num hydride, diisopropyl _.
al umi num Viedéedete. & PO RR AT sy it e S 2™ SARD Lihed 1)U Fpd 1n—3-
solvents t Ln_this i-Qn inclu tetrahydrof uran, diethyl
et her, di&@ﬁ%%?%gg ﬁgng%l%i%%fgg%ﬁ%fhéﬁéf g%ﬁo?%?o?%guc ¢S the
reaction RE8GRELI 8] PHE ALl QMR 3l UheSal 3R} NG f oMy 7 oom
tenperatu%%% [0050](3)98tep 3 (oxidation) ' C%npougd (5)§§§%%b§
react ed wilsh =& sleift abliei ax¢chze i cagenitch @pkihanal Iy osivg shd wihtiabl e
base such as triethylam ne or diisopropylethylamne, to give conpound
(4). The dwisdiazistgoagentsiltotdyey wsed vilrkvt bnsT8E&p: i ncl ude di net hyl
sul f oxi deoxal y1 chl ori de, dinmethyl sulfoxide-N, N -
dicyclohexylcar?ggii j de (DCC), dinethyl HO. O
sul f oxi de-1chl o ohkd@ne-Z,S-ﬂggne (NCS), di
sul of i xde- tic a 4 g&; amtse dilgdk
peri odi nane, piridinrum ghlq romate (PCC), piridini\um
(PDC), etc. The solvents be ed in this reaction include
di chl oronet hane, chloroform 1, 2-dichl oroethane, tetrahydrofuran,
di et hyl ether, dioxane, toluene, etc.; the reaction can be carried
out at terjpéBaiur esThangi tige falome-ABCcrib2d esteor rdam tanper atndr e.
[0051] (4) Step 4 (al dol reaction) Compound (4) can be reacted
W th a 6-werbemadecyericatiee ahioh thiecpiesepservbdrnguiansblextisggely
to give conpaound (5). The bases to be used in this step include
pot assi umUEEEBuFBRPAR 9% 0di um hydride, n-butyllithium Iithium
di i sopropyl.ami.de, |Lthi um hexanet hyl.di silazane,.etc.. .The solvents to
be used iAG?HE?reac#?%nc?$ﬁﬁ%P<§ fgiFgﬁyBFS?ﬁ?gn%n%ﬁ%ﬁ*ﬂﬂ %ﬁﬂ%&lFES
di oxane, tQkWens, 18lfmetiNe J&AM QRN QﬁaEaE£é§dtﬁéﬁ Rlcur as
tenperatures ranging from-78C to roomtenperature.

various optical iscmers or with various configurations. Hence,

the compounds of the present invention may be able teo occur as
separate optically active substances with the (R} and {8)
configurations; alternatively, they may be able tc 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



[ 0052] (5) Step 5 (dehydration) A suitable electrophile is
allowed to act on the hydroxyl group of conmpound (5) and reaction is
performed using a suitable base, to give conpound (6). The

el ectrophiles to be used in this step include methanesul f onyl

chl oride, ptoluenesul fonyl chloride, acetyl chloride,
trifluoronethanesul fonyl chloride, acetiﬁ anhydride, etc. The bases
to be used in the reaction include triethylam ne,

di i sopropyl et hyl am ne, etc. The solvents to be used in the reaction
i ncl ude diehltgrionetiRand, tbhﬁ@rmmmim,ogésimedhpapperhén@- For
tetrahydrofuran, toluene, etc.; the reaction can be carried out at

t enper at ureé'?%’?g ﬁi@astSH?BTEe%% YoM eﬁr?é’é‘rréttﬁfieby[E@B@T‘({%)W@t]edm@wn

duct d t ted
ﬁ;ﬁrgée'nog‘% IR g 5 et el y o CUSE AP AOM IR ARt Vet
car bon, t%‘@a‘i’l‘yh)égrt%?ledgubgfaxpé@s[be use Cto’b‘éﬁ%ﬁgdc BOLe il £ ?:hucei'su?]%l -

gi ve conpo nd (7). The solvents t inthis re ctlon
met hanol , tane chenoptopamebt Sidyleiacahata, rbet tabydsefgban, The
m xtures thereof, etc; the reaction can be carried out at
t enper at ureesnpoangisng £f then poesetenjperattice eyt hent efh uks drengrersaicir es
[0054](7) Step 7 (hydrolysis) Conmpound (7) is hydrolyzed using
a suitabl @ Isdse form ghdeaconpotntryg) Theheopasesds ooheths arrdgenthi s
step include I|th|un1h¥drOX|de sodi um hydr oxi de, égotassium

r

hydr oxi de, 1 "MSC 1 PRe * 861 ¥ERt SN2 b]escﬁ‘éeé&rl A5t HESLr 2actPORPYIT et
nmet hanol , %&Q%EOl Eggpro ﬁ@%@ egyyé%roggran syater, m Xt ures
t hereof, &tc; He reaction can e carrle ?enperatures rangi ng

F1om OC 0 o)1 of | okt ETREEEAN o [&@glte@w SRy 8o A8P1194REUIA

Conmpound (8) is deprotected using a suitable acid, whereupon the
conmpound (inhi®fi tbhe E&eseﬂtylMI‘liarofbeCﬁﬂeBeasyﬂhéﬁﬁpé@ﬂlcs-rh&
suitable acids to be used in this step include hydrochloric acid,

sul furic acicghyhpdrobsofivr dtiehsdy iiffviedvoageTAEIaci slich as deep vein
met hanesul foni ¢ aci d, benzenesul fonic acid, p-toluenesulfonic acid,
10- canphoﬁéﬁpﬂéﬁﬁéSaCQHSS%W%naW%%3§6F@éﬁ§§u@6rb@OE%%%P¢¥PQtﬁEPdromer

t | d hl d | t h th | th |
| Sopr opanleErRgY 8@%? f%fm TS Fur R CP BN ot PO TR dsRende
tol Uene, yalet, 8Le. ot Ne g eAct AN 63D 0C c6BEEL £d, OHLs L. JEmer at ures

rangi ng from o th ux 't enperatu case
where Ra 'dis%rE313099ﬂd§&IQéT) @eM&xxéltr%eurnob@tP@@gw@wergarloUp, a
triflate group, a 1-cycl ohexen-1- yl group, a (1lE)-1-propen-1-yl
group, a @idpriiep; opencttyd disedde, gloadp, candeps ofiess 2=yl WGrsGwe or
the like, a suitable internediate in schene 1 may be subjected to

t r ansf or naleioenesh t Aok unet ¢OPANRTIGUP reds nBy wesoupttep ¥@Eact i on
typified by the Suzuki couplijin the M tsunobu reaction, an
aIkyIat|oﬁnﬁééEFPBﬁrbrl%??%ﬁ&Réi(ﬂ%ﬁﬁééétléﬁthgbth§'tTP%&QﬁQTQQQ§mlaf

conpound of .the ese [ hventi.o 0056] Product i n N@th
The' compodid. LPTEbF SEhboht cebrt Ve P BRE TERCAR S ANS SBRYIERe T
ring or acpur b%esnwgwea%iénac e008R: A8 0L 'él‘&l%.er fordad &,

-(CH2)3-NH-R3"(where R3 is a hydrogen ato Is a hydrogen atom a
hal ogen at@@etfcElndchl Kyl rgH B EWRItt u&eghbyméc&mggqn 2RRBE able
Cl 10 al kyl group, a Cl1_8 al koxy group, a C3..8 cycloal kyl group, a
C3..8 cyclcaalrkexy grodpluent- 14 cpel catephatikydf gtloeipresera phenyl
group; R2 is CO2R8 (where R8 is a hydrogen atom; mis an integer of
zero and ANVSNaRoRneBgeko die ored dapile éyn@he@&ﬁé@ it drel, | dWwetg
met hod (schene 2). |n schene 2, Rais R or a hggroxyl group, .a

benzyl oxy "§¥olp, bami £ $Faen FrORCPa e FBGE| BRRkEN-AL PRI EFaldy . 1f

1E) - 1- 1-y1l 2 1-y1,
g-p%opegrggsg ggzuBHe[fé@ﬁﬁuééi)oflggrogggseng 19veL%£oé”ﬁé§ be

administered orally or parenterally as formulations that

contain them as an active ingredient. An example of the



(dehydration)rN------ A .5 <)c..... N?.,? ONR IN1IBm Step 6
(reduction)N=:\ BceN) SCHEME 2 [0058] (9) Step 9 (cyclization
reaction) Compound (9) is reacted wth a suitable am de
activator such as diethyl chlorophosphate in the presence of a
sui t abl e base, whereupon an intermnmedi ate can be obtained in the
reaction system The internmediate can be reacted with ethyl
i socyanoacetate in the presence of a sutfabl e base, to give conpound
(10). The bases to be used in this step include potassium
tert - but oxpamntsodiiumdmydisdeat bebut 5| inttdwemoulsi eHinimistration by
di i sopropyl am de, |ithium hexanethyl disilazane, etc. The solvents to
be used | tAIREY@dct i ons i ncl ude tetrahydrofuran, diethyl ether,

etG.; the reaction e carried out at

di oxane, iu e,

tenperaturgO ngln&lPFSHFhe7%???%PW%%ﬁ%$ e PAEGFBT lnv%%Flon have
0059] (10

[ 1( )Tzétl‘b%ﬁt 3;]% %thg'i: CL!:QPw)uthyt rPatcPerH)c%u%go( %9% 88‘ %(%c?adé%g%’e

with di-tert i car onate e presence of a su

to give compaubrehl) orTRR-BRSE6: & Q:ll%éé%%d shiRnt Q‘ssd§é]§pvéi}§| ude
triethylam ne, diisopropylethylam ne, pyridine, 4-

di met hyl animaempcisdisneaupotiasgi tihg % Efetcﬂliﬁw)ilnd:&udﬁﬁdl anshygl ¢ aie,
n-butyllithium lithiumdiisopropylamde, |[ithium

hexanet hyldissidtdzanenckt es Fhel Sotiahtitnd epdsedmngnt t has rvealch icon

i nclude tetrahydrofuran, diethyl ether, dioxane, toluene, etc t he
reaction SR FIBAL SRR a%alf%lrﬁ&erratw@sreﬁoaﬁgu h@f?F%Fr%OI?S@40 t he

fl 6 d 1
e uco s Penan A et b e S B R EbT o i RN IS T
or dii sopgp%%'u% u'alleeggggdﬁag% 40 GHve @pag dbglga bftﬁacéaf%mt%

to be use is reaction 1nc ude tetr ydro uran, t her

di oxane, tidlddeneondoGhbior 9884 Medien r sitl U iQfs0 b f@bemoidj@lg e;a&trd&;@r%an
be carried out at tenperatures ranging from78C to room tenperature.

Al ternatiwel presempoundt{d2) thysdelisyausesi zed from conpound (11)
via an al cohol form as in steps 2 and 3 described in production

met hod 1. [0043] ThFr@WI@@h%%rmf(tI@) Prerentoapvenel ¢ )naif kehe
present i nvention ca ) ntheS|zed by the sane ?688edures as steps

to 8 de?rﬂrqlﬁéétieﬁearbau PO Frethoddy, 1 m9 to mg, preierably

10 mg to 200 mg, per dose, and the frequency of administration
may be once to three times a day. The dosage of the compounds
of the present invention can be adjusted as appropriate for
the age, body weight, and symptoms of the patient under
treatment.

[0044] The compounds of the present invention can be
evaluated for their TAFIa activity by known procedures, such
as the method described in the test procedures desc¢ribed
hereinafter.

[0045] The methods of producing the compounds of the
present invention are hereinafter described in detail but they
are not particularly limited to the examples shown below. The
solvents to be used in reactions may ke of any kinds that do

not interfere with the respective reactions and they are not



In the case where Fe is a halogen atom a hydroxyl group, a benzyl oxy
group, a triflate group, a 1l-cycl ohexen-1- yl group, a
(1E)-1-propen-1-y1 group, a (12)-1-propen-l-yl group, a 1-propen-2-yl
group or the like, a suitable - 26 - internediate in schene 2 may be
subjected to transformati on of a functional group, as by a coupling
reaction typified by the Suzuki coupILn? the M tsunobu reaction, an
al kyl ation reaction or a reduction reac ?on, so as to yield the
conpound (I) of the present invention. [0061] Producti on Method 3

The conpourakioulei livhe ipiésantoi Bentelopwing Wesehintisna benzene
ring or a ridine rin%; X is the formula -(CH2)-, the formula

-(CH2) 2-, ot oxy§ERCEEEAPT VIFERetel fornul a - (CH2) 4- NH R3 (where R3

is a hydrogen om; Rl | ydrogen ato a.hal ogen atom .a Cl-4 .
Kyl 5t oup sundt CareaoBy TT8 RA e e B eROSged 5Bl i
Cl..8 al kaxy, QR rand3.8 gyﬁgiypﬂhi% SR x asC3n8 eYEhQR k@?@ﬁé&
group, a C4-14 cycl oal Kyl al kyl ™ group, or a phenyl group; R2 is R8
(where BY tire adiydnegenca o), ; o b aRydg&h €9 ;0fy 2€r @handofmiSaan

i nteger of zero, can be synthesized by the foll ow ng nethod (schene
3). In schet@B;-MarH’s (Rieoe B° hydrokylrgpenpatenberilylioxy hrdupgem
triflate group, a 1-cyclohexen-1-yl group, a (1lE)-1-propen-1-yl
group, a (APM-12phepeaet- §1oHr cu;1-ora &k vl gir6pensebytigrerp. Ly C062)
SCHEME 3 [[0Q63] (12) Step 12 (cyanati on) Conmpound (4) can be
enot ed wiitH SFeCy ARTF on? att SOt 2EPUBAi Byt o BiEas sl gine
cyani de or rhonat. i ag S S, {6t r of or. mat e,
optionalli“?ﬁgﬁﬁggér ggﬁ e %Péﬁsgﬁgég”?gﬁ% fg%g% fa%ys?{%uch as
tetrabutylammainupmahkoni §8oud 0 & e HRMAURL.(47) r? The BORY el O R®
be used in this reaction include dichloronmethane, chloroform 1, 2-

di chl or oetikame hyebyahydrohuy an,id cruenaegwat ef, zet6. and he ireagii on
can be carried out at tenperatures ranging fromOC to room

t enper at urig .t o6 LI ( 8%, Step U8 (yrethectized) by the Opbbewih (EDhdds
catalyticalL§&hydrogenated i n a hydrogen, at nosphere using a catal yst
such as pal3R&MGmtact FVatewetarboR” pal Radiuh WyYdrexiydedrepr, 2

pl ati num activated carbon, to .-, 28 - give conpoun 18). .Th

o vents Eo Y680y SRRIP &' Peiifich o TeCHaRRr XS Hag) orouPs
i sopropanaql ,;qethyL ., drofuran, _al — C;

t he react %on(l?z)in}ibgggg%?ilgdy%ﬁéfcg{&t éarrp(grzgt &r g%éégﬁgifn%fﬁ%%%’o%% .

t enper at ureph@pkhe2rof | yxokgenperature. [0065] (14) Step 14

(carbonyl ati on Conmpound (18) can be reacted with ethyl

chl orof or @& 7ln the presence of a suitasble base, to give conpound
(19). The bases to be used in this step include potassium

tert-but oxide, sodium hydride, lithiumdiisopropylamde, |ithium
hexanet hyl di si | azane, etc. The solvents to be used in the reaction

i nclude tetrahydrofuran, diethyl ether, dioxane, toluene, etc.; the
reaction can be carried out at tenperatures ranging from-78C to room
tenperature. [0066] (15) Step 15 (reaction for introducing am ne side
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 conmpound (20). The bases to be used in this step include

pot assi um tert-but oxi de, sodium hydride, etc. The



solvents to be used in the reaction include N, Ndi nethyl fornmanm de,

N, N-di met hyl acetam de, N-nethyl pyrrolidone etc.; the reaction can be
carried out at tenperatures ranging from-78C to the refl ux
tenperature. [0067](16) Step 16 (hydrolysis, decarbonation,

deprot ecti on) Compound (20) is hydrolyzed, decarbonated and
deprotected sinmultaneously using a suitahle acid, to give the
conpound (1) - 29 - of the present invention. The suitable acids to

be used in this step include hydrochloric acid, sulfuric acid,
hydrobrom c acid, trifluoroacetic acid, nethanesul fonic acid,
benzenesul fonic acid, p-tedgienesul fonic acid, 10- canphorsul fonic
acid, etc. The solventﬁwtnubelused in these reéﬁ??dhs i ncl ude
chl orof orm d|chIoronethawelmﬂethanol ethandFedW§oﬁPbpanol et hyl

acet ate, tetra drofur gghyl e&her oxane, tquepg\ )

etc.; the re‘?ﬁﬁ e ~Carried rrperaturgs Qg rom
OC to the refl erature E10,C he casé wierg Ra !
hal ogen atom &‘h dXyl group, a benzyloxy group, a trlflaﬁe group,

a 1-cycl ohexen-1"yl group, a (18- 1-pfopen-1-y1 group, a @

(12) - 1- propen 1-yl group, a 1- open 2- y1 852%6r the like, a
sui t abl e | n¥&aP@di at e |n sche EG'Y8 transformation
of a funcFP%ﬁéf‘ﬁ?ou a cggpr g reactl ypifed t he
Suzuki coupling, asp u reactgon, an al i cdibn or a
reduction reﬁof'on SO to Weld the conpdﬁﬁd h ent

i nventi on. [0068]Producp;on Met hod 4 The cofpo ( of the

pr esent invention in which Fe is a hydrogen atom a hal ogen atom a
Cl..4 al kyl $repup substituted by 1-3 hdl QQ tons a Cl.40 al kyl
group, a CI=hERraiiRBXY ghoupa cy%?oal ro p,N’\

cycl oal koxy_groyp gea™ cl éT yl al kyl gg -;gﬁl group;
R3 is a hydrogen atomg and ydrogen atomy can b hessi zed
by the foll ow ng nethod (s@%ene 4) [0069] - 30 - {7TSCHEME 4

[ 0070] (17) Sgeg 17 (esterification) Compound (21) synthesized by

1 to 7 descrBFbad8in Produ tion Method 1

the sanme p g @@ as e
(O 05 o alﬂéﬁgo o] ([5eEptasticpria

can be reacted wth a chi
(1R, 2S) - 1- phenyt-Bpe par=t—ol, Iphe YL €Y hanol ,
(1S, 2R, 53) - 5-met hyl- 2- ( propan- cyelohexanol X

(3R) - 3- hydr oxy- 4, 4- di net hyl®i hydr of ur an- 2( 3H) - one usﬂﬁg a condensrng
agent in the presence or absence of a S¢uEsal @ base, to give conpound
(22) and conpound (23) that are diastereoners separable by silica gel

col um chri®®dBdgr aphy! Suew abl €sdses tingl ggaction)

Compound (1) is reacted with a suitable amide activator

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 -



triethylam ne, diisopropylamne, pyridine, 4- dinethylam nopyridine,
etc. The condensing agents to be used in this step include
N-[ 3- (di et hyl am no) propyl] - Wet hyl car bodi i m de hydrochloride, N N -
- 31 - dicycl ohexyl carbodiim de, di-1Him dazol-1-yl-mnmethanone, etc.
The solvents to be used in the reaction include dichloronethane,
chloroform 1, 2-dichl oroethane, tetrahygsafuran, toluene,
N, N-di net hyl fornmam de, etc.; the reaction can be carried out at
t enper at ur ranging fromOC to the reflux tenperature. [0071](18)
Step 18 (h%%&n’é?gr&i%%‘?eﬁﬁfdlrf&-ysi s) Conpound (22) is
catal ytic ydr oggna i at nosphere using a catal yst
such as pgv#%ﬁﬁun}ag??vg?g %a?ﬁ%%,1%%ﬁﬂadiun1hydroxide, or
platinum act i V%%g;_ogaabcmf 19 SiMELOMMANG (24kcidhesolvenis g be
used in this reaction include nethanol, ethanol, isopropanol, ethyl
acetate, tletyrdhywdeotmiaon Ry&iides therieef coabenntihe3y eamid orvlcamtze
carried out at tenperatures ranging fromroomtenperature to the
refl ux ternpetest wsed Aht ehbat Freaethiorcomedune C22)ahmyrbEutnrdr aliygréd L
using a suitable base, to give compound (24) can. The bases to be
used in tHetefipHeRradet Pt Ym Ihifdr dXied& 2a8§64PRNTHyY P )Gadeied out
potassiun1q% roxi de, etc. The, sol ents7%g be used in this reaction

t

i ncl ude mét SPe*aERARDI TaRLYHt opaiior, Bt et FanyYTLF TR Wi Er
m xtures tArl%re‘}%%’ti@EEﬁEEn SAEL 1 ONS A }{‘b@ergéﬁééﬁ%&ﬁ aatreduc&rngm

t enperatures rangl ng to the reflux tenperature.

conpound ¢ hencaspeunsok My 0fa 1the nRHes¢at i H8Y eat 1 b Ly 1be
synt hesi zed by the sane procedure as step 8 described in production

met hod 1. {10 Z2]:Rr bdaetidon &t hod b directThesgatpesinge (dofpcaind he) .
present invention, in which Rl is a hydrogen atom a hal ogen atom a
Cl_4 al kyIThgr sgpventgoto kebhaidd utredhdy reschapogemchtdas, a Cl.. 10
al kyl group, a_ Cl-8 al koxy group, a_C3...8 cycloal kyl group, a 03-8
cycl oal ko [GRGYFT 5 EAR 1 495 0al 9 eEr ki °GFBap, Eot e Shenyl group;

B el MY A PR A 2 L, S P DR parric
(eSterifi%%ki%@)tgﬂﬁgﬁgt£¥%§ifg%§iﬂ% Grom -78°C to room temperature.
[0050] (3) Step 3 (oxidation)

Compound {3) can be reacted with a suitable oxidizing
agent, optionally using a suitable base such as triethylamine
or diisopropylethylamine, to give compound (4). The oxidizing
agents to be used in this step include dimethyl sulfoxide-
oxalyl chloride, dimethyl sulfoxide-N,N’-
dicyclohexylcarbodiimide (DCC), dimethyl sulfoxide-1-
chloropyrrolidine-2,5-dione (NCS), dimethyl sulofixde-acetic
anhydride, manganese dioxide, Dess-Martin periodinane,
piridinium chlorochromate (PCC), piridinium dichromate (PDC),
etc. The solvents to be used in this reaction include
dichloromethane, chloroform, 1,2-dichloroethane,

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

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



(deprotection)Nc"-- \ SCHEME 5 [0074] (19) Step 19 (esterification)
Compound (21) can be reacted with an al cohol such as nethanol,

et hanol or propanol using a condensing agent in the presence or
absence of a suitable base, to give conpound (25). Suitable bases
include triethylam ne, diisopropylam ne, pyridine,

4-di net hyl am nopyri dine, etc. The condensing agents to be used in
this step include N-[3-(dinethylaninojp@%pyl]- N - et hyl car bodi i m de
hydrochl ori de, N, Wdi cycl ohexyl carbodi i m de,

di -11-i - i nidazeic Teypemsthanone, etc. The solvents to be used in the

reaction include dichl oronmethane, chloroform 1, 2- dlchloroethane
t et rahydr ofQi=dd, tolldenéter, ﬂ+ﬁﬁh¥ﬁ#ﬂHqQﬂﬁﬁﬁﬁ)de etc.; the reaction

b d t at t t 33 - to th
o e ot Bbothol TTRSEAL S LSD G 0D BCage g AT, |
| kyl . d
"n the. pr ccSies & Cghéﬁf’g@%%%%giﬂ R S e

bases inclufde polasssem carbonai & GLIUM GREBONALCudE Sot I um tert-
solvents to be used in this reaction include tetrahydrofuran,

t ol uene, NMuNdixtelchykbaimmhderi decetomatyatidthithe Leaciwon can be
carried out at tenperatures ranging fromOC to the reflux

t enper at urglisAprgpidrnhde, apptloaoh hegemedbyddi2l]) anaye bestreadied with
an al cohol such as nethanol, ethanol or propanol using a suitable azo
r eagent |r?QH%?n§Fe§8nE€ pFed %%l?QﬁﬂF?aﬁﬁd§6hFﬁ@lP@%gE%¥raﬁX9iﬁﬂH?anf

conpound

(g bIe hos hi n rea ents i ncl E
tri phenyl PHESHN N FFT ﬁ y?pﬁ% e, etFl’tg t-BERST PHOSH RE,
etc. Suitahle;a Ooh%aggn%émﬁ&%ﬂ:{ﬂeesd 9%3%8%‘3@%@@%' AtBom

di i sopropyl azodi carboxyl ate, tetranet I car boxam de,

azodi car baryibegizpiuperi di ne, etc. From conpound (25), the
conmpound (IV) of the present invention can be synthesized by the sane
procedure [@952tep 8 (Heseteped (deiprdoditdonon met hod 1.

[ 0075] Production Method 6 The conmpound (1V) of the present
invention, in %hﬁéhtﬁPl?se%ﬁ¢ﬁ&ﬂRﬁy%¢ aroml lavhdl bgeachit@mthe Oydroxyl

al kyl group subst.ituted en atons, a C -n alkyl group, a
Cl.-8 al k&&PYgr 64 pcoape%ng %%&61 %th@P8ubs BEESCIREE 16 1Ko

group. & Chtdusuchoalkylal Kyl dLsuuar @ PhERY! LouPoR3 s o 5 66

al kyl group rogen atom ca be syn
fol I ow ng Rished eﬁggeggeﬁ)in&ﬁﬂ%ﬁh@tha%@sulfon§g5%hlor1de, p-

toluenesulfonyl chloride, acetyl chloride,
trifluocromethanesulfonyl chloride, acetic anhydride, etc. The
bases to be used in the reaction include triethylamine,
diisopropylethylamine, etc. The solvents to be used in the
reaction include dichloromethane, chloroform, 1,2-
dichlorcethane, tetrahydrofuran, toluene, etc.; the reaction
can be carried out at temperatures ranging from 0°C to room
temperature.
[0053] {6) Step 6 (reduction)

Compound (6) is catalytically hydrogenated in a hydrogen
atmosphere using a catalyst such as palladium-activated

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



(27) SCHEME 6 [0077](20) Step 20 (al kyl ati on) Compound ( 25)
can be reacted with an al kyl halide such as nethyl iodide or ethyl
iodide in the presence of a suitable base, to give conpound (26).
Sui t abl e bases i nclude potassiumtert-butoxide, sodium hydride, etc.
The solvents to be used in the reaction include

N, N- di et hyl f or mam de, N,N—dinethyl acetam de, N-nethyl pyrrolidone,
t et rahydr of ur an, toluene, etc.; the reaction can be carried out at

Lo atures, oo, £y OCiLe L1, 1) s Lemmeratvre,, 0078102,
sui tabl e Blg&%] &eﬁn%‘t\éﬁy%?”p85ﬂ9nél?7)lso g%%ﬁs E‘Ehgf ysedi i this

step incl ium r oxI sodi'um roxi de tassi um

hydr oxi de, &lyGahyiie reebueNhisx t @r & &}%%dm tehics &ﬁaczéé?@timlém be
nmet hanol , et hanol, i sopropanol, tetrahydrofuran wat er, m xtures

t hereof , etarrithie olueaettl eampaﬂabermrﬂarﬂgin@utfram t:eametaﬁpﬁﬁstdmg:img
fron10C to the reflux tenperature. From conpound (27), the conpound
(1V) of théwpreddnk temB§ratipgenti on can be synthesized by the sane
procedure as step 8 descrlbed |n roducti on nmethod 1.

[ 0079] Prodt%3%dn MetHodStep 7 oifpdind (11) of the present
invention, in ich A i zene rin X.is a single nd Z t.he
formul a - (CH2) Ompﬁ§n|s?g?hy%p%ﬁékoaﬁ%éﬁ Ut Rs asHyg?%b% to give

hal ogen at Q1-A al [ eqb o , a
CF40 alkyfgg?€%p9 (éb ¥M£a?i%§§-§$gﬁiﬁE§h 4 %h%icfb@+K%%H§%%up, a

03-8 cycl qaldraxyn avaxBxide Asddi gy alyealdailial, kysbtgg@y@m ¥ deoakeN)Ylete.
group; R8 is a hydrogen atom mis an integer of one; and n is an
i nt eger ofThenepleantbetsybht hesed eich phitsheeholl.oni hge edd ok (isclvdne
7). [0080] - 36 - OH ---
ethanol, isopropancl, tetrazhydrofuran, water, mixtures
thereof, etc; the reaction can be carried out at temperatures
ranging from 0°C to the reflux temperature.
[CGO55] (8) Step 8 (deprotection)

Compound (8) is deprotected using a suitable acid,
whereupon the compound (I) of the present invention can be
synthesized. The suitable acids to be used in this step
include hydrochloric acid, sulfuric acid, hydrobromic acid,
trifluorocacetic acid, methanesulfonic acid, benzenesulfonic
acid, p-toluenesulfonic acid, 10-camphorsulfonic acid, etc.
The solvents to be used in this reaction include chloroform,
dichloromethane, methanol, ethanol, isopropanol, 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, & benzyloxy group, a triflate group, a l-cyclohexen-1-

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



Step 23 (addition reaction) (30....". Tr? _,Step 22Tr-, ,1Tr.,"

14-- . --"

N-N)1,1 (reduction)woH ..'"C.-*\c,N RLN MDO2C. MDO2CmB02C

CO2MeHO (214)(29)(30) HO Step 24Br Step 25 (cyclization Tr...m®6
-Sic.-\(deprotection) NLC-1\ reaction)N neo2c (32) ne RL Step 4
(al dol reaction) BoeNr

_23_

group, a l-propen-2-yl group or the like, a suitable
intermediate in scheme 1 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
of the present invention {(I}.
[0056] Production Method 2

The compound (I} of the present invention, in which & is
a benzene ring cor a pyridine ring; X is a nitrogen atom; Y is
the formula —(CH2)3—NH—R3 (where R?® is a hydrogen atom); R! is a
hydrogen atom, a halogen atom, a Ci-4 alkyl group substituted
by 1-3 halogen atoms, a Ci-19 alkyl group, a Ci-g alkoxy group,
a Ci3 cycloalkyl group, a Csg cycloalkoxy group, a Ca-ia
cycloalkylalkyl group, or a phenyl group; R® is CO;R® (where R®
is a hydrogen atom); m is an integer of zero and n is an
integer of one, can be synthesized by the following method
{scheme 2). In scheme 2, R® is R' or a hydroxyl group, a
benzyloxy group, a triflate group, a l-cyclohexen-1-yl group,
a (lE)-l-propen-1l-yl group, a (lZ)-1-propen-1l-yl group, or a
l-propen-2Z2-yl group.

[0057]



0 Boc 0 OH (35) (4) Step 6 (reduction)r.-- -.1 Bac' (37) HOO

N St ep 28 BocHNN(deprotection) 60 081 SCHEME 7 [0081] (22) Step 22
(reducti on) Conmpound (28) can be reduced with a reduci ng agent
such as diisobutyl al um num hydride, diisopropyl alum num hydri de,
etc., to give conpound (29). The solvents to be used in this reaction
i ncl ude tetrahydrofuran, diethyl ether, gioxane, t ol uene,

di chl oronet hane, chloroform etc.; the féadction can be carried out at
tenperatures ranging from-78C to roomtenperature. Alternatively,
conmpound (29) nmay be synthesized from conmpound (28) via an al cohol
formas in steps - 37 - 2 a d 3 described in grody&tion met hod 1.

t
[0082] (23) Step 23(09@994 588 heaet c;nqn) (profepction)
o EIO,C._NC ﬁ::z
TN@Ra EtOZC)\<\ T Eech 3
H
{10} {11)
Step 4

(aldol reaction)

Step 11 N’\ (;j

Boc
(12) (13) ‘h
Step 5 Step 6
(dehydratlon) t;;]\v/L\<if§::;2 (reductlon) (;:l\/)\jl‘ ﬁ::;z
SN ‘)
(14) Boc {15)
Step 7 Step 8
(hydrolysis) HO. -0 N (deprotection) 2
LR T AR,
N R®
LI
SCHEME 2
[0058] (9) Step 9 (cyclization reaction}

Compound (9) is reacted with a suitable amide activator
such as diethyl chlorophosphate in the presence of a sultable
base, whereupon an intermediate can be obtained in the
reaction system. The intermediate can be reacted with ethyl
isocyancacetate in the presence of a suitable base, to give
compound (10). The bases to be used in this step include
poctassium tert-butoxide, sodium hydride, n-butyllithium,
lithium diisopropylamide, lithium hexamethyldisilazane, etc.
The solvents tc be used in the reactions include
tetrahydrofuran, diethyl ether, dioxane, toluene, etc.; the
reactions can be carried out at temperatures ranging from -

78°C to room temperature.



Compound (29) can be reacted with a bronobenzene prelimnarily
treated with a suitable base, to give conmpound (30). The bases to be
used in this step include nbutyllithium sec-butyllithium
tert-butyllithium etc. The solvents to be used in the reaction

i nclude tetrahydrofuran, diethyl ether, dioxane, toluene, etc.; this
reaction can be carried out at tenperatgres rangi ng from-78C to room
tenperature. [0083](24) Step 24 (cycliz tion reaction) The

pri mary hydroxyl group of conmpound (30) can be brom nated and heat ed,
to give condfid (31NL0) Theepr b frtdtreyrtdgents to be used in this step
i ncl ude carbon tetrabrom detriphenyl phosphi ne,

1- br onopyr r ol i HFESELS- &ﬂ@heC%mEEB r%%qﬁﬂﬁeN}thé%ph?ﬁﬁrbutyl

brom ne-tr | phenyl phosphi ng, drogen brom de- ace |c aci d, hor us
1 br om ae S B DR, B HES SN o Srar et peS e Wt 1o

be used in, %tu?l%h%ﬂg“&’ﬂerﬁ%& ét% helidde ghc@h%%@é aﬂ?clude

chl orof orm a furan et her, di oxane

N, N-di et hydsfammahdge, eb€is084 lr@fﬁfﬁftﬂagﬁn%anptg@l&ﬁﬁé' e4iout at
tenperatures ranging fromOC to the reflux tenperature. The

cyclizati alirteeagtiiz@Aneanr bei ca) rpech aufunat e-erpatak ides $adiginng from
roomtenperature to the reflux tenperature. [0084](25) Step 25
(depr ot ecthivsivyide, n-Gohpblhth{81) lddrhiler Héasedrapy hgnint hanidihivo
gi ve compound (32). This reaction can be carried out at tenperatures
rangi ng fr%%“@&ﬁmytlgﬁﬁé}%%%% tD- G hd heelodyents380.be digfet dtturtdie

o oheaararton b L BEn e e T ety g bR Lp Ui e oS Y
palIadlLnnggydé%@tegtgarbgge f@gééggd“@a%ygroé%ggiegr ut at temperat rgs

platlnun}actlvated carf bon, t'o give compound solvents to
used in thiss¢ieackiren ingdde mteh@e@huxe’e&ags@&atur%opr opanol, ethyl
acetate, tetrahydrofuran, mxtures thereof, etc; the reaction can be
carried outoo&O]t enpétai usesp rla]ng(lmyiufdtarmmr)oom tenperature to the
reflux tenperature. [0086 (27) Step 27 (reduction) Conmpound

(33) can be re@gepaunit hl bl rietduddvgesgenthsachedscny sttty Isumbumisnum

hydri d dj | drid d
T_ry1e“so|eveﬁ”e->lso B BB G et 6 F b BBe e B oG to
diethyl ether, digxang (is) uene, dichleromthang,  ghloralor m. stecy

t he reacti“on can ne car I'ed ou 8ratures rangln rom
roomtenpqrn@tltgla@ t &L L SR AL MBI, Qﬁ@%‘ﬂ%deéﬁé} N&Yobeh Sy iigsinzed
from conmpound (33) via an al cohol formas in steps 2 and 3 descri bed
i n productdienlsebRedhdne, chlorofornfl @cCOMpAUnde{3d)on tdie cRMRAURded
(I'l') of the present invention can be synthesized by the sane
procedur e cag stepsmietat @raeseridied ifropr d8lCtioravet edpérature.

[ 0087] Production Method 8 The conpound (1) of the present

i nvent i on ALtRTRRCERCAY i sComRBHYeNd 20| AgYoPeaSpyFier eed ifipm xompopnd

formula -( the f CH2) 2-,, an_ox at o ni trogen
Loom S T YT v Ag oo Prah T i i e S RE Of e hiasRee e e
at om %odugt%njm%%}l%é roup substituted by 1-3 hal ogen atons, a

C2_20 aI Kk group, al ' koxy group, a 03-8 cycloal kyl group, a

C3-8 cycl oal koxy gr pHgm @on%mﬂrfli cyelyoalkkyl ébiﬁiﬁbulgcﬂom SH thPheR¥kent
group; R2 is CO2R8 (where hydrogen aton); mis an integer of
zero and nAnveénafiohntegete yroesican be syat bend zetbdyddhe fael lsaepsg4
met hod (schene 8). In schene 8 Ra is R or a hydroxyl group, a
benzyl oxy tgr ugesaripéd | ot eoxpdngrioa hetbpdl bhexen-1-yl group, a
(1E) 1- propen-1-yl %ﬂoup, a (12)-1- %ropen | -yl group, or a

1- propen- 2-y1 group! Eﬁase where 1s a halogen atom, a hydroxyl
group, a benzyloxy group, a triflate group, a l-cyclchexen-1-

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

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



Step 28Step 29 (protection)(carbonylation) EtercEt

112n) CH3( PMBOCH( PMB) 214 Step 30 (al dol reaction) Step 33
(reduction) CO2Et (PMB)2NN (416) SCHEME 8 [0089](28) Step 28
(protection)

_.26._

intermediate in scheme 2 may be subjected to transformation of
a functional group, as by a coupling reaction typified by the
Suzuki coupling, the Mitsunobu reaction, an alkylation
reactlion or a reduction reaction, so as to yield the compound
(I} of the present invention.
[0061] Production Method 3

The compecund (I) of the present invention, in which A is
a benzene ring or a pyridine ring; X is the formula -{CHz)-,
the formula -(CHz)z—, or an oxygen atom; Y is the formula
- (CHp) 4—NH-R® (where R?® is a hydrogen atom); R' is a hydrogen
atom, a halogen atom, a C;-4 alkyl group substituted by 1-3
halogen atoms, a Ci_i15 alkyl group, a Ci-g alkoxy group, a Ci-g
cycloalkyl group, a Cis cycloalkoxy group, a Cg-14
cycloalkylalkyl group, or a phenyl group; R? is CO;R® (where R®
is a hydrogen atom)}; m is an integer of zero and n is an
integer of zerxo, 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-cyclchexen-l-yl group,
a (lE)-l-propen-l-yl greoup, a (lZ)-l-propen-1l-yl group, or a
l-propen-2-yl group.

[0062]



Compound (39) can be reacted with p-nethoxybenzyl chloride in the
presence of a suitasble base, to give conpound - 40 - (40). The
bases to be used in this step include potassiumtert-butoxide, sodium
hydride, n-butyllithium lithiumdiisopropylamde, |ithium
hexanet hyl di si | azane, etc. The solvents to be used in the reaction

i nclude N, Ndi net hyl f or mam de, N, N-di net hyl acetam de, N

met hyl pyrrol i done, tetrahydrofuran, diethyl ether, dioxane, toluene,
etc.; the reaction can be carried out at tenperatures ranging from
-78C to the reflux tenperature. (29) Step 29 (carbonyl ati on)
Compound (40) can be reacted with ﬂ :g%l carbonate in the presence
of a suitable base, to give co §¥ The bases to be used in

this step includenpotasstumter bX|de sodlunwhydrl
n-but yl I it hi umpJ ik Pﬁgiéz!soprop ani de, aat
hexamet hyl di si | azan A NE SQLMENMTS™ 0 b u ed reactlon

i ncl ude tetrahydrofuran di et hyl ether, di oxane’ toluéne 8tc.: the
reaction can be carri&d out at tenpgggéqges ranglné”fron1 78C to room

tenperature.q 8099](30) Step 30 (&dgehyrfaeh) on) Conpound (41)

can be rea@; WMdh ¢ 4) inebhecpresence gf=@a s abl e base,

to give conpound (42)- e\béses to bel| used Bﬂp h cl ude

pot assi um t ert=but ox3d %] yeei-db—n-but yh)llﬁ{_l; t hi um

di i sopropyl ani de, I|th| exanethyld|S|Iazane he sd?vents to

be used in thegﬁegqglon | Acl ude t et r ahydr ofwuane di dithyl et her,
di oxane, tol uanesodeting the reaction can(hereassised out at

tenperature%ﬁnaﬁ'ﬁﬂ hgyom - 7 o m temmpermttiuse. F@OQQ&J(Sl) Step
31 (protection) i Tophi | e deBradleFbved tlo N
hydroxyl - 41 - group o oy ) and-TRactfonTins \per qx d

using a suitable base, to g??@ conpound (43). The el ectfyop s/t@ be
used in this step include t 8Pt - but yl di net hyl silyl chloride,
trimethylsilyl chloride, methanesul forsduseddd @ri de, ptol uenesul f onyl
chloride, acetyl chloride, trifluoronethanesul fonyl chloride, acetic
anhydri de, etc. The bases to be used in the reaction include

i mdazole, triethylam ne, diisopropylethylamne, pyridine, etc. The
solvents to be used in this reaction include dichloronethane,

chloroforqno% i dlthg og{ at téﬁén%Qgg% furan, toluene, etc.; the

reaction can b carrled eraturées ranging fromOC to room
tenperature. [@88356(34) ( &;Qpaé%e( dehydiat k9B a cyanfOIMOWYLA43)cean
be subjected to reactlon In a suitable solvent in the presence of a
sui t abl e hasepdtiamgtyencoapet neb{adb)yunl k§ahagesot 0a bea tisadhdiont Bigegnt
step include di azabi cycl oundecene, triethylam ne, diisopropylam ne,
pyri di ne, shcti et Bphahi Aopyr ¢ thime tepotassicoml L gr i n biuhoxi e ensedicdma
hydride, n-butyllithium |Iithiumdiisoprop ¥Ian1de l'ithium
hexanethy@@@ﬁ?léféﬁéfeét%atQ1ﬁ§%uﬂ“@@nﬁ§ tstpabuERipnreniEn cRderien -

N et hyl pyer G BoNEREPEEY Ay di of (iFarmo LBt Ry Fo et ers S B
tol uene, giG i bhe: ARGl Of AN 6 631 %edce%gg%ﬁ?) rAL ur es

ranging from-7/8C to X tenperature 3) Step 33

(reducti orichloxroeERAROUNEL { Ay dre redbkal Yebeakhy, hygiogenaled itRea
hydr ogen at nosphere using a catal yst such as palladlun}actlvated

car bon, palekadiom bydrioxicerricyd pluat knureaptryabeds caahnmg tfaom 042 -
gi ve conpound (45). The solvents to be used in this reaction include
met hanol , tet Haavl temgepropehol , et hyl acetate, tetrahydrofuran,

m Xtures thereof, etc; the reaction can be carried out at
t enper at url@@6Aangi n§l#t ohtr ¥R OM t &PSECALAPE to the refl ux tenperature.

Compound (17) is catalytically hydrogenated in a hydrogen
atmosphere using a catalyst such as palladium-activated

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



[0094] (34) Step 34 (hydrolysis) Compound (45) can be hydrol yzed
with a suitable base, to give conmpound (46). The bases to be used in
this step include |ithium hydroxide, sodi um hydroxide, potassium

hydr oxi de, etc. The solvents to be used in this reaction include

met hanol , et hanol, isopropanol, tetrahydrofuran, water, m xtures
thereof, etc; the reaction can be car[ig out at tenperatures ranging
fromOCto the reflux tenperature. [009%5](35) Step 35 (deprotection)
Compound (46) is deprotected with a suitable acid, whereupon the
conpound (d)veofcarpeupdeddhit - i Alrentdbrerden tige bsyrshdsizethiThesaction
suitable acids to be used in this step include hydrochloric acid,

sul furic éHFHJ“ﬁy6ﬁ6BFBﬁﬂC éEFﬂno%T|#§QRﬁQE%9€9vce§EVH acetate,

nethanesulfonl g benzene ul foni,c aC| enesul oni ¢ aci.d,
be

10- carrphortseLﬁrf & et "'Fﬁ%s sto}ﬁferﬁs £ ?eﬁe?ﬁ T oo be
t f
f§§SrngnSﬁﬁhﬁgﬁb?“Egéﬁaﬁéﬂb?g%?giyd9£§%ﬂ%%efé.etEQPH Rl e e

tol uene, wal€rme@i& rehperkeagti on can be carried out at tenperatures
ranging fromOC to the reflux tenperature. In the case

where Fe i Hdlal ogéndat snepal hytranbydnydraadpn)a benzyl oxy group, a
triflate group, a 1-cycl ohexen-1- yl group, a (1lE)-1-propen-1-yl
group, a (12)- Loppeped- (1§11 cangde -repadgs, wath- propéncRlgroipongsconn
the like, a suitable internediate in schene 8 may be subjected to
transfornﬁ?ﬁbﬁrﬁﬁeﬁcﬁuﬁgt?oﬁ%}tiﬁQﬁﬁ)b%i? bﬁoag&BGpFPﬁﬁoY%%cPﬁBn
typified Q%M&Q?t %gkbsegugll s g%e fﬁ%ﬂn%b o%aCtigg'ta&:q¥tox1de,
al kyl ati on Fedcti-on or - a reduction reaction sb

conpound @o)dlchfm h@er@aesemtm{rﬁ%l%pr[oﬁa,%@}n&’a@dummwh/bt hod 9
The conpound (1) of the present invention, in which Is a benzene

ring; X i sad:aenchtormuliailf&hiRy; et srri&eofle}reﬁulsato 16&-123&1 NHr R3e
(where R3 is a hydrogen aton); Rl is a hydrogen atom a hal ogen atom
a Cl. -4 aldegctgooupnsibgéi teteshirdi3 anal dgenhal oashen, Odickirad, kyl
group, a Cl..8 al koxy group, a C3 13 cycl oal kyl group, a C3-8
cycloalko%%ﬂgﬁﬁﬁp C&CEA- 1aC cHRIGE WY 1Ak PP §RETRTT 0P PherRIPFRGUFeS

R2 tet | t f d t
of one. cAr"Ba gyt HBT JES By PRETT OFFGRF A Rt nod (schems 9). [0087]

BocHN HO G 3i8P 36(£§?‘§@éﬁcﬂﬁ Egéi%tNgnB§8?h&ntrodu01ng amine side

chain)

Compoﬁnd {19) can be reacted with an alkyl halide such as
tert-butyl 4-iodcbhbutyl carbamate in the presence of a suitable
base, to give compound (20). The bases to be used in this step
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
etc.; the reaction can be carried out at temperatures ranging
from -78°C to the reflux temperature.

[0067] (16) Step 16 {(hydrolysis, decarbkonatiocon,
deprotection)

Compound (20) is hydrolyzed, decarbonated and deprotected

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



RI Pfl Step 37 (constructing CN N=N tetrazole ring)N" NCN N (49)
Step 8 (deprotection) R2 NCAN SCHEME 9 - 44 - [0098](36) Step 36
(am dati on) Compound (21) and 3-am nopropanenitrile can be
reacted using a condensing agent in the presence or absence of a
suitabl e base and in the presence or absence of a suitable additive,
to give conpound (47). Suitable bases_ipglude triethylam ne,
d||sopropylan1ne pyridine, 4- dinethylaninopyridine etc. Suitable

ddi t de 1Hb t. | - 1- | idi 2, 5-di

3 hydr oxy 153, S Da 0N CadTHEATPY - oRES B s o dehe !Q% L Lo
b di d t_hyl

e used LY S et sk, M Loy e el gay L

di-1Him d@gdlloﬂroydlr&ta&aacpnemﬂ@orﬂ&tsl@ \w@ntds h@thﬁn@§§ﬂféz@1& F@:ld
reacti on include
benzenesulfonic acid, p-toluenesulfonic acid, 10-

camphorsulfonic acid, etc. The solvents to be used in these
reactions include chloroform, dichloromethane, methanol,
ethanol, iscopropancl, ethyl acetate, tetrahydrofuran, diethyl
ether, dioxane, toluene, 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-
vyl group, a (lE)-1-propen-l-yl group, a (lZ)-l-propen-i-vl
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] Producticn Method 4

The compound (V) of the present invention, in which R! is
a hydrogen atom, a halogen atom, a Ci.qs alkyl group substituted
by 1-3 halogen atoms, a Ci_19p alkyl group, a Ci-s alkoxy group,
a C3-g cycloalkyl group, a Cs-3 cycloalkoxy group, a Ca-1a
cycloalkylalkyl group, or a phenyl group; R’ is a hydrcgen
atom, and R® is a hydrogen atom, can be synthesized by the
following method (scheme 4).
[0069]



di chl oronet hane, chloroform 1, 2-dichl oroethane, tetrahydrofuran

t ol uene, N, N-di nethylformam de, etc.; the reaction can be carried out
at tenperatures ranging fromOC to the reflux tenperature. [0099](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 gi ve conpound (48).
Sui t abl e phosphi ne reagents include trip enylphosphlne

tri-n-butyl phosphine, tri-tert-butyl phosphine, etc. Suitable azo
reagents include diethyl azodi carboxyl ate, diisopropyl
azodi car boxyl ate, tetranethyl azodlcarbo anlg azodi car bonyl

di pi peridine, etc.HoAlL , coppayn f&: Yo@nd trimethylsilyl
azi de may be reacted i O phorane_reagent such as

cyanonet hy| B p&r ane —c§QHonmt hyl ene tributyl
phosphor ane, - g|v§ conpound (48). The solvents to be
used in the reaction |nc% de dichl oronet hane, chloroform 1, 2-

di chl or oet hane, tetrahyd furan, toluene, N, Ndinethylfornmam de, etc.;
the reactions can be carried out at tenperatures ranging fromoO000 to

the reflux tenperated e o[ 0100] (38) Step 38 (hydeel ysi s)

Conmpound (48) can be H?dr Fize ing-a suitable o-seN’Wg

conpound ( 49%ocHN: beYusgd in t BrENstep aeke |1 m
hydr oxi de, sodi um hydr gxj de, S§$$un1hydrOX|de, . ent s
to be used in this reaction include nethanol, ethanol, isopropanol,

t et rahydrof uran, wat ¢gzegmytures thereof, etc; the reaction can be
carried out at tenpenatwregencnging:f hpincdCsi0 the refl ux

t enper at ur e. Frém conpound (49), the conpound (I) of the present
i nvention can be synthesized by the nme procedune as step 8
described in prOdﬁﬁt'Qﬁ met hod 1. f{ %8 ggpctlé thod 10

The conpound (V) o \fherppese |nvent|on N whi'ei

substituted by 1-3 haloge SN | Cl_lORaIkyI grog Elkoxy
group, a C3_8 cycl oal®yl group, a8 C3. 41 cycloalkox group a 4-14
cycl oal kyl al kyl group, or a phenyl gsewsne and R8 is a Cl-10 al kyl
group or a group having the structure represented by the foll ow ng

fornula Igd@rohc g@7pe5§g§tpﬁsgggggggglgg@lgg%Iomnng met hod (schene
10). [0102] Step 19 (esterification) N

Compound (21) synthesized by the same procedures as steps
1 to 7 described in Production Method 1 can be reacted with a
chiral alcohol (RPOH) such as {1R,28) -1-phenyl-2-(pyrrolidin-
l-yl)propan-1l-ol, {(1R)-l-phenylethanol, (18,2R,5S5)-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 suitable 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’-



. BocHN  SocHN (24) Step 8 (deprotection) R3 SCHEME 10

[ 0103] From conpound (24), the conmpound (V) of the present invention
can be synthesized by the sane procedure as steps 19 and 8 descri bed
i n production nmethod 5. [0104] Production Method 11 The conpound
(V) of the present invention, in which R3 is the fornmula -002R4
(where R4 is a C1-6 al kyl group, the fogpula - CHRS0C(0) R6, or a
substituent having the structure represented by the follow ng fornula

la - 47 -
dicyclchexylcarbodiimide, di-1H-imidazol-l-yl-methanone, etc.

The solvents to be used in the reaction include
dichloromethane, chloroform, 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.

[CO071] (18) Step 18 (hydrogenclysis or hydrolysis)

Compound {22) 1s catalytically hydrogenated in a hydrogen
atmosphere using a catalyst such as palladium-activated
carbon, palladium hydroxide, or platinum-activated carbon, to
give compound (24). The solvents to be used in this reaction
include methanecl, ethanol, isopropanol, ethyl acetate,
tetrahydrofuran, mixtures thereof, etc; the reaction can be
carried out at temperatures ranging from room temperature to
the reflux temperature. Alternatively, compound (22} may be
hydrelyzed using a sultable base, to give compound (24) can,
The bases to be used in this step include lithium hydreoxide,
sodium hydroxide, potassium hydroxide, etc. The solvents to be
used in this reaction include methancl, ethancl, isopropanol,
tetrahydrofuran, water, mixtures thereof, etc; the reactions
can be carried out at temperatures ranging from 0°C to-the
reflux temperature.

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

[0072] Production Method 5
The compound (IV}) of the present invention, in which R*

is a hydrogen atom, a halcgen atom, a Ci-4 alkyl group



R7 R5 is C1-8 alkyl group; R6 is Cl1-6 al kyl group, a C3-8 cycl oal kyl
group or a phenyl group; R7 is a Cl-6 al kyl group or a phenyl group);
Rl is a hydrogen atom a hal ogen atom a Cl 4 al kyl group substituted
by 1-3 hal ogen atons, a Cl1_10 al kyl group, a al koxy group, a
C3-8 cycl oal kyl group, a C3..8 cycl oal koxy group, a C4-14

cycl oal kyl al kyl group, or a phenyl group; and R8 is a hydrogen atom
can be synthesized by the follow ng nethod (schene 11). [0105] HO H2N
(51) (V) SCHEME 11 [0186] 5:33) Step 39 (carbamate fornation)

Conpound (BBIEdMEE PEaltad R RATIE ¢ &r hematF K52)IT G gPvE - the
conmpound ( Qf t resent inventiQn., The solvents to be used in

Ch 8 r eact BT O B NG et AT TR, R oi-e 51 S SRt g 2P
N- et hyl pyrd,ol,i d0Bgea 1) rANMAr A uran. okok ushe, i £l gyomet hang,
chloroform water, etc.; the'reaction can be carried out at

t enper at ungsircRe Agofhr 0AhRY a st hecr gf | Ak Jleren@t UEBn be 4Pnthesized
On the foll ow ng pages, the present invention is described even nore
speci fi caldy tne ShdworgnEExaepheds Gfchdre iShventi on and Tests. EXAMPLES
[0107] The NH silica gel colum chronmat ography as referred to in the
fol | owi ng B8P3l es neans purification by col um chromat ographic
separation using an NH2 type silica gel (Chromator%g( NH2 type; FUJI
SILYSIA CHEM CAL LTD.) The optical pe¥init8s of conpounds of the
present inventiod® t edeHELEA BT tARAs ur ef
foll owi ng Bamd] {4
(DAl CEL CHEM CAL | NDUSTR
1 nb/mn det.: W, 248,nm

RE
Step 8 (|3 o
{deprotection) 9y N%\N ==
R3/N == \ XR“
(V)
SCHEME 5
[0074] (19} Step 19 (esterification)

Compound (21) can be reacted with an alcohol 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)propyl]-
N’ -ethylcarbodiimide hydrochloride, N,N'—‘
dicyclohexylcarbodiimide, di-1lH-imidazol-l-yl-methanone, etc.
The solvents to be used in the reaction include
dichlorcmethane, chloroform, 1,2-dichloroethane,
tetrahydrofuran, tocluene, N,N-dimethylformamide, etc.; the

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



sanple conc: 1.0 nmg/nmL inj. Vol.: 2 pL Mbile phase:
n- Hexane: | PA: TFA: DEA = 90: 10: 0.5: 0.5; n-Hexane: |PA: TFA: DEA =
85:15:0.5:0.5; or n-Hexane:|PA: TFA: DEA = 80: 20: 0.5:0.5; [0108] Exanpl e

1 Synt hesi s of 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 ethyl

5-di hydr oi m dazo[ 1, 5- a] qui nol i ne- 3- % boxyl at e To a solution
of 3 4- di hydr oqui noI|n 2(1H)-one (50 g)°1n tetrahydrofuran (1 L),

pot assiumtert-butoxide (46 g) was added under cooling with ice and
the m xturtec wde skifdpgdtfoperatue - GG armadtigslat thepgamd (21) may be

tenperature. Diethyl chl oroghosphate (70 g) was added and after
stirring tHEgho l&’rléhf 8P 36xH ntd e tsudie a§aﬁ°§tf1§#pé?‘é%‘éﬁe etdiHy |

300 AP THE xPAPEYRRsOTtTE el Vit BT oHOGF GF ¢ oot tehperae to
To Lhe eaglion JiLice 30, 28eos Saludkonsof &é%s&%& 01 d vas

added and ©xtract ng wt acetate and wash rrne were

per f or ned. ca&fl:;o%rat@rYb@glﬁMeéaMéH@U%t%Od'I‘H@ §Hh{7@ﬁ§s thedesdLeant
was filtered off and the solvent was renoved in vacuo. The resulti ng

resi due washipurdehicedohyistliuda gelragldamatuechnomabdgeaphyn (ted uent ;

n- hexane/ ethyl acetate = 1:1 to 1:3) to give the titled conpond (64.4
g) as a brdweghodermaiB{es ¢¢¥P®n€Du@It)c ,24‘-36( We iyt iomMR( 360 dvried
CHLOROFORM D) 6 ppm 1.43 (t, J=7.2 Hz H ., 2.96 (t, J=7.2 Hz, 2 H),
3.35 (t, Pt ?tHiemEeFl?tuﬁeﬂlri%Pmﬁ:fr?ml—I? Czt?—l)the7 RFlux7 30 (m 1
H, 7.30 -

[0109] (2) t'éef;ﬂrllatehe(stlr%eof % Jalfﬂtlbc?roiarﬁp azof.‘l 5°% (Oqﬂllrl%olegln mal_)p be

3- ylnEtha@@acted wIQhaaﬁoéyééﬂgh(guéﬁlgg m%tﬁaHBEYdégﬁgﬁgﬁ4ﬂ[%u%panol

a] qui nol i ne- 3- carboxyl ate (56.4 g) in tetrahydrofuran (583 m

lithium aliysiingue BudebBee (490 OrHgamas iaddad p@sgén@@%f g éMlth&Hl‘ée
and the m xture was stirred for an hour at the same tenperature.

Et hyl acetmtcspandewategemer et@drdiec: tcorploentdedetbi onSsiisdlelm arebsipihe ne
m xture was filtered; brine was added to the filtrate and the m xture
was subj ecie@@end sexrhede obr Wphaniihesehonm Afier- W‘Fyﬂfgj’iqw—é?lner

anhydr ous SQdI um sul fate e, desiccant. was filtered off and t
sol vent wds1 te56 ‘butk’i:%?/ T v ddGo tsb‘léfa@i et AeCtFRIE o Hﬂie

§207 (o Fighn¥ooRibanediy R (Y Mo PR A LR 2 TF
H), 7.40 Telr@ﬁe@ llakgdlééégbﬁéhld% HEzbglégkﬁgﬂnyﬁgﬂﬁﬁﬂﬁidyhe, etc.

4, 5-di hydr oi m dazo[ 1, 5- a] qui nol i ne-
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 halcgen atoms, a Ci-190 alkyl group, a Ci.g
alkoxy group, a Cs.g cycloalkyl group, a Cs.g cycloalkoxy group,
a C4-14 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]



3- car bal dehyde To a sol ution of

4, 5-di hydr oi m dazo[ 1, 5-a] qui nol i n-3- yl met hanol (50.1 g) in
chloroform (777 m ), manganese di oxide (101 g) was added and the

m xture was stirred for 15 hours at roomtenperature. The reaction
systemwas filtered through Celite and the sol vent was renoved in
vacuo. The resulting powder was washed ywth 1:1 n-hexane/ et hyl
acetate to give the titled conpound (20 g) as a light brown powder.
MS(ESI/ APClI Dual ): 199 (M+H) NWR (300 MHz, CHLOROFORMd) 6 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) Synghesis of tert-busydp ¢BE)-3- (4, 5,53

di hydroi mi dazo[ 1, 5t a] qui nol i n- 3- ykadeétvhgticden) - 2- oxopi peri di nel - car box

yl ate To a sof QJa:\o;T/hegt-butyl 2- oxopigper i tigae-k=car yl ate
(666 ng) i mectwtrahydro \( Q\Z—n‘i—),—H—t’hi umabe t hyl.diNsi ane
(3.3 mM, as 1 solution\_n tYyrahydr of ur an)®was adde aty_- Aand
the m xture was stirregyfor 30 minutes under cooling with ice.
Subsequently, a suspension of 4,5-dihydroim dazo[ 1, 5-a] qui nol i ne- 3-

- 51 - cayhal gdehyde (510 ng) in tetrapydr@f uran wasgadded at -78 C
and the(hmﬂ(?lq,rseswas stiHBr eg for an(depustert-itdie sane [t enperature. A

sat urated agueous sed ut| o*fﬂ\% sum chl ori de was “agd el si
reaction system agd.extract gonduet-ed i { ex
After drying over anhydrous sodiuymstd'fate, the desiccant wag R

filtered off and the sol@snt was renoved in vacuo. avy The resulting
resi due was di ssolved in chl oroforg&é]%'kg ) and after adding
triethylamne (780 ng) and met hanesultonyl chloride (353 ng) under
cooling with ice, the solution was stirred for an hour at room
tenper at url@0ANt er Wd8) aBter 1% thewleadonon system and extraction

was conducted with chloroform After drying over anhydrous sodium
sul fate, the d&SFROHRAE Was) 1§31 e d Gretedndithe2Bof¥ Riblsl Fe PoAFEd @S

in vacuo. The residu rified .by NH silica _gel colum _ .
chr onmat ogrméa%%yl( e géﬁ?\:,\@%-%gk}(%ne Oec%lhdg/lel l&c%bgt éf%%?%?%f%#n‘% :S’Uf:tf:bi[et o]
0:0:1) angthe rt%sl-;}k%_ngoﬂ?&é!\&jﬁci Ve rechiyabaki gede W { . A,4d Ho%a%s@ﬂm
chl orof orm and hexane in solution to give the titled conmpound (660
ng) as a paledty-dhilowipenwdesdi Mo(iRldiARCI eldal Th3806MHts Idd M¥RuE3Q0in
WMHz, CHLOROFORMd)5 ppm 1.58(s,9H),1.86 - 2.02(m 2H), 2. 88-2.99(m 2H),
3.02-3. 13 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



(m 2H), 3.20-3.34(m2H),3.70-3.80(m 2H),7.17 -7.25 (m 1

H),7.29-7.40(m 2H),7.41-7.50 (m 1H), 7.70(t, J=1.9 Hz, 1H), 8. 08(s, 1H)
[0112] (5) Synt hesis 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 -

_35_

invention can be synthesized by the same procedure as step 8
described in production method 1.
[G079] Production Method 7

The compound (II) of the present invention, in which A is
a benzene ring; X is a single bond; Z is the formula -(CH;)3—;
R} is a hydrogen atom; R! is a hydrogen atom, a halogen atom, a
Ci—4 alkyl group substituted by 1-3 halogen atoms, a Ci_ip alkyl
group, a Cj_g alkoxy group, a Csz-g cycloalkyl group, a Cig
cycloalkoxy group, a Cg-14 cycloalkyialkyl group, or a phenyl
group; R® is a hydrogen atom; m 1s an integer of one; and n is
an integer of one, can be synthesized by the following method
(scheme 7).

f0080]



To a solution of tert-butyl (3E)-3-(4,5-

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
ylate (300 ng) in a nethanol -tetrahydrofuran solution (1:1, 15.8 nl),
10% pal | adi um acti vated carbon (60 ng) was added and the m xture was

stirred under hydrogen purge for an hour at 60C. The reaction system
was filtered through Celite and the sgly nt was renoved in vacuo. The
resulting residue was purified by NH siTica gel columm chromatography
(el uent: n-hexane/ethyl acetate = 1:1) to glve the titled conmpound

(301 nmg) as a colorless oil. M ESI/APCI Hli
(300 MHz, CHLOROFORMid) 6 ppm 1.52 s, s e%g% ?Ld%l‘(’hfei‘%‘m’

1.69 - 1.95 (m ™. 1. 870 22 14 . 67 (dd J 14,4, 8. ,
1 H, 2.79 - 3. 017{»@4 greguctionh ( . 14 7 3. 49 -
3.65 (m 1 H),mMeBc72 % 3. 9+—m Mjaoz 11—7—-»22;.45(0 (7,23 -
7.34 (m 2 H), 7.35 %45 (m 1 P05 (s, (35,%

Synt hesi s of 5 anlno 2- (4, 5- dlhydr0|n1dazo[1 5-

a] qui nol i n pePg anoi cswagi ds To a sokwdd es of tert but yl
3-(4,5- di f ﬁé [$15- a]ppirnoddtnedy yNABE hyl(re@:aaxopi pey=idi ne- 1-
carboxylate i ahydrofurﬁn éi G an aqueaq oNut i on
of 0.9 M I|thruwrhyﬂﬁﬁk|d "ﬂfT—mas addec tHe~m*Eur e

stirred for 15 hour gstat w00 gperatumn Med 2puUs sol utkan o AVl
hydrochloric acid (4.0 mM) wa W Zd?gg ?nd t he nlxture was stirred for
5 hours at room tenperature: eﬂ1 Rti'thcsy¥ em was purified by
cation exchanggeehonat ogr aphy ( S50WK8- 100; ammoni a/ wades = 0:1
to 3:97) - Sf?duc‘f@“@u\h@\the t i ol ¥d-Cconpo (cgepound (denybit@ting) as
a col orl ess powder,. ‘PCI Dua % 300(v
MHz, DEUTERI UM OXI DE)5 pp 1.6 rﬁ"?
1.62-1. 72(m 2H), 2. 5543 64( s 2 74- 2 90(
H), 2. 92-3. 04(n12FD 7.22-17. 27(n11FD 7.30-7. 40

(m2H),7.51(d, J=7. 8Hz, 1H), 8. 116sedl) [0114] Ex&hple 2 grep 7 Synthesis
of (2S)-5-am no 4 i hydﬂ€ﬁ4ﬂ0@39ﬂj[l - NN (hydrolysis)
a]qU|noI|n 3- I |

R

d|hydr0|n1dazo[1 5- al ui N 3- ylnethyl)peg%an0|
solution of tert- butyF 3-(4,5-
di hydr oi m dazo[ 1, 5- a]qU|noI|n 3- ylnet yl) 2- oxoplperidine | car boxyl at

e (11.8 g) in tetrd Q%uran &%aroﬁxii%%n o ,§olut|on of 0.9 M

|'i t hi um hydr exinde e mxt Lg Wwes -stirred for
ter—was added reégtgon system

15 hours at room tenperat

and the aqueous | ayergyas wa ghwith diethyl g her. X eous

| ayer was neutralized with an aquoeus solution of 15%citric acid and
extraction was conducted w th chl od@fsgemy After drying over anhydrous
sodi um sul fate, the desiccant was filtered off and the sol vent was

renmoved i gyo. Thesre by silica gel colum
chronatogﬂagﬁy?(eluenty §% oro orninetﬁgﬁgl = 10:1) to give the

titled cowpoundoﬁ%éuzdg)z@ﬁ @arcqieorﬂe%%eaoweﬁ a MRS} { P ClgdPualshich
400(M+H) 1H NWVR (300 MHz, CHLOROFORMid) 5 ppm 1.41 (s, 9 FD 1.46 -
as diisobutyl aluminum hydride, diisopropyl aluminum hydride,

etc., to give compound {29). The solvents to be used in this
reaction include tetrahydrefuran, diethyl ether, dioxane,
toluene, dichleoromethane, 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 alcohol form as in steps



1.68 (m 3 H), 1.68 - 1.87 (m 1 H), 2.68 - 3.00 (m 7 H, - 54 -
3.01 -3.21(m 2H), 4.72 (br. s.,1 H), 7.13 -7.24 (m 1 H), 7.24-7.35
(m2 H), 7.35 -7.47 (m

_37_

2 and 3 described in preduction method 1.
[0082] {(23) Step 23 (addition reaction)

Compound (29) can be reacted with a bromobenzene
preliminarily treated with a suitable base, to give compound
(30). The bases to be used in this step include n-
pbutyllithium, sec-butyllithium, tert-butyllithium, etc. The
solvents to be used in the reaction include tetrahydrofuran,
diethyl ether, dioxane, toluene, etc.; this reaction can be
carried out at temperatures ranging from -78°C to room
temperature.

[0083] (24} Step 24 (cyclization reaction)

The primary hydroxyl group of compound {30) can be
brominated and heated, to give compound (31). The brominating
agents to be used in this step include carbon tetrabromide-
triphenylphosphine, l-bromopyrrolidine-2,5-dicne (NBS)-
triphenylphosphine, bromine-triphenylphosphine, hydrogen
bromide-acetic acid, phosphorus tribromide, 1-
bromopyrrolidine-2,5-dione (NBS), etc. The solvents to be used
in the bromination reaction include dichloromethane,
chloroform, tetrahydrofuran, diethyl ether, dioxane, toluene,
N,N-dimethylformamide, etc.; this reaction can be carried out
at temperatures ranging from 0°C to the reflux temperature.
The cyclization reaction can be carried out at temperatures
ranging from room temperature to the reflux temperature.
[0084] (25) Step 25 (deprotection)

Compound (31) can be heated using methancl, to give
compeound (32). This reaction can be carried out at

temperatures ranging from room temperature to the reflux



1H), 8.11 (s,1 H [0115](2) Synthesis of

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

(2R)-5-[ (tertbutoxycarbonyl)am no] - 2-{4&&-di hydroi m dazo[ 1, 5- a] qui nol
i n-3- yl net hyl ) pent anoat e To a solution of

5-[(tert- butox bonyl)am noj - 2- (4, 5-

di hydr oi m JAs o%: %‘51 a] qui nol i n- 3 yl met hyl ) pentanoic acid (2.00 g) in
chl orof ormd@ 1 ™M )p4f 15tgﬁ§) %)

(pyrroli d| n-1-yl )propan I (1 4 g), 4-dinmethylam nopyridine (61
nmg) and N-[ 3- (diompblantansng) ps opyld N icetihyl egabegdéhst€l® in a2 hydrogen
hydrochl oride (1.44 g) were added and the m xture was stirred for 15
hours at raomsipdrper ating. a Acsad luyrsat edichqaeops el itm-oactofvesedi um
hydr ogencar bonate was added to the reaction systemand extraction was
conduct ed SAtPTehPELdREE N IYdegxidieyi P SVetinnnmyde biga sstiqanbon, to
sulfate, the desiccant was filtered off and t he sol vent was renoved

in vacuo. HE FQ@PHHEd\AégburTI?‘? e?flﬁff“'étlsl “CaPfelsed| tpnihis reaction

chr omat ogr. e th t at.e/ net hano 0. n by NH
silica gel %D 3(1&%3“ (%:ﬁ{rq%ﬁ% o) %tafb y ‘el ueﬁfoPanﬁekanél?)Qﬂproptfﬁco = 40:1)

to give th‘f‘ettﬂéﬁ yirbkgda s OMROUNAS A% 12 RS x@uowh@léeaétl%n ctafalebe
| ow-polarity corrpound 11? 23) - 1- phenyl- 2- (pyrrolldl n-1-yl) propyl

(2S) - 5- [ ( tegrrtriledt amycatbamamumS Zaln4ihgdifbydr obdh dest]elavure to
a] qui nol i n-3-yl met hyl ) pent anoate (1.17 g) and the high-polarity
conmpound (tHR, 28fltxphemydr2tyyyy.rrol i di n-1-yl ) propyl
(2R)-5-[(tert-butoxycarbonyl)am no] -2-(4, 5-di hydroi m dazo[1,5- - 55
- a] qui nol {998y met(ﬁy/i ) PeFR aWoa(tr@dCJG%Oﬁ@)

| (Cort bt oxyc b BRI ahi 101555 (F SEHLRYAY Bl A aBs s agent such

a] qui nol i n-3-yl, p I/ N
(300 MHz, %&f&g%%)gg&ﬁﬂm%%ﬁ(@é égg%o%éﬂ’%l l@%%'}%l) hy?r gg
(m 10 H)et% 28to §ide &@&p&hﬁ@ (34193 The2sd2vEMt s ledbe 23 in2+4is
(m 1 H, 2.47 - 2272 (m 8 H, 2.77 - 2296 (m 1 H), 3.08 - 3.31
(m 3 H), r®a8tipbrinsludd i#tradhvddofuGah? QiptAyH)etleH6 dickade,(m 1
H, 6.80 - 6,99 (m 4 H), 7.08 - 7.18 (m 2 H), 7.24 - 7.34 (m 1 H),
7.35 - 7.4®1(0gnel ﬁgchyo;mmqghang Hehloroform, etc.; the reaction can
[0117] (1R, 2S) - 1- phenyl- 2- (pyrrolidin-1-yl)propyl (2R)-5-

[(tert- buP&x?é‘éFBSﬂy?‘)‘Bn’i‘%oﬁe“?e(r@tﬁlrﬁﬁhﬁaflgf-ﬁ?d%%‘&i‘[}1 5-

al qui ol -zou! net iyl ) et anagte WE(ESL AP DRl L STCNHIA o 1HR

1.45 - 1. % nQ:mesg EQI fgoﬁ:)tomp?ou@l% (@3 vlfg1ag g?cohc?l a.%r(rrm.as 1Iﬁ|) ste ]
2.88 - 3.2 H) i

- 7.35 (WQ &nH)B ae§5r1b§d4ﬁ1@ﬁbdhcﬂhon7m8€h6§ 11 H)

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 —{(CH;)-
the formula - (CHz);-, an oxygen atom, or a nitrogen atom; Y is

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



[0118] (3) Synthesis of (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 anoi ¢ aci d To a
solution of (1R, 2S)-1-phenyl-2-(pyrrolidin-Ilyl)propyl
(25)-5-[(tert-butoxycarbonyl)am no] - 2-(4, 5-

di hydr oi m dazo[ 1, 5- a] gui nol i n-3-yl net hyl ) pentanoate (2.62 g) in

met hanol (44.7 m), 10% pal | adi um acti \ﬁ%Ed carbon (524 ng) - 56 -
was added and the m xture was stirred hydr ogen purge for 10
hours at 60C. The reaction mxture was filtered through Celite and
after washd fg-wialtkydeghanpl subhiel solakeity Was hedoyed ahowacun.Cidw the
resulting residue, a saturated aqueous sol ution of sodium

hydr ogencaﬁrldahlatgé%s adfed ahlaomeiréweo@s Ch-ay B ChA3 L Has HEP Wt 17 Ca-8

et hyl acet at e aqueous | ayer was ed with an aqueo
S0l Wt i on GV ISAer S, GEAUPA Bny-ix CYSCOPORY WAL Lk iEe S nohany]

chl or of orr’aéﬁfferde_wl R@v?whgf@yéir QuUs sgg%yg%g 'J@c}nﬁ h‘eﬁ dgﬁl ccant

was filtered off and t solvent was renov vacuo. resi due
was purifigd e rSi eargegn@;%tﬁm &hriorlyegr aphynt el ¥8Mtse synthesized
chl orof orm methanol = 10:1) to give the titled corrpound (1. QIO g) as a
col orl ess powder .fol Holi/Rg (B86hddHz (s (BHERBFORVhd s cheppng 1. RFLi6SR! biH)g
1.46 - 1.68 (m 3 H, 1.68 - 1.87 (m 1 H), 2.68 - 3.00 (m 7 H,
3.01 - 3. Zyquexy2 HFOHR;S@ benz Vip(ymgrbul)y , a7t18flafe 28-qun, B H),
7.28 - 7.38 (m 2 7.38 - 7.47 (m 1H) 8.15 (s, 1H)[0119(4)
Synt hesi s Cdfcl@iﬂ@reg- snvﬁog?zom s (1E)-1-propen-I-yl’group, a
di hydr oi m dazo 1 UI nol i n- 3 rreth 1) en&anm C aC| d To a
sol ution ?( PP put e oxyca fln) a no
(4, 5-di hyqrdysrgl dazo[ 1, 5 a] qui nol i n- 3- yI met hyl )pent anoi c acid (700 nm)
in tetrahydrofuran (4.4 m), an aqueous solution of 6 M hydrochloric
acid (8.8 nl) was gddedgand the m x s stirred f 3 urs at
room t enper at ure(pr'EIB@cﬁh%a&tl on sy&é&iﬁgmcen??ﬁ?@ (ﬁl‘{;gcﬁ%acéﬁan)
the resulting residue was purifi ed by cati on _exchange cfmmrrg@aphy
I

( DOVEX 50WK8-200; anmmoni a/ water = Oy ,3:97) to qgi

conpound (ccmqpo ndc,2 36 lg;g) as pal e br,,g1 powder . Re
I\/B( ESI / APCI O{-thi; ‘% oK 5 nnm1 .48
- 62(m2H)“/2172(m2 51264(m2H)” 4-2.90(m 5

H), 2. 92- 3. 04(m@H) 7.18-7.27(0mlH), 7. 30-7. 40
(m 2H), 7. 46(d, J=7. 8Hz, 1H), 8. 11(s, 1Hyc&4d aho2 =-10.3(c =1.0, 120)

"Optical purity: 99. %e:\ (protection) CORE A
(PMBbN (PMBkN\T:::I,ljl,l\ﬁ<‘ﬁ <::;2
|
N

Hm {43)
Step 32 Step 33
(dehydration) COZEtN/ (reduction) CozstN,;\
T PMBLN S A T (PMB)LN x \ N‘@
[\I o X R? DJ e X R?
(44) (45)
Step 34 Step 35
(hydrolysis) CD*Hq {(deprotection) #®? N’\N
Nm,
(FMBhN
Y o A
X R!
{0
SCHEME 8
(0089] {28) Step 28 (protection)

Compound (39) can be reacted with p-methoxybenzyl

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



"tenp.: 24C "Mobil e phase: n-Hexane: | PA TFA: DEA=90: 10: 0.5: 0.5
ver.t.:26.56 mn [0120] Exanple 3 Synt hesi s of
(2R) - 5- am no- 2- (4, 5- di hydr oi m dazo[ 1, 5-
a] qui nolin-3-yl met hyl ) pentanoic acid (1) Synthesis
(2R)-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 anoi ¢ acid To a
solution of (1R, 25)-1-phenyl-2-(pyrrolidin-1yl) propyl
(2R)-5-[ (tert-butoxycarbonyl)am no] -2- (4, 5-
di hydr oi m to[ L dpgesnbbi be Juyddetrhyhipesttepoahnel (89 0p ety s §imm
met hanol (20.1 m ), an aqueous solution of 33% sodi um hydroxide (3.4
M) was adedAvFopReen et enwadsiqer edPrgy 139thdurs atthiotn
tenperature.. The reictigg system was neutralized with an aguequs

f

sol ution S FEFIARPITGERFGH i t1HeH" A TR YT ERt 2aR8S t efived 1
vacuo. To dslt’Jﬁrernq:%mtto' id {Jgéﬁdﬂ?’t% Zx’%‘é{tﬁto%d 130yEQusyspl ution of

sodi um hydr ogencar bonate was adde e aqueous | ayer was washed

with di et hyinaiharorfhgi aduepus-4 ayai Was caedhraki zgd Wi th an aqueous
solution of 15%citric acid and extracti on was conducted w th

chl or of or metAleyradpy i Hgnoy et e I @ifH r30d1 diethyb8ethetl) fdlexariche
desiccant was filtered off and the sol vent was renoved in vacuo to

gi ve the tialluediegorpoundtii840eagicis canpdlee cpelkliod powdet . telipeiRuUres
(300 MHz, CHLOROFQORM d) S%ppm 1.41 (Sl 9 H, 1.46 - 1.68 (m 3 H),
1.68 - 1.8fF”(‘3fﬁng1fH)3{“ 2788 -ta3 the Eﬁ]f ‘?XH}?m@e.’Oaltu-r%. 21 (m 2 H),
4.62 - 4.8Q (m_.1 7.13 - 7.28 ( 1 H, 7.28 - 7.38 (m 2 H),
7.38 - 7.4 9()m5tfp:%,9 é?%b?%lflait%%n[mzl](z) Synt hesi s of

(2R) - 5-am no- 2=, Jind (40 b t i th diethyl. carbonate in th
di hydr oi m dazo[ 1%50- é{‘] gu(i n%)I F?\I}S-?Irrr%at yeI% gént anéiac gci %Iar ona eUsllnng ©

(2R) - 5- [ (telsebideoxycar beyiy Banie, 2-tA g3ve compound (41). The bases
di hydr oi m dazo[ 1, 5- a] gui nol i n-3-yl net hyl ) pentanoic acid (300 ng),
reacti on ardbpunistidcahi ohi ses espenfdried pby atheusater prlocediirdes as in
Exanple 2(4) to %i ve the titled conpound (conpound 3, 90 ng) as a

pal e br owsqsdwie hydRBEES| R ARG Y Pudiiung 0@ f ik kym 141 1 ppR (radGNde,
DEUTERI UM _OXI DE mil1.48 - 1.62 (m 2 H, 1.62 - 1.72 (m 2 H), .
2.51 - 2. @&%u%?ﬁs&?mmlwﬁmw stay, Thegoolventy nPe uygpd in

P35 ol P Thapidy D3 BTyl el S okl
Synt hesi s Qfi wendl Bez2; (Bnd- Hiwdryr 4l BdazPlie@ - out at temperatures
a] [ 1] benzazepi n- 3-yl net hyl ) pent anoi ¢ aci d

ranging from -78°C to room temperature.

[Q020] {30) Step 30 (aldol reaction)

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 texrt-butoxide,
sodium hydride, n-butyllithium, lithium diisopropylamide,
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



(1) Synthesis of N-hydroxy-3, 4-di hydronapht hal en-1(2H)-i m ne To
a solution of 3,4-dihydronaphthal en-1(2H)-one (6.00 g) in a m xture
of nmethanol (30 m) and pyridine (30 m), hydroxylam ne hydrochl ori de
(5.99 g) was added at roomtenperature and the m xture was stirred
for 2 hours with - 59 - heating under reflux. The reaction system
was concentrated in vacuo and, after being-dissolved in chloroform

it was washed with a saturated aqueous sol ution of anmoni um chloride

and brine._ After_ dryi the ani | ayer. wi t.h sodi.um carbonate, the
Goa Dot e T DHRShAC (A2 050hE AENET N A BEREIThEE DONRY %

After azeolopih dislsel | abi 90y Lt Qlen@3)t orhRe gLyt gbn{ Hsultd
? déLE%

from evapor atron I n vacuuo for renovi ng sol vent, n- hexane was a

and the muddd envahist istepdiapdudé | tered ity 1uesevay1sheylidhrsdiqe,
conmpound (5.73 g) as a pale brown powder. MS(ESI/APCI Dual): 162( MH)
11-1 NVR (1300ndviiy,l sCHyORCRORML AR, Guedpranks8d fonyl9Zhlayi@e Hp- 2. 70 -
2.90 (m 4 H), 7.09 - 7.35 (m 3 H, 7.82 - 7.96 (m 1 H [0123](2)
Synt hesi s fluenesaliopgdy ahi@rbdgﬁchieﬁz &rapirade?- one To

N- hydr oxy- 3, 4- di hydr opapht hal.en-1(2H) -i.m ne (5.739g),. pol yphosphoric

ot 1 (57 G e A N ARA L RECHY X\ i ks < AR FBRV S Hou e e

heating at, A20C. JMLer, (50, i ), yas. Added, Lach s T eacklon o Xt ur e

under cooling with ice. "The preciplppétlng crysfaf was recbvered by

filtrati Or\:ﬁ%hy@éh@hepe!jﬂgs%\%J_chtgplé)”éﬂﬁa\ﬁﬁhgt1 pyt_»i&mgﬁe drigd, ifhevacuo
- g

to give the titled conpound as a brown powder.

M5( ESI / APGdalnts162( MeHrsed 1A 1tHi NVR(EZGANHZ i n CHLERGECRM dhorepiaine,

2.17-2.31 (m 2H), 2.32
chlereform, 1,2-dichloroethane, tetrahydrofuran, toluene,
etc.; the reaction can be carried out at temperatures ranging
from 0°C to room temperature.
[0082] {32) Step 32 (dehydration)

Compound (43) can be subjected to reaction in a suitable
selvent 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-dimethylamincpyridine, 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.
[0093] (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



-2.43(m2H), 2.81(t,J=7.1Hz, 2H),6.96 (d, J=7.6 Hz,1 H),7.11-7.36
(m3H),7.48(br. s.,1H [0124] (3) Synthesis of ethyl

5, 6-di hydro-4Him dazo[1l,5- - 60 - a][1l] benzazepi n-3-carboxyl ate
Using 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 Exanmple 1(1)
to give the titled conpound (1.80 g) assga pale yell ow powder.

MS(ESI/ APClI Dual ): 257(MtH) 11-1 NMR (300 MHz, CHLOROFORM d) oppm

L5 ) S50 )y ST e b £ L

s o udk 130 . e acetate
5, 6-di(hmydr:br!%ll—l-c}em é:g’%ﬁ’%s_%t{“%gﬂ(@ pRdHSY), Se@hyl acetate,

tetrahydrofuran, mixtures thereof, etc; the reaction can be
carried out at temperatures ranging from room temperature to
the reflux temperature.

[0094] {34) Step 34 (hydrolysis)

Compound (45) can be hydrolyzed with a suitable base, to
give compound {(46). 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,
ethanecl, isopropanol, tetrahydrofuran, water, mixtures
thereof, etc; the reaction can be carried out at temperatures
ranging from 0°C to the reflux temperature.

[0095] (35) Step 35 (deprotection)

Compound (46) is deprotected with a suitable acid,
whereupon the compound (I) of the present invention can be
synthesized. The suitable aclds to be used in this step
include hydrochloric acid, sulfuric acid, hydrobromic acid,
trifluorcacetic acid, methanesulfonic acid, benzenesulfonic
acid, p-toluenesulfonic acid, 10-camphorsulfonic acid, etc.
The solvents to be used in this reaction include chloroform,
dichloromethane, methancl, 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-

yl group, a (lE)-l-prepen-1l-yl group, a (1Z)-l-propen-1l-yl



a] [ 1] benzazepi n- 3-yl net hanol Usi ng et hyl

5, 6-di hydro-4Hi m dazo[ 1, 5-a] [ 1] benzazepi n- 3- carboxylate (1.80 g),
reaction and purificaton were performed by the sane procedures as in
Exanple 1(2) to give the titled conmpound (1.48 g) as an orange
powder. MS(ESI/APCI Dual):215(M+H) 11-1 NVR(300 MHz, CHLOROFORM d) 5ppm
2.06 - 2.22(m 2 -2.70(m 4H), 4.66(s,2H),7,.28-7.42(m 4H), 1H)

[0126] (5) Synt hesi s of 5, 6-di hydro- 4HTnfdazo[1,5- H),2.56 7.71(s,

a] [ 1] benzazepi n- 3- car bal dehyde Usi ng

5, 6- di hydraxcig,i @i dapopped-2atyl] enmazepithe3liygkres hamotakfile 48 g),
reaction and purificaton were perfornmed by the sane procedures as in
Exanpl e 1(3)tadregiigéet he EFReRe EaMpblitd SPPI6chey B Br iyt wwadrige of
oil. me(Esi/Apci_ ,Dual): 213(MtH). - 61 - - 2.69 (m 2 . 296 - 3.11
(m 2 H, . .tl?_n%i BRPUR 1S BY 75 qPling) ,rei%icban(@%gﬁd by the

[0127] (6) esi . ferir : - 3- - di hydr o7 .

i m dazo] 1,%@#@1%823?%?%& {F‘]hgl.%ﬂnsel%rﬁjaﬁ ?fggﬁ)%yg?gko%?p%lr]? ihe-T: car boxy
late reb@ thight vRULY bedn OXOPh DAL AiiRgr, 1 sk Boxy! 1 &1 d 8He MHndoting
tetrahydrofuran (6.9 m), lithium hexanmethyldisilazane (4.47 ml" as 1
M sol uti on(1)n cdfetthahpdeséut atnvevasi added and the m xture was stirred
for 30 mnutes at the sane tenperature. At -78C,

5, 6-di hydr@0M4]i ni d&zofucbia]) [Mgtetz&zepi n- 3- car bal dehyde (730 ny)
in tetrahydrofuran was added and the m xture was stirred for an hour
at the sanme tefpér SPUPBURFo(ThePt ddtt iPG1F 58PSt eRYSAL SR uridt ethigduéoids
sol ution of anmoni um chl ori de s added .an Xtracgfi.on s .conduct ed
Wth ethyl® SE0R08 ThEBEK dr i TE R einy dF s e ride A SOPPALE.

t he desicc sl £ .an e S J1enpv ' 0.
The resul t(?"r%) %A?g{i olﬁuekﬁggp%%sélgvgdhpﬁré%%r 0 %I?r{% fg ggn??h%%yga&y
triethyl adaem, (4. 401640 aggompthanesulikgny brebp oshsier {QutkdMipy wene
added under cooling wth ice, and the m xture was stirred for 50

m nut es athalogent enpesaud r@-clalkigdé peacp) on Gystdoxwagepupasaadded
and extraction was conducted with ethyl acetate. After drying over
anhydr ous a¥&gees kit StPPRt 2 Gshe WESICCSERKYWASORP) t&rladisof f and t he

sol vent was re ed in vacuo. The residue_ was purifjed by silica_gel
col | um cﬁryﬁrjrﬁtqgékfgﬁwyj( IR - ReXRfaVet Hij?u%te%éatlé‘ 2" ieiye¢al¥tve

the t11] ed.eQmoHd. (150 Mo R® ot RS WAk R% 1Ly MG A0rRuaLL;

be synthesized by the following method (scheme 29).

[00&87]
Step 36
{amidation) Nc/ﬁj
HO. .0 N;ah === N HN A0
BocHN 2w \ ¥ —_ BochN g N
R y
(21) (#7) R
(coiz:guizing CN Step 38 N
N=N hydrolysi =
tetrazole ring) K/N’ Y {hydrolysis) ol /\N
I N == Nf\w —
BocHN S N \\ )_;\_'F BocHN — \
R1 R‘l
“8) (49)

Step B8
(deprotection) RZ NF\
N
n
(L)

SCHEME 89



-62- (m 2H, 209 - 222 (m 2 H, 2.55- 2.64(m 2 H, 2.71 -
2.81 (m 2 H, 3.25- 3.35(m 2 H, 3.73 - 3.81 (m 2 H, 7.29 -
7.43 (m 4 H, 7.71 - 7.75 (m 1 H, 7.78 (s, 1 H [0128](7)

Synt hesis of tert-butyl 3-(5, 6-di hydro-4H

i mdazo[1,5-a][l]benzazepin-3-yl met hyl)-2-oxopi peri di ne-1-car boxyl ate
To tert-butyl (3E)-3-(5,6-di hydro-4Him dazo[ 1, 5-
a][l]benzazepin-3-y|nethyliden)-z-oxobi% ridi ne-1-carboxylate (610
ng) in tetrahydrofuran (30 m), 10% pal | adi umtacti vated carbon (300
ng) was addeP&dnd t HEé6m Rtepe3fatamsidatried)under hydrogen purge for an
hour at 60C. The reaction mxture was filtered and the sol vent was
removed in vacGt@TPPHEdr éShit t #RE T ESHRRPTRRSNGOLLFL LY @@mSQQiﬁﬁf%ﬁﬂd

col um chronato raph el utent: chl orof ornm net hanol = 20: |ve
ORR Ly P o Lt Rt it AR el L W e e

396 (M a S, 9 7

191 (m ' 2y R0 et (it oy Opehpsiel S 5 %%ﬁ
2.95 (m jadﬂ)iyti‘%eZGtGdglvé— 7{5} urfh 7(4""% %uH):abﬁe5ﬂase§ 3.7rQ:l( 2 H,
3.78 - 3.88 (m 1 27 - 40 (m 4 : 4 (s, 1 H [0129](8)
Synt hesi s uﬁid&h@@b&ﬁhebuﬁDXy@pwdpymH@ﬂm@ n@erd;ne, 4—

(5, 6-di hydro-4H-i m dazo[ 1, 5-a] [ 1] benzazepi n- 3- yl net hyl ) pent anoi c
aci d Usi nglimertthydamghoBy ¢ sdbneli aidy-o-Ahitiakildaadfiit bvs include 1H-

a] [ 1] benzazepi n- 3-yl et hyl ) - 2- oxopi peri di ne-1-car boxyl ate (560 ng
reaction éﬁ@zﬁﬁFﬁﬁFeéfFoﬁlmé¥é“ﬁ@%?ﬁﬁﬁ%&°5§ tR8~SarE ﬁWBbe&hF§§r§§Yln

Exam! o 2600 S BEH0g L) o coount. 463 ol 350, 2 2 <o e

| %ogeggm%hmqapms%t%pwm Ngb%;%%plne;a%&lr?g $iBeh e 2. 03

3.20 (M 2tHy1c4rbbdiifids KyBrdeHlorile?8n; n7-43 (M 4 H), 7.77 (s, 1

H) [0130](9) Synthesis of 5-am no-2-(5, 6-di hydro-4H

i m dazo[ 1,Bcalflbhbenzazepddi BridayetdiyHlHpént daobt-acydnethanone, etc.
The sclvents to be used in the reaction include
dichloromethane, chloroform, 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.
[0099] (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 triphenylphosphine, tri-n-butylphosphine,
tri—tert;butylphosphine, etc. Suitable azo reagents include
diethyl azodicarboxylate, diiscopropyl azodicarboxylate,
tetramethyl azodicarboxamide, azodicarbonyl dipiperidine, etc.
Alternatively, compound {47) and trimethylsilyl azide may be

reacted with a phospherane reagent such as cyanomethylene

trimethyl phosphorane, c¢yanomethylene tributyl phosphorane,



Usi ng

5-[(tert-but oxycarbonyl)am no]-2- (5, 6-di hydro-4H m dazo[ 1, 5-a] [ 1] benz
azepi n- 3-yl net hyl ) pentanoic acid (330 ng), reaction and purification
were perforned by the sane procedures as in Exanple 2(4) to give the
titled conmpound (coonpound 4, 81 ng) as a pal e brown anorphous nass.

MS( ESI / APCI Dual) 314(M+H) 1H NWR (6004%Hz, DEUTERI UM OXIDE) 5 ppm

1.47 - 1.73 (m H, 2.01 - 2.17 m2 ,247-268(m6|—|)

2 83 ((;d87 t(¢;14 to ﬁsq %0 Tféx 428 )23 The %ylﬁr@lﬁltSI ) O?Z 1§s7ed in 4[:% (m

5. o no- 2. ﬁé‘el%ﬂf@rfj%%%[lﬁdé ell‘:pflé]}&ml R31%-BeLby! ) peat anoi ¢ aci d
(1) Synthesis of ethyl 4Him dazo[5, 1-c][1, 4] benzoxazi n- 3-

car boxyl at®ichloroediang , 2kde t r 4h P&rzOxaz, n-t3>(l41|éheonﬁ §6.00 g),

reaction and purification were perorned by the sane procedures as in
Exanpl e 1(dimgthygifwemphédei t ed. corountaB.i28sgFansba browredpondert
MS(ESI/ APCI Dual ): 245(M+H) - 64 - 11-1 NWVR (300 MHz, CHLOROFORM d)
5ppm 1. 43 Yﬁtmpeféﬁui-‘eﬁz raggppy from Q°§, tg=the Fpilux H)eml:ﬁr@?ruef@ 2 H,

1y, s o gy <P813%?sxz)3%yﬁf§f‘e‘%ws y A Lad I LA T

4H 1 m dazo[ 5, 1- b X 0

4H i m dazo[ 5, 1- I%% %bzgégxgﬁl rrlbeg %gt ES%@J g gém‘irbelfcth}agr?'aﬁg
purificatigonaeigpRentornasy, bWhéfB%é%E“%dO%%C%GHHE§na@hié‘J@%ﬁﬂﬁd%i&é@
to give the titled conpound (1.23 g) as a pale brown powder

M5( ESI / APQl1 dbdalm) hy2@3&hMiE]) 4dtNWMR {300 e, ﬁHtéR@ﬂRMﬂjrdmpmA.e&&.
(s, 2 H, 5.25 (s, 2 H, 7.03 - 7.23 (m 3 H, 7.45 (dd, J=7.9, 1.6
Hz, 1 H), Th®oBolyentsHfo[ bd383¢B)imsyrtisegieacgfion include methanol,

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

AH i m dach[@afoé]'[ isﬁPﬁéﬁﬁBS{]azﬂhet?%ﬂthéﬂ%‘ﬁéP (13837 g)T ¥ EHGS on and

ficat we f q | 3
o i vt R re B e SRR T4 U Tyt s B BPeancfonierss 115 VR (3067
Mz, uuxjgg dkrgﬂpﬂk§1§ﬂtk% r%fﬁ%x @eQ era€h£§ (m 2H, 7.22 -
7.32 (m 1 7.49 (dd, J=7. Z (s, 1 H. 9.99 (s,

1 FD 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.

[01013 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-g
alkyl group substituted by 1-3 halogen atoms, & Ci-10 alkyl
group, a Ci.g alkoxy group, a Csg cycloalkyl group, a Ci
cycloalkoxy group, a C4-14 cycloalkylalkyl group, or a phenyl
group; and R® is a Ci.ip 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).



[0134] (4) Synthesis of tert-butyl (3E)-3-(4Him dazo[5, 1-

c][1, 4] benzoxazi n- 3-yl met hyl i den) - 2- oxopi peri di ne-1- carboxyl ate
Usi ng 4H i m dazo[ 5, 1-c][ 1, 4] benzoxazi ne- 3- car bal dehyde (1.03 g),
reaction and purification were perforned by the sanme - 65 -
procedures as in Exanple 1(4) to give the titled conpound (1.90 g) as
a brown powder. MS(ESI/APCI Dual): 382(MrH 311 NWVR (300 MHz,
CHLOROFORMd) oppm 1.57 (s, 9 H), 1.89 - 2.00 (m 2 H, 3.20 - 3.30
(m 2H, 3.73 - 3.80(m 2 H, 530 (s, 2H, 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-(4Him dazo[5, 1-

c] [ 1, 4] benzoxazi n- 3-yl met hyl ) - 2- oxopi peri gj ne-| - car boxyl ate

Using tert-butyl (3E)-3-(4H i m dazo[5, 1-
yoxagi no3- yCiat hyl i den) - 2- oxop

andipur Afg cat i wer e perfor t me procedures
) "%q‘vz(izmtitledc und ( 1eIrr§ as a pale
i

brown oil. MS(ESI/APCI Dual): 384(MH) MR (300 MHz, CHLOROFORM d)
oppm 1.39 - 1.76 (m 10 H), 1.77 H), (m -1.93(m 3.04-3.17 1H),5. 18
2H), (m1 -5.27 2.03 H), (m

rydi ne- 1- carboxylate (590

[0102]
Step 19 Re
(esterification) i
R O\?ﬂ)Nﬁﬁn
i N H
(24) R (50)
R8
Step B (i) 0
(deprotection) ST NEN ==
_ . H : N ,
R:‘/N\NWN
(V)
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 -COs,R* (where R! is a Ci-¢ alkyl group, the formula
-CHR’0C(0)R®, or a substituent having the structure represented

by the following formula Ta



-2.20(m 3.49-3.65 2H),6.99 1H), (m1 -7.22 2.66 H, (m - 2.93(m
3.73-3.87 3H),7.382 - 7.48 (m 1 H, 7.89 - 7.96 (m 1 H [0136](6)
Synt hesi s of 5-am no-2-(4H i m dazo[5, 1-

c][1, 4] benzoxazi n- 3-yl met 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 perforned by the sane®procedures as in Exanple 1(6)
to give the titled conpound (conmpound 5, 280 ng) as a pale brown
powder. MS(ESI/APCI Dual): 302(MtH) - 66 - 1H NVR (300 MHz,
DEUTERIUM @¥I DE) 6 ppm1.49 - 1.75 (m 4 H), 2.48 - 2.69 (m 2 H),
2.72 - 2.84yWm 1 H, 2.93 - 3.06 (m 2 H, 507 - 524 (m 2 H,

7.09 - 7.3 3 , , 1,62 (d, J=9.3 Hz, 1 , 8.17 , 1
EN (718 ¢ H (s, 1H

R7
R’ is Ci-g alkyl group; R® is Ci-g alkyl group, a Cig cycloalkyl
group or a phenyl group; R’ is a Ci.g alkyl group or a phenyl
group) ; R! is a hydrogen atom, a halogen atom, a Ci-4 alkyl
group substituted by 1-3 halogen atoms, a Ci-19 alkyl group, a
Ci-g alkoxy group, a Ci.g cycleoalkyl group, a Ciz cycloalkoxy
group, a Cg-14 cycloalkylalkyl group, cor a phenyl group,; and R®
is a hydrogen atom, can be synthesized by the following method

(scheme 11).

[0103] Step 38
(carbamate formation)
NC»
o Re
MO N o ‘l’vfo N
HzN XR1 o R3/ R1
(51) (V)
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, dichlcromethane,
chloroform, water, etc.; the reaction can be carried out at

temperatures ranging from 0°C to the reflux temperature.



0137] Exanpl e 6 Synt hesi s of 5-am no-2-(4,5-di hydroi m dazo[ 1, 5-
101, 7] napht hyri di n- 3-yl met hyl ) pentanoic acid (1) Ethyl

, 5-di hydr oi m dazo[ 1, 5-a] [ 1, 7] napht hyri di n- 3- car boxyl ate Usi ng
3, 4-di hydro-1, 7- napht hyri din-2(1H)-one (1.48 g), reaction and
purification were performed by the same procedures as in Exanple 1(1)
to give the titled conpound (870 ng) as4@ pale yell ow powder.

MS( ESI / APCI Dual ): 244( MtH) [0138](2) Synt hesi s of

4, 5-di hydr oi m ] r|d|n 3-yl met hanol . Using

Sthyl 45 di hydrb beadvathind] P48t e e S P heRy e o (850
ng) , reaCtdéEbﬂ@§xp%%%QrHEgeb¥ éfoﬁﬁﬁﬁdp&gﬁ%ﬂ%&%n?sEka§¥@Qp £ L)
to give the titled conmpound ( % br own ol 1117 NMR (300

MHz, CHLORGR@RMid)h Grppme2t93 - 3. 08 (m 4 H), 4.66 (s, 2 H, 7.26 -
7.30 (m 1 H), 8.12 (s, 1 H), 8.45 (d, J=5.0 Hz, 1 H), 8.78 (s, 1 H)
[ 0139] ( 3) lﬁmm@ﬁs of 4, 5-di hydroi ni dazo[ 1, 5-

[
a
4

al[ 1, 7] napht hyri di n- 3- carbaldehyde LBIH%

4, 5-di hydrUiJrF{dazo[ Ths- H]{[ilji}‘ﬁ%lp%ﬁhy?qld%“ﬁl-g reMAEPEEARRY (820 L red
reaction and purifi a# on.vere per or t he sane, rocedures as in
Exanpl e 1(H Jfbtﬁﬁvg h8wa?I5ﬂ R nﬁﬁﬁﬁélﬁiéb R

orange pov&ffga@(;%gbéé‘gcge%§£%io§%41Wﬁan[ 9“11&01:91% §J\_/f3t_£]‘a'esée% of

tert-butyl
di hydroi ni dagQlmht3rakl &n7] papht W@Jﬁ'ﬂ&s&ﬂzﬁ%ﬁﬁbﬂktﬁlﬁ“ﬁ@ ) The optical
oxopi peri di ne-| - car boxyl ate

4, 5- di hydrmimitdazopt, Eoﬁbbﬁnairmﬁﬂﬁﬂanpnﬁa@n3-1ﬁaébaidﬁhwéke(déﬂbunaked
reaction and purification were perforned by the sane procedures as in
Exanpl e 1(Bseco ogi weatsheengrtedundspdlred {0230waAYYy asndl yediow powder .

MS( ESI / APC Dual) 381£ F%
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 = 85:15:0.5:0.5; 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-

alquinclin-3-ylmethyl)pentancic acid

{1) Synthesis of ethyl 4,5-dihydroimidazo[l, 5~alquinoline-3-
carboxylate

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

added under cooling with ice and the mixture was stirred for



[0141] (5) Synthesis of tert-butyl 3-(4,5-

di hydr oi m dazo[ 1, 5-a] [ 1, 7] napht hyri di n- 3-yl net hyl i den) - 2-

oxopi peri di ne-1-car boxyl ate Using tert-butyl

(3E) - 3- (4, 5-di hydr oi m dazo[ 1, 5-

al[1, 7] napht hyri di n- 3-yl met hyl ) - 2- oxopi peri di ne-| - car boxyl ate (60
ng), reaction and purification were performed by the same procedures
as in Exanple 1(5) to give the titled c%%pound (53 ng) as a colorless
oil. MS(ESI/APCI Dual): 383(MtH) [0142](6) Synthesis of

5- am no- 2-3% rBrditepdesi thdagapd , Genperature. Diethyl chlorophosphate

al [ 1, 7] napht hyri di n- 3-yl met hy I)Pentan0|c acid Usi ng tert-butyl
3-(4,5- d|h9H}6ﬂnﬁ@§zéF§eg and arfter stirring the mixture for 30 minutes

1,7 i di_n- 3- | th dine-1-carb t 3
70) 1 bnciio Hind 2Bt FEFERE B ber 0 Dy ROPFda B9 ERR S ahbl i ocBilr os

ZSCLPOEXZ B e Apr Bk |1 S0 0a R s e o o

H),2. 71- Zlﬁﬁgﬂﬁre5wakysglgged3f&ﬂ(éﬂ odd at room temperature. To the

reaction mixture, an aqueous sclution of 15% citric acid was
added and extracting with ethyl acetate and washing with brine
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 (q,
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)
[0109] (2) Synthesis of 4,5-dihydroimidazo[l,5-alquinolin-
3-ylmethanol

To a solution of ethyl 4,5-dihydroimidazc[l, 5-
ajquinoline-3-carboxylate (56.4 g) in tetrahydrofuran
(583 ml), lithium aluminum hydride (10.6 g) 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



7.36(d, J=5.0 Hz,1H),8.09(s, 1 H, 8.22 (d,J=5.0 Hz, 1 H), 8.55 (s,
1 H [0143] Exanple 7 Synt hesi s of

5-am no-2-[ (9-net hyl-4, 5-di hydroi m dazo[ 1, 5-

a] qui nol i n-3-yl) net hyl ] pentanoi ¢ aci d di hydrochl ori de Cl) Synthesis
of ethyl 9-nmethyl-4,5-di hydroi m dazo[1, 5- a] qui noline-3-carboxyl ate
Usi ng 8- net hyl - 3, 4-di hydroqui nol i n-2(1Hsaone (1.61 g), reaction and
purification were perfornmed by the sane procedures as in Exanple 1(1)

|2 5 e OB (462 6 35,3 JRLBASLAE 8916 s
(9- et hy1-4, R:didydr oi m dazo[ 1, 5- a] qui nol i n-3-yl ) net hanol
Usi ng et hyl 9-nethyl-4,5-di hydroi m dazo[ 1, 5-a] qui nol i ne3- car boxyl at e
(1.63 g), "Her@ki 0mOoMa% Nerdraoreaoby-tihes saie Jreacedyr @7asm| N2 Bxnpl £, 64
1(2) to give the titled conpound (1.01 g) as a brown oil. 1H NVR (300
MHz, CHLORGRORMVEd) G.ppm-27585(6&w, 3L HY),, 2..82 - 2.924 (m 24 H), 74.487 -
(s, 2 H, 7.06 - 7.23 (m 3 H, 805 (s, 1 H [0145](3) Synthesis of
9- met hy1- 4 S-di(Rydhofsy dBz6f 1{5- 1 H)
[0110] (3) Synthesis of 4,5-dihydroimidazo[l,5-a)lguinoline-
3-carbaldehyde
To a solution of 4,5-~dihydroimidazo[l,5-alguinclin-3-
ylmethanol (50.1 g) in chloroform (777 ml), manganese dioxide
(101 g) was added and the mixture was stirred for 15 hours at
room temperature. The reaction system was f£iltered through
Celite and the solvent was removed in vacuo. 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) 6 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 tert-butyl (3E}-3-(4,5-
dihydroimidazo[l,5-alquinolin-3-ylmethyliden)-2-oxopiperidine-
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-dihydroimidaze[l, 5-alguinoline—-3-



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

(9-met hyl -4, 5-di hydr oi m dazo[ 1, 5-a] qui nol i n-3- yl)nethanol (1.01 g),
reaction and purification were perfornmed by the sane procedures as in
Exanple 1(3) to give the titled conmpound (630 ng) as a pale yell ow
powder. - 69 - MS(ESI): 213(M+H) [0146] (4) Synthesis of tert-butyl
(3B)-3-[(9-net hyl-4, 5- - 51 -

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

oxopi peri ding-.x- X _q9n o
oot yl - £ EEFHEAANGE gy (o e Mdrotyzap s s AE T 63 05)
reaction angh RWd fiiGahir-an,¥er e PerdPremd By nblie sanenprogrdures as in
Exanple 1(4) to give the titled conpound (500 ng) as a pale yell ow

powder . Mi{(dulpla/rARGreDuUal }at 304 M H)gebld/ kE3 )t Dpnt He Sammad i dne rdh-Hautivle
(3-[(9-net hyl-4, 5-

di hydr oi mivkez g{dtes- apgthaoréacBlan )austtiepl png- exophper¢uliwas onducted
car boxyl at e Using tert-butyl (3E)-3-[(9-nethyl-4,5-
d|hydr0|rnWﬁ%ﬂothSlaFﬁﬁFﬁB?rnA%F%H)QﬁﬁH¥¢IPH@H]thydrous sodium

0X0 er carboxyl ate (500 reaction_and ficatigon were
o For med %@%ﬂ%& saﬁsxé?aa% AR 51y egR e, PRE PRI PHER (A9Harte et
titled conpy E as a colorless oi | . nB(ES|/ApC| Dual)

396( M+H) [0148]86) Synt esis of 5-amino-2-[(9-nethyl-4,5-

di hydroi m dazofrheSrakgut 084 | Fedralled MRIshlikBeNiaRoi s @ idkoform
di hydr ochl ori de Using tert-butyl

(3-[ (9- nmetidy.- 415- dnbydfoem aizioldl ,thiethylamine (780 mg) and

a] gui nolin-3-yl ) methyl ] -2-oxopi peri di ne-1-carboxyl ate (495 ng),
reaction Whﬁ@ﬁisfliléawbncb\k@@%r(fﬁ%m)bynﬁiﬁé Sapklpr gtidduries  aghien
Exarrplel(ﬂ) |ve5amno 2%(9-rrethy1-

4, 5-di hydra lHFd OFTSSSE}EﬁﬁqKﬁ In-24L AoPfe fhy FPRBNE SRR @ Bt (Y68 <iy)

as a coIorIess To the resultln pQ
Baueous. SO RORSHT B8 BByt st i herh e aaiadtion ik Tkvslae

Was St'rr%ﬁt%QEh@BrB@HEmaIAf@gﬂkﬁﬁﬂmﬁr%%%Eeanﬁ9§r6@§Q&kﬁHm§%%h%%k@as
concentrated in vacuo to give thetitled conpound (conpound 7, 48 nhm)

as a col ordresslcpondent Wof ESVARGd Rfal hnda31de bl vddr IvdVREGRGed in
VHz , DEUTERI UM OXI DE)

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 solution to give
the titled compound (660 mg) as a pale yellow powder.

MS (ESI/APCI Dual): 380 (M+H)

'H 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,S5-alguinolin-3-ylmethyl)-2-oxopiperidine-1-

carboxylate



5 ppm1.65 - 1.88 (m 4 H), 2.55(s,3H),2.80-2.99(m5 H), 2.99-3.20(m
4 H, 7.24-7.40(m3H),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-

al qui nolin-3-yl)nethyl] pentanoic acid (1) Synthesis of

4- et henyl- 2, 3-di hydr o- 1H i nden- 1- one To a solution of

4- brono- 2, 3-di hydro- 1Hi nden- 1-one (3. 5% in dioxane (71.6 m),
trlphenylphosphlne (1.33 g), dibutyl %Iboronate (3.54 9),

pal | adi um acetate (381 ng) and an aqueous solution of 2 M sodium
carbonate (42. Fara) sednsiadded aedc-tthesywh X3Ene3wdd,8tirred for 2.5
hours at 85C. After adding ethyl acetate, the insolubles were

filtered oHhygieifHearp|l %réfé %@W@dwf@hyﬁnﬁ@mﬁ@r@ﬁ%ﬁ@ﬁ%ﬁne—
ol vent o r°¥%@3&%§3“@ﬁ535@§t%#ﬁ£§ra§§fﬁ' G et BOBY AR AT (SRd
L1CE ol Lo B SRR 1
(2.35 9) apddane ekl ﬂm/x@@y@ewas MR(EDed 188eMhydrogen purge for an
hour at 60°C. The reaction system was filtered through Celite
and the solvent was removed in vacuo. The resulting residue
was purified by NE silica gel column chromatography (eluent:
n-hexane/ethyl acetate = 1:1) to give the titled compound
(301 mg}) as a colorless oil.
MS (ESI/APCI Dual): 382 (M+H)
H NMR (300 MHz, CHLOROFORM-d) & ppm 1.52 (s, 9 H), 1.55 -
1.62 (m, 1 H), 1.69 - 1.95 (m, 2 H), 1.97 - 2.14 (m, 1 H},
2.67 (dd, J=14.4, 8.3 Hz, 1 H), 2.79 - 3.01 {(m, 5 H), 3.21
(dd, J=14.4, 4.7 Hz, 1 H), 3.49 - 3.65 (m, 1 H), 3.72 - 3.91
{m, 1 #), 7.112 - 7.22 {(m, 1 H), 7.23 - 7.34 (m, 2 H), 7.35 -
7.45 (m, 1 H), 7.95 (s, 1 H)
[0113] {6) Synthesis of 5-amino-2-{4,5-dihydroimidazo[l,5-
alguinolin-3-ylmethyl)pentanecic acid
To a solution of tert-butyl 3-(4,5-
dihydreoimidazo[l,5-alquinolin-3-ylmethyl)-2-oxopiperidine-1-
carboxylate (301 mg) in tetrahydrofuran (4.0 ml), 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 solution of & 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)



111 NWR (300 MHz, CHLOROFORMd) oppm 2.64 - 2.83 (m 2 H), 3.10 -
3.28 (m 2 H, 5.37 - 554 (m 1H, 573- 594 (m 1H, - 71 -
6.80 - 6,99 (m 1 H, 7.33- 7.49 (m 1 H, 7.62 - 7.83 (m 2 H

[ 0150] (2) Synthesis of 4-ethenyl-N hydroxy-2, 3-di hydro-1H

i nden-1-im ne To a sol ution of

4- et henyl- 2, 3-di hydro- 1H i nden- 1-one {5582-9) in a m xture of

nmet hanol (29 m ) and pyridine (29 m), hydroxylam ne hydrochl ori de

wih hebti'nh Shor et brctaf o b, MAMEATS TOLRIE 18" ot on

of ammmoni wR Y 1Udsdet@ethe reaction m xture extraction with

chl orof orm and washing with brine were conducted. After drying over
sodi um canbo(rEe Arcie pdas) ecaond (wes) filtered off and the sol vent was
renoved |n vacuo. The resulting residue was purified by silica gel
col um chr drrﬁMBgr(é@ﬁlyMIQeJ UFHTERTR@X 48 D8t h§| rrcet at®/chl .&rZof(oy, m2=H) ,
7:1:2) to give the titled conpound (2.98 g) as a colorless fowder

I\/B( ESI / AP - Tual Y- 7@74@%?4)%11%\&@?1?0(@% éHEtRCi—“Ci?Mﬁ) otfhni2. 95
- 3.06 2 3.17 5.37 1,0 76
(d, J= 1(7mé“ @]?2 9 8486“‘( d%“%h, 14;)% 37 Hém' 1} H;ﬁjl H)77’§

761 (m fﬁﬁ’%%ﬁsm% Shivelit Zlgeﬂﬁﬁeﬁjﬂ Wi WJ” S

met hyl phemyd)i1syl fonygk]aﬁﬁyg. 2, 3-di hydro- 1Hi nden- 1-i m ne To a
sol ution of 4-ethenyl-N hydroxy-2, 3-di hydro- 1H nden-1-imne (6.06 Q)
i n acetone (18(9;y|m1t)1,esélsrrefhy2bﬁf&-&rmﬂcs-lzluf(@mﬁl—dﬁ:hy@roﬂelc(a?zcﬁm,gs)— and
an aqueous sol ution of 6 M sodi um hydrOX| de (18 m) were added
dropwi se unde e @7ddt he mi xture was stirred

for an hor at the sarre te erature After quenching, the reaction by
addi ng i ce'Mat ¥PER681 R §Eto ¢ h%eq%a}f&ﬁ%wceﬁ?wé) a%b%?b‘n?e‘ waé

renoved |n acuo. traction horof r vvahln brlne
were per f SrAEE: CARE azaﬁ/l%g ﬁn%j‘lej?noan Wdr. (i rmh Tg% aa’[c t he
desi ccant was f| gegggugigna@g ggkec_qgjt\&qng \/(\@55Lermved |n vacuo. The
resulting residue was purified by silica gel colum chromatography
(el uent: nrimkgxaBemethyb [acstal@fidigrelermnethyl) 22 - 008 per idige-1-
titled conmpound (11.35 g) as a colorless powder. MS(ESI/APCI Dual):
328( M+H) LdrNwRy(308 NMHEz, 8 GHLCRORCRMadydoppnranddl$s,mB) Han Zd@éous
3.12 (m 4 H, 538 (dd, J=11.1, 0.9 Hz, 1 H), 574(dd J=17.6, 0.9
Hz, 1 H), ©lp#ipadof]ei7.1, lﬂﬂhlluwyda.fom)lde?(?% nl) mai RddedHnd7 ths

d, J=8.0 Hz, 7.94 (d, J=8.0 Hz
E0152] (4) "'é;’fﬁPFiSHg*gs Ft%rlé‘f%e%}i ]g“ﬂ ﬁySFoﬁﬁP of PRRS RS o é‘@er
T I h I
T By on D sShed o PRI, Sy, e s 1over o

washed with diethyl ether. The agueous 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-d) & 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),



(5.0 g) in chloroform (150 m), trichloroalum num (6.11 g) was added
at -70C and the m xture was stirred for an hour. After stirring the
m xture for an additional 2 hours at -50C, water was added and
extraction was conducted with chloroform After drying over sodi um
carbonate, the desiccant was filtered off and the solvent was renoved
in vacuo. The resulting residue was purghied by silica gel colum

chr omat ogr aphy (el uent: nhexane/ethyl acetate/chlroform- 1:1:1 to

powde! “&s?ééem c?ndliry 2 Ky nts "E R (a0 Ml L CrL GO oy

Sppm 2. 56 72 2 36 2. 96 m (d
1|.ng|—|z 1H|_b 75261gm(d7d3'5')_( QHJ 370?5( 7%7"') ég(ﬁd @'196@&20131{)

Hz, 1 H), 8%k)(dd, é?lﬁyathéélg &-E JJRH})S)J.L %»Qenyz ZZ(ﬁ;y&r&i—&m&ﬂZ
(br. s., 1 H [0153](5) Synthesis of ethyl 6-ethenyl-4,5-

di hydr oi mydaze{cby3- dPgui-Aelli hex B-loatr dropod ditom yUs amgno ] 2—(4 5~

5-et henyl- 3, 4-di hydroqui nolin-2(1H) -one (1.74 g), reaction and

purifi catmdm;véfroérrpéw@r[ﬂma @yq\@h@olsﬂane?-ml@@éaﬁrﬁwea@amaaamﬂe 1(1)
and recrystallization from eth?(/r acetate gave the_ titled conmpound

(1.66 g) aSty 2SI drPEEEYponasry T MK AP IDRACPY26 ¢ RIS - ELELtf'-WWR( 300

2. 955, 04K 2 BIIBRY A ool Za il Jprpinidazol1, 5-a) quinolin-3-

2H), 5. 45( b1 Qclo2thodh 5 70(dd, J=17. 4, 1. 2
Hz, 1H) , 6. 98(dd, J=17 4, 11. 0. 1H), 7. 29- 7. 37(m

H),7.38-7. 48( mT23H)a, 8o®GtsoﬂH)f Hz- [ dteft0dhdbbk@rabyBhhephmied] -2- (4, 5-

(6-ethenyl-4,5-di hydroi m dazo[ 1, 5- a] qui nol i n- 3-yl ) met hanol
dihydroimidazo[l,5-alquinolin-3-ylmethyl)pentancic acid
(2.00 g) in chloroform (50.1 ml), (1R,23)-l-phenyl-2-
(pyrrolidin-l~-yl}propan-1-ol (1.54 g), 4-dimethylaminopyridine
(61 mg) and N-[3-({dimethylamino}propyl]-N’'-ethylcarbodiimide
hydrochloride (1.44 g) were added and the mixture was stirred
for 15 hours at room temperature. A saturated agqueous solution
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 oil, i.e., the low-
polarity compound (1R,2S)-1-phenyl-2-{pyrrolidin-1-vyl)propyl
{23)-5-[ (tert-butoxycarbonyl)amino]-2-(4, 5-dihydroimidazo[1l, 5-
algquinolin-3-ylmethyl)pentancate (1.17 g) and the high-
polarity compound (1R,28}-1-phenyl-2-(pyrrolidin-I1-yl)propyl

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



Usi ng et hyl 6-ethenyl-4, 5-di hydroi mi dazo[ 1, 5-a] qui nol i ne3-car boxyl ate
(2.4 g), reaction and purification were perfornmed by the sanme
procedures as in Exanple 1(2) to give the titled conmpound (480 ng) as
a pale yellow oil. MS(ESI/APO Dual): 227(M+H) 31-1 NMR (300 MHz,
CHLOROFORM d) oppm 2.96 (s, 4 H, 4.65 (s, 2 - 74 - H), 5.43 (dd,
J=11.0, 1.2 Hz, 1 H), 5.68 (dd, J=17.3, 1.2 Hz, 1 H), 6.98 (dd,
J=17.3, 11.0 Hz, 1 H), 7.28 - 7.34 (m 1°H), 7.34 - 7.41 (m 2 H),
7.98 (s, 1 H) [0155](7) Synthesis of

6- et heny1-2 Brigiciyidr-di-yildakof 1) ﬁeneﬂgpﬂUﬁﬂiaﬁé Bgctar bal dehyde

Usi ng (6- ethen 1- 4, 5-di hydroi mi dazo[ 1, 5- a] gui nol i n-3- vyl ) net hanol
(480 ny), lion 4A&- aér Bt- @re%x#re%ﬂ(%rr@laer—ﬂoﬁnﬁanwowﬂe e 5~

EL‘“;.ef'.“Eisbéerctoroﬁfrﬁ”gﬁrzs%é?@a”d Pt SR BFor B heL a0l <

9:1) to gi t as a pale yell ow powder.

MS( ESl/APél\/ﬁiﬂgh’l%)l%z%gMﬁg@%We 300 MHz, CHLOROFORM-d) oppm
2.95 - 3. Gfs (@81 /Artk, D3a2P: -587 A&ym 2 H), 5.47 (dd, J=11.0, 1.1 He,
1 H), 571 (dd, J=17.4, 1.1 Hz, 1 H, 6.98 (dd, J=17.4, 11.0 Hz, 1
H), 7.31 -‘g7ndf (B0 i), GIARCEDRMEAN) 5 PmOR. ¢4, (d, H=d.0156] (8) H),
Synthesis of tert-butyl (3E)-3-[(6-ethenyl-4,5-

di hydr oi mlagZo[-11558] gui ndl i ¥} 3-Yi38vet Hylsidddn} - 2-8), 1.93 - 2.12 (m, 1
oxopi peri di ne- I-carboxylate

6- et heny1-# 5.2 r‘%ydréu ﬁn”dé{ﬁo[li %)ra]?gLﬁﬂcﬂ iend23{Mcaf bl dehylde 1536°

ng), react on.and aft t re per t

procedures Mo b K Exgrrrs) a:§{reg g%eﬁt’hg3 trtlr{g %rr’pgﬁn@ ’(3%‘;)4@) as
a pale yeld. wder ESE). & 1H,N 00 grgg

o orerbR N NS%E,%g rﬁl%(lh@ébl g I\/'éz(éng 2 2o L 1
(m 4rﬂ,ﬁ@&=7&£3mm2&#%7&ﬂ3Jl&ﬁhdm_ﬁrM:%44X¢$(m,1
J=11.0, 1.2 Hz, 1 H), 5.69 (dd, J=17.3, 1.2 Hz, 1 H), 6.98 (dd,
J=17.3, 1H)Q Hz2981(H),17HB0 - - 75 - 7.36 (m 1 H), 7.36 - 7.44 (m
2 H, 7.67 - 7.74 (m 1 8.06 (s, 1 H [0157](9) Synt hesi s of
tert-butyl[031/(6- et rwl?t 2SB=1-phenyl-2- (pyrrolidin-1-y1ljpropyl (2R)-

car boxyl atld te2ebiygkgea gt ar oy r o oy %zf‘oirﬂﬁ’eﬁayl-zr, 5-
gigﬁﬁggrréﬂﬁﬁg%%%ngﬁg &%4ﬂ%g§%ﬂg |n%Le?$2Ly§rofuran
MS(ESI/APCI Dual) 587 (M+H)
'H4 NMR (300 MHz, CHLOROFORM-d) & ppm 1.00 (d, J=6.5 Hz, 3 H),
1.43 (s, 9 H), 1.45 - 1.92 (m, 9 H), 2.43 - 2,69 (m, 5 H),
2.9 - 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
{m, 1 HY, 7.94 (s, 1 H)
[0118] {3) Synthesis of (28)-5-[(tert-
butoxycarbonyl)amino]-2-(4, 5-
dihydroimidazo[l, 5-alquinolin-3-ylmethyl)pentanoic acid
To a solution of (1R,28)-1-phenyl-2-(pyrrolidin-1-
ylipropyl (28)-5-[{tert-butoxycarbonyl)amino]-2-(4,5-
dihydroimidazo[l,5-alguinolin-3-ylmethyl)pentanocate (2.62 g)

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



(15 m), 10% pal | adi um activated carbon (200 ng) was added and the
m xture was stirred under hydrogen purge for 16 hours at 60C. The
reaction mxture was filtered through Celite and the sol vent was
renoved in vacuo. To a solution of the resulting residue in
acetonitrile (0.77 m), di-tert-butyl dicarbonate (65 ng) and

4-di met hyl am nopyridine (1.5 ng) were-aglgded and the m xture was
stirred for 5 hours at 55C, then overni ght at room tenperatuare.

Af ter adding, a saty %%Beghggrngc r S Qb 'tsgc'l e g 8%3?‘;%&'%%%5&%%%3 s

to the reaction mxture, raction w et hyl "ace

Wi th brine gvwelg feniosied. Afd el Y bAINOVEhirs Ol 4IM CArRAL S oLBE
desiccant was filtered off and the solvent was renmoved i n vacuo. “The

resul ting gasitduendasa fpuki i elhihy widd e tgehblcokbbansshvammgegs aphy
(eluent: chloroforn nmethanol = 20:1) to give the titled conpound (74
ng) as an wreEvgel dinl vaWBeEST¢ ARGH i l)ting] @eMk-Biie 1 Ha NMR(303:dVHz
CHLOROFORMt d) oppm 1.21 (t, J=7.5 Hz, 3 H), 1.52 (s, 9 H), 1.54 -
1.69 (m 29peoup polutionzof pyodiyy hyprggencarhgnape yagaddeg@nd the

200 ™ Sty Hhyeraivag Sngh Mo Ehh0eetard: I dFougl s ke
1.6 Hz, 1 , . 0 1.92 0158] (; , .
Synthesisvg% gﬁg#%ﬁ%}%??(%gg%H%%t%ﬁﬁipé% s%ﬁutlohbo£ ﬁég]éféplc acid

di hydr oi mgazktracal gHi R8s i Fordtid DdEtN ] RENLRRBLEmAChfrer drMd%igng
tert-butyl 3-[(6-ethyl-4,5-dihydroimdazo[1, 5-

a] qui nol i vy lhiwtihyill- 2edkapi periaienethecdeboxybat end 4 iMered off
reaction and after-treatnent were perforned by the sane procedures as
i n Exnpl e apE6)theosgilvent hea s i 1emay asb ipo yad uPe ofipeunes Blueg ram puas faed
brown powder. NMS(ESI/APCI_ Dual): 328(MtH) 1H NVMR (300 MHz, DEUTERI UM
OXI DE) Ep Jpmiiits gpl gohumn ghromagearegpyl (3ueky: -1.79 7.10 (m 4

-7.41 1), éﬁpor%f%9m§£gthanol = 10:1) to give the titled compound

(1.50 g) as a colorless powder.
'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.41 (s, 9 H), 1.46 -
1.8 (m, 3 H), 1.68 - 2.87 (m, 1 H), 2.68 - 3.00 (m, 7 H},
3.0t - 3.21 (m, 2 H), 4.53 - 4.70 (m, 1 H), 7.13 - 7.28 (m, 1
")y, 7.28 - 7.38 (m, 2 H), 7.38 - 7.47 {(m, 1 H), 8.15 (s, 1 H)
[0119] (4) Synthesis of (28)-5-aminc-2-{4,5-
dihydroimidazo[l,5-alJquinolin-3-ylmethyl)pentanoic acid

To a solution of (28)-5-[ (tert-butoxycarbonyl)amino]-2-
{4, 5-dihydroimidazo[l, 5-alguinolin-3-ylmethyl)pentanoic acid
{700 mg) in tetrahydrofuran (4.4 ml), an aqueous solution of
6 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 vacuo and the resulting residue was
purified by cation exchange chromatography {DOWEX L0WX8-200;
ammonia/water = 0:1 to 3:97) te give the titled compound

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



-2.88 8.1
Synt hesi s
al qui nol i

6 (m (s,1 9H),2.94-3.04 H [0159] Exanple 9
of 5-am no-2-[(6-chl oro-4, 5-di hydroi m dazo[ 1, 5-
n- 3-yl ) met hyl ] pent anoi ¢ acid (1) Synthesis of ethyl

6- chl or o- 4, 5- di hydr oi m dazo[ 1, 5- a] qui nol i n- 3-car boxyl at e Usi ng
5-chl oro- 3, 4-di hydroqui noli n-2(1H)-one (2.00 g), reaction and

purificat
to give t

ion were performed by the sanes'procedur es as in Exanple 1(1)
he titled conpound (2.09 as a pale yell ow powder.

ns( Esi / AP @é? 7 2) Synt hesi s of

(6-chlor oq\&f |/)AP8r%0|Z)(rﬁygz‘)zo%§&g@M qU| nol i n- 3-yl ) met hanol

Using et hyly fim&hli@b6-dn»; disvairaivm dazekl. 8- gdAul nod 'J"'13'6205}E1b0’éYh?te
(2.09 9), reactlon was perforrred by the sanme procedure as in

1(2) to give he 1t.i7el ed, conppunal. 5= 772 .-64( km{02g}) as2a7yel Izavmqoqwders.
M5( ESI / APCl Dual ): 235(MtH) [0161] (3) Synthesis of

6- chl or o- £1)5- di-¥¢droBrPdazof 12 ) a] buishol in<23- dar bal dehyde30 - 7.40

{m, 2 H), 7.46 (d, J=7.8 Hz, 1 H), 8.11 (s, 1 H)
*o [a]p?® = -10.3 (¢ = 1.0, H0)

**Optical purity: 99.34%ece

sstemp.: 24°C

**Mobile phase: n-Hexane:IPA:TFA:DEA=90:10:0.5:0.5
*er.L.:26,56 min

[0120] Example 3

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

alquinolin-3-ylmethyl)pentanoic acid

(1) S8Synthesis (2R)-5~[(tert-butoxycarbonyl})aminc]~2-{4,5-
dihydroimidazo[l,5~alquinolin-3-ylmethyl)pentanoic acid
To a solution of (1R,2S)-1-phenyl-2-{pyrrolidin-1-
yl)lpropyl (2R)-5-[(tert-butoxycarbonyl)aminc]-2-(4,5-
dihydroimidazo(l,5~alquinolin-3-ylmethyl)pentanocate {590 mg)
in methanol (20.1 ml), an agueous 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 solutiocn 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 aqueous layer was washed
with diethyl ether. The aqueous layer was neutralized with an
aqueous solution of 15% citric acid and extraction was

conducted with chloroform. After drying over anhydrous sodium



Usi ng (6-chl oro-4,5-di hydroi m dazo[ 1, 5-a] qui nol i n-3- yl ) net hano

(1.70 g), reaction and purification were perfornmed by the sane
procedures as in Exanple 1(3) to give the titled conmpound (1.33 g) as
a pale brown powder. MS(ESI/APCI Dual): 233(MtH) [0162] (4) Synthesis
of tert-butyl (3E)-3-[(6-chloro-4,5-

di hydr oi m dazo[ 1, 5- a] qui nol i n- 3- yI)nethgélden] 2-

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

6- chl or o- 4, 5- di hydroi mi dazo[ 1, 5-a] qui nol i n-3- car bal dehyde (1.32 g),
reaction amellfmei f ithat Fepigeaert pead orindd sy tifé sadethe otebiigs wes in
Exampl e 1(4) and reprecipitation from n-hexane/ chl orof orm gave the
titled con"p?d‘iﬂ‘(c? ?S‘OVﬁﬁ)JOaEOang‘éﬁ' et%lqweﬁoﬁﬂ@mu%( 519 AFD) aud ) -
414( MHH) [0 %ﬁé Synth sis of tert-butyl 3-[(6-chloro-4,5-
dlhydr0|n1&%zo 4] §ar 8F|n 3-yl ) met hy1] - 2- oxopi peri di ne- 1-

carboxyl atg wyp (309 120! Ui ERRLEY { sDLb! 1 (25 13- [d GnShhong- 4. 5
di hydr oi mi dazo[ 1, 5-a] qui noli'n-3-yl ) et hyl T den] - 2-

oxopi peri di re® l(mgasbaxy! at es (100, mg)xdnjaHWLxQusg of 3 net hanol7 ang
tetrahydrofuran (1:1, 4.84 m), 10% pall adium activated carbon (20
ng) was addéd and.the (mi xgulle, waso sty rdr.@d umdeil Hydr dgeh put.ges flor, 15
hour s at roon1tenperature. The reaction mxture was filtered through

Cel i te anditrhe -38l vert Shasm, 27*8%- fr-effoved - ¢ Vaeub. HThed r&sulsti AgH)
resi due urified_by silijca, colunn chromaf ogr aphy (el uent:

et hyl %@/ﬁet handl ~ £Y3theg ﬂf' 1Y® o gia{Pénf’ﬁé ??t?ed conpound (72
ng) as a vy / I (300
mLmG:mn‘fié‘)y%gO%hdiyE %%P@%g Y*%%m%%%l L LS

1 2.68 - rtiou arbo ami 3.20
E(Td JH)14 2 4U(3(_jlgg 421%4 § %{3&2 dﬂo tjexlg}): 3 Z&)lj R &é](_ZHB zgzd‘—%m A

H, 7.20 -d17Ly315o€Lﬂih.d3zHIl E?—aQQqL(ﬁ;ollLﬂ=|)3 B/@ﬂ:l@é]‘i(/ﬁ)p&ytﬁlﬁ’tﬁ& Sdifd

5-am no- 2-[ (6-chl or o- 4, 5-

di hydr oi m (@&2opg,) 5- a}sqgth@miam@ mir)irféidajzlippemaﬁoperé@hmbd by thigsisage
tert-butyl 3-[(6-chloro-4,5-dihydroim dazo[

a] qui nol i rPr:?C)?Fl)Jﬁﬁtshﬂ] ip. %&%&Rgﬁar% i éolgééiiab‘é&?l Bt el gy =ampound

t f.icat f th d
Exanpl o 108y EBUGRVE: L RG T9Y | S GRIGURI( EoRBBURG' 9, '20 mg) a5 &

pal e browy AP ) 334(MtH) 1H NWMR (600 MHz,
DEUTERI UM 83%%?%(:%/?%%45 3-(801@;%})( 4 H, 2.48 - 2.64 (m 2 H) ,

2.64 - 2.88 (kR bedd) M ObruTErAGM(BkIBEH)S o3l -487-18 .6 (&, H. 1),
7.19 - 7.33 (m 1 H), 8. '09 (br. s., 1 H [0165] Exanple 10
Synt hesi s lof625-ami. AR- 2m[ (B-Het .54 52dicky dmei oi Wpzof 176-— 2.90 (m, 5
al qui nol i n- 3-yl ) net hyl ] pent anoi ¢ aci d
H), 2.92 - 3.04 (m, 2 H), 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 H)
[¢]p?® = +8.2 (¢ = 1.0, Hy0)
[0122] Example 4

Synthesis of S5-amino-2-(5, 6-dihydro-4H-imidazo[l, 5~

al[llbenzazepin-3-ylmethyl)pentancic 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 room

temperature and the mixture was stirred for 2 hours with



(1) Synthesis of ethyl 6-nethyl-4,5-dihydroi m dazo[1, 5-a]

qgui nol i ne- 3- car boxyl ate Usi ng 5-net hyl - 3, 4-di hydr oqui nol i n-2(1H) - one

(390 ng), - 79 - reaction and purification were perforned by the

sanme procedures as in Exanple 1(1) to give the titled conpound (423

ng) as a col orless powder. MS(ESI/APCI Dual):257(MtH) [0166] (2)

Synt hesis of (6-nethyl-4,5-dihydroimd [1, 5-

a] qui nol i n- 3-yl ) net hanol Usi ng et @I'

6- met hy1l- 4, 5- di hydr oi mi dazo[ 1, 5- a] qui nol i ne3-carboxyl ate (420 ny),

reacti on vesstperdsf oinged bypfine. sBire praogedur evasemnvwER appheeixteady in

give the titled conmpound (334 ng), as a yeLIOM/Romder. VB( ESI / APCI

Dual ) : 2156N%F08F§16?F€3¥ %ﬁh?% Ffved in chloroform, it was washed
i.nol i ne- 3-car bal deh

6- et hyl-4, 5-di hydroi m d 1, 5- de,
Dol rg o i e SRR Shfe G Al iTiont B 3R 08 (BN ER 0 and 530

ng), reacty rhea!”%)f%!i:i Ekggﬁ%ﬁgh%‘ﬁfgeagﬁrcf %g%‘ii Q%%ggﬁgﬁscpia&%%%%‘?s

as in Exanple 1(3) to gl conpound

col orl ess iR cBBOESHAAPEL 1 R3EdQ 02l 3t lhel Q468L4H) waly EiRSicy @h
tert-butyl (3E)-3-[(6-nmethyl-4,5-

di hydr oi mwaze{.1 AStalqaeaottopde Wigtetinpltidenyi2h toluene, to the
oxopi peri di ne-1-car boxyl at e Usi ng

6- met hyl - &£%s¢ialy dpeiht dag of 196 -efapsnsdiiione 18- vearbal fehyoknq24% ng) ,
reaction and purification were rmed by the sane procedures as in

Exanpl e 1(3DMV€8tgi PeRERRNE] W%oﬁp{‘gﬁﬂg@@ﬁd the6BLKG I AsWAS pRt R 1BGW
povler . (ESLLARCLDygl ;39 40MH) L0 Uh b RN 8251 % PTad (U
di hydroi mdazel Loggalqui nolin-3-yl)methyl] - 2- oxopi peri di ne- 1-
MS (ESI/APCI Dual): 162 (M+H)
'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.81 - 1.97 (m, 2 H),
2.70 - 2.90 (m, 4 H), 7.09 - 7.35 (m, 3 H), 7.82 - 7.96 (m, 1
H)
[0123] {2) Synthesis of 1,3,4,5-tetrahydro-2H-1-benzazepin-
2-one
To N-hydroxy-3,4-dihydronaphthalen-1 (2H)-imine {5.73qg),
pclyphosphoric 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 wvacuo to give the
titled compound (3.95 g) as a brown powder.
MS (ESI/APCI Dual): 162 (M+H)
'H NMR (300 MHz, CHLOROFORM-d} &ppm 2.17 - 2.31 (m, 2 H), 2.32
- 2.43 {m, 2 H), 2.81 (t, J=7.1 Hz, 2 H}, 6.96 (d, J=7.6 Hz, 1
£, 7.1 - 7.36 {(m, 3 H}, 7.48 (br. s., 1 H)

[0124] {3) Synthesis of ethyl 5, 6-dihydro-4H-imidazo[1l,5-



- 80 - carboxyl ate Using tert-butyl (3E)-3-[(6-nethyl-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 (265 ng), reaction and purification were
performed by the same procedures as in Exanple 1(5) to give the
titled conmpound (195 ny) as a col orl ess viscous substance.

MS( ESI/ APCI Dual ): 396(MtH) [0170] (6) -Symthesi s of

5-am no-2-[ (6-net hyl-4, 5-

di hydr oi mi 1, 5- inalin-3-vl t hvl i . i d Usi
Cort oot L R A B Pt et el

a]quinoIin-3-yh%ﬂ$&px}b;§;9x99£9§ﬁ#é¥53§'-Eg%%ﬁ9§¥kﬁéﬁ—§1§%£’Wﬁ:lS I

reaction and purifi‘cati on were perTorne e Sa procedures a

Exanpl e 1(&actSidcand puystataPbLChddd Had oMkl ByWBLEr sathd Wescedures
recovered by filtration to give the titled conpound (conpound 10, 68

ng) as a cd ard essmpdedernl) M5O ERlvARCGle Muallpd3téfpbbind 111. SNVR()I3GE: a
MHz, METHANCL- d4) 5 ppm 1. 40-1.80(m 4H),2.35 (s,3H), 2.48-2.68 (m 2H)
2. 80- 3. 02(wR1AHyY A 108 pawdgey. 8Hz, 1H),7.19 (t, J=7.8
MS(ESI/APCI Dual): 257 (M+H)
'H NMR (300 MHz, CHLOROFORM-d) &ppm 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}, 3.06 (t,
J=7.1 Hz, 2 H), 4.41 (q, J=7.1 Hz, 2 H), 7.29 - 7.45 {(m, 4 H),
7.69 (s, 1 H)
[0125] {4) Synthesis of 5, 6~-dihydro-4H-imidazo[l, 5-
a] [llbenzazepin—-3-ylmethanol
Using ethyl 5,6~dihydro-4H-imidazo[1l,5-a][l]lbenzazepin-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)}
'H 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 E), 7.71 (s,
1 H}
[0126] (5) Synthesis of 5,6-dihydro-4H-imidazol[1,5-
al [1l1benzazepin-3-carbaldehyde
Using 5, 6-dihydro-4H-imidazo[1l,5-a] [l]lbenzazepin-3-
ylmethancol (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, CELOROFORM-d) dppm 2.19 - 2.33 (m, 2 H), 2.53



Hz, 1H), 7. 43(d, J=7.8Hz, 1 H),8.13 (s, 1H) [0171] Exanple 11

Synt hesi s of 5-am no-2-[(7-nmethyl-4,5-di hydroi m dazo[ 1, 5-

a] qui nol i n-3-yl ) net hyl ] pentanoi ¢ aci d di hydrochl ori de (1) Synthesis
of ethyl 7-methyl-4,5-dihydroimdazo[1,5- a]quinoline-3-carboxyl ate
Usi ng 6-mnet hyl - 3, 4-di hydr oqui nol i n-2(1H)-one (710 ng), reaction and
purification were performed by the saneg1--81 - procedures as in
Exanple 1(1) to give the titled conpound (752 ng) as a pale yellow

Powder.  _ 5 69 (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~dihydro-4H-
imidazo[l,5-a] [l]benzazepin-3-ylmethyiiden)-2-oxopiperidine-1-
carboxylate

To tert-butyl 2-oxopiperidine-l-carboxylate (891 mg) in

tetrahydrofuran (6.9 ml), lithium hexamethyldisilazane
{4.47 ml as 1 M solution in tetrahydrofuran) was added and the
mixture was stirred for 30 minutes at the same temperature. At
-78°C, 5,6~dihydro-4H-imidazoll,5-a][l]lbenzazepin-3-
carbaldehyde (730 mg) in tetrahydrofuran was added and the
mixture was stirred for an hour at the same temperature. To
the reaction system, a saturated agqueous solution of ammonium
chloride 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 resulting residue was dissclved in chlorcoform
{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): 394 (M+H)

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



MS( ESI/ APCI Dual ): 257(MtH) [0172](2) Synthesis of

(7-met hyl-4, 5-di hydroi m dazo[ 1, 5- a] qui nol i n-3-yl ) net hanol

Usi ng ethyl 7-nmethyl-4,5-di hydroi m dazo[ 1, 5-a] qui nol i ne3-car boxyl at e
(737 ng), reaction was perforned by the sane procedure as in Exanple
1(2) to give the titled conmpound (510 ng) as a pal e yell ow powder.
MS(ESI/ APCI Dual ): 215(MtH) [0173](3) Synthesis of

7-nmet hyl- 4, 5-di hydroi m dazo[ 1, 5- a] qui not i ne- 3-car bal dehyde

Usi ng (7-nethyl-4,5-di hydroi m dazo[ 1, 5-a] qui nol i n-3- yl)methanol (490
ng), reactimn Zamd,pérOPi calidn (wer € gorf ér.ved-by . bhe(san® pr.ocedir es

as in Exanple 1(3) to give the titled conpound %379 % as a
col orl ess dity WSHES| P APTI ~ Dliald : (“211?( W) 3 0272] €451 Syt Hedl)s of

tert-butyl 7-met hyl- 4,

di hydr oi m7ora’§"or1% [42{] 48 ndi Fhe 375y11) ety d8np 128 778 (s, 1 H)
oxopi peri d car y _

7- et hyl - @ch?l hydrg?ﬁl gg }fﬁs -al qui % forlfécyg 3car bal Cclile%%reo (%175 ng) ,
reaction aiqu%w[fll @aﬁa@ﬂ]ﬂ@ﬁﬁai@fﬂmﬂiﬂﬂ/h? SagRoPIceduRs 1as in
Exanple 1(4) to give the titled conpound (60 ng) as a pale brown
powder. Mu(dzSloxARGkeDual ): 394(M+rH) [0175] (5) Synthesis of tert-butyl
3-[(7-nmethyl-4, 5-

di hydr oi m dazo[TP Eea}:qhilhbli h3E3-A-) (etaryithydrox 6Pt petdak miel -

carboxyl ate - Using tert-butyl (3E)-3-[(7-nmethyl-4,5-
di hydr oi mada{zldfofnﬁaé]aaﬁ{ln%TYW%t}gMJ)%?ﬁq%ylzraéﬁPlEerl ine-l-carboxylate

di b t it |
oroea e S AR R s
titled I / |
TS e (o e e e RS s

di hydr oi mrdazeltnSpal gyl ﬂ@fléh Jraly ret ypkd p%@&@é‘cta@ndmlxture was
di hydr ochl ori de

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(ESI/APCI Dual): 396 (M+H)
'Y NMR (300 MHz, CHLOROFORM-d) &Sppm 1.53 (s, 9 H), 1.77 - 1.91
(m, 2 H), 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)y, 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[l,5-a] [l]benzazepin-3-
ylmethyl)pentanoic acid

Using tert-butyl 3-(5, 6~-dihydro-4H-imidazo[1l,5-
al[l]lbenzazepin-3~ylmethyl)-2-oxopiperidine-i-carboxylate
{560 mg), reaction and purification were performed by the same

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



To a solution of tert-butyl 3-[(7-nethyl-4,5-

di hydr oi m dazo[ 1, 5- a] qui nol i n- 3-yl ) net hyl ] - 2- oxopi peri di ne- 1-
carboxylate (24 ng) in tetrahydrofuran (2 nm), an aqueous sol ution of
0.42 MIlithium hydroxide (0.5 m) was added and the m xture was
stirred for 2 hours at roomtenperature. To the reaction m xture,
water (30 m) was added and extracti on g@ms- conducted wi th diethyl
ether (40 m). A saturated aqueous solution of citric acid (2 mM) was

added to t{%f%léﬁﬁ%% Iagg;ogPe%gg&%)it acidic and, then, extraction

was conduc chloroform . After drying over anhydrous
magnesi umsdidat gapctthe dest cepniymas filtered off and the sol vent was
renmoved in vacuo. To the residue, a solution of4 M hydrochloric acid
in ethyl dgewake (640 niyz wasiiaddedrand)t Bpp#i Xt 34 e- iasssst(r,r ed fipr 20
hours at room tenperature. The solvent was renopved in vacuo to give
the titled cdnpodn@S( conpduiid, 12,03l5 gl %adma Bake, b2 odh pdmder .(m, 4
VS( ESI / APCI Dual_})é: 314%M+H) -83- (s, 3H, 2.73 - 3.15(m 9 :

7.24 - 7.3 (RT3 B)2-946Tm( 3 B=8.3 0% - B-RP, (B, 49 Bk, 439 - 4.73
0177] Exanpl e .12 nt hesi s of
[5-am' ]no- 2?“(*8-%&’hyi:ﬁ?§¥d{’hﬁiﬁrﬁvfm‘ldggo[ 7-37 (s, 1 H)

a] qui nol i n-3-4,) net ] j id__ . Syat hesj ethyl

8-nmet hyl- 4,@-3§Ji]hydr glgbn 52@%%?# ngqs"ljiarﬂ%h%)ﬁé- %-gégr%%}?({/f% e4th

Usi ng 7- metfllar3,14; 81-BY ¢t st N0) d g2 GLeh @R ey 8 7300 P01 d @AGH on and
purification were performed by the sanme procedures as in Exanple 1(1)
to give the ti tlsedgconrpouat{HB3 b rdonglpahenyeld-ovs powderydro-2H-
MS(ESI/ APClI Dual ): 257(MtH) [0178] (2) Synthesis of

( 8- met hy 1-iniBlagichyd Pok M dblzef 42 Bpial-Guivdgkichy 3} pe et dianglcid (330

Usi ng et hyl 8-net h\t/_l- 4, 5-di hydr oi m dazo[ 1, 5- a] qui nol i ne3- car boxyl at e
(622 ny), MeactfERTHAE PRY Rt Ed ARF 1tRe WSARePPF SRERESF s i SBXEnpl e

1(2) t i t titled, d (4 | ] wder .
L(2) 30 Jae Ll ed, SPOUNd (420 ) coges kel LR BPYGEune

8- met hy1- 4, 5. opm , A inQL-LRe- 35, e
Usi ng {8- ﬁe%hy?gﬁgégf hggﬁg%%‘l%azag]ﬁ%l% g]“dﬁ?n% ?%lg@%%yn%t'hanol (410

ng), reactdsqmsandppurbhbcpd i om were performed by the same procedures
as in Exanple 1(3) to give the titled conmpound (334 ng) as a

col or| ess *powder (6 MB(MES!,/ ARCTERGEM) OX 2BBY MrHjpri 0L80] 4] . $¢ntinesi SHDf
tert-butyl (3E)-3- 5%8 nmet hy1- 4, 5-

di hydr oi mizd&240f125134] ¢0i ndlin- FA7) mehyPi den] 628), 2.83 (dd, J=14£.0,

8.0 Hz, 1 H), 2.93 - 3.06 {(m, 2 H), 7.37 - 7.4%9 (m, 4 BH), 7.87
(s, 1 H)
[0131] Example 5

Synthesis of S5-amino-2-(4H-imidazo[5,1-¢c][1l,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 (8.2%9 g) as a brown
powder.

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



- 84 - oxopiperidine-|-carboxyl ate Usi ng

8- net hyl - 4, 5-di hydr oi m dazo[ 1, 5- a] gui nol i ne- 3- car bal dehyde (328 ny),
reaction and purification were perfornmed by the sane procedures as in
Exanple 1(4) to give the titled conmpound (127 ng) as a colorl ess
powder. MS(ESI/APCI Dual): 394(M+H) [0181] (5) Synthesis of tert-butyl
3-[(8-nethyl-4, 5-

di hydroi mi dazo[ 1, 5-a] gui nol i n-3-yl ) net h?/‘f ]~ 2- oxopi peri di ne- 1-

car boxyl at e Using tert-butyl (3E)-3-[(8-nmethyl-4,5-

di hydr oi mi'da¥¥R1,308] Wik nTHIORPEORMmE! hybpueh] 42- (£, J=7.1 Hz, 3 H),
oxopi peri di ne- 1- car boxyl ate (122 g%g)ishr eaction and Euri fication were

per f or med by? %t Hélrsdimé - pr BEedtir & (ExarpPé 10595t 0 GiVe he2 H),
titled d (7 i), S|,/ APCI BE
BBG(E/HFEO[%%%]_(%)'%SR%%EI;g) E?J’gﬁaﬁfﬁs?d?é?[%%/?( fﬁy%ﬂ,ls%a, )8’.01 (s,

di hydr oi m'ld%lz,o[ 1, 5-a] gui nol i n-3-yl ) net hyl ] pentanoi c acid Usi ng
tert-butyl 3-[(8-nethyl-4,5-dihydroi m dazo[1, 5-

a] gui nol i np3-3ply) met hyh] sPnoxepi Pesi dimantuaachexylal e1 (FhdMoxazin-3-
reaction and purification were performed by the sane procedures as in
Exanpl e 1(@)methagiove the titled conpound (conpound 12,31 ng)as a pale
brown anor phous nmass. ns(Esi/Apci Dual):314(MH) 1H NVR( 300

MHz, DEUTERI UM OXiiDE) 6thpin 4H30nidaz a8 m-c4H)l, 42bggzoxazin-3
(s,3H),2.34-2.61(lm2H) 2.61-2.80(m 5 H), 2.81 . ,
-2.98(n12&%%%?9?@(6F§=7369€,§¥ﬂ,%?%E?lon and purification were performed

by the same procedures as in Example 1(2) to give the titled
compound (1.23 g) as a pale brown powder.
MS (ESI/APCI Dual): 203 (M+H)
'H NMR (300 MHz, CHLOROFORM-d) 3ppm 4.68 (s, 2 H), 5.25 (s, 2
H)y, 7.03 - 7.23 (m, 3 H), 7.45 {(dd, J=7.9, 1.6 Hz, 1 H), 7.87
(s, 1 H)
[0133] (3) Synthesis of 4H-imidazo[5,1-c][l,4]benzoxazine-
3-carbaldehyde

Using 4H-imidazo[5,1-c][1l,4]benzoxazin-3~ylmethancl
{(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.
'H NMR (300 MHz, CHLOROFORM-d) &ppm 5.54 (s, 2 H), 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 H)
[0134] (4) Synthesis of tert-butyl (3E)-3-(4H-imidazo[5,1-
cl[1l,4]benzoxazin-3-ylmethyliden)—-2-oxopiperidine-1-
carboxylate

Using 4H-imidazo[5,1-c][1l,4]benzoxazine-3~carbaldehyde

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



(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 hydroi m dazo[ 1, 5-a] qui nol i n- 3-

yl ) hexanoi ¢ aci d (1) Synthesis of

cyano( 4, 5-di hydroi m dazo[ 1, 5-a] qui nolin-3- yl)nmethyl ethyl carbonate
To a solution of (4,5-dihydroimdazo[1, 5-a] quinoline-3- carbal dehyde
(2.00 g) in chloroform (20.2 m), tetraputyl ammoni um chloride (290
ng), ethyl chloroformate (1.31 g) and an aqueous solution of 1.1 M

our s at OSHARIREE: APuPB. BTSN Re | Edcticod ys e el Coatel HESReed
and extractq s ;condyered with chloroform After drying over
anhydr ous Eso Iu s&lfate, tﬂeﬁé\%e&;‘? ccant was filtered off and the

sol vent wag (Eymveds puMasuozgdherwesi due was purified by silica gel
col um chr omat ogr aphy (el uent: n-hexane/ethyl acetate = 1:1) to give
the titl edHcUNBOWRNO (2446 CHLOROFDRYeL) odppihl 1. WB( &SI /ARG, Duak) = 2.00
298( M+tH) 1H NWVR (300 MHz, CHLOROFORMd) 6 ppm 1.33 (t, J=7.1 Hz, 3
H, 2.89 -G02 @Hh 2HE03-03-3028¢m=2 2H), 4.-26- 4. 408M (@, 2 H), 5.30 (s,

2 dy, 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-
c][1l,4]benzoxazin-3-ylmethyl)-2-oxopiperidine-l-carboxylate

Using tert-butyl (3E)-3-(4H-imidazo[5,1-
c][l,4]benzoxazin-3-ylmethyliden)-2-oxopiperidine-1i-
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} &ppm 1.39 - 1.76 {m, 10 H),
1.77 - 1.93 (m, 2 H), 2.03 - 2.20 (m, 1 H), 2.66 - 2.93 (m, 2
H), 3.04 - 3.17 (m, 1 H), 3.49 - 3.65 {(m, 1 H}, 3.73 - 3.87
(m, 1 H), 5.18 - 5.27 {m, 2 H), 6.99 - 7.22 (m, 3 H), 7.38 -
7.48 (m, 1 H), 7.82 - 7.96 (m, 1 H)
[0136] (6) Synthesis of 5~amino-2-(4H-imidazo[5,1-
c][1l,4lbenzoxazin-3~ylmethyl)pentanoic acid

Using tert-butyl 3-(4H-imidazo[5,1-¢][l,4}lbenzoxazin-3~
ylmethyl)-2-oxopiperidine-l-carboxylate (610 mg), reaction and
purification were performed by the same procedures as in
Zxample 1{6) to give the titled compound {(compound 5, 280 mg)
as a pale brown powder.

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



H, 6.38(s, 1 H,7.20-7.29(m1 H),7.29-7.400m2 H), 7.40 -7.48 (m
1H), 8. 04(s, 1H) [0184] (2) Synthesis of

4, 5-di hydroi m dazo[ 1, 5-a] qui nolin- 3-ylacetonitrile To a

sol uti on of cyano(4, 5-di hydroimdazo[1, 5-a] quinolin-3-yl)nethyl

et hyl carbonate (2.46 g) in ethyl acetate (82.7 m), 10%

pal | adi um activated carbon (246 ng) wasggdded and the m xture was
stirred under hydrogen purge for 5 hours - 86 - at 70C. The reaction

X ure e, (3588 AL oul GeLide hOte e solvenlo e ramed.y,

chromat ography (& yenti; nhexanesethyl Acetate T &)l 5099 1)3t@s giye
the titled conmpound (1.15 g) as a pale yellow crysfal. MS(ESI/APC

Dual ) : 2104)MH). c7H-NER2G30R, Mizy) CHEQROFORVIR) (B, ppnu R, 86. 62 3¢9 S=41.3
4H, 3.74 (s, 2 H, 7.16 - 7.25 (m 1 H, 7.28 - 7.38 (m 2 H), 7.38
- 7.51 (mHZ, H) H)7.881(0s(s1 H)H)

[0137] Example 6

Synthesis of S5-amino-2-(4,5-dihydroimidazo[l, 5-

al[l,7)lnaphthyridin-3-ylmethyl)pentanoic acid

(1) Ethyl 4,5-dihydroimidazo(l,5-a][1l,7]naphthyridin-3-
carboxylate

Using 3,4-dihydro-1, 7-naphthyridin-2 (1E}-one (1.48 g},
reaction and purification were performed by the same
procedures as in Example 1(1) to give the titled compound
{870 mg) as a pale yellow powder.
MS(ESI/APCI Dual): 244 (M+H)
[0138] (2) Synthesis of 4,5~dihydreoimidazol[l,5-
al [1,7]1naphthyridin-3-ylmethancl

Using ethyl 4,5~dihydroimidazo[l,5-a][l,7]naphthyridin-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.
'H NMR (300 MHz, CHLOROFORM-d) & ppm 2.93 - 3.08 (m, 4 H),
4.66 (s, 2 H), 7.26 — 7.30 (m, 1 H), 8.12 (s, 1 H), 8.45 (d,
J=5.0 Hz, 1 H), 8.78 (s, 1 E)
[0139] (3) Synthesis of 4,5-dihydroimidazol[1l, 5-
al (1,7)naphthyridin-3-carbaldehyde

Using 4, 5-dihydroimidazo[l,5-a][l, 7]lnaphthyridin-3-
ylmethanol (820 mg}, reaction and purification were performed

by the same procedures as in Example 1(3) to give the titled



[0185] (3) Synthesis of ethyl cyano(4,5-dihydroimdazo[1, 5-
ajquinolin-3-yl)acetate To a sol ution of

4, 5-di hydroi m dazo[ 1, 5-a] qui nolin-3- ylacetonitrile (600 ng) in
tetrahydrofuran (28.7 m), lithium hexanethyldisilazane (4.30 m as 1
M solution in tetrahydrofuran) and the m xture was stirred for 30

m nutes at the same tenperature. Ethyl ghlorofornate (373 ng) was
added and the mi xture was stirred for an’ additional hour at the sane
tenperature. To the reaction system a saturated aqueous sol ution of
amoni um ctdrgrdudel d$ Caddedaanan extaregs ipowdeas conducted with et hyl
acetate. After drying over anhydrous sodium sul fate, the desiccant
was filtertt( ity 2ard PHelsol v@KiMills renpved in vacuo The residue

- hexanel eLIhA acet g gy&tﬁ%i’%‘" ey Dhel %piﬁn%rmo 1) as

gH{nglgcz)W (0] (By%%(l §|d%é§gi(9~'§] F?thpyﬁ)yélglngg’%Q% %J(den)

4.21 - 4. 40 {05e2 il ned189a £ Box 1511)9 - 87 - H, 8.00 (s, 1 H)

[ 0186] (4) SyntheS|s of ethyl 6-T(tert-

but oxycar bonyl Yaingol; 8-ayapdr irfidHodilhypdagi(m, dazepdsbyridin-3-

a] qui nol i n- 3-yl ) hexanoat e To a solution of ethyl

cyano( 4, 5-aHrppddeibiiddat 6P, B9) a]ltﬁﬂqtdldma@dyb)laééia@’eiQQQfEenﬂ) in

N, N-di met hyl f ormanmi de (6.9 m ), sodi um hydri de %60@6 ) was added
under ccmﬂR%ﬁfQHW?ﬁ P¥etARdSTAR BA O SRadSstnr EEamPb? % mi ffutded eat
t he sane t %gure Then E%g)buty 4- |od$9utyl C rbanate (249

ng) was a& “EhEORPRELT e Wi A%ed ¥ HBUYSS At room

tenperatumgkﬁgq hBerrgasti omsy a saturated aqueous sol ution of
ammoni um chl orlée was adde andéigﬁaactlon was conducted wi th ethyl

acet at e. /ﬁdymz]drylmg)oggﬁtgggmgﬂdgntéywdbuﬁygubi@np5 t he desi ccant
was filtered off and the solvent was renoved in vacuo. The residue wa
purified thNHrSumndazgel 5od L, PYhrepmahgghdphy3¢eluettiyliden) -2~

n- hexane/ ethyl acetate = 1:2) to give the titled conpuond (89 ng) as
a pal e yeld*owigeridiyseESr¢aAPSxOFHS : 453(M-H) 1H NVR (300 MHz,
CHLOROFORM d) 5 m1l.29 (t 3 H, 1.44 (s, 9 ,. 1.51 -
e (m e+ 55788 teétséum Gy Ty agsdinyatorasrabl o og (o

J=7.1 Hz, - , 17 - 4. 1 .29 -
737 (m i’l%l_[bl ’7_}%§§§th¥§h€ ylljrrlf‘)lﬂ)hy%gg-é-Fxogi§%£{9d’ie8-7'l]@(q§r1>oxylate
Synt hesi s @y ﬁlg@m Pea2t{4n 5a1§ﬁ Ml@l@a@iég[ YePe performed by the same
a]qU|noI|n 3- yl)ﬁexan0|c acid To a solution of ethyl

6-[ (tert - uicexvoaeboay! Jama0lp12 1(5) to give the titled compound

- cyano- 2- (4, 5-di hydroi m dazo[ 1, 5- a] qui nol i n-3-yl ) hexanoate (89 ng), an
aqueous sdldgt mgn ef & dMhydkrexhlwrli.c acid (2.0 nl) - 88 - was added
and the m xture was stirred for 10 hours at 100C. The reaction system
was conceSHECEAAPRI VR antP 2y adding water (3 nl) and Anmberlite

&Rﬁhf s at Yaai t emp8t X OT e o é?@?ﬂf&lﬁggg%”?in?v@rﬁdﬁc{lgfﬁggzzaﬂa /PFie
(compound 13 0 e AL P L AR G K G e apcr Dual )
S00(H) 111" NUB1 €600 h e GEUTEIAN. X DB oo 1 50 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 H),
2. 77 - 2. 93 (V] AaphihPr 0% n-B-Qdnetiy 12 B} ox3p 6Pe £ 1dink=7 & adbox¥ 1HEe

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{5|3|) 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 oil.

MS(ESI/APCI Dual): 301 (M+H)

'H NMR (600 MHz, DEUTERIUM OXIDE) & ppm 1.48 - 1.70 (m, 4 H),



[ 0188] Exanpl e 14 Synt hesi s of

5-am no- 2-[ (7- et hoxy- 4, 5- di hydroi m dazo[ 1, 5-

a] gui nol i n- 3-yl ) met hyl ] pent anoi ¢ aci d (1) Synthesis of ethyl

7- (benzyl oxy) - 4, 5- di hydroi m dazo[ 1, 5- a] gui nol i ne- 3-car boxyl ate Usi ng
6- (benzyl oxy) - 3, 4- di hydroqui nolin-2(1H)-one (29.9 g), reaction and
purification were performed by the sameprocedures as in Exanple 1(1)
to give the titled conmpound (8.00 g) as a pale bromn powder .

MB(ESI / APQ] Dual ) 349( MH) [0189](2) Synt hesi s
[7- (benzy|?ox% 4,25 804i(Ry df off hi d%\zol[f§ gdfnnoﬁuﬁle%%ﬁrﬁar% (m,

Usi ng et hy, | oxy y r oi a 0[1 5: _

al gui nol i nﬁe) 3 ég’%gﬁéyl gté ?815 Pﬂ reagggl 33 vvasHbér§or e ’byj_tshe Hz,
sane _procedyne as sisn (Exanpe 1(2) to give the titled - 89 - conpound
(4.67 g) as a ‘brown powder. MS(ESI/APCI Dual): 307(M+H) [0190](3)

Synt hesi s [@fi4&1( beneykexy) - #, 5-

di hydroi m dazo[ 1, 5- a] qui nol i ne- 3- car bal dehyde Usi ng

[ 7- (benzyl oxy) S4nShdshydebi i aeized-L -5- (@ -geichgl A, 3~d it tdmtivenezo([4., 67
g), reaction and purlflcatlon wer e perforned by the same procedures

as in Exarfl® nrg- gl yeey 9 -e..od"°' loggide pal e
br own pomder %ESI/APCI 305 191;&4% ntheS|s of
tert- butyI]03§W FF?S(Bgn% met Yl 4 =dih Ydazotl, -

4, 5- dlhyd %%ﬁgk% ggln I|n 3- yl]nethylldenl 2-

oxoplperl S car ng

7- (benzyl oxy) #s5ndi byﬁé%wdﬁm&}@d@b@%ﬁehwez {SIHPBJA@' dehydg) ,

(3.25 g), reaction and purlflcatlon were perforned by the sane
pr ocedur e eastiitdnEXxaapper if Aatimrgivea ot bertbthed spmroundhn(e?. 23 g) as
a yell ow powder. ns(Esi/APci Dual): 486(M+H)
procedures as in Example 1(1) to give the titled compound
{1.63 g) as a pale yellow powder.
MS{ESI/APCI Dual}: 257 (M+H)
[0144] {2) Synthesis of (9-methyl-4,5-dihydroimidazol[l, 5-
alJquineolin-3-yl)methanol
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.
'H NMR (300 MHz, CHLOROFORM-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
B)
[0145] {3) Synthesis of 9-methyl-4,5-dihydroimidazol[l, 5-
alJgquinoline-3-carbaldehyde
Using (9-methyl-4,5-dihydroimidazo[l,5-alquinolin-3-
yl)methanol (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.



[0192] (5) Synthesis of tert-butyl 3-[(7-hydroxy-4,5-

di hydroi m dazo[ 1, 5-a] qui nolin-3-yl)nmethyl]-2-oxopi peridi ne-1-

car boxyl ate To a solution of tert-butyl

(3E)-3-{[7-(benzyl oxy) - 4, 5-

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

oxopi peridi ne-1-carboxylate (2.23 g) in.a mxture of nethanol and

tetrahydrofuran (1:1, 46.0 m), 10@6pé|§%diun}activated carbon (446

ng) was added and the mi xture was stirred under hydrogen purge for 10

hours at GOGCUESTHe 288c¢MitBh m xture was filtered through Celite and

t he sol vent was renoved in vacuo. The resultin?aresidue was purified
I

by silica l4&ol umi?)- Sgptheeht gratigitaphyylelldBhr 3-[ (9-methyl-d, 5=
pal o yel | G IR REcEs 1 bt S Son e PR b0
%SGSL%%%QS%?‘%E?%?@%% ég, Wia 5 7.9Hz,1 H),2.73
-2.99(m 5H), 3. 12(dd, 91@461:1%—&5,- @#ihg;kiﬂ)o,im(i%%o%ﬁé}-k@quirﬁaﬁ%elzazo( d,
(m1lH),3.71-3.89(m1 J=8.5Hz, 1H), 7. 88(s, 1
carbaldehyde (630 mg), reaction and purification were
performed by the same procedures as in Example 1{(4) to give
the titled compound (500 mg) as a pale yellow powder.
MS(ESI/APCI Dual): 394 (M+H)
[0147] (5) Synthesis of tert-butyl (3-[(9-methyl-4,5-
dihydroimidazo(l,5-alquinolin-3-yl)methyl]~2—-oxopiperidine-~1-
carboxylate
Using tert-butyl (3E)-3-[{9-methyl-4,5-
dihydroimidazo[l, 5-alquinoclin-3-yl)methyliden] -2~
oxopiperidine-l-carboxylate (500 mg), reaction and
purification were performed by the same procedures as in
Example 1(5) to give the titied compound (495 mg) as a
colorless oil.
MS (ESI/APCI Dual): 396 (M+H)
[0148] (6) Synthesis of 5-amino-2-[(9-methyl-4,5-
dihydroimidazo[l,5-alquinelin-3-yl)methyl]pentanoic acid
dihydrochloride
Using tert-butyl (3-[(2-methyl-4,5-dihydroimidazol[l,5-
algquinolin-3-ylimethyl]-2-oxopiperidine-l-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-dihydreimidazo[l,5-alquinolin-3-yl)methyl]lpentanoic acid

(98 mg) as a colorless powder. To the resulting powder



H),6.69 H -6.85 [0193] (6)Synthesis of tert-butyl 3-[(7-ethoxy-4,5-
di hydr oi m dazo[ 1, 5- a] gui nol i n- 3-yl ) net hy1] - 2- oxopi peri di ne- 1-

car boxyl ate 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 hy1] - 2- oxopi peri di ne- 1-
carboxylate (100 nmg) in N, N-dinethylformam de (2.5 nm), potassium
carbonate (34.8 ng) and ethyl iodide (7835 ng) were added and the

m xture was stirred for 3 hours at roomtenperature. To the reaction

system wa s added and extraction s conducted with ch|loroform
Ty v S Ao enas c ar e M e G E L e b el
filtered o h 0 emy\v. i acyo e_residue was
pluri fied b{/c{dseﬂ]%é]tg S%“r%‘ %%?E%%?%nﬁo%%gp%#( gﬁu%ﬁg? %‘% h]gsl(%oqgcet ate

to chl or of i dmlhaaol thelBeddcidh gs%\%s@:etxrh%atsi EhRESOPPEAC: { 4RI &S
a yellow oil. MS(ESI/APCI Dual ):426( MrH) 11-1 NVR(300

VHz , CHL ORHRGRMathe6 tppied. 420boudrd. S-diboudH) 7,1452mg) as a colorless
(s,9H),1.54-1.94(m3 H,1.94-2.14 (m1 H, 2.66 (dd,J=14. 3, 8. 3Hz, 1H),
powder.
MS (ESI/APCI Dual}: 314 (M+H)
'H NMR (600 MHz, DEUTERIUM OXIDE) & ppm 1.65 - 1.88 {m, 4 H),
2.55 (s, 3 H), 2.80 - 2.99 (m, 5 H), 2.99 - 3.20 (m, 4 H),
7.24 - 7.40 (m, 3 H), %.09 (s, 1 H)
[0149] Example 8

Synthesis of 5-amino-2-[({6-ethyl-4,5-dihydroimidazo[l, 5~

alguinolin-3-yl)methyl]pentanoic acid

{1) Synthesis of 4-ethenyl-2,3-dihydro-1H-inden-1-~one

To a solution of 4-bromo~2,3-dihydro-1H-inden-1-one
{3.58 g) in dioxane (71.6 ml), triphenylphosphine (1.33 g),
dibutyl vinylboronate (3.54 g), palladium acetate (381 mg) and
an aqueous solution 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 insolubles 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 chromategraphy (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+)
1 NMR (300 MHz, CHLOROFORM-d)} &ppm 2.64 — 2.83 (m, 2 H), 3.10

- 3.28 (m, 2 H), 5.37 - 5,54 {(m, 1 H), 5.73 - 5.94 (m, 1 H),



2.77-3.00(m5 H), 3.20 (dd, J=14.3,4.7Hz,1H),3.50 -3.66(m 1H), 3.71
-3.87 - 912 - (m 1 H, 4.04 (q, J=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) Synthesis of
5-[(tert-but oxycarbonyl)am noj - 2-

[ (7- et hoxy-4, 5-di hydroi mi dazo[ 1, 5-a] qui nolin-3- yl)nmethyl]pentanoic
acid To a solution of tert-butyl-33{(7-ethoxy-4,5-
dihydroinidazo[l 5-a] qui nol i n-3-yl) net hyl] - 2- oxopi peri di ne- 1-

o 06 MISHHS et QR a8 B0 56 ) vl el ARt i 2 Wl 2

stirred fofy 15 hours at roomtenperature. To the reaction system
wat er was added and the aqueous | ayer was washed with diethyl ether.

The aqueousnilzyer was)neyhenkszeds 4*&@&@quﬁ9blﬁd§@kyli-i’Pﬁ—&ifhyiﬁ%l-lﬂ—
citric acid and extraction was conducted with chloroform After
dryi ng overndemhjidriodsesodi um sul fate, the desiccant was filtered off
and the solvent was renoved in vacuo to give the titled conpound (65

my) as a pale >T@| |aoxﬁ/0é@ﬁﬁ@n owﬂmm 2D@aFi)LhYdHQfWH§DC1¢41‘NWD(9300
M—IZCHLO?g:%E| m133-148 8- 1.69 (m 2 H),
1.68 - % H}‘ 2m6§tur% %T‘?ﬁhaé“ﬁ) {23 E}%) ﬁndJE%rJQjJI-rlke 2 H,
4.77 (br. { 5
575 (s, 139 Toroby uf e afhid: Westilnifs 3s] ?? ATy Fragh P
di hydr oi m&@%uﬁt@hgumm{we 3y )4ty pept Qnﬁbﬁr§c‘h£ith heath®gd
solution of 5-[(tert-Dbutoxycarbonyl)am no]-2-[(7-
et hoxy- 4, Srdhidty dedilnkdazofdr Sadd iy noldatuFaybiineiiybhpesd angicn ac d
(65 mg) in ethyl acetate (0.7 m), a solution of 4 M hydrochloric
acid in etdmplondeet ghéotddd nd)thmsraddédnand=thee, -eQ2raction 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 chromatcgraphy (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, CHLORCFORM-d) &ppm 2.95 - 3.06 (m, 2 H), 3.06
- 3.7 (m, 2 B}, 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 (d, J=7.5 Hz, 1 B), 7.59 (d, J=7.5 Hz, 1 H}), 7.66 - 7.91
(m, 1 H)
[0151] (3) Synthesis of 4-ethenyl-N-{[(4-
methylphenyl}sulfonyl]loxy}=-2,3-dihydro-1lH-inden-1-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 aqueous solution of 6 M

sodium hydroxide (18 ml} were added dropwise under cooling



m xture was stirred for an hour at roomtenperature. The reaction
system was concentrated in vacuo and the resulting powder was
dissolved in water (3 m) and after adding Anberlite IRA-67 (650 m),
the m xture was stirred for 30 m nutes at roomtenperature. The
reaction systemwas filtered and the filtrate was concentrated in
vacuo to give the titled conpound (conpesnd 14, 30 ng) as a pale

yel | ow povvder V5( ESI /APCI Dual) 344( M+H) 1H NI\/R (600 M—|z DEUTERI UM
OXI DE) 2Vg)m133(t I—2 1.44 - n}l , 1.62 -
1.73 (m igegnd ﬁhgom(-fﬁm?e S?@sfre%f@é ¢t QUFi)atBt@%L S(ad“e

3 g g $ {%éra%gﬁ (éﬁétfrl‘éﬁn%%%@a%xt Ire(afglon bys?/ér;%% 3% eof wilter

5-am no- 2- [4@@'Qh§n%% éhé ng¥g{8%rﬁ£§EHHél %cetone was removed in
a] qui nol i n-3-yl ) et hyl ] pentanoi ¢ acid di hydrochl oride (1) Synthesis

of tert-butaduc?- ¥@r3ckfién with chloroformm and washing with brine were
[ (trifluoronethyl)sul fonyl]oxyl-4,5-di hydroi m dazo[ 1, 5-

a] qui nol i rpe3=-fdrymeet. hystfpp'rpérj/tlﬁlgleeﬂemarbmdydoa'semagnesirmasu;bﬁajid,ortrmf
tert-butyl 3-[(7-hydroxy-4,5-

di hydr oi mdﬁled{@n& az]aquhéteﬁe@ 9E 9 matchyrte- 208X6pF pers drereevied in

car boxyl ate hlorform ine (39, 8 and
D o Eeal srRet R G (et dial keI BT Jdlh?ﬁjge)lc&ﬂliuﬁ’ﬁ

on a dry '&%o@n%ect %@Eg%t efﬁ‘%—nﬁheﬂ rﬂéﬁa‘ﬁre/e‘%gls&!:é{g? %%’J

under cool1ng e reaction system a Sa aqueous

sol ution of, 13(2q| l&%‘ gxdéogﬁacaimt&mmn@d%d 89dg x4 & a&'féd)_LrbrW%%s
conducted with chl oroform After drying over anhydr ous sodi um

sul f at e, tphﬁadﬂﬁy ccant as filtered off and the solvent was renoved in
vacuo. The residue was purified by silica gel colum chromatography
(el uent: MASEIA@PEENPRabtet 22®(MHH): 2 to chl or of or ni net hanol =
10:1)to give the titled co undg%ég )as a yellow oil. MS(ESI/APC
Dual ) : 530( RN 1 (£ ARAEEDO REHO 62 pph 53 &)9 Ay 21. 553-12

171 (m IRy 1,751 246 260, P82 1Pyt Whowy, 5,74 (aq, a=17.56,

0.9 Hz, 1 H), 6.74 (dd, J=17.6, 11.1 Hz, 1 H), 7.22 = 7.31 (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-ethenyl-3,4-dihydroquinolin-
2(1H)-one

To a solution of 4-ethenyl-N-{[(4-
methylphenyl)sulfonyl]oxy}-2,3-dihydro-1H-inden-1-imine
(5.0 ¢} in chloroform (150 ml), trichlorocaluminum (6.1l g) 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 vacuo. 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



2.69 (dd, (dd,J=14.3,7.8Hz, 1H),2.79 J=14.3,5. 1Hz, 1H), 3. 56( ddd,

-3.06(m 5H), J=12.9,7.2,5.3 3.16 Hz, 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(5 1 H) [0197] (2) Synthesis of tert-butyl

2- 0x0- 3-[(7- phenyl-4, 5-

di hydroi m dazo[ 1, 5- a] qui nol i n- 3-yl) met hy4 ] pi peri di ne-I carboxyl at e
titled compound (2.1 g} as a colorless powder.
MS(ESI/APCI Dual): 174 (M+H)
'H NMR (300 MHz, CHLOROFORM~d) &ppm 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 (dd4,
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-
dihydroimidazo[l,5-alquinoline-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(1l) and recrystallization from ethyl
acetate gave the titled compound (1.66 g) as a colorless
powder.
MS(ESI/APCI Dual): 269 {M+H)
' NMR (300 MHz, CHLOROFORM-d) dppm 1.43 (t, J=7.1 Hz, 3 H),
2.93 - 3.04 (m, 2 H), 3.28 - 3.40 (m, 2 H), 4.41 (g, J=7.1 Hz,
2 H), 5.45 (4d, 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-dihydroimidazol[l, 5-
alquinolin-3-yl)methanol
Using ethyl 6-ethenyl-4,5-dihydroimidazol[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 (480 mg) as a pale yellow oil.
MS (ESI/APCI Dual): 227 (M+H)

'H NMR (300 MHz, CHLOROFORM-d) &ppm 2.96 (s, 4 H), 4.65 (s, 2



To a solution of tert-butyl 2-o0xo-3-[(7-
([(trifluoronethyl)sulfonyl]oxyl-4,5-di hydroi m dazo[ 1, 5-

al qui nol i n-3-yl) et hyl ] pi peridine-I-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 added and the m xture was
stirred for 2 hours at 80C. To the reactfon system brine was added
and extraction was conducted with ethyl acetate. After drying over
anhydr ous WodiSum3sukfiat 611 he, des? ctantl was bi.kBereéd, offlary tihe Hz,
sol vent was renoved in vacuo. The residue was purified by NH silica
gel col unmt dhrofat®gpedny It el ubntll Ll HexadeHet hyt 2&cet bt =(m: 4 H, -
94 - 0:1)_to give the titled conpound (46 ngy) as a col orl ess powder.
MBS( ESI / APC- Thual Y- 4&58@%?}%41\&@ (%00 IMB, "CHLOROFORM d) d ppm 1. 40

- 1.68 , 1. a1 1.95 - 2. 1 . 161 -
2.77 (m( ml[oll—’!)%éﬁbz. g0 93.56%#%1(%5” Cﬁf,éj)ftﬂ?ng’%sfgsc% %lﬁ]h%}ﬁ)“}l%zﬁélf%
3.65 (M ghddingdifhd-3-8aB9a{d@nud), 7.31 - 7.73 (m 8 H), 7.97 (s,
1 H [0198](3) Synthesis of 5-[(tert-butoxycarbonyl)am no]-2-

[ (7- phenyl - 4, 5udiiaydr e-stHazel 44 ,5-aliguidielinid3zo Yl ) fed hyd {rparitaiei ¢
acid Using tert-butyl 2-oxo-3-[(7-phenyl-4,5-

di hydr oi myddzre[thabod] 4B bhohg n- 3radguimirheinfprpee di nea thertbhaverleat e (46
ng), reaction was perfornmed by the sanme procedure as in Exanple 14(7)
and recrySeHHorF&E BH WE hSHMRRIRIIERS et bt BxgaREe thed )t iandedghe

d (26 nmo) L orl wder. MS(ESL/APCI_ Dual): 476( Mk
[0109] (4) “S7GEEe ™8 L a7 ohy 1488 oo1 ehiin 7O(MT)

i hydr of mdazgldoSal gyl 1oL UnBLAKLEPRILADRLE 258 o give ehe

5-[(tert-Qukq&mc&eageuhaanigm»ﬁ@ﬂ(5@-@h%axé-9e510w powder.

di hydr oi m dazo[ 1, 5-a] gui nol i n-3-yl ) et hyl ] pentanocic acid (26 ng),
reacti on arsdEguarabccabueh) werzs perd)or med by the sane procedures as in
Exanpl e 14(8). To the resulting powder, a solution of 2 M

hydr ochl ot HcNMBi 639G Mitay ICHAOBOEORMES) ndypmas. Wdded -&dd (mhe2niikt ud e29
was stirred _faor an hour a m t enperature. The reaction system was

concent rated PR V3ecud ?b't5ygg (ddyi Ve th8 t itt | €l cohgbund -(dorkfGund
S e e e B, AT ) S 1) MR
(m 7 H, 72499 7,331 (M. @& Hs, 4 4f,-16.83 (1) 84). 875 (s, 1 H
[ 0200] Exanpl e 16
[0156] {(8) Synthesis of tert-butyl (3E)-3-[(6-ethenyl-4,5-
dihydroimidazo[l,5-alquinolin-3-yl)methyliden]-2-
oxopiperidine-l-carboxylate
Using 6-ethenyl-4,5-dihydroimidazo([l,5-alquinoline-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)
!y NMR (300 MEz, CHLOROFORM-d) &ppm 1.57 (s, 9 H), 1.88 - 2.00
(m, 2 H), 2.89 - 3.11 {m, 4 B}, 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), 5.62 (dd,

J=17.3, 1.2 Hz, 1 H), 6.28 {(dd, J=17.3, 11.0 Hz, 1 H}, 7.30 -



Synt hesi s of 5-am no-2-([7-(cycl ohexyl oxy) -4, 5-

di hydr oi m dazo[ 1, 5- a] qui nol i n-3-yl ) nmet hyl ] pent anoi ¢ acid (1)

Synt hesi s of 6-(cycl ohexyl oxy) -3, 4-di hydr oqui noli n-2(1H)- one

To a solution of 6-hydroxy-3, 4-di hydroquinolin-2(1H)-one (3.00 g) in
N, N- di met hyl f ormami de (61.3 m ), cesium carbonate (5.99 g) and

cycl ohexyl brom de (6.00 g) were added-apgl the m xture was stirred for
5 hours at 60C. To the reaction system water was added and

extractio &on u ed h_chl or ft r drying, ov nhydr ous
sodlunlsur%a e, e %éélgggﬁt mgsgg { e?% % agdytﬂe7§ofveﬁtq§as
renoved iy vacyq, Theyresidue was purified by silica gel colum

chr omat ogr aphy (eluent n- hexane/ chl orof ornf et hyl acetate = 1:1:2) to
gi ve the tjigilzd conmeyndyf80ds @)oo B <& thahe yyeblows poweler-4, s-

M5( ESI / APCI Dual ): 246(MtH) 114 NWVR (300 MHz, CHLOROFORMd) 5 ppm
1.22 - 1. 5AhywmircBmidazd]725-alq@hdlmn-B-)l,) mé 8911 -2- @boimerZ dine-1-
2.54 - 2.67 (m 2 H, 2.86 - 3.00(m 2 H, 4.10 - 4.20 (m 1 H,
6.60 - G.S@QPQXYQaH? 7.67 (br s., 1 H [0201](2) Synthesis of ethy

7- (cyclohexonTy _
di hydr oi mi dazo['Z, 5- EP&HFﬁBPlﬁ% %?%EMQﬂiﬁ}lé9§)_ ~[(esiyenyl-4, 5~

6- (CyC|°h%¥¥p8é%lmldaz Tygrﬁgahggh%ﬁk%tl i 39 gg%l reaction

and purlflca ion"werep rfor proge ure s in Exanple

1(1) t it Led, 85 a.paLe tal .
|v(5( Lo P A ij%r H%Lﬁ( ME T 02%%3 Synt 83 FnPaLer ML Al @

[ 7- (cycl oh(exayhaxy) 14 % Spa Ui HyDirdt 46 dazaleli, 2agbahi DO M- Wasreldaaaokbnd
Usi ng et hyl 7-(cycl ohexyl oxy) -4, 5-di hydroi m dazo[ 1, 5-

a] qui nol i rihe3miatboryas es{ B0 dhgindereaytirogenasupes f Oymed puriseat
sane procedure as in Exanple 1(2) to give the titled conpound (304
ng) as a K%Gn BRe. r%ﬁﬂ?&ﬁW;NP@ upgalfs 200ty Troros( £ployat prdihe

of 7- (cyclo | ox

G hyelr of niGaTSTT, KER] BATRERS i FACHPsal Gely BB1UE0R B e resulting
[ 7- (cycl ohexylaxy) 4, edbhyds of i dazol ka3, alalpolide vl dthagel

(304 ng), reaction and purification were or ned

procedur es( &S n Ngm Exam@L@ua&@a 1niGio rt‘LH@nE' thed Iﬁ@nmm 4@ BBy as
a brown oil. (ESI/ APClI Dual): 297(M+H)

the mixture was stirred for 5 hours at 55°C, then overnight at
room temperatuare. After adding a saturated aqueous 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/methancl = 20:1) to give
the titled compound (74 mg) as an orange oil.

MS(ESI/APCI Dual): 410 (M+H)

'Y NMR (300 MHz, CHLOROFORM-d} Sppm 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.%6 - 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 H), 3.74



[0204] (5) Synthesis of tert-butyl (3E)-3-{[7-

(cycl ohexyl oxy) - 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- car boxyl at e Usi ng

7- (cycl ohexyl oxy) - 4, 5-di hydr oi mi dazo[ 1, 5- a] qui nol i ne- 3- car bal dehyde
(190 ng), reaction and purification were perfornmed by the sane
procedures as in Exanple 1(4) to give_ t?g titled conmpound (205 ny) as
a pale yellow crystal. MS(ESI/APCI Dual A478(M+H) - 97 - [0205](6)
Synthesis of tert-butyl 3-{(7-(cycl ohexyl oxy) -

4, 5- di hydroidd&azel 1 1584k gii A6l {&d3-377 et Aylel Hz, 1 H), 7.17 - 7.30
oxoplperldlne | - car boxyl at e Using tert-butyl

(3E) - 3- {[ 7%%fcyc |P8he>?y|9éxﬁz415ﬂ)

g;(ggld{oglr r]dﬂﬁzéﬁ[] car ](%%I ar'e H(?%%qsy %T%t reac??gﬁ [gﬁdeth¥| fi catl on were

performed by, Jdl% reced I XA ¥,
titled conpound (ﬁé%zg)[@ag gftg‘zlllgélyleﬁl | ow glmegh%/ls? S%??AII%&CI@D&J%%:

480( MrH) [ 0206]usEngSyBi-beBisy Of 3-5¢ [d1eaiHy1but, 6xyeayBepyh) @8 o], 52
{[7-(cycl ohexyl oxy) -4, 5-di hydr oi m dazo[ 1, 5- a] gui nol i n- 3-

yl ] met hyl }qlentiardiic-geydl) methylst hgpdagrippelritifhe-1-carboxylate (74 mg),
3-{[7- (cycl ohexyl oxy) - 4, 5-

di hydr oi m%@ﬁ?%ﬁ&}igéﬁﬁérrﬁrgawe]%tﬂ%@} Pzrés?é{ﬁ?%el?’)’ di e -spume

boxyl ate (188 {] d d
o Beanpl SHERCAERY aﬁ‘rag?;%frﬁa?#?a&%’ NS R e T T T
the t wder . NB(ES! / APCI
%3‘6’1?) 2 ° 86( i u%uﬁg”g ?g)&é{j’ barso@ ¢olackess powder. Ms(

5-am no- Zﬂd(&s&%@b@hgwhpx%zéuﬂ H) _
di hydr oi m dazo[ 1, 5- a] gui nol i n-3-yl ] nmet hyl } pent anoi ¢ acid Usi ng

5-[(tert- Butmwycm@@mg&tz),ammn]mzﬂ{w[ OXIDE) & ppm 1.15 (t, J=7.5 Hz, 3
(cYcl ohexyl oxy) - 4, 5- di hydr oi mi dazo[ 1, 5-a] gui nol i n- 3-

yl ] met hyl IPentladdi ¢ aecvV@ (Mb54 M), Z.edcti 8n8&ndmpu?ifi catiPh -wer.€4
performed by the sane Brocedures as in Exanmple 14{8%) to give the

titl ed conourtd ¥ corfpbdtind 1641 9imy) s &- ﬁél ésyel | Bv powder. - 98 -

VB( ESI / AP | 8(MrH 1H NVR (600 Mz, METHANOL-d3) 5 ppm 1.22 -
%flgé?zﬁg lf%f'}(m 2H) 2.74 - 2.97 (m 7 H, 4.19 -

ro9488-dthyd=hmd oo}, 5-

a]qulnolln 3= yl)methyl]pentan01c acid

{1) Synthesis of ethyl 6-chloro-4,5-dihydroimidazo(l, 5-
alJquinolin-3-carboxylate

Using 5-chloro-3, 4-dihydroquinolin-2 (1H)-one (2.00 g),
reaction and purification were performed by the same
procedures as in Example 1(1l) 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-
alJgquinclin-3-yl)methanol

Using ethyl 6-chloro-4,5-dihydroimidazo[l, 5-alguinolin-3-
carboxylate (2.09 g), reaction was performed by the same

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



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 noli ne-3-carboxyl ate
Usi ng 6- brono- 3, 4-di hydroqui nolin-2(1H)-one (3.00 g), reaction and
purification were performed by the same procedures as in Exanple 1(1)
to give the titled conpound (2.10 g) asya pale yell ow powder.

MS(ESI/ APCI Dual ): 321(MtH) [0209] (2) Synthesis of ethyl

7-[(1E)-1- n-1-yl1] -4, 5-

di hydr oi ni ggoﬂflg}S ‘%ﬁ %u?’ﬁgﬂf’ﬂep%w%%lfboxyl ate To a suspension of
ethyl 7- br - a]qui noline-3-carboxylate (1.76
g) in tol uene ( 4.8 n?ﬁ%@? ?%?&propen | -yl -boronic acid (2.35 g),

tri-tert- wa}’le]hOSDth)esﬂrﬂatﬁ@sgé,oﬁaé-lc':lﬁld&_@—aC%t-aE §64 D@z ANd AN
aqueous solution of 2 M potassium carbonate (11.0 rﬁy) were added and

t he m xt ure] puasdtinFBedatbel2ehpdes s at 100 C. To the reaction system
wat er was added and extraction was conducted with ethyl acetate.
After drying oWeEingnHydeblisreodli amaidwidratiaidene [debratant nyaigi-3-
filtered off and the solvent was renpved in vacug. The residue was

purified BY ﬂqﬁb@;i‘odel(lcapu% cﬁ?%@fﬁt%@é&h?ufé%%%lo% TSGR d
acetate = 1: an - 99 - recrystalll at i n- hex e/ et.
acetate mxyu]}%he insofuto on 6%1?/e A mxture of tthg ?I Pred %&m%u%egnd
ethyl 7- (%om ound (1 g).as a pale hrown powder
propen-2-y1l) - 4 5-di hydr0| m dazo[ 1, 5- a] qui nol'i ne- 3- car boxyl ate (453
My, 5:3) am @spelecyeblhew poyeen+iyS(ESI / APC Dual ): 283(MrH) 1H NMR
(300 MHz, CHLOROFORMd) 6 ppm1.36 - 1.49 (m 3 H, 1.87 - 1.96 (m 3
H, 2.84 -1@R.«23 (m (2) HpynBh@Fis & 4bkrtmpu2yh) (38)33-f (&3O (m-42 5H) ,
6.20 - 6.42 (m 2 H, 7.25 - 7.50 (m 3 H, 7.99 (s, 1 H [0210](3)
Synt hesi s %thP‘FOH%E?Z?I br %p@}ﬂml%ﬁw% yl)methyliden]-2-
di hydr oi m dazq[ 1, ga |Ilnol i n-3- fll | met hanol To a solution of
69815

b
glt Eiﬁjr; %%{?zpob i 252k auL 9? nCle L deth _
é c?\g H DQ J) 1?0%1 )}?1?)% gh%z%g § (l[I)ulnc?l]jIn 3

propen-2-yl) -4, hydroi m dazt i no 3-ca e’ln

admi xture cfa‘l’%%l%h¥5e3X1| B tef r ahvdrQfolr aRa( 8rPriddeidd tvmrlém

al um num hydride (73 ng) was added under coo ing with ice and the

m Xt ur e wasrSoirfeddbiothansfoerpiicddiaesane tanpesmb L el (410 drlde
reaction system ethyl acetate and an aqueous solution of 10% sodi um
pot assi umieareaiat sahbee Areed armkariee cirilrtrafermagase i thed iftdred3 days
at room t enper ature extraction was then conducted wth ethyl
acetate. AFECUafyi(A§0ovat %%rﬂ/d%ac;t?s v&ddirunPStifeat e, the desi ccant

mxture of LRSI PEL e Rehbouhtr Bhd) | " vacue To give @

7- (1- propen- 1)- t hanol
(425 my SO B A S e R R TRy 1
NVR (300 Mz, d@Hh@B&EQBMﬂB D] cﬁﬁrﬂoh_l%z} yl ﬁétﬁﬁl}ig}kaxop?l&():rdl%egg—
(m 4 H, 463(s 2H),616- 4 (m 2 H), - 7.20 - 7.47
(m 3 H, Brbexysatd H) [0211](4) Synt hesi s of

7-[ (1E)-1- propen-1- 1£ 4, 5-
di hydr oi mi dazof®, 8- &p ‘ﬂth@mi%-‘f@-@mbbl&weh?ﬂé‘}[ {6-chloro-4, 5-

dihydroimidazo[l,5-alquineolin-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 soclvent was



To a solution of {7-[(1E)-1-propen-I|-yl]-4,5-

di hydr oi m dazo[ 1, 5- a] gui nol i n- 3-yl } met hanol and

[ 7- (1- propen2-yl)-4,5-di hydroi m dazo[ 1, 5-a] gui nol i n-3-yl | net hanol in
adm xture (423 ng, 5:3) in chloroform (8.8 n), manganese di oxi de
(1.53 ng) was added and the m xture was stirred for 15 hours at room
tenperature. The reaction systemwas filtered through Celite and the
sol vent was renoved in vacuo. The residue was purified by silica gel

col umm chr omat ogr aphy (el uent: n-hexane/ethyl acetate = 1;1) and
recryst al |7%Y<sh iR Fﬁcéon ﬁ%ﬁaﬁ%?%&?ﬂﬂgeﬂﬁﬂﬁéPé Kegt BrE fHes dtitsionca

ﬁ’/:sgﬁsf T AP DR D S5 ERRE STEARAR (0t i S L CREFERRF LISl T 01
J=6. 1, 8 4
E; 0y 778 0(1r%7o ?%JH)I”? H zggvg th%%%lédn@o%{ngB% ((35 mgﬂ) sll%r?e&zl(ow

1 H [0212]i(15) Synthesis of tert-butyl (3E)-2-o0x0-3-({7-[(1E)-

1- propen-|-yl]-4,5-di hydroi m dazo[ 1, 5- a] gui nol i n- 3-

y1} met hy| iMEBIi/peciidbnel 1: car oyt at e Usi ng
7-[(1E)-1-propen-|-yl]-4,5-di hydroi m dazo[ 1, 5-

a] gui nol i né- BMBaf Bap d&h%/fdéif(Lﬂ@F@@"l dp edcrponl apdl fur i ifdat iloASwer e

performed by the sane procedures as i n Exanple 1%4) to give the
titled conlp(?t?ndm( 1§0Htlrg) agba p%\13e6 y%‘ll&wﬂdrygtﬁ Egr]/‘%ﬂdfcl 8Dl§aIH)Z:'

420( MkH) [0 6 h fotert 7-
di h§/dr|c_)||)m[ld§ré % 23 335. ?gi P y r f%@] Suépg?ﬂo ?n£e(1 % %1/'

carboxyl at£ 47 - 3,58 @S0 Ufij O Ofg terd -Butiyl 1wy, 7.20 - 7.35 (m, 3
( 3E) - 2- ox0- 3 ({7 [(1E) 1-

propen-| - yh],- 4,.92di(Bydroinm dazo[ 1, 5- a] qui nol i n- 3-

yl I met hyl i den) pi peri di ne-1-carboxylate (130 ng) in

met hanol / tiéXlrediydr ofléi aByftihdsi 8. df M-)amib®Yepdl badh Lor@es i Sqat ed
carbon (26 ng) was added and the m xture was stirred under hydroen
purge for dahwdapgmaﬂaselb5wbqtrmlﬂw mlkfﬂaﬁbﬂvh}éelﬁaﬁt@rcécﬁctllﬁ ough

Celite and the_soql vent S re n_ vacuo. The, re uII re5| ue
was purified b)VSNHgSFFFE ﬂYﬁw W&ﬁaf‘og gb}ﬂ}{/ J(%Jr vl

RN P e e e

ppm 0. 95 (rtaac‘J:IZmBah@ %@rﬁlcéltﬁﬁq (vﬁaregpt:')rnfo%méé by 194 E(aﬂﬂe S H,
1.94 - 2.13 (m 1 H) 50 - 2.73 (m 3 H), 2.98 (m 5 H),

3.14 - 3. %&o@ﬁﬁuiehbas31ﬁ9ExaﬁbIB1Kﬂﬁ) 10Hb;v8 Eﬂe t Bt B8 (dBmpbuldy,
7.05 - 7.15 (m 2 H), 7.27 - 7.37 (m 1 H, 7.91 (s, 1 H [0214](7)
Synt hesi s (glmsopptePt - b@ltm)yow bomdl)eamrn@p powder.

[ (7-propyl -4, 5-di hgdr oi m dazo a] qui nol i n-3- yl) et hyl ] pentanoic

acid ”’-@s‘?ﬂﬁ&/?‘g { B’&%Jyl 23 ‘%(@“I:ﬁ [(7- propyl 4,5-
(131 ) Fositi bR Galtehrtautly, CRRBYL LB dectfore ad i tHexhndl e
o Eai  APel Bl 1 44Ty TOZTS ‘%éf’@s?%% (B3, 8 By YR LW RANAL - 2
5- ami no- 211[)(,77p09py1741§ (m, 2 H), 7.19 - 7.33 (m, 1 H), 8.09 (br. s.,
1 H)
[0165] Example 10

Synthesis of b5-amino-2-[(6~methyl-4,5-dihydroimidazo[l, 5-

alJgquinolin-3-yl)methyl]pentanocic acid

(1) Synthesis of ethyl 6-methyl-4,5-dihydroimidazo{l, 5-a]
guinoline-3-carboxylate

Using 5-methyl-3,4-dihydroguinolin-2 (1H)-one {390 mg),



di hydr oi m dazo[ 1, 5-a] qui nol i n-3-yl ) et hyl ] pentanoic acid - 102 -

di hydr ochl ori de Usi ng

5-[(tert-butoxycarbonyl)am no]-2-[(7-propyl-4,5-

di hydr oi m dazo[ 1, 5- a] qui nol i n-3-yl ) nmet hyl ] pent anoi ¢ acid (130 ny),
reaction and purification were performed by the sane procedures as in
Exnple 15(4) to give the titled conpound (conpound 17, 75 ng) as a
pal e yel |l ow powder. MS(ESI/APCI Dual )~ @%2‘( M-H) 111 NMR (600 MHz,
DEUTERI UM OXIDE) 5 ppm 0.92 (t, J=7.3 Hz, 3 H, 1.60 (tqg, J=7.6, 7.3
Hz, 2 H), rkattionla8d ppridi¢hiidn 564d pelLorBeizhby2thl s&ng8l - 2. 98
(m 5H, 2.98 - 3.19 (m 4H, 7.23 (d, J=8.3 Hz, 1 H), 7.27 (s, 1
H, 7.50 ®FOPLGIsHRS inHpxampls {&l) Icorual[vezIBrERaﬁb% q@npound
Synt hesi s of 5- am no- 2- i hydr oi dazo[l 5-

a] qui noxal § 5359 néeh§ %B%?ﬁfg %4“ (1) Synthesis of ethyl

5-di hyd(g& ?Sﬁafé%& Pudl uégpr@[ﬁ)ne 3- carboxylate To a

soI ution hydroqu noxalin-2(1H)-one (1.00 g) in

tet rahydrofourean (10 (gh) syROhESSE WR t &-tncbil, X d6-§ 8 MBI MBS, Added
under coollng with ice and the mxture was stirred for 30 m nutes at
room t enpedjafuinhel ithe-yeaettodndd xture was cooled to -78 C and after
addi ng di et hyl chl orophosphate (1.29 g) dropwi se, the m xture was
stirred for 15Usiingt eshal 6tmwegane 4.émpeiativpénidhen[ or-amuinoline-
additional_ 15 mnutes at roomtenperature. The reaction m xture was
cooled to 'P@ré?ﬁ’xaﬁétﬁft(égodﬁl%l)ingree?twonl yaeynnpheEred Y (-2 SATPE and

ot assi um tert-but oxi de m xt,ure S. S ed for 1.5
s o TG EARE ey BoeP Sti B T (415 PSP o E RE b Ry e
- 103 - a olLutio i chloride (10 M), water (30 m
and et hyl 0%?2?31 e %g 5n?§910@g gdéyo? and tlhe m'(xture)was sti rﬁed foz

30 m nut eysatzsiigapctenper at ufes (Mg conpound insoluble in both | ayers
was recovered by filtration. After the filtrate was separated into an

aqueous | gyar7and an3dr ganilced iy erf a-methagltey Swashywshied dst2d{ 1Q15Hne
(50 M) and dried over anhydrous magnesi um sul fate. The desiccant was
filtered aflfauandlaneep-serpaidgadfe sol vent in vacuo, the resulting
resi due was recrystal I i zed from n-hexane/ ethyl acetate. The créstal

was conbi ned wPERPEhECPREVRBLE! Y %%Pé&lééﬁﬁéhnﬁ'%bq% 1tnn

titled co a abo Ly S| /

2aa( W) T RRRC300 Rl 3 S8 BHFL FRoA (Tor 5187 bigg fogmed
H, 4.40 (g 457 s;mgtprgc$aurégég% (1S E%aH%le61$9)(£gigrké73ﬁe %1%1@6

1 H, 6.85°(td, J=7. J=7. 8,

7.39 (dd, cdmpo8ndly ssttmg)l al’@,a 7coa_a>x(1$3551pbaqd{59217](2) Synt he5| s of
5-tert-butyl 3-ethyl imdazo[1l,5- a]quinoxaline-3,5(4H)-dicarboxylate
To a suspM3dESA/BPCEt hyal); 521H Wdﬂoi m dazol[ 1, 5-

a] qui noxal i ne- 3-car boxyl ate (40 in tetrahydrofuran (20 m),
di -tert - bdtOye8di car béha%ﬁém(%%l%@rpt&ft -butyl (3E)-3-[(6-methyl-4,5-

dihydroimidazo[l,5-alquinolin-3-yl}methyliden]-2-
oxopiperidine-l-carboxylate

Using 6-methyl-4,5-dihydroimidazo[l, S-alquinoline-3-
carbaldehyde (245 mg), reaction and purification were
performed by the same procedures as in Example 1(4) teo give
the titled compound (269 mg) as a pale yellow powder.
MS (ESI/APCI Dual) :394 (M+E)
[0i69] (5) Synthesis of tert-butyl 3-[(6-methyl-4,5-

dihydroimidazoil, 5~alquinolin-3-yl)methyl]-2-oxopiperidine-1-



di met hyl am nopyridine (15 ng) and triethylamne (0.25 m) were added
and the m xture was stirred for 3.5 days at roomtenperature and for
2.5 hours at 60 C. Then, di-tert-butyl dicarbonate (395 ng) and
triethylamne (0.25 m) were added and the m xture was stirred for 14
hours at 60 C. Sodi um hydride (60% 35 ng) was added and the m xture
was stirred for - 104 - 2 hours at 60 C. thereafter, di-tert-butyl
di carbonate (790 ng) was added and the Eﬁ‘?x’t ure was stirred for 2
hours at 60 00 and for 13 hours at roomtenperature. The reaction

m xt ure wasadbeixyliegecool to roomtenperature and water (20 nm) was
added; thereafter, brine (30 n1? and ethyl acetate (100 m) were
added for extr&strgnteThebokghnt TN =aydr! thashéd°>with brine (50 m)
and dried pver. anhydrou gnesi umsul fate. Th esi ccant was

Tl or ed- ORE e T a=CBT b oae b T S YA T ABY DL SePGr et t o, t he
resulting resi. : purjifi i1 | ¢ . chr t ogr aphy
(el uent: nq’%@g%%f}g?ﬁﬁ Ha%%%}g%ewzat% 1(2%% %%A)' ?%gg?b(glbt etitled
conpound 1%k +88n 2wl ek 6 OF AW ROWAL T HVMBLES! AR g MR )as 344 ( MFH)
1H NVR (200 MHz, CHLOROFORMId) 5 ppm 1.44 (t, J=7.0, 3 H), 1.53 (s, 9
H, 4.42 (@Ekampzé. 0,52 B, gbv@ltHes,tiZz 1, cémBdund7 (B35 (ng) ZasHa 7.48 -
7.55(m 1 H, 7.73 - 7.81 (m 1 H, 8.02 (s, 1 H [0218](3)

Synt hesi s wflaréetssbut pEoBds f swgidnviedazol 1, 5-

a] qui noxal i ne-5(4H) - car boxyl at e A solution of 5-tert-butyl
3-ethyl i Md&d/RE5I Byghl hod@h iMdl)3, 5(4H) - di car boxyl ate (341 ng) in
t et rahydr of ur (10 ) .was cooled to -78 O nd after addi ng

dii sobutyﬁé)lliaﬁi?num YarPEeE e M 5’536‘.155524"26?0??%}?13’%%&%& uene)

dr opwi se, of i _fa : ;

t enper atur%?l@ﬁ/%tgﬁg%%g?gfb ﬁ])cﬁ}v\l/aiorlg dgd&éﬁgg\?\nﬂgie]%én%% t lescfggjflfler, a
saturated aquegesngotutiopuofl FMOH-HALERh ori, deq{RPdrd Imiand Athwk
acetate (20 m) were added and the m xture waas stirred for 30

m nut es atalodaoilénperat umethyllHe-2 —oxbpS peridaot + bacarbd:yle twas
filtered through Celite and water (20 m) and ethyl acetate (50 m)
wer e added 198 mhe,frearhiel afteraupdn cat ioapueat ekl frneth bygidsusame
| ayer and an organic |layer. After washing the organic |ayer with

brine (30BFPFedErPFcasgbl WA BIfddd Wo CRBCEr fant & ol & @ ithRéed
sol vent was . renov iLn vacuo. The resulting.residue s purified by
STl ca golLEHEtHeCRr brbk et T aantY A hERARET ot 1T e e =
1:1 to 1:4)+hQqgb¥gepbheat tdd M@un%a(%&? 99) 2 880 B LU QY [eSSier .
powder. ns(Esi/APci Dual): 300(M+tH) I'H NVR (300 MHz, CHL ORMd) 5
ppm 1. 53 (s,(EQ1HpPCD. Blals: R HM+HF. 24 - 7.38 (m 2 H), 7.49 - 7.55
(m 1 H, 7.79 (dd, J=8.2, 1.2 Hz, 1 H), 8.06 (s, 1 H), 10.01 (s, 1
H [0219] (#)NSyntHebsiMiof MESEANDUtGH) 35 {¥1) -] 4Q terlt.80 (m, 4 H), 2.35
but oxycar bonyl) - 2- oxopi peri di n-3-yl i dene] et hyl | i mi dazo[ 1, 5-

a] qui noxallisme3584H) 2 - tarbdyAtat®@: 2 BluseéngOterd-Sutpw, 7 H), 7.08 (4,

3-fornylimdazo[ 1, 5-a] qui.nhaoxal i ne-5(4H) - di carpboxyl at e (263 _nyg)
reaction gﬁg'éu%?fi }:a%i’on?\/d)égfe(tperjf" riedZbytt E' Sirg pf céTJJ;‘TgSHés tn
Exanmpl e 1(4) %30 iyg th )titled conpound( 187 ng)as a col orl ess
ponder . MECESE ARG -bual ) 481( MrH) | H NVR(300 Nz, CHLOROEGRM d) 5 ppm

1.52(s, 9 Hha%157(S, Example 11

Synthesis of S5-aminc-2-[(7-methyl-4,5-dihydroimidazo[l, 5~

alguinclin-3-yl)methyl]lpentanocic acid dihydrochloride

{1) Synthesis of ethyl 7-methyl-4,5-dihydroimidazo[l,5-
alguinoline-3-carboxylate
Using 6-methyl-3,4-dihydroguinclin-2(1H)~one (710 mg),

reaction and purification were performed by the same



9 H,1.87-2.00(m2 H,3.20-3.30(m2 H),3.70-3.82 (m2H),4.96(s, 2
H,7.19-7.34(m2 H),7.46-7.54 (m 1H),7.64-7.70(m 1H),7.70-7.79(m
1H),8.06(s, 1 H [0220] (5) Synthesis of tert-butyl 3-1[1-(tert-
but oxycar bony1l) - 2- oxopi peri di n-3-yl ] met hyl | i m dazo[ 1, 5-

_81_

procedures as in Example 1(1) to give the titled compound
(752 mg) as a pale yellow powder.
MS (ESI/APCI Dual): 257 (M+H)
[0172] {2} Synthesis of (7-methyl-4,5-dihydroimidazol[l, 5~
alquinolin-3-yl)methanol

Using ethyl 7-methyl-4,5-dihydroimidaze[l, 5-alquinoline-
3-carboxylate (737 mg), reaction was performed by the same
procedure as in Example 1(2) to give the titled compound
{510 mg} as a pale yellow powder.
MS{ESI/APCI Dual): 215(M+H)
[0173] {3) Synthesis of 7-methyl-4,5-dihydroimidazo[l,5-
aJquinoline-3-carbaldehyde

Using (7-methyl-4,5-dihydroimidazo([l,5-alquinolin-3-
yl)methanol (490 mg), reaction and purification were performed
by the same procedures as in Example 1(3) to give the titled
compound (379 mg) as a colorless powder.
MS{(ESI/APCI Dual): 213 (M+H)
[0174] (4) Synthesis of tert-butyl (3E}~3-[(7-methyl-4,5-
dihydroimidaze[l,5-alquinolin-3-yl)methyliden]-2-
oxopiperidine-l-carboxylate

Using 7-methyl-4,5-dihydroimidazo[l,5-alquinoline-3-
carbalidehyde (375 mg), reaction and purification were
performed by the same procedures as in Example 1(4) teo give
the titled compound (60 mg) as a pale brown powder.
MS (ESI/APCI Dual): 394 (M+H)
[0175] (5) Synthesis of tert-butyl 3-[ (7-methyl-4,5-
dihydroimidazo[l,5-a]lquinolin-3-yl)methyl]-2-oxopiperidine-1-

carboxylate



- 106 - a] qui noxal i ne-5(4H)- carboxyl ate Using tert-butyl
3-{(E)-[1-(tert-butoxycarbonyl)- 2-

oxopi peri di n-3-ylidene] nethyl|im dazo[ 1, 5-a] qui noxal i ne-5(4H) -
carboxylate (180 ng), reaction and purification were perfornmed by the
sanme procedures as in Exanple 1(5) to give the titled conpound (171
ng) as a col orl ess powder. MS(ESI/ APCI |):483(M+H) 1H NVR(300

MHz, CHLOROFORM d) H), 1.53-1.90(m 3H), 1. (m1lH,2.81-2.94(m 1H), 6
ppm-2.08 3.16 1.51(s,9H),1.52(s, (m1H),2.65-2.75 -3.26(m 1H), 3. 50-
9 3.61 (m 1 HWsimg Tert-Bu8Y¥l( MEN-H)[{(4nerthyl4496-(m 2 H), 7.17 -
7.27 (m 2 H, 7.42 - 7.49 ( 1 H, 7.66 - 7.74 (m 1 H, 7.92 (s, 1
H [0221] (%Bhisifrﬁlﬁééiia@dflrérg]hﬁ%n@lﬂ(rkt%ydi)w&m#ﬁ#aaiah, 5-
g‘]?t"lnz’;‘g'rc'fﬁqﬁﬁtpg&mg%?l %}*5%2 DL g mg) , YBLAL L AR Y rirication
oxopi peri dj n-3- | Li,m.daz - j ali.ne-5 - r hoxyl at e
(164 ng),q#é(}aegﬁéﬁﬁ%&p%?ﬁﬁ%ﬁ%%%viarcgel&ﬁg%?oFarsre nb%/élt e:Lés:ZierJq X

procedur esyias itheExannke d6Rpoand 1w rubseduerbibeceyst ahdiAridons
from wat er/ di oxane give the titled conpound (conpound 18, 56 ng) as a

col orl ess mpsader . ns(Esi/Apci Dual ): 301(MtH) 1H NWVR (300 MHz,
DEUTERIUM OXIDE) 6 ppm 1.42 - 1.78 (m 4 H), 2.47 - 2.68 (m 2 H),
2.71 - 2.8(§((Erﬁ1/£l’lq)f, DRagQ:-33600*H)m 2 H), 4.25 (s, 2 H), 6.90 -
(7'51071(23) 2[o|_:|L)7’6]7' 11 ('6)73321121t§1£nsis,1 S IS ENC TS [‘%?zmgtyﬁi—i &, 815
dihydroimidazo[l, 5-alquinclin-3-yl}imethyllpentancic acid
dihydrochloride
Tc a solution of tert-butyl 3-[(7-methyl-4,5-
dihydroimidazo[l, 5-alquinolin-3-yl)methyl]-2-oxopiperidine-1-
carboxylate (24 mg}) in tetrahydrofuran (2 ml), an agueous
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 aquecus
solution of citric acid (2 ml) was added to the agqueous layer
to render it acidic and, then, extraction was conducted with
chloroform (60 ml). After drying owver 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
solvent was removed 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



[ 0222] Exanpl e 19 Synt hesi s of 5-am no-2- (4, 5-di hydroi m dazo[ 1, 5- -
107 - a][1, 5] napht hyri di n-3-yl met hyl ) pentanoic acid (1) Synthesis of
et hyl 4,5-di hydroi m dazo[ 1, 5- a][1, 5] napht hyri di ne- 3-car boxyl ate
Usi ng 3, 4-di hydro-1, 5-napht hyridin-2(1H)-one (1.96 g), reaction and
purification were performed by the same procedures as in Exanple 1(1)
to give the titled conpound (1.03 g) asgq brown oil. M5(ESI/APC
Dual ): 244(MtH) [0223](2) Synthesis of 4, 5-di hydroi m dazo[ 1, 5-

a] [ 1, 5] napht hyri di n- 3 i et hyl

4, 5- di hydr 6imitid2e[ £,5- a]'[% ??ngbht%ﬂ) 'gi%ng% c Bbéﬁylfate 2 () o3 7 (s
reactlon erf or ocedure as in Exanmple 1(2) to

gi ve the ﬁ??igd}édngﬁg ?6?8 ﬁg?ghgga brown oil. MS(ESI/APC
EUaI):ZOZ(Qﬁ_ [022%&@ 19yfnbhesis of 4,5-di hydroi m dazo[ 1, 5-

a] [ 1, 5] napht hyrldln 3- carbaldehyde Usi ng

4, 5-di hydr oi m dgaahts3sabfls Simapdt hyr (sdindenhd1 -yl pelbapet o {bildh 7q))1,, 5-
reaction and purification were perforned by the sane procedures as In
Exanpl e 1(f)auigcdiive 3t-hé) nethed] ponpourid @812 ng) as a pale yell ow
powder . ns(ES|/ApC| Dual ): 200( M+H) [0225]%4) Synthesis of tert-butyl
(3E) - 3- (4, BL) Synthe51s of ethyl 8-methyl-4 dihydroimidazol[l, 5~

di hydroi m zazo b[l 5] na th ridin-3-yl nethyliden)-2-

oxopi per i dirit éPSo yFat 237 i ng

4, 5- d|hydr0|n1 155; 1 napht idine-3;.ca d de,
reaction and p%%ﬁ %catpgkgée %é??g%%%%hﬁéogﬁg én@lﬁﬁg%egﬁfgﬁéé
Exnpl e 1(49e£dlﬂ%hV%th§urifﬂé@kion were performed by the same

procedures as in Example 1(l) 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~
alquinclin-3-yl)methanol

Using ethyl 8-methyl-4,5-dihydroimidazo[l,5-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 8-methyl-4, 5-dihydroimidazol[l, 5-
algquinoline-3-carbaldehyde

Using (8-methyl-4,5-dihydroimidazo[l,5~-alquinelin-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 c¢olorless powder.
MS (ESI/APCI Duél): 213 (M+H)
[0180] (4) Synthesis of tert-butyl (3E)-3-[{8-methyl-4,5-

dihydroimidazo[l,5-a]lguinclin-3-yl)methyliden]-2-



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-| car boxyl ate (320
ng), reaction and purification were pér?%rﬁed by the sanme procedures
as in Exanple 1(5) to give the titled conmpound (280 ng) as a
col or |l ess @idpipB(iESheAPCEaDoakyla383( MrH) [ 0227] (6) Synthesis of
5-[(tert- butoxycarbonyl)ananL 2-
(4, 5- di hydr oi mU§iagoBrmsihy{ 1 s?r%qum%nmdﬁzgilyﬁnéﬂ ayiypehtembi c

211, 51 nagRAPACEPHEs. JPRBRIT ) - 2 TR G PHE P CAT bBRyFER® (280
mg), reaction ;«z?n%gp%gf %geg I% %ch AR, Pr.QC ﬂurﬂﬁfﬁglgnl Fﬁ‘?‘”&’é & %7

to give the ti nmpoun as a pale yellow powder

MB( ESI / APQnDuglih e a4 Qb oMsthal F?Zﬁ]rﬁa) =Rt Re3b$186s powder.
5-am no- 2- (4, 5-di hydroi m dazo[ 1

a] [ 1, 5] napts (meTi/deai3pyhnet hybd perdanoi ¢ aci d Usi ng
5-[(tert-butoxycarbonyl)am no]-2- (4, 5-

di hydr oi m [dA&20][ 1, 5{a) [ TyBFhapht hyf i i nt-duglydeBhy i § peatianbt & =ci d
(253 ng), reaction and purification were perfornmed by the sange
procedure§h§§dFﬁlEk§ﬁﬁPél1@(%}q¥%ﬁiﬁkﬂa%ﬂﬁé)ﬂﬁFPéa]c%‘ Rt i HE Gt d
19, 150 n%) %% a 8gle yel | ow powder. MS(ESI/APCI Dual): 301(M+H) -
109 - N é ®MHz, DEUTERIUM OXIDE) 5 ppm 1.48 - 1.65 (m 2 H),
1.65-1. 75 (m 1 - 42596 (m 5 H), 2.96
23,00 (m 2 %?H)qug ?gdbugyg b&m % [H)zB m%tﬁ% 2796 (d, J=8.0 Hz, 1
H, 8.01 (ShybrBini8ai8[{fs- éF&aﬁmdﬂmn—@—iﬂh)h@%B?lE&i@W@— 20

Synt hesi s of 2-(4,5-di hydroi mdazo[ 1,5 ui nol I n- 3-

yl met hyl ) GcfpripehyHaneAdy perbanpiactacild? mgl) Byathesnsamd net hyl
5-[(tert-butoxycarbonyl)am no] - 2- (4, 5-

di hydr oi mpd@fzépma&a]iqﬂemlmur@merﬁbthwItﬁpeﬁ@aﬁoar@ceduresr@% in
solution of 5-[(t-butoxycarbonyl)anino]-2-(

di hydr oi mtF&a¥eL e, %(5} qbP nét T 5- B2 1 etliRd fﬁé‘ﬁf"éﬁ%l E73ATY (FLP ng) in
chloroforn1ﬁh% % %ilnethanol (0.080 m), 4- dinethylam nopyridine
(16 ng) and E dlnefhylanlno)propyI]N - et hyl carbodi i m de

hydr ochl onjsd@sG388ciOpuyes € psldlag gnd the m xture was stirred for 2
days at roomtenperature. To the reaction system a saturated aqueous

sol ution dgfoigaedi um hydr sgeticas honst & (20 nat-p-\Nas-adeegh and-extracti on
was conducted twice with ethyl acetate (50 m). The organic | ayer was

washed wi thihydirpém{d8zol ), aral @aftrerl idvpi-vd ) neehy Ahbsgmir oust aregriglsi um
sul fate, the desiccant was filtered off and the solvent was renoved
in vacuo. The PééPEuéeﬁb3b$ﬁﬁ4f3%kiaj%e§PWﬂCé ée@l%2¢¢QﬁﬁﬂdaZ°[1r5‘

Che 111 od EONBOGAT- 455 ) a0 7 COB FBELI0NP. LV BSPTARGEe 41 67
414( MrH) %%a%twyﬁ(§99 gﬁgigf&gﬁgfcaMh%)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)
'H NMR (300 MHz, DEUTERIUM OXIDE) & ppm 1.30 - 1.68 (m, 4 H),
2.23 (s, 3 H), 2.34 - 2.61 (m, 2 B), 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 E)



6 ppm
6

1.42(s,9H),1.45- 1.76 (m4 H),2.65-2.78(m 1 H), 2.80-2.96 (m
H, 3.0

5-3.19 (m2H),3.63(s, 3 H, 4.70-4.81 (m 1 H),
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[0183] Example 13

Synthesis of 6-amino-2-{4,5-dihydroimidazo[l,5-alquinolin-3-

yllhexanoic acid

(1) Synthesis of cyano{4,5-dihydroimidazo[l, 5-alquinolin-3-
yl)methyl ethyl carbonate

To a solution of (4,5-dihydroimidazoll, 5-alquincline-3-
carbaldehyde (2.00 ¢) in chloroform (20.2 ml),
tetrabutylammonium chloride {290 mg), ethyl chlorcformate
{1.31 g) and an aqueocus sclution of 1.1 M sodium cyanide
(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 vacuo. 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)
¥ 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-dihydroimidazof{l,5-alquinolin-
3-ylacetonitrile

To a solution of cyano(4,5-dihydroimidazol[l, 5-a]
quinolin-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 hydrogen purge for 5 hours



- 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 nmethyl 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 met hyl ) pent anoat e 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 st hyl ) pent anoate (880 ng) in
N, N-di met hyl formam de (12 m), sodium hydride (60% 128 ng) was added
in small portigns under cooling with ice and the mxture was then
stirred fait 20°fr nlhesteadiingn Migdivge res26t ki §remstivimsdgteddty and

added and the m.xture was stirred for 15 h rs at roomte at ur e.
To the reddld G IYCRELES FATETST 507 M3C s TEABAS Bhi Bkt S B "ass

conduct ed h e i aic |ayer
with water %égl td))ég %Eg%%e ‘%go C!rgl‘%mn ﬁ{q&?ﬁa}é@%%ggy gh% 2d "and t he
sol vent wamdervedyina¥acsee Jhe: e gua)nag hJ{réftl%i @ytll\é!a sﬂdrdp%nd
gel colum chromat ography (el uent: n-hexane/ethyl acetate = 1:1

0: 1) and byL.armotghessr enpafe NreBidw caygalalcol urm chr onat ogr aphy
(eluent: n-hexane/ethyl acetate = 1:1 to 1:4) to give the titled
conpound (D’IZ-B(@S@)AP% Bugd) or? ¥l . ms(Esi/APci Dual) 428( M+H)

| H NMR (300 MHz, CHL OROFORM-d 6%m143s - 1.65 (m 4
H), 2.63 -HoN¥R (?r?olM%f, GIPROFRM3AL)) & PP . 862 9? (Or% (g H)4 Hé 14 -

i, 7,37 S 7hdnd iy P16 1<%%[831f%§§°5ym%825 Frim 2

2-(4,5-di f50i_ d 0

a] qui nol i rh:,y% yl xt %él g( 5. %mat hyI am noS) pent gmm c acid To a

sol uti on gfoimsthyl (3 Synthesis of ethyl cyano (4, 5-dihydroimidazo[1, 5-
5-[(tertbutoxycarbonyl) (et hyl)am no]-2-(4, 5-di hydr oi m dazo[ 1, 5-

a] qui nol i rl3ruineethyB)pehdeeicste (254 ng) in tetrahydrofuran (6 nl),
an aqueous solution of 0.9 MIithium hydroxide §2. 0 mM) was added
and the m xtur é?OWasSQHJH@@ faﬁ frooitespelaidpec br51a]5mmml§n-$o t he
reaction m_xture, wate f and brin re added and

5
extr actl oﬁ%?tBBhaﬁé%%d WQ H“ [ ét‘h)}"letétaﬁé’f('irf’ﬁﬁ M) 28! fHe radd&ddem
| ayer, %&lé?n%tcﬁ 189&'?9&' C\%Iﬁlﬂmqf ?rhcsgfll‘lf z% ) vvas added

and extrac i on was con du ce wth hyl ~ace 50 m).
To the SOE%EEQHyQEokﬁﬁaﬁiaiﬁdrﬂhéﬂ%hﬁ&hég WBs@stirred for 30 minutes at
nmet hanol /tetrahydrofuran m xture as recovered fromthe organic | ayer
(di et hyl ethkeshmeabefteotisr S.0lAHHYAN cbifl 02 o Fbsadt &M Iymexi des( kddeal )
was added and the m xture was stirred for 14 hours at room

t enper at ur@datdef nixaprdowas atiBdeC fPheasobdentigast rrempved ithevaene
and after adding water (40 m ), extraction was conducted twice with

diethyl et4f8PSF3OYUFRF) . Tq’ot}i%éf%é@@ssﬁffé% a St IA'ERBE WEO¥SUS
| ut f cit d dded tract duct ed
Dy Co it ROREOPBT SF P TR T AT RSy P e B AhIer Patny!
acetate a'&%n‘&ﬁl:@%fif&{? %(\ﬁﬁ %%%“%?‘EQP%WI%%J% GV ous
re ve

desi ccant was tere e sol vent "was acuo. To

the resul tsbagumesi:dbgee A © Laésqr&c%@w%hwi@ém@ré& aacricﬁ the ebhyknt
acetate (20 m) was added and the m xture was stirred for 15 hours at

room t enpeiaat veRovdleisotaani. Wae restded wasvaetof Bl af tsern iaddgag
water (20 m) and Anberlite IRA-67 (2.2 g), the m xture was stirred
for 30 mi weleznathrovateerpEnatiwlaenthenrbaseiofeByst emavade = 112)-
filtered and the filtrate was concentrated in vacuo to give the

titl ed coffodade(ERFPbLREDEOMPRRNAY) 348 RIbr dfwe affristio s lmass.
s (Esi /ARGl ual ko B18EMT) A

'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), 4.89 (s, 1 H),

7.17 - 7.26 (m, 1 H), 7.29 - 7.40 (m, 2 H), 7.3% - 7.52 {(m, 1



NVR( 600 MHz, DEUTERI UM OXI DE) 15 ppm 1.48-1.56(m1 H), 1.56 -1.63(m
1H), 1.65 -1.72 (m 2 H),2.53-2.59(m 1 H),2.62-2.67 (m1 H), 2.70(s,
3 H),2.79-2.90(m5 H), 2.98
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H), 8.00 (s, 1 H)
[0186] {4} Synthesis of ethyl 6-[(tert-
butoxycarbonyl)amino]-2-cyano-2-(4,5-dihydroimidazo[1, 5~
alJquinelin-3-yl)hexancate

To a solution of ethyl cyano (4, 5-dihydroimidazol[l, 5-
alguinolin-3-yl}acetate (195 ml) in N,N-dimethylformamide
(6.9 ml), sodium hydride (60%, 36 mg) was added under cooling
with ice and the mixture was stirred for 30 minutes at the
same temperature. Then, tert-butyl 4-icdobutyl 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 vacuo. The residue wa purified by NH silica gel
column chromatography (eluent: n-hexane/ethyl acetate = 1:2)
to give the titled compuond (8% mg) as a pale yellow oil.
MS(ESI/APCI Dual): 453 (M+H)
'H NMR (300 MHz, CHLOROFORM-d)} & ppm 1.29 (t, J=7.1 Hz, 3 H),
1.44 (s, 9 H), 1.51 - 1.74 {(m, 4 H), 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 - 4.95 (m,
1Hy, 7.7 - 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-amino-2-{4,5-dihydroimidazol[l, 5-
alguinclin-3-yl)hexanoic acid

To a selution of ethyl 6-[(tert-butoxycarbonyl)amino]-2-
cyano-2-(4,5-dihydroimidazo[l,5-alquinolin-3-yl)hexanoate

(82 mg), an agueous solution of 6 M hydrochloric acid (2.0 ml)



-3.07(m 2H), 7.25 -7.29 (m 1 H),7.35-7.41(m 2 H), 7.53-7.56 (m1
H, 8.29(s, 1 H [ 0232] Exanpl e 21 Synt hesi s of

5-am no- 2- (5, 10-di hydroi m dazo[ 1, 5-

b] i soqui nolin-1-yl nethyl)pentanoic acid (1) Synthesis of nethyl
4-formyl-1-trityl-1Hi m dazol e-5- carboxyl ate
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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): 3C0(M+H)
'H NMR (600 MHz, DEUTERIUM OXIDE) & ppm 1.30 - 1.48 (m, 2 H),

1.9 - 1.78 (m, 2 H), 1.81 - 1.91 (m, 1 H), 2.02 - 2.13 (m, 1

H), 2.77 - 2.92 (m, 4 H}), 2.99 - 3.04 (m, 2 H}), 3.60 (t, J=7.8

Hz, 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)

[0188] Example 14

Synthesis of 5-amino-2-[(7-ethoxy-4,5-dihydrcimidazo[l,5-

alJquinolin-3-yl)methyl]lpentanoic acid

(1) Synthesis of ethyl 7-(benzyloxy)-4,5-dihydroimidazofl,5-
alquinoline-3-carboxylate

Using 6—(benzyloxy)-3,4-dihydroquinolin-2 (1H) -one

(29.9 g), reaction and purification were performed by the same

procedures as in Example 1(1l} 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-yl]lmethanol

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



A solution of dimethyl 1-trityl-1Him dazole-4,5- dicarboxylate (500
mg) in chloroform(11.7 mM) was cooled to - 60 C and

di i sobutyl al 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
sane tenperature. After adding methanol and an aqueous sol ution of
15%citric acid dropw se, extraction was conducted with chloroform
After drying the organic | ayer over anhydrous sodiumsulfate, the
desiccant was filtered off and the solvent was renoved in vacuo. The
resul ti ng FEEWNE Wds Cgupi f Red2 Yr @71 iRAI§&l- col uim chr omat ogr aphy

(eluent: n- /et hyl et =2:1to 1:2) to give the titled
conpound ( @%@Pﬁ éueiﬁ)r?@?w er. MS(ESI/APCI Dual): 419(MtNa)
11-1 NWR ( : m, 3. 24 3,H. 7.08 - - 113 -
7.24 (m aﬁ%%“?.zzg%?? gggggmgf%%?P?m.béi’%é’&%ﬁﬁo.‘l?}’m, 1 H, 10.10
(d, 3=0.5 difydkdihibA2371 1) Ryihesireof cHeblyhedyabydr oxy[ 2

(hydr oxynet hyl ) phenyl ] net hy1}-1-trityl - 1H i m dazol e-5- carboxyl ate

A sol ution of Zrshhanobenzyhzal eohot4d, (5248 Yot iitiet s ahysk of giriatn 1(14-4 -
m) was cooled to -30 00 and di butyl nmagnesium (0.662 m as 1.0 M

sol uti on il lmephane) dddShbul yltéadtiien @@J5P8rafEiast 2o 3vdvtes gautfiogmed

i n hexane) were sequentially added dropw se, and the m xture was
stirred &Y dhehsareaProcediresAutibf*6MPhst hyf) to give the titled
4-formyl -1-trityl-1Hi pidazol e-5-carboxyl ate 50 m) in

t et r ahydr ocfoﬁnrpé’ﬁ%\?\i/ai{gag%eﬁgd?%p%%aglea??&%twﬁep%&g?ﬁfe was stirred for an
ahour at t ﬁ%qubgrrgﬁ%g},ur@% Aitgr adding a saturated aqueous

sol ution of amonium chloride to quench the reaction, extraction was
conduct ed mitdh jet hyliapceiatRes Af ter dimti-paciyne (9rgamt C[1-ayein AMky) ~
anhydrous sodium sul fate, the desiccant was filtered off and the

sol vent wals Selmbyddoimnigdacodl, Ihel quEswlltinrg -y e d$ndtiey Wagempjutdf 1 ed by
silica gel colum chromat ography (eluent: nhexane/ethyl acetate = 2:1
to 1:3) texgvesrhdinerlegeeomwpolai® (210 ng) as a col orl ess powder.

ms(Esi /APcl Dual): 527(M+Na) 11-1 NVR (300 Mz, CHLORGFORM d) 5 .ppm
3.00 (s, 3 H),UEipg I- ?@@Z%Jn?xl@ > .(‘Lili’d(‘&lmid?ﬁ?[]75%)‘1a]-qu71.“43§l?1ﬁ1"3“

20 H) [023 esk s, of t.hyl - oxYy- - .

di hydr oi mC§§%%%f§§9gFi i%q%é)n%ﬁne-aﬁtégpg%&gl é%{lé?f}gatll%n a soil ution of
et hyl 4'8@%@%9ﬁ¥hzb the same procedures as 1in Example 1 (4 iv
(hydr oxynet hyl )phenyiv] nmet hyl | - Ip-tri tyl-1H i m dazol erf 5- ( )11té<1) grve
car boxyl atteie( 200188) cbmpehdr of ry)5a8 &l yeltaw botwdet r abrom de (362
ng) and tri phenyl phosphine (286 ng) were added under cooling with ice
and the nmiMet(Esé/ABSIsPualked 4% (Mi®)ni nutes at the sane tenperature
and for 2 hours at roomtenperature. The reaction m xture was

concent r atléd %A vacle! AYREretivrrloftethebré¥ll $1h’ TREIRIY 1N S

met hanol (5,0 ni s stjrred for. 5.hours 60 The reactian,
Txture veanIERERRLTAEBHL | Yacht A A HOBR UL ST AT e S0
hydr ogenc s added to the resulting residue; extraction was
t hen cond%?gggﬁﬁgg times with chloroform After drying the organic
| ayer over anhrerQU§o§@Qi&m§pléeaﬁttebutt§g@ (ﬂ@@;cgamv%rﬁdﬁt&rﬁdwﬁt
and the solvent was renoved in vacuo. The resulting residue was
purified lyhsbkrbeaigeto Cd) i) ghirmTAhegraphye (el Libddn } -et-hyl
acetate/chloroform nethanol = 1:0:0 to 0:20:1) to give the titled
conpound EkPPimgyidsnatotordensiadgid (ZVBRES! / APGL st )r2 3% Mekhanol
111 NVR(300 MHz

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



CHLOROFORMd) 5 ppm 3.39 (s,3H),3.95(s,3 H),5.05-5.33 (m2H),5.97
(s,1 H, 7.30-7.46(m 3H), 7.50-7.58(m 1H),7.66(s, 1H) [0235] (4)
Synt hesi s of nethyl 5,10-di hydroi m dazo[1, 5-

b] i soqui nol i ne-I -carboxyl at e To a solution of nethyl

10- et hoxy- 5, 10- di hydroi mi dazo[ 1, 5-b] i soqui nol i ne-1-carboxylate (117
ng) in nmethanol (4.5 m), 10% pall adi umactivated 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. THEFEIOOTGRDNi xelrerhaschirrehegd/methiggol ThiBubh RIgite
d th I t, d,i . To th ' i due,
Rucous sqiflh criir SUPHT Ry Al babrtarbofe kg SAUBBd AREEExt F act i on
was conducﬁée&;n Aﬁ%ltbg§§)wj5@?@@h%roforn1 After drying the organic
n

| ayer over anhydrous sodiumsulfate, the desiccant was filtered off
and the solvepnk wasonempyethidroraruedh 0s0bye 1 hes titd erb canpaund) (84

ng) as a col orl ess powder.
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), 3.1%9 (dd, J=14.5, 5.3 Hz,
1 H), 3.44 - 3.60 {m, 1 H}), 3.71 - 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-
dinydroimidazol[l, 5-a]lquinolin-3-yl)methyl]-2-oxopiperidine-1-
carboxylate

To a solution of tert-butyl 3-[(7-hydroxy-4,5-

dihydroimidazo[l, 5-alquinolin-3-yl}lmethyl]-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 chlorcform. 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+B)
!4 NMR (300 MHz, CHLOROFORM-d) & ppm 1.42 (t, J=6.9 Hz, 3 H),
1.52 (s, 9 H), 1.54 - 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), 3.71 - 3.87



MS(ESI / APCI Dual ): 229(M+tH) IH NMR (300 MHz, CHLOROCFORMId) 6 ppm 3.94
(s, 3H, 4.42 (s, 2 H, 521 (s, 2 H, 7.23 - 7.44 (m 4 H), 7.68
(s, 1 H [236] (5) Synthesis of

5, 10- di hydr oi m dazo[ 1, 5- b] i soqui nol i ne-1 car bal dehyde A sol ution
of nethyl 5, 10-di hydroi m dazo[1, 5- b]isoquinoline-I|-carboxylate (1.00
g) in tetrahydrofuran (43.8 m) was cooled to -78 00 and

di i sobutyl al um num hydride (17.7 m 2s°H.99 Msolution in tol uene)
was added dropwi se and the m xture was stirred for an hour at the
sanme tenpefmat ur él) ,Aldt. 8¢ quendhbng Hhe I éhct i6on 5wt . &t banat (H)an 7.28
aqueous solution of 15%citric acid was added and the m xture was
stirred for B3 (Fut dsHat ¥eodm tenperfHture. After neutralizing with
an aqueous_sol ution of 10% sodjum hydrOX| de, extracti on was condut ed

three ti ne@lm h chi‘dr of SRR 2T 11 VA H&rtthEUBPééﬁ?Eb?%&]e)ra%I} T4
anhydr ous g ym sul fa edlﬁhc?r%hﬁi&x aﬂ['t]T \gas fi I},] Ee]q §)ff and the

sol vent rem)veef I"h~vacu reS| ue was purified by

silica gel lqg{egmlqggggggggéaggjyd(el uent: chI or of or mf net hanol = 10:1)
to give the titl éd conpound (566 ng) as a pale yell ow powder. - 116

- 11-1 NWR (30@dVHz soChit ORORERM &)t Bouppin 4-39 7-eédhdQy<ms52 H), 5.17 -
525 (m 2 H, 7.22 - 7.46 (m 4 H), 7.65 (s, 1 H, 9.99 (s, 1 H)
[237] (6)diSyntrivésiidaeb [1ePta butiriol(i3E)3-31( hetBydi hydeormimzazonk 35+
b] i soqui nol i n- I- Inethéllden ) - 2- oxopi peri di ne-1- carbox%Iate

Using 5, 1016@?% ?ltﬁh 439 ora) @%]i%t?ﬁhmqfﬁéamcé%%@e ryoﬁcj1 (BB |

t
Exanl o 1CHIRTog 96 Phe b1 1 b b s (3660n5; BD) Sl e 10
go‘(ﬂgeflo_ MRGES iR LYalL) st§§PécW?)r [182381,66) a§y P&Qrﬁs&émﬁérét‘?ﬂe butyl

di hydr ol m9zazQehtc3oh] 55Ot NOkd tld wHITRGAKL) 226 0XRPT PQKd diNakear hax
yl at e Using tert-butyl (3E) 3- (5, 10-di hydroi m dzazo[ 1, 5-

b] i soqui nalasheki- ywhrat Byé titheh)ehraxofiRe kiqdienas!| Leas boxyd ate:t(x360 zry) |
reaction and purification were perfornmed by the sane procedures as in
Exanpl e 1#8)tht engedeethe $dluebreonfpdddd cl3ascngfidsand il terandlilopwwas
oil. MS(ESI/APCI Dual 382(MtH) [0239] (8). Synt hesi s of

5-[(tert- ﬁﬁ{ 63 bBﬁ%P)%ﬁ%?ﬁﬂf m. After drying over anhydrous sodium

0-di hyd b - 1-yl hy|
Ui ng ter EUBIEYE 5008, 0THTHVAN G dsagarrisort dnd PR AV

b] i soqui nalb s layk ABERYhY - G QORl RET Q‘m@%é‘ EBRDOXYS Al &5 mg) as a pale
yvellow powder.
MS(ESI/APCI Dual): 444 (M+H)
'H NMR (300 MHz, CHLOROFORM-d) & 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 B), 8.73 (s, 1 H)
[0195] (8) Synthesis of 5-amino-2-[(7-ethoxy-4,5-
dihydroimidazo[l,5-alquinolin-3-yl)}methyl]pentanoic acid

To a solution of 5-[{tert-butoxycarbonyl)amino]-2-[(7-

ethoxy-4,5-dihydroimidazo[l, 5-a]Jgquinolin-3-ylimethyl]pentanoic
acid (65 mg) in ethyl acetate {0.7 ml), a solution of 4 M

hydrochloric acid in ethyl acetate (0.7 ml) was added and the



(345 ny), reaction was perforned by the sane procedure as in Exanple
14(7) to give the titled conpound (332 ng) as a pale yell ow powder.
- 117 - MS(ESI/APCI Dual): 400(MtH) [0240](9) Synthesis of
5- am no- 2- (5, 10- di hydr oi m dazo[ 1, 5-
b] i soqui nol i n-1-yl net hyl ) pentanoi c acid Usi ng
5-[(tert-but oxycarbonyl)am no]-2- (5, 10-
dihydroinidzazo[1,5-b]isoquinoIin-l-yTn%ﬁhyl)pentanoic acid (332 ng),
reaction and purification were perforned by the sane procedures as in
Exanpl e 14(iture giavestheredt fed aoipouncdt( conppotaup2datdBy. Mje as a
pal e brown powder. MS(ESI/APCI Dual): 300(MtH) 1H NVR(600 MHz,
DEUTERI UM TATEP 16 SFRFFT. ¥as 1CBish pqted2 in] vaguglgng Dy  reeuvdding
2.83 (m 1p v&dze'rg%v:al%' 8?.' g]olgecli_l)in 3v&a7t%-r3'(%2ml) and after adding
Amberlite IRA-67 (650 ml), 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 14, 30 mg} as a pale yellow
powder,
MS (ESI/APCI Dual): 344 (M+H)
'H NMR (600 MHz, DEUTERIUM OXIDE) & ppm 1.33 (t, J=6.9 Hz, 3
H), 1.44 - 1.61 (m, 2 H), 1.62 - 1.73 (m, 2 H), 2.48 - 2.80
{m, 7 H), 2.93 - 3.03 {(m, 2 H), 3.91 (gq, J=6.92 Hz, 2 H), 6.60
- 6.67 (m, 1 H}, &6.71 (br. s., 1 H), 7.15 (d, J=8.3 Hz, 1 H},
7.89 (s, 1 H)
[01%6] Example 15

Synthesis of 5-aminoc-2-{ (7-phenyl-4,5-dihydroimidazo[l, 5-

alguinelin-3-yl)methyl]pentanoic acid dihydrochloride

{1) Synthesis of tert-butyl Z-oxo-3-[(7-
{[{trifluorcmethyl)sulfonyl]oxy}-4,5-dihydroimidazo[l, 5-
alguinolin-3-yl)imethyl]lpiperidine-l-carboxylate

To a solution of tert-butyl 3-[(7-hydroxy-4,5-
dihydroimidazo[l,5-alquinolin-3-yl)methyl]-2-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 & dry ice-acetone bath and the mixture was
stirred for an hour under cooling with ice. Te¢ the reaction
system, a saturated aqueocus solution of sodium

hydrogencarbonate was added and extraction was conducted with



(m2 H, 4.89s, 2 H,7.11-7.29(m4 H), 7.70 (s, 1H)

[ 0241] Exanpl e 22 Synt hesi s of 2-(2-am nopyridin-4-yl)-3-(4,5-
di hydroi m dazo[ 1, 5- a] qui nol i n-3-yl ) propanoi ¢ acid dihydrochl oride
(1) Synthesis of N, N-bis(4-nethoxybenzyl)-4-mnethyl pyridin-2- am ne
To a solution of 2-am no-4-methylpyridine (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) weré 3 dguential ly added under
cooling with ice and the m xture was stirred for 20 hours at room

t enper at urahl Afctfermad@ic hgr adr ague cuse 1s einlityidoruef s48%mi sultataci diteo
quench the reaction, extraction was conducted three tinmes wth ethyl
acetate. AaEccdny A§ Chéteredm L 1arerthey 8P LERRAY dY BBISTFERIN RN

sul fate, the, desi,ccant vae )11 ered Al 39 4hgcsoLypn yag, removed

chromatography (eluent: n-hexane/ethyl acetate = 1:2 to
chloroform/methanol = 10:1) to give the titled compound
{110 mg) as a yellow oil.
MS(ESI/APCT Dual): 530(M+H)}
H NMR (300 MHz, CHLOROFORM-d) & ppm 1.50 (s, 9 H), 1.55 -
1.7 (m, 1 H), 1.71 - 1.%4 (m, 2 H), 1.98 - 2.15 (m, 1 H},
2.69% (dd4, J=14.3, 7.8 Hz, 1 H), 2.79 - 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 (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)
[0197] (2) Synthesis of tert-butyl 2-oxo-3-[(7-phenyl-4,5-
dihydroimidazo(l,5-~alquinolin-3-yl)methyl]piperidine-1-
carboxylate

To a solution of tert-butyl 2-oxo-3-[({7-
{[(trifluoromethyl)sulfonyl]oxy}-4,5-dihydroimidazo[1, 5-
alquinolin-3-yl)methyl]piperidine-l-carboxylate (110 mg) in
1,4-dioxane (1.0 ml), triphenylphosphine (16.4 mg},
phenylboronic acid (27.9 mg), palladium acetate (4.67 mg)} and
an agqueous 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 arnhydrous sodium
sulfate, the desiccant was filtered off and the solvent was
removed in vacuo. The residue was purified by NH silica gel

column chromatogprahy (eluent: n-hexane/ethyl acetate = 1:1 to



resulting residue was purified by silica gel colum chromatography

(el uent:

n- hexane/ ethyl acetate = 8:1 to 3:1) to give the titled

conpound (11.2 g) MS(EST/ ARClI Dual ):349(MtH) 1H NWMR (300 MHz,
CHLOROFORM d) 5 ppmas a yellow oil. 2.18(s,3H),3.78(s, 6 H), 4.68(s,
4 H,6.28-6.33(m 1 H),6.39-6.45(m 1 H), 6.80 -6.86 (m

4H),7.11-7.18 (m 4H),8.04-8.09 (m _ o,

0:1) to give the titled compound (46 mg) as a colorless
powder.
MS(ESI/APCI Dual): 458 (M+H)
'H 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), 2.80 - 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), 7.31 - 7.73 {(m, 8 H), 7.97 (s,
1 H)
[0198] (3) Synthesis of 5-[(tert-butoxycarbonyl)aminoj-2-
[ (7-phenyl-4, 5-dihydroimidazo[l,5-alquinolin-3-
ylimethyl]lpentancic acid

Using tert-butyl Z2-oxo-3-[(7-phenyl-4,5-
dihydroimidazo[l,5-a]lgquinolin-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.
MS(ESI/APCI Dual): 476 (M+H)
[0199] {4) Synthesis of 5-~amino-2-[{7-phenyl-4,5-
dihydroimidazo[1l, 5~a]lquinolin-3-yl)methyl]pentanocic acid
dihydrochloride

Using 5-[(tert-butoxycarbonyl)amino-2-[ (7-phenyl-4,5-
dihydreoimidazo[l,5~alquinolin-3-yl)methyl]pentancic 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 hydrochloric 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



1 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
tetrahydrofuran (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) _ e added and the m xture was
stirred for an hour at the sane tenperature. After addi ng an aqueous
solution of 15%citric acid to quench the reaction, extraction was
conduct ed $Hredhe s 1qPt ROBPPYRD ateamrandafiPer L8r FPhgat e Y gl c

| ayer over an drous sodium sul fate, the desiccant was filtered off
and the sdiVét" ‘was renoved in vacuo. The resulting residue was

purified gel ung- amat ography (el uent: nhexane/ethyl
acetate _ti%’s@él'/%%cl) %lg%l\rlrg %ELM titled conmpound (1.25 g) as a

yel  ow oi lig fra(zE%bé\mmz D{%OTER%ZJM( Mktrleil'tsl\{B{Bﬁ@%éVHZ 1CHEORG-ORME ) 5
ppm1 20(t,J=7.1 Hz, 3H), 3.43 (s,2 H),3.79(s, 6H), 4. 10(q, J=7. 1Hz, 2
. 69 (S 4 2, 60 - 2.90 {(m, 7 H), 2.99 - 3.10 {m, 2 H), 7.17 - 7.53 (m, 8
H), 8.75 (s, 1 H)
[0200] Example 16

Synthesis of 5-amino-2-{[7-(cyclohexyloxy)-4,5-

dihydroimidazo[l,5-alquinolin-3-yl)methyl]pentanoic acid

(1) Synthesis of 6-(cyclohexyloxy)-3,4-dihydrogquinolin-2{1H) -
one

To a solution of 6-hydroxy-3,4-dihydroquinolin-2(1H)-one
{(3.00 g) in N,N-dimethylformamide (61.3 ml), cesium carbonate
{5.99 g) and cyclohexylbromide (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
vacuc. 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 H),
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-



H)y, 6.35-6.42(m 1H),6.48-6.57(m1H), 6.78- 6.89 (m4
H),7.08-7.20(m 4H), 8.10-8.18(m 1 H) - 119 - [0243](3) Synthesis of
ethyl 2-12-[bis(4-

met hoxybenzyl ) am no] pyri di n-4-y11- 3- (4, 5-di hydr oi m dazo[ 1, 5-

a] qui nol i n-3-y1) - 3- hydr oxypr opanoat e To a solution of ethyl
{2-[bi s(4- nethoxybenzyl)am no] pyridin-4-yllacetate (100 ng) in
tetrahydrofuran (1.8 nl), Iithiun1hexén%§hyldisiIazane (0.238 nm as 1
M solution in tetrahydrofuran) was added at -78C and the m xture was
stirred fotil3@owimitdegodl, bhel saieo tignper-attwrbexyAatel uti on 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 ur a¥s4&¢ &ddedcaphevgmnd 3/He dryxduperiva’l 5214 e T8 an
hour at thgﬁﬁpne tenperature. To the reaction sgstent a saturated
aqueous solintt 819’ of “&RTONPENT BRI R e SRt CRdBEG® aRT” EXTPEC T o Rfas ame
conducted w t | _aceta rying.the ganj
anhydrousgé%ﬁgﬁﬁkgélthg% %%%mggiﬁéggnﬁb 3 ?iFgérggtgﬁéeégﬁPéQﬁﬁ

sol vet ns weyg® L@YoRd LNp¥asuorodheFasyiting residue was purified by
NH silica gel colum chromatography (el uent: n-hexane/ethyl acetate =

1:1 to O: Ms (EgIgiwert beal)t| el porpound (37 ng) as a yell ow oil
MS(ESI / APClI Dual ): 619(MtH) 1H NMR (300 MHz, CHLOROFORM d) oppm 1.16
- 1.32 (mI208), " 2. 08) - PynBier IH)QR. [33-2y5Aphe2r) 0RY 604, 5-
3.74-3.81(m 6 3944 01(M1H -2 TI(M 1K), 4.074.33(m 2 K, (m
Using ethyl 7-(cyclohexyloxy)—4,5-dihydroimidazol[l, 5-
alquinoline-3-carboxylate (360 mg), reaction was performed by
the same procedure as in Example 1(2) to 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-
dihydreoimidazo[l,S-alquinoline-3-carbaldehyde
Using [7-(cyclohexyloxy)-4,5-dihydroimidazo[l, 5-
ajgquinoelin-3-yl]lmethanol (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[l,5-a]lJquinclin-3-
vilmethyliden}-2-oxopiperidine—-1l-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

give the titled compound (205 mg) as a pale yellow crystal.

MS(ESI/APCI Dual): 478 (M+H)



1H), -4.66(m4H),4.97 6.40-6.46(m1H), -5.08 6.69 (m1 -6.77 H, (m
6.31-6.37 4H),6.99- 7.08 (m 4H),7.08-7.41(m 4H), 7.81(s,1 H),7.94-
8.01 (m 1H

- 97 -

[0205] (6) Synthesis of tert-butyl 3-{[7-{(cyclohexyloxy)-
4,5-dihydroimidazo[l,5-alquinolin-3-ylimethyl}-2-
oxopiperidine-l-carboxylate

Using tert-butyl (3E)-3-{[7-{cyclohexyloxy)-4,5-
dihydroimidazc{l, 5-alquinolin-3-yl]lmethyliden}-2-
oxoplperidine~l-carboxylate (205 mg), 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-alquinolin-3-
vllmethyl}pentanoic acid

Using tert-butyl 3-{[7-(cyclohexyloxy)-4,5-
dihydroimidazo[l,5~alquinolin-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-{[7-(cyclohexyloxy)-4,5-
dihydroimidazo[l,5-alquinolin-3-yllmethyllpentanoic acid

Using 5-[(tert-butoxycarbonyl)amino]-2-{[7-
(cyclohexyloxy) -4, 5-dihydroimidazo[l, b-al]quinclin-3-
yllmethyl}pentancic acid (155 mg}, reaction and purification
were performed by the same procedures as in Example 14(8B) to
give the titled compound (compound 16, 26 mg) as a pale yellow

powder.



[ 0244] (4) Synthesis of ethyl 2-(2-[bis(4- - 120 -

met hoxybenzyl ) am no] pyri di n-4-y11-3-(tertbutyl di net hyl silyloxy)-3-(4,
5-di hydr oi m dazo[ 1, 5-a] gui nol i n-3- yl) propanoate To a solution
of ethyl 2-{2-[bis(4-

met hoxybenzyl ) am no] pyri di n-4-yl 1 -3-(4, 5-di hydroi m dazo[ 1, 5-

aJgui nol i n-3-yl)-3-hydroxypropanoate (1,50 g) in chloroform(24.2

m ), imdazole (33 ng) and tert-butylﬂi%%fhylsilyl chl oride (438 ny)
were added and the m xture was stirred at roomtenperature for 20
hours. To Mh@3Tlda®CIoRusyst &Pf (Mvdtler was added and extraction was

conducted three times with chloroform After aéging t he organic | ayer
over anhydFol¥Rs68P ARt METEANCReIdesPcraRAt ! 1140 d@-ofit Hhd t he

oo g e . T OF |
col umm. chri: GoPafily el betts - Hoxarapd: ngr dckt ace 2 2 4815 o
ive the tjtl .46 L.qr | il ESI.{_APCI
Bat)  733CHHE i R 3067 Mo, 241 CHerrin d) Sont 6242722 & 3mis ®
H), 0. 93 - b OAf MaOHy~4. 4443, JE)LHE 3 (2, 38- 2) 54(m 1
H), 2.54-2.73(m 2H), 2. 74-2.93(m TH), 3. 95(S, 6H), 4.17 -4.49(m
, 4. 62- 4.086EM 4H) EBa@B(d,17=10.3 Hz, 1 H), 6. 56

3 4,
(s,1H),6.70(dd, J=5.2,1.2Hz,1 H), 6. 86-
Synthesis of S5-amino-2-{ (7-propyl-4,5-dihydroimidazo[il, 5~

alguinclin-3-yl)methyllpentancic acid dihydrochleride

(1) Synthesis of ethyl 7-bromo-4,5-dihydroimidazol[l, 5~
alquincline~3-carboxylate

Using 6-bromo-~3, 4-dihydroquinolin-2(1H)-one (3.00 g),
reaction and purification were performed by the same
procedures as in Example 1(1) to give the titled compound
(2.10 g} as a pale yellow powder.
MS(ESI/APCI Dual): 321 (M+H)
[0209] (2) Synthesis of ethyl 7-[(1lE)-l-propen-1l-ylj-4,5-
dihydroimidazo[l,5-alquinoline-3-carboxylate

To a suspension of ethyl 7-bromo-4,5-dihydroimidazo([l,5-
a]quinoline~3—cafboxylate (1.76 g) in toluene (54.8 ml), (1lE)-
l~propen-l-yl-borconic acid {2.35 g), tri-tert-butvylphosphine
(1.66 g), palladium acetate (615 mg) and an agueous solution
of 2 M potassium carbonate (11.0 ml) were added and the
mixture was stirred for 2 hours at 100 °C. To the reaction
system, water 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
vacuo. The residue was purified by silica gel column

chromatography (eluent: n-hexane/ethyl acetate = 1:1) and



6.96 (m4H), 7.15-7.27(m4H),7.29-7.60(m 4H), 7.94 (s, 1H),

8.12(d, J=5. 2Hz, 1H) [ 0245] (5) Synthesis of ethyl (22)-2-(2-[bis(4-
nmet hoxybenzyl ) am no] pyri di n-4-y11- 3- (4, 5-di hydroi m dazo[ 1, 5-

aJ gui nolin-3-yl)-2-propenoat e To a solution of ethyl
2-{2-[bis(4- nethoxybenzyl)am no]pyridin-4-yl1}-3-(tert- - 121 -
but yl di net hyl si |l yl oxy) - 3- (4, 5-di hydroi mi dazo[ 1, 5- a] qui nol i n- 3-

yl ) propanoate (1.46 g) in N, N-dinet hny%?n?an‘i de (19.9 nm),

di azabi cycl oundecene (1.21 g) was added and the m xture was stirred
for 6 hourssatyst@lCiziléoneatth om rsystmam:th@rd\neeataaeediitmnﬁadun

and the residue was purified by silica gel colum chromatography
(el uent: MmHEKLRY FENEl 2aBékbeee 01 :the d‘lrl?)i £emgpyedt ded tglvd /- (1-

conmpound (580 I el | ow vvder Esi./

GOT()I\/HH) I TATRL300 ) Vs - CHCHORIAR s oied T3 700 L Cha sy tdigp v ot
2.40 - 4 { 74 (s, 6 , 4.23
J=7.1 Hz g‘lﬁl‘“‘f ?2 & arﬁgl%By‘{smo“? %d{e% ( . 5h (dd, J(:g.Z,
1.3 He, 1»@(;5@/@@@1 §u3§)7(”28§1(1~114)m 7.04 - 7.14 (m 4 H, 7.15 - 7.43
(m4H) (s, 1 H, 8.18 (dd, J=5.2, 0.8 Hz, 1 H)
[ 0246] ( 6) 1SyNMhe$Bsoc1ﬁH=e,t hHLCROF2RMBHS (8-ppm 1.36 - 1.49 (m, 3 H),

nmet hoxybenzyl ) am no] pyri di n-4-y11- 3- (4, 5-di hydroi m dazo[ 1, 5-

a] qui nol i - §7yl-) pr-Gparivat @ H), 2.8 -a 3dButlmen2ofl) et hy?7 - 3.44 (m, 2
27) - 2-( 2-

ﬁret )hoxyf)erfg)yl )4ar?|3no] By PPdiRe 42 il 2-@R, 5- &i-Agd(Bi nf ddko[%: %2 - 7.50

al qui nol i n- r gpenoat 580 ng) in ethanol (9.7 mM), 10%
pal | adi um(érbtl %‘t dgcggbéﬁ'(ﬁ ng) was added and the m xture was

stirred ung%r qydr oggge??;lgﬁeggg %ef*{@,ur[su@t) @Qggogg}lpﬂl dﬁajc_td QL system

was filter t hr ough te an solvent wa nove n vacuo. The
resul ting di@Sicddemias zBy!1 | f,L@pqmmsullrﬂ—@ayq%eeahﬂan chromat ogr aphy

(el uent: nhexane/ethyl acetate = 1:1 to 1:4) to give the titled

conpound (495 mg) aaSOauCDblﬁ)rdJﬁSStl‘QﬂJ J-[(1E)-1-propen-1-yl]-4,5-
dihydroimidazo[l,5~-alquinoline-3-carboxylate and ethyl 7-(1-
propen-2-yl}-4,5-dihydroimidazo[l, 5-alquinocline-3-carboxylate
in admixture (453 mg, 5:3) in tetrahydrofuran (16.0 ml),
lithium aluminum hydride (73 mg) was added under cooling with
ice and the mixture was stirred for an hour at the same
temperature. To the reaction system, ethyl acetate and an
agueous solution of 10% sodium potassium tartarate were added
and the mixture was stirred for 3 days at room temperature;
extraction was then conducted with ethyl acetate. After drying
over anhydrous sodium sulfate, the desiccant was filtered off
and the solvent was removed in vacuo to give a mixture of the
titled compound and [7-(l-propen-2-yl)-4,5-dihydroimidazoc[l, 5-
alguinolin-3-yi]lmethanol (423 mg, 5:3) as a pale yellow cil.
MS (ESI/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),



- 122 - MB(ESI/APCI Dual): 603(M+H) 114 NMR (300 MHz, CHLOROFORM d) 5
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 H, 6.39 (s, 1 H), 6.5 (dd, J=5.1, 1.2 Hz, 1 H), 6.71 -
6.84 (m 4 H, 7.03 - 7.20 (m 4 7423 = 7.42 (m 4 H, 7.86 (s, 1
H, 809 (d, J=5.1 Hz, 1 H) [024 ]( 7) gyn hesis of 2-{2-[bis(4-

met hoxybenzyl ) am no pyrldln y1}-3- (4, 5-di hydroi m dazo[ 1, 5-

a] qui nol i nt- 3% ") gr-égandi c3 %id CHY (Fo & 39l ution of ethyl

2-{2-[ bi s(4-

met hoxybenZ3AY i nol'fyr PEFRRAS YA 198- 14, SRy Br8PRT a&z6t 1,5~

aj] qui nol i ec( an aqueous
solution o %gé%gso ?%%? %d?o% %?{%%_ﬁ? cagggg %gﬁgand the m xture
was stirred forpoly Bewheish 5ponyip@nquLg&gpe;hg pepciion system was
concentrated in vacuo and after adding an aqueous So ution of 15%
citric acidiHyeirtdieinesbduest®) qelidialn-ze viltimeekhhalt 400 Wes| 1Gerdwehed
three tines with chloroform After drying the organic |ayer with
anhydr ous &odilurh, sulfihydyoihedadesl lcCant] awasofl i htéredl mdfhard titme

sol vent was_renoved in vacuo to give the titled conpound (241 ng) as
a col or | eSSt rRB(E é%?/lA@Cl 5 Btlal ) C@'ﬂ?‘—&?(‘—’IVIfHFmZ-( §48 NMR? (swwse

s (i PhunePRT, 835347 Ead %40@%“%‘%@ Rixtyfy e ideiradt thvgs

- 4.71 (m 8 r o 20 =

(m 4 ( 1;48§Lrs a% rgéml %ﬁge %%d%é (%f ?éigtkg9 %y;% Q%i f’lg ggd
(s, 1 FD thrQhghdced T8e 3ahl, tHe HolR48] wakBrem¥thesh Syfuo. The

2-(2- anlnopyrlgln 4-y1)-3-(4, 5-

di hydr oi mmazdaut, vaa] gurhdl ¢d-137 Wi)ldrapgedi coaand chh hyoltagiraghivde

A sol ution of 2-{2-[bis(4-nmethoxybenzyl)am no]pyri di n-4-

y11-3-(4, aﬁduwwaronnhamwde@na]] qeieteiten=31yl) propaned ey Heild iz241ony)
in trlfluoroacetlc acid was stirred for 20 hours at room
t enper at urd-thTRe T BEEERD ER@&eﬂﬁ%ﬁ%§ec8ﬁ5éﬁf?a%%d5?¥PR&ﬁﬂﬂ9%¥ﬁdt&?ter
addi ng wat 85119 E?ﬁgée§&d extractlon vas_ ¢ ducted tﬁyee times

a
W th chloro orm aqueous Iéyer “w&sF&oncén ra ed 1 Vacuo and

after addiagpalgbctdpgall ) BWAmerlite 1RA-67 (2.41 g) to the
resi due, the m xture was stlrred for 30 mnutes at room tenperature.

The react ifAanNSBy St B0 Was: ,f idHI@retoandd af & espvasid g qd,t h=met hanot , u he
filtrate was concentrated in vacuo. To the resulting residue, an
aqoueous sSoHuti 8m88f-63Mhytr.ochlori ¢.88i d Badladkded ahd ttheOm-xbuée
was stirred for 30 mnutes at roon1tenperature The reaction system

was concerffrafel) i n’vaBuo Tddive hd)tvi 8184 é@npbdhb'@ébﬁﬁbdﬁd 2oH)
40 | ESl/ 35 14 N
(608rg ?vH;IS @é@%ﬁu )L/JEA‘%JXW povge ?@rt BBYPJ %%ﬂ H’? ’é" D %é&’v?m

1t st 46 _ Hfr%gég5 ?%1]1 gd%ﬁgﬁk%aﬂféag %F?Lai]l%%ﬁ?olq 90, (fﬂld7 18.7,
7.70 (m %lwhetﬁyggdég)pfbé%ﬁﬁﬂﬁ% 11cEypofy2dtés, 1 H - 124 -
[ 0249] Exanpl e 2

U51ng 7-[(1E})-1-propen-1-y1l]-4,5-dihydroimidazo]l, 5-
alquinoline-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 vellow crystal.

MS (ESI/APCI Dual}: 420 (M+H)
[0213] (6) Synthesis of tert-butyl 2-oxo-3-[(7-propyl-4,5-

dihydreoimidazo[1l,5-alquinolin-3-yl)methyl]piperidine-1-



Synt hesi s of 5-(4,5-di hydroi m dazo[ 1, 5-a] guinolin-3-yl)-
4-(1Htetrazol -5-yl)pentan-I|-am ne (1) Synthesis of tert-butyl

15-[ (2- cyanoet hyl ) am no] - 4- (4, 5-

di hydr oi m dazo[ 1, 5- a] gui nol i n-3-yl net hyl ) -5- oxopentyl }carbanat e

To a solution of 5-[(tert-butoxycarbonyl)am no]-2-(4, 5-
dihydroinidazo[l,S-a]guinoIin-3-y|nethﬁbapentanoic acid (400 ng) in
chloroform (5.0 m), 3-am nopropanenitrite (105 ng) and

N-[ 3- (di met hyl am no) propyl] - N - et hyl carbodi i m de hydrochl ori de (290
ng) and lKddamotleitazol - 1-ol hydrate (207 ng) were added and the

m xture was stirred for 3 hours at roomtenperature. To the reaction

m xt ure, ethyIT§bét§PéuF?9nnPf Wit dted dré) rReonPxeur &7 wak! Blashed

ith water (30 ni b hat ord |
Bded to (O PGARYE T 49 BT TSRt REVEA Ty AL SEORELIETAT od i n Vacuo

The resul ting,f! ?@Jl%%n‘f‘@gﬁgﬂﬁj;ﬁee% bé’a ' '>J (i%tge' 1§@

chronatography I'uent oro lriO) to give

the titl edhROPRUNECA2ByHBY T HBSS - (:Mi( E§I /1AB§I),Dya%)pé§ﬂMﬂfﬁ as a
col orl ess anorphous 111 NVR(300 MHz, CHL OROFORM d) 6 ppm

1. 42(s, 9H)acttidEted. BArbom 3k 6 Img0 n«ﬂas?%d@edllai)ld 2h38m2x Hi@(em w2 ,stAx@dd
-2.97(m 7H), 3.01-3.22(m 2H), 3.31-3.50(m 2
under hydroen purge for 3 hours at 60 °C. The reaction mixture
was filtered through Celite and the solvent was removed in
vacuo. The resulting residue was purified by NH silica gel
column chromatography (eluent: ethyl acetate) to give the
titled compound (131 mg) as a pale yellow powder.
MS(ESI/APCI Dual): 424 (M+H)
'H NMR (300 MHz, CHLOROFCRM-d) & ppm 0.95 (t, J=7.3 Hz, 3 H),
1.52 (s, 9 H), 1.55 - 1.94 (m, 5 H), 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, 1
H), 3.49 - 3.64 (m, 1 H), 3.72 - 3.88 (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 5-[(tert-butoxycarbonyl)amino]-2-
[ (7-propyl-4,5-dihydroimidazo[l, 5-alquinelin-3~
yviimethyl]lpentancic acid
Using tert-butyl 2-oxo-3-[(7-propyl-4,5-
dihydrcocimidazo[l, 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 S-amino-2-[(7-propyl-4,5-

dihydroimidazo[l,5-algquinolin-3-yl)methyl]pentanocic acid



H, (m 4.60-4.73(m1H),7.10 2H),7.39-7.45(m 1H), -7.22 7.96

(m2H),7.25-7.34 (s,1H) [0250] (2) Synthesis of tert-butyl

14-[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 bamat 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- yllﬁ@t Ayl ) - 5- oxopentyl ) carbamat e

(220 ng), trimethylsilylazide (160 ng) and triphenyl phosphi ne (256

ng) in tetdidpdrcafiloande6 m), diethyl azodicarboxylate (0.45 nl as a

2.2 Msolution in toluene) was added under cooling with ice and the

m xture was stidsieg 150r[(22rh0]w§0>810¢@9ﬁ3t1éﬁﬁémﬂ ofel (7-propyl-4, 5-

Trimet hyl silyl azi.de gl %? ﬂq,tjhos%hl ne ﬁ)256 g and dj et hyl

azodi carb ygreimigaz Q[rlrf a§ ‘?u SIutdASitAYE F%Eg’? Per¥ Hded

and the m X{elg!t ¥gs sLLr E?ang L ays A tlo%o % "ﬁgr%y sy ldga
5% C ve

gel was add Ke réaction sy ern and the so Was con enttrat ed
in vacuo. Jhe rp%%léleﬁhﬁ}g rgsi gyes MRS HuUry f4|)eq skl tga gel1 &Pl diiound
chr omat ography (el uent: SchI or of o}\rﬁ@rﬁrret ha(no - él to 90:10) and o
subsequent {3orypuNd 3i7l,i ca @6l @@Iyrﬁhlcdwry@mbagpapayr(el uent: et hyl
acetate/ nethanol = 100:0 to 97:3) to give the titled conpound (32 ng)
as a col orM%@ESIdMC@hDuslhasS‘lZ NB(IBSI / APClI Dual ) : 477( MtH) 1H NVR

(300 MHz, .CHLOROFORM d m1.42 (s, 9H% 1.45 - 1.60 (m H)
1.92 - 2.08 WMk 169§ ™ Zo UZERIYY RRIPEN) O DOm0 9D U7 (Jm7 -3 Hp;
2.51 - 2.67 ( , 2 : 2, (m
3.03 - 3. g‘@(m ém%q' Jsg 27653"% 21“53, 720‘ L 8% “é %’ 2.56
4.39 - 4.52 ( _( , 57949 :
7.21 - 7.2@“( 73 E%{ 233 (nr% 9 E%“ 582 (5 fof H)ﬂw[lo(lé_‘?sl]‘l(s)
Synt hesi s pf, 5-.04, Gqdli b¥§r9Imda12Q[) , 9. 27 (s, 1 H), 7 50 (d, J=8.3 Hz,
ajquinolin-3-yl)-4-(1Htetrazol - yI)pentan- -am ne

1 H), 2.16 (s, 1 H)

[0216] Example 18

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

alguinoxalin-3-ylmethyl)pentanolc acid

(1) Synthesis of ethyl 4,5~-dihydroimidazo[l,5-a]Jquinoxaline-3-
carboxylate

To a solution of 3,4-dihydroquinoxalin-2{1H)-one (1.00 q)
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 potassium
tert-butoxide ({841 mg), the mixture was stirred for 1.5 hours

at the same temperature. To the reaction mixture, a saturated



- 126 - To a solution of tert-butyl

{4-[1-(2-cyanoet hyl)-1Ht etrazol - 5-y1] - 5- (4, 5-di hydroi m dazo[ 1, 5- a] gui
nolin-3- yl)pentyl}carbamate (59 ng) in tetrahydrofuran (3 m), an
aqueous solution of 1 M sodium hydroxide (0.25 nm) was added and the
m xture was stirred for 2.5 hours at roomtenperature. Water (20 m)
was added to the reaction m xture and ﬁ)éér action was conducted with
ethyl acetate (25 m). Conc. hydrochlori’¢ acid (2 mM) was added to

t he aqueous | ayer and the m xture was stirred for 3 hours at room

t enper at ur&JuctEe sellugaenwas ewneritnt sahddriigeyvddfonl andwatrr r exulmliing

resi due was di ssolved in wat erd1(‘2 m ) and purified by cation exchange
chr omat ogr&fthy® (dNBZe58 (RS 20 ,l)arﬂ’%‘rﬁ &AR&Cerrd B PHFEILE)WEY gi ve
the titled canmpa ( ound 23,. 24 ny).as_a_col orl ess_amorphqu

mss. | NS ESITARG TBary: BOAC R NURBO0 R ZORBTER: LT o B & pprm
1.39 - 1. 49(gm Lyl 34 BSrd- 65488 dHladl 86k 296m2HE s 26 P3e Zorl 0GRk
H), 2.26-2.32(m 1H), 2. 38-2. 45(m 1H), 2. 57- 2. 64

(m 1H), 2. 86:s3./QQMa4H) wds 3deBaddfdn tof ah3aqueous layer and an
7.17(m 1H),7.22-7.27(m2H),7.36-7.40(m 1H), 8.03(s,1H) [0252] Exanpl e
24 Syranesi § agkr( 28he Sl antewo-vhy [Wash2dcyckbhexihet HA rld, Bnd

di hydroi m dazo[ 1, 5-a] qui nol i n-3-yl ] nmet hyl ) pent anoi ¢ aci d

dihydrocrﬂQﬁﬁ oveglyngyﬁ¥ﬁ@%i@agﬁe51um sulfate. The desiccant was

6- (2- I | et hyl).-3, 4-di hyd i noli 1H) - T | uti f
o (2 cvel hool b Yl 2,4 Shydreqi el DI some. To, S salat gt of
I n net han%esﬁﬂ't%n }esggg%w%%lsgéngg%fstaa%lnggegggmag- a%ie/eth 1

pal | adi um act’ivat éd car were a and the m Xtur€ was

stirred ungderwwdr ogencpys £ fds 1ntAWed at thoeR: teRDRIAldne. The
reaction m xture was filtered through Celite and after adding a

sat ur at ed mgueetsds abiboomnd ofo spididcimiyy diagencachpsai® (4031 hey) as a
filtrate, extraction was conducted three tines with chloroform After
dryi ng ovérrcamhpdreas.sodi um sul fate, the desiccant was filtered of f
and the solvent was renoved in vacuo to give the titled conpound (44

my) as a ¢BIGrIT8EChoRbRt ) MU ESIMAPCI Dual ): 258(MrH) 1H NVR (300

1 ab 188 (N Pof BETSiitbsomeiial Ib St o My g KD o Y.

6.57 - 6. 7L 40om(gl Fhy.8-82, -2 03 dW3 3D 2 £ PCe (¥ (&, 7D, 1.3
Hz, 1 H}, 6.85 {(td, J=7.8, 1.3 Hz, 1 H}), 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-
alquinoxaline-3,5(4H)-dicarboxylate

To a suspension of ethyl 4,5-dihydrcimidazol[l, 5-

algquinoxaline-3-carboxylate (400 mg) in tetrahydrofuran
(20 ml), di-tert-butyl dicarbonate {395 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



[0253] (2) Synthesis of ethyl 7-(2-cyclohexylethyl)-4,5-

di hydr oi m dazo[ 1, 5- a] qui nol i ne- 3-car boxyl at e Usi ng

6- (2-cycl ohexyl et hyl) - 3, 4-di hydr oqui nolin-2(1H)-one (7.00 g),
reaction and purification were perforned by the sane procedures as in
Exanple 1(1) to give the titled conpound (4.60 g) as a pale yellow
powder. MS(ESI/APCI Dual): 353(MtH) [0254] (3) Synthesis of

[ 7- (2- cycl ohexyl et hyl ) - 4, 5- - 104 =

di hydr oi m dazo[ 1, 5- a] qui nol i n- 3-yl ] met hanol Usi ng et hyl

7- (2- cycl chexodret laytl 60476 didpdhaditrirdadaftebe-butyl dicarbonate (790
a] qui nol i ne- 3-car boxyl ate (4.50 g), reaction was perfornmed by the
sanme procadlr e'ags aidgleBx angl éhQ(IQJ)XELU-’Gglw shérrpg| édr conpointd A13.697 °C
g) as a pale yeIIOM/ owder. - 128 - MS(ESI/APCI Dual): 311(MtH)

[ 0255] ( 4) %%H]qﬂéélé U?S(étcﬁ%?Twﬁsaﬂ%ﬁﬂﬁﬂrf 4T e reattion mixtiure was
di hydroi m dazo[ wingline: 3-car a deh e

[7-(2- cyclé%é&y eth§% -2, go%mh§%FQﬁﬁﬁ azo %% water §§ mfh was added;

a] qui nol i ru{%ﬂéa]f'%%frhaﬁs.)hn@(?@ ) 4RAUHIA %EQtQEé' {i6ation »&@e
perfornmed by the same procedures as In Exanple 1(3) to give the

titled corpusd fo3. 3Rtghc8Sol. PRIE JHQMI Powger. w&@(xﬁﬂﬂ&PQﬂ:ﬂJ@ﬁlne
309(M+H) [0256] (5) Synthesis of tert-butyl (3E)-3-{[7-(2-

cycl ohexyl €thyll)) - 4n8- drihydr oven dadofdr,dsalggnaeliim- Salfate. The

yl ] met hyl i denl- 2- oxopi peri di ne-|-car boxyl ate Usi ng

7- ( 2- cycl slesdfcénty Fps 451 8e vydiraf niakez 3fhe, 5olvent was removed in

a] qui nol i ne- 3- car, alde reacti on and gurlflc |on mere

per}‘o&med B e sgﬁag gged’i}?eesr%r%”%tﬁrn@(&ﬁﬁllgui(% St oh |
I I
titied co (%%1 8, 9hmASciy teoet/%ﬁh?,yl(eg\ﬁg% Ig/ﬁgel':}é!r{éA)PthﬁJa)

490( MHH) [ Synthesis o

cycl ohexylgihyh)- 4, - g'BMdio4ﬁTgﬁ%ﬂR%’Qh%]qgtm9&|80§bound {449 mg) as
yl ] met hyl1- 2- oxoplperldlne 1- car boxyl at e Using tert-butyl

(3E) - 3-{[ & paleyblohaxpbeddyl ) - 4, 5-
dihydroinidazo[l,S-a]quinoIin-3-y|]nethy|iden)-2-

oxopi peri diS&SI/88cbokyeat e I 38H}), reaction and purification were
perforned by the sane rocedures as i.n Example 1( to give the

titled confolMd (2089 %*IQR%PBP’II‘%s%B%Ie% 4 SHFAREr Bull)

492( MrH) 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, i1 H), 7.73 - 7.81 (m, 1 H),
8.02 (s, 1 H)

[0218] (3) Synthesis of tert-butyl 3-formylimidazo[l, 5-
algquinoxaline-5(4H) -carboxylate

A solution of 5-tert-butyl 3-ethyl imidazol[l,5-
alguinoxaline-3,5(4H)-dicarboxylate (341 mg) in
tetrahydrofuran (10 ml) was cooled to -78 °C and after adding
diisobutylaluminum hydride (4.0 ml as 0.9% 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 solution of ammonium
chleoride {20 ml) and ethyl acetate {20 ml} were added and the

mixture waas stirred for 30 minutes at room temperature. The



-(2-cycl ohexyl et hyl ) -4, 5-di hydroi m dazo[ 1, 5-a]quinolin-3- - 129 -
j met hyl | pentanoic acid Using tert-butyl
{[7-(2-cycl ohexyl et hyl) -4, 5-
di hydr oi m dazo[ 1, 5- a] qui nol i n-3-yl ] nmet hy11l- 2- oxopi peri di ne- 1car boxyl a
te (2.39 g), reaction and purification were perforned by the sane
procedures as in Exanple 14(7) to givelpﬁe“titled conpound (2.33 g)
as a colorless powder. MS(ESI/APCH Dual): 510(MtH) [0259](8)
Synt hesi s mfaqtiRr25fixtuphenyd - 2 (tpyrercolthdiomghb- Cylly peopyd water (20 ml)
(25)-5-[(tert- butoxycarbonyl%anlno]-z [ 7- ( 2-
cycl ohexylathy\thvd, scgithydr 69 brimblz o{el 5 28dgdi 6l fhe3filtrate,

yl ] met hyl } pent anoat e |q9
5- [(tert Bﬁyﬂ%?%ﬁpb&ﬁypfaﬁfﬁg? zuyryef?aqueous layer and an organic

cycl ohexyl eth I)Aq_: g di aggirg n%}g%azol[ anlCa]lglyle ngh_ rln? (030 mlr)é

yI]nEthyIIpéh anoi ¢ “aci acti on-and purifica

per for med by sthe 3ang.Rr 98844 €5 @Hé'd%d@ﬁ%@ph gQZAn&ﬁkﬂ£\§%ﬂJ¥%t was
titled conmpound (59 ng) as a pale brown oil Né ESI/ APCI Dual)

698( MtH) [ﬁgﬂﬂib@gﬁnsyabhﬁslﬁh@frdéﬁﬁtﬂig[&b@ﬁﬂue was purified by silica
but oxycar bonyl ) am no] - 2- 1[ 7- ( 2- cycl ohexyl et hyl ) - 4, 5-
dihydroinkﬁdz@FmUEnapgubm@tquéphM]Gﬁﬂdﬁﬂd penharane/achyl acetatldsing
(1R, 25) - 1- phenyl - 2-(pyrrolidin-1-yl)pro (2S)-5-

[(tert- butloﬁydié’r Boﬁ§/ ¥8n9h‘6‘f Bhy [%Rl?dcy@m@ﬁé;zw ethyInels a3 a

di hydroimd z0 1, 5- aggalnolln 3-yl ] met hyl | pentanoate (1.00 g),
reaction &ird PdricFi 83FFGh- were performed by the same procedures as in

powabr . VELLET AR oAy t%%@m‘pfg%’u( (10) Sninesis of

(25) - 5- a”“HONﬁRliiodZMHz; dﬁﬂ%ROFORM d) pm 1.53 (s, 9 H), 5.21 (s, 2
cycl ohexyl et hyl ) -4, 5-di hydr oi m dazo[ 1, 5 TQUIHO l'in-3-

yl ] net hyl Ipentianai e acie duhydrmghlmadiode 7.55 (dp A Bo) Ut.iTen (ak,
(2S)-5-[(tert-butoxycarbonyl)am no] - 2-

{[7-(2-cycd=Bhéxylekhijik) - 4, %ldi%%ﬁidﬁnidaﬁ@pllg &}qﬁ$ndlﬂﬁ 3-
yI]nethyI}pentan0|c acid (720 in eth acetate (

sol ution df°24 %W hydr‘é?:h%?‘f*&e%cﬁ d?ﬁ ﬁeéttﬁéPté{&e?aiéE)ﬁ[ll H:Ie)rtwas added
and the nlxture ma red for. an.hour .at erature

2ol vent whstPaderaioByt heZen il ek s 88 MDA PRl Capr e

in vacuo tg Q% mg Ltk ) mpound 24, 550 my) as a pale
yel | ow powgqgll %X ESI SE maglg)m“ﬁo K"/EH) 11.1 NVR(600 M+,

Using tert-butyl 3-formylimidazo[l,S5-aljquinoxaline-5(4H)~-

0258] (7) Synthesis of 5-[(tert-butoxycarbonyl)am no]-2-
[7
I

[
{
y
3-

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)

5 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 By, 7.19 - 7,34 {(m, 2 H), 7.46 - 7.54 (m,
1 H), 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-{[1l-{tert-

butoxycarbonyl)-2-oxopiperidin-3-yl]lmethyllimidazo[1l, 5-



DEUTER UM OXI DE) 6 ppm 0.86-1.00(m 2H), 1.10 -1.29(m 4H), 1.38
-1.54 (m2 H),1.59-1.87 (m9 H), 2.54 (t,J=7.6Hz, 2H), 2.71 -2.81

(m1H,
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alquinoxaline-5(4H}~ carboxylate

Using tert-butyl 3-{{(E)-[1l-(tert-butoxycarbonyl)-2-
oxopiperidin~3~ylidene]lmethyl}imidazo[l,5-alguinoxaline-5(4H) -
carboxylate (180 mg), reaction and purification were performed
by the same procedures as in Example 1(5) to give the titled
compound (171 mg) as a colorless powder.
MS (ESI/APCI Dual): 483 (M+H)
'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.51 (s, 9 H), 1.52 (s, O
H#y, 1.53 - 1.906 {(m, 3 H), 1.9%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 - 4.96 (m, 2 H},
7.17 - 7.27 (m, 2 H), 7.42 - 7.49 {(m, 1 B}, 7.66 - 7.74 (m, 1
H), 7.92 (s, 1 H)
[0221] {6} Synthesis of 5-amino-2-(4,5-dihydroimidazo[l,5-
alJguinoxalin-3-ylmethyl)pentancic acid

Using tert-butyl 3-{[1-({tert-butoxycarbonyl)-2-
oxopiperidin-3-yl]methyllimidazo[l,5-a]Jquinoxaline-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 bual): 301 (M+H)
'H NMR {300 MBEz, DEUTERIUM OXIDE) & ppm 1.42 - 1.78 (m, 4 H),
2.47 - 2.68 (m, 2 H), 2.71 - 2.86 (m, 1 H), 2.90 - 3.09 (m, 2
H), 4.25 (s, 2 H), 6.9 - 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)
[G222] Example 19

Synthesis of 5-amino-2-(4,5-dihydroimidazofi,5-




2.81 -2.96 (m 5H), 2.96 -3.14 (m 3 H),7.15-7.20(m 2 H),7.55- 7.59
(m 1H), 9.18(s,1 H
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al [1,5]naphthyridin-3-ylmethyl)pentanoic acid

{1} Synthesis of ethyl 4,5-dihydroimidazo[l, 5~
all[l,5]lnaphthyridine-3-carboxylate

Using 3, 4-dihydro-1, 5-naphthyridin-2 (1H)-one (1.96 g},
reaction and purification were performed by the same
procedures as in Example 1(1l) to give the titled compound
(1L.03 g) as a brown oil.
MS(ESI/APCI Dual): 244 {M-+H)
[0223] (2) Synthesis of 4,5-dihydroimidazo(l, 5-
alJ[l,5]naphthyridin-3-ylmethancl

Using ethyl 4,5-dihydroimidazo[l,5-al[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-
all[l,5]lnaphthyridin-3-carbaldehyde

Using 4, 5-dihydreoimidaze[l, 3-al[l, 5]naphthyridine-3-
yImethanel (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-
dihydroimidzazo[l,5-a] {1, 5]lnaphthyridin-3-ylmethyliden)-2-
oxopiperidine-l-carboxylate

Using 4, 5-dihydroimidazo[l,5-a][l, 5]lnaphthyridine-3-
carbaldehyde (312 mg), reacticon and purification were

performed by the same procedures as in Exmple 1(4}) to give the



[ 0262] Exanpl e 25 Synt hesi s 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( 1H) - one To a

sol ution of 6-brono- 3, 4-di hydroqui nol i n- 2(1H) one (3.39 g) in

nmet hanol (85 m ), sodi um net hoxi de (Z. 438 gy, 2-(1-

cycl ohexen-1-y1)-4,4,5,5-tetranet hyl-1, 3, 2-di oxaborane (3.39 g) and
di chl or o( biistlrdphemplophds B heqipal 4ad wal(ls26 cogilewer e added and t he
m xture was heated under reflux for an hour. To the reaction system
wat er and l‘é?trﬁﬁl/é’@(@tlapéa\lvéF@&HﬂPéﬂH)and - 131 - after filtering the
i nsol ubl es through Celite, the, or anl c layer was recovered fromthe

filtrate. W3 dryilRg ?Ngt}r“%%?t?h Fortgaitet aydf  8ver anhydrous

sodi um sulcjaht d,rotlhe %g%lo ¢ant nﬁf g It r drcifdf and Rhe soi VEiﬁt was
renmoved i n vacuo. Thé Fési tite s’ by §irida'g ge coI um

chromat ography Jeglienk 1 Dz Q%@Qﬁgg@yl acet ate 4 1to 2:1) to give
the titled corrpp((‘)euﬁd (2.9 Cg as” a colorl ess powder VS( ESI / APCI

Dual ) : 228( MrHuskihd MYR:(B00y MHz3E CH-CROBOEVhGNr5ippaxd=601 5-1. 71 (m
2 H, 1.72 - 1.82 (m 2 H), 2.15 - 2.24 (m 2 H), 2.33 - 2.41 (m 2
H, 2.59 -alA163] (rlnrphzhw;idznez—ymewl(menz ~Bfpox6pOBeri®i@o-1-m 1 H),
6.65 - 6.71 (m 1 H), 7.16 - 7.22 (m 2 H, 7.77 (br. s., 1 H
[0263] (2) §|a§eof(389hw) i7- rqa%f;ﬂérrbr@@ﬁeﬁuxlﬂyam%u were performed

di hyd d | 3- car baxyl
6- (1- cycl GHotdr. F2 459 3) SRS s SO E 1 SnEs (B98P rigye Titled

reaction (acr%qnp%%ll iSah 28 V\% e pgcrloorrlrg%% %ét he sanme procedures as in

Example 1 to gi e the ed conpoun 0 ng) as a colorless

powder . Wﬁ%lgﬁ@@bIDggg)) 3@@@%& 111 NVR (300 MHz, CHLOROFORM d) 5
ppm 1.43 (t, J= 3 H, 30172 (m 2H, 1.76 - 1.84 (m 2
H, 2.19 -[02221 (m E)Fﬁynﬁh@ﬁls & 43 [((Mer2-bhtoRyOdrfdny Uamihdiz2-2
H, 3.31 - 3.37 (m 2 H), 4.40 (q, J=7.1 Hz, 2 H), 6.13 - 6.18 (m 1
H, 7.31 -(47 Mﬁi@wﬁrgimdzazcggl.(@—amM)Sl[n(a@mpys;dsw@hesi s of
7-(1-cycl ohexen-1-y1l)

di hydr oi mﬂ*&f&ﬁ‘i’%%]‘aﬁ?ﬂb‘h‘?‘@l% car bal dehyde Using et hyl

7-(1- CyCthexe% ¥ ¥1%e§£ &%yyq§Obﬁ%ﬁ%ﬁ%&%301mldzazg[l 5-

al[l,5]naphthyridin-3-ylmethyl)-2-oxopiperidine-l-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-
a2l [1,5]naphthyridin-3-ylmethyl)pentanocic 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 1%, 150 mg) as a pale yellow powder.

MS (ESI/APCI Dual): 301 (M+H)



a] qui nol i ne- 3-carboxyl ate (2.52 g), reaction and purification were
performed by the sane procedures as in Exanple 18(3) to give the
titled conmpound (1.79 g) as a colorless powder. MS(ESI/APCI Dual):
279(MtH) 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 - 3.38 (gh 2 H, 6.14 - 6.19 (m 1 H),
7.33 - 7.43 (m 3 H, 804 (s, 1 H, 1 .@1"(5, 1 H [0265](4)
Synthesis of tert-butyl (3E)-3-{[7-(1-

cycl ohexernH1 MyiR) {406- Wi hy PRI TRRIARO[OK IPEA] ubpol 1 48— 1.65 (m, 2 H),
yl ] met hyl i denl- 2- oxopi peri di ne- 1-car boxyl ate Usi ng

7- (1- cycl ohdbder--73y 10, 4 258y hy df i i Deldo[ /52 H), 2.71 - 2.96 (m, 5
a] qui nol i ne- 3-car.bal dehyde_ (230 ) action_ang pyrjfj cat]

per for msdr}@y t%i%ésjéng'géoggdu?e%pgs-’1‘{186%{}@%1?4) t% %?Vei ﬁﬂe’w‘em
titled co und o 250 .,ng)as, a ange;,po . (ES) / AR

Dual ) : 460?%%0@1381'% %K‘/R( A58 ﬁ%&L%ﬁh’d%?%pé%l%%(?%ﬂ{ fls1 -
1. 72(m 2H) obo#5- 1. 85kamald, 2088- 1. 99(m 2H)
2.18-2.28(m 2H), 2. 35-2. 44(m 2H), 2. 89- 2. 98( m

H), 3. 02- 3. 10( m32Adhds22- 3£30¢ M 2H)dihyir-adm8@azo[1,5-alquinolin-3-
(m2H),6.11-6.18(m 1H), 7. 30-7.40(m 3H), 7. 68- 7.72(m 1H), 8. 05(s, 1H)

[ 0266] ( 5) KAmidyild —6f (me bams, z akégy1- 4, 5- 2

di hydroi m dazo[ 1, 5- a]. qui nol i n- 3-yl ) net hy1] - 2- oxopi peri di ne- 1-
carboxylat@J ynth8§9ﬁgofew?tmx&y§—[(tert— utoxycarbonyl)amino] -2- (4, 5-
(3B)-3-{[ 7:,(1-cycl ohexen-1:-y1)-4,5-. .

G hydror e s AR A BT YR GRS Ly gy ) peneancate

oxopi peri di ne- lrCar REXYt b &B874 MR-b R3S RBoAYY) amiASR-2- (4, 5-

dihydroimidazo[l, 5-a]lguinolin-3-ylmethyl)pentanoic acid (511

mg) in chloroform (12.5 ml), methanol (0.080 mi), 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 aqueocus solution of sodium
hydrogencarbeonate (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 vacuc. The residue was purified by
silica gel ceollumn 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): 414 (M+H)

'H NMR (300 MHz, CHLOROFORM-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 B), 4.70 - 4.81 (m, 1 H),



purification were performed by the sanme procedures as in Exanple 1(5)
to give the titled conpound (770 ng) as a col orl ess powder.

MS(ESI/ APCI Dual ): 464(MtH) 114 NVR (300 MHz, CHLOROFORM-d) 6 ppm
1.16 - 1.65 (m 17 H, 1.71 - 1.93 (m 6 H, 1.97 - 2209 (m 1 H,
2.41 - 2.55 (m 1 H), 2.61 - 2.70(m 1H, 2.79 - 2.95 (m 4 H),
3.16 - 3.24 (m 1 H), 3.51 - 3.63 (m_ 11 , 3.74 - 3.84 (m 1 H),
7.09 - 7.14 (m 2 H, 7.29 - 7.33 (m PD, 7.90 (s, 1 H [0267](6)
Synt hesis of 5-[(tert-butoxycarbonyl)am noj-2-

[ (7-cycl ohex®d —4,752di Kypdr di M dazofd ,5-7al3guilmel EnE3- yT)dethylJ42 (m, 1
pent anoi ¢ aci d Using tert-butyl

3-[ (7-cyclbhexy P44 §Jdﬂhgﬂroinidazo[l,5-

LT ST G S A -
ol LA SR S R

PPM 1. 15 -4 Ly ABol A 34ymeu1yl4)qoentjar@7at(em 3H, 1.69 - 1.94 (m 6
FD, 2.41 - 2.59 (m 1 H), 2. .22 (m 9 H, 477 - 491 (m 1H),
7.16 (d, J=1.9Tkiza éo&bt13n2df-métﬁ¥i Gml (T-EhroXyb2rifchy=thi2chiz2-1

H, 9.18 (s, 1 H) [0268](7) Synthesis of
(1R, 25) - 1- @héhgihzdgpym;@¢¢@i}%@;a]quinolin 3-ylmethyl)pentancate
yI)propyl 28 5-[(tert-but ox carbon am noJ.- 2-

t e oy T S5 T hyth B B Lo B e AB) 0 3ml£;)mlﬁw]fwéwﬁoate
Usi ng 5- [(%%rt ?E%Fﬁ&garbO”JéQ no]yp% (Eﬁ%¥ B%S uH&er CO&%%HFGfdth

4, 5- dlhydr0|n1dazo QUInO ht anoic ac

ng), react; 'c%“ 28R ¢ REN hf L CREL %é’\'@crh"enp%ftﬁ%gﬁdfl?y i@%ﬁﬁf%sor %%W'ies
as in Exanple 2(2) to give the titled conpound (400 ng) as

col or | ess ipaader .(0NMBOERL | ARG éﬂﬁﬁéhu@&QQNFh%déﬁméﬁ@0@u$Mmeture was
CHLOROFORM d) 5 ppm 0. 93(d, J=6. 4Hz, 3H), 1.22
stirred for 15 hours at room temperature. To the reaction
mixture, water (50 ml) was added and extraction was conducted
with ethyl acetate (80 ml). After washing the orgnaic layer
with water (50 mi) and brine (50 ml), NH silica gel was added
and the sclvent was removed in vacuo. The residue was purified
by NE silica gel column chromatography (eluent: n-hexane/ethyl
acetate = 1:1 to 0:1} and by another run of NH silica gel
column chromatography (eluent: n-hexane/ethyl acetate = 1:1 {0
1:4) to give the titled compound (263 mg) as a colorless oil.
MS{ESI/APCI Dual): 428 {M+H)
'H 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 (m, 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),
7.94 (s, 1 H)
[0231] {3) Synthesis of 2-(4,5-dihydroimidazecl[l, 5-

alquinolin-3-ylmethyl)-5-(methylamino)pentanoic acid



-1.30(m 1H),1.35-1.48(m 15H),1.66-1.79(m 8 H), (m 1.82-1.90
1H),2.44 (m4H),1.96-2.06 -2.56(m 4H), 2.57 (m 1H), 2. 37-2. 43
-2.68(m5H),2.79- 2.91 (m1H), 3.08-3.23(m2H), 5.25-5.32(m 1H),
6.09 (br.s.,1 H),6.68-6.74(m 1 H),6.82-6.92(m 4
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To a solution of methyl 5-[(tert-
butoxycarbonyl) {methyl)aminc]-2- (4, 5-dihydroimidazo{l, 5-
alquinolin-3-ylmethyl)pentancate (254 mg) in tetrahydrofuran
(6 ml), an agueous solution ¢f 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 aqueous 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 aqueocus solution of 2 M sodium
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 aqueous solution of citric
acid (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



H, 6.95(s,1 H),7.10-7.15(m1 H),7.29(d,J=8.3Hz, 1 H), 7.93(s,1 H

[ 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, 25) - 1- pheny1-2- (pyrrolidin-2-yl)propyl (2S)-5-
[(tert-butoxycarbonyl)anino]-2-[(7-cxph3?exylethy1-4,5-

di hydroi m dazo[ 1, 5- a] gui nol i n-3-yl ) net

] pent anoat e (400 ng),

reaction and purification were performed by the sane procedures as in
Exanpl e 2(8)lusraf wack kaet il et poumdnc23¢ ragpdasnaveoi@riegs ve
powder. MS(ESI/ APCI Dual):482§N%FD | H NVR( 600 MHz, CHLOROFORMd) 5 ppm

1.22 -1.30%hR

Eled compound {compound 20, 133 mg) as a brown amcrphocus
mass.

MS(ESI/APCI Dual): 314 (M+H)

»IH NMR (600 MHz, DEUTERIUM OXIDE) & ppm 1.48 - 1.56 (m, 1 H),
1.56 - 1.63 (m, 1 H), 1.65 - 1.72 (m, 2 H), 2.53 - 2.59 (m, 1

H)y, 2.62 - 2.67 (m, 1 H), 2.70 (s, 3 H), 2.79 - 2.90 (m, 5 H),
2.98 - 3.07 {m, 2 H), 7.25 - 7.29 (m, 1 H), 7.35 - 7.41 (m, 2

H), 7.53 - 7.56 (m, 1 H), 8.29 (s, 1 H)

[0232] Example 21

Synthesis of 5-amino-2-(5,10-dihydroimidazo[l, 5-

blisoguinolin-l-ylmethyl)pentanoic acid

(1) Synthesis of methyl 4-formyl-l-trityl-lH-imidazole-5-
carboxylate

A solution of dimethyl 1-trityl-1H-imidazole-4,5-
dicarboxylate (500 mg) in chlorocform (11.7 ml) was cooled to -
60 °C and diisobutylaluminum hydride (2.36 ml as 0.39 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 solution of 15% citric acid dropwise,
extraction was conducted with chlorcform. 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 = 2:1 to 1:2)
to give the titled compound (350 mg}) as a colorless powderx.
MS (ESI/APCI Dual): 419 (M+Na)

'H NMR (300 MHz, CHLOROFORM-d) & ppm 3.24 (s, 3 H), 7.08 -



1.32 -1.50(m 12H),1.52-1.61(m 2 H), 1.70-1.91(m 7 H), 2.44 - 2.53
(m1H), 2.76 -2.93 (m 7 H), 3.03 -3.15 (m
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7.24 (m, 6 H), 7.28 - 7.40 (m, 9 H), 7.62 (d, J=0.5 Hz, 1 H},
10.10 (d, J=0.5 Hz, 1 H)
[0233] (1) Synthesis of methyl 4-{hydroxy[2-
{hydroxymethyl)phenyl]lmethyl}-1-trityl-1H-imidazole-5-
carboxylate

A solution of 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 scolution 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 agquecus solution of
ammeonium chloride teo guench 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 chromatography (eluent: n-
hexane/ethyl acetate = 2:1 to 1:3) to give the titled compound
(210 mg) as & colorless powder.
MS (EST/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]isoquinoline-l-carboxylate

To a solution of methyl 4-{hydroxy[2-

{(hydroxymethyl)phenyl]lmethyl}-1~trityl-1H-imidazole-5-



2H), 4.58 -4.66 (m 1H), 7.10-7.17 (m 2H), 7.31(d, J=8.3 Hz, 1H),

7.98 (s,

1H)
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carboxylate (500 mg} in chloroform (5.0 ml), carbon
tetrabromide (362 mg) and triphenylphosphine (286 mg) were
added under cooling with ice and the mixture was stirred for
10 minutes at the same temperature and for 2 hours at room
temperature. The reaction mixture was concentrated in vacuo. A
solution of the resulting residue in methanol (5.0 ml) was
stirred for 5 hours at 60 °C. The reaction mixture was
concentrated in vacuo and an aquecus solution of sodium
hydrogencarbonate was added to the resulting residue;
extraction was then conducted three times with chloroform.
After drying the organic layer over anhydrous sodium sulfate,
the desiccant was filtered off and the solwvent 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)
'H 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)
[0239] (4) Synthesis of methyl 5,10-dihydreoimidazo(l,5-
blisoquinoline-l-carboxylate

To a solution of methyl 10-methoxy-5,10-
dihydreoimidazo([l,5-blisoquinoline-l-carboxylate (117 mg) in
methanol (4.5 ml), 10% palladium-activated carbon (59 mg) and
conc. sulfuric acid (one drop)} were added and the mixure was
stirred under hydrogen purge for an hour at room temperature

and for 5 hours at 60 °C. The reaction mixture was filtered



- 135 - [0270](9) Synthesis of (2S)-5-am no-2-[(7-cyclohexyl-4, 5-
di hydr oi m dazo[ 1, 5- a] qui nol i n-3-yl ) nmet hyl ] pent anoi ¢ acid

di hydrochl ori de To a solution of
(2S)-5-[(tert-butoxycarbonyl)am no] - 2-

[ (7-cycl ohexyl et hyl - 4, 5-di hydroi m dazo[ |, 5-a] qui nol i n- 3-

yl ) met hyl] pent anoi ¢ acid (230 ny) in_eﬁﬁél_acetate (10 M), a
solution of 4 Mhydrochloric acid in e | acetate (5 m) was added
and the m xture was stirred for 3 hours at roomtenperature. The
sol vent washrwidefedatedand vheusokirehtafiasr neaoMeAginhea¢esulia rige
residue with ethyl acetate and diethyl ether, decantation was

per f or med. r%ﬁ%%ﬁinﬁhFééléﬂéot?%p?%@?ﬁ%ﬁ|qq%ﬁﬁkﬁﬁs°ﬁﬁ?ﬂdﬁ%ﬁer t he

d d h d_25
asa pal o DYONF RGP BABHEC! aesté%%s?%s;frﬁ%#@sa&ﬁﬁg‘“%%(m u%ﬁs%%%)ree
(600 Mz, %@IlQM %h_gﬁafgrﬂ?pnﬁgte’]p dr, t(]g] oﬂ' ig 11%9@:

(m 4H, 1.64 - 1.86 (m , 2.43 - 5 , 2.5 - 2. 85 (m
1H, 2 87ar1‘hy%r:b213( Fod8uk) suff%?e, tﬂ)eg@e(smccanlti_) wag Bl tede QG AfMank
H, 9.19 (s, 1 H [0271] Exanpl e 26 Synt hesi s of

(29) - 5- amtie 2di@entl wesordndved in vacuo to give the titled compound
di hydroi m dazo[ 1, 5-a] qui nol i n-3-yl ] net hyl | pentanoi ¢ acid

di hydr ochl 6¥4 a@@) (ﬂf) aS?ﬁ@ﬁé%@%S of ovetery

7-fluoro-4, 5-di_ hydroi md zo[ - %JQUIHO|IHE 3-car boxyl ate Usi ng
6-f1 uor o- 3! 4E§'H§3F5qBPﬁ |F e %&b tone (10.0 g), reaction and

puri fi cat ignper B3PSOl o Bk GRS ATESPEOE AU £ &5 J Ry ExaTRLe (4(1)

to give the d co )" as a ﬁale el

powder . Mg(,ESIs), 212%0\/&"% [02729 (1)7 QunthResiasupf 7.68 (s, 1 =)
7-f1 uoro-4,'5- d|hydr0|n1dazo[1 5- a] qui nol i'ne- 3- car bal dehyde

Usi ng ethwb3kqfluoro 4, 5-di hydr oi m dazo[ 1, 5- a] qui nol i ne3- car boxyl at e
(6.23 g), reaction and purification were perforned by the sane
procedur es( Hds SymtErafpl ef 18(B)-did yinnd mtikie zbil | &db tompount I(i41e53 -g)
as a colorless powder. MS(ESI/APCH Dual): 217(MtH) [0273](3)

Synt hesi s GfFreéfehsdeyl (3E)-3-[(7-f uor o- 4, 5-

d|her0|n1qazo%; }B£%§%2$% é%§4 Gg%ﬁh%hhdgrleldazo[l 5-

oxopi peri di ne-

71 uor o- 4yS-dede el m dazol dy i Al 0 q' ogesd: sharbal dhude £4,55 o).

reaction an I catl on were orrre he sane proce ures as in
Exnpl e 1(4043t@ auvewabecééié@cwmmu@daﬁé éﬁlsg:)bﬁgzl%maqllﬁumehy@mde

powder .
{17.7 ml as 0.99 M scolution in tecluene) was added dropwise and
the mixture was stirred for an hour at the same temperature.
After gquenching the reaction with methanol, an agueous
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 conduted 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/methancl = 10:1) to give

the titled compeound (566 mg) as a pale yellow powder.



MS(ESI/ APClI Dual ): 398(MtH) [0274](4) Synthesis of tert-butyl
3-[(7-fluoro-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 a
te Using tert-butyl (3E)-3-[(7-fluoro-4,5-

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

oxopi peri di ne- 1-car boxyl ate (5.58 @g)._ ﬁégcgion and purification were
performed by the sane procedures as in anple 1(5) to give the
titled conpound g ) as a pale yell ow powder. MS(ESI/APCI Dual)
400(M+H) [ 217‘%( 5’0 Fre GBI Fer f- Bamo&c%?borfyl%r{fﬂno]?- ro-

137 - (7-1.1 5-.di hydy o
yl)nethylfbéntan |é5aéﬁa 4 ﬁ) qﬂéq{éﬁt |20h5, 765 (s, 1 H),

3-[(7-flug Ut (2 dhhM?r0|nidazo[1 5-

a]qU|noI|n 3 yl'y et hy1] - 2- oxopi peri di ne-1-carboxyl ate (3.51 @),
reaction ang7qurification were performed by the same procedures as in
Exanple 14(7) to give the titled conmpound (3.55 g) as a colorless
powder . M3(&ESISvAREEsDaab} : t4AB{IH)L [(BEZTERER), Byntihesdsoiodidzazo 1, 5-
(1R 2S)-1-phenyl-2-(pyrrolidin-1-
yI)propyIkﬂZSPQBiPGﬂéﬁt1bﬂi@&@@bk%bﬂyPﬁa@kn@ﬁpﬁr{@ﬂnéﬁlmﬂaﬁQQ¥Mﬁahydro
i m dazo[ 1, 5-a] qui,nol i n- 3 ) met hyl j pent anoat e . . Using

5- [(tert butox@ééPHoﬁyF? ?Xﬂrﬁ?ﬁ .z [dopPgP4igoquinoline=1-

dlhydr0|n1da o[ ala lin-3- t hyl ]l pent anpi c. aci d (2 66 Q),
reaction an £b&%FEchtr%§8we é']%¥%bﬁﬁﬁﬁ %8 PHa  EXRR ¥ bdEd res as in

Ex le 2 t t ;
S 2t PSSO (S lafn g A0 o o

(2S)-5-[(t@ket titled compound (360 mg) as a pale yellow powder.
butoxycarbonyl)anino]-2-[(7-f|uoro-4,5-dihydroinidazo[1,5-
a] qui nol | MS3EpIYABERYPhpknt aifdl 1+a0i d LBing
E%Fe??)bat2£§§£rboniﬁygé;iéﬁgék%f%g%ﬁ%@?éﬂﬂ 25% (5,10~
oLy of m gzl 1y 2 AL IPLL D L e L pent anat s (70 s
Exanpl e ZQSLa&gogyygtéhe titled conmpound
Using tert-butyl (3E)-3-(5,10-dihydroimidzazoll, 5-
blisoquinolin-l-ylmethyliden)-2-oxopiperidine-l-carboxylate
(360 mg), reaction and purification were performed by the same
procedures as in Example 1(5) to give the titled compound
(345 mg) as a pale yellow oil.
MS (ESI/APCI Dual}: 382 (M+H)
[0239] (8) Synthesis of 5-[(tert-butoxycarbonryl)amino]-2-
{5,10~dihydroimidzazo[l, 5-b]isoquinolin-1-ylmethyl)pentanoic
acid
Using tert-butyl 3-(5,10-dihydroimidzazo[l,5-
blisoquinolin-l-ylmethyl)-2-oxopiperidine-1l-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

yelilow powder.



(623 ng) as a colorless powder. MS(ESI/APCI Dual): 418(M+H) [0278] (8)

Synt hesis of (25)-5-am no-2-[(7-fluoro-4,5- - 138 -
di hydroi m dazo[ 1, 5- a] qui nol i n-3-yl ) net hyl ] pentanoi ¢ acid
di hydr ochl ori de Usi ng

(2S)-5-[(tert-butoxycarbonyl)am no]-2-[(7-fluoro4,5-di hydroi m dazo[ 1,
5-a] qui nol i n-3-yl) et hyl ] pent anoi c a(:_i”g1 313 ny), reaction and
purification were performed by the sa rocedures as in Exanple 24
(10) to give the titled conmpound (conpound 26, 215 ng) as a pale

yel | ow and‘#spWs’Ar?é?sTsDuﬁfSQ ESWQ\P@H)DuaI) 318( M+H) 11 1 NI\/R (600 VHz,
DEUTERI UM OXI DE) 5 ppm1.64 - 1.83 (m 4

2.93 - 3. 18997 8 H)(9)7S¥§theffl%§%rﬁ 31“311?)0 27 §310 #llzigdi(?ﬁmlfﬂ%ﬂl 5=

7.65 - ( 9.20 npl e 27

Synt heS| s g]f Sggqarhn%l? 1[5}1‘%“?1? 321[) oernot[r"r"ent lc} )acft%

di hydroi m dazo[yk, gakqlfl EQH%&HM&E‘%&%Q%&%B?@ a6 fh-

di hydr ochl ori de 280] (1) Synthesis of éth

7-(trifl uq:rinyeirf@th)Ld&aéo @;By@rmdqﬂam[lh—i @r]lﬁUtHQl}ﬂSI&r@aﬁrcb%Mbate
Using 6-(trifluoronethyl )-3,4-di hydr oqui nol i n-2(1H)-one (7.09 g),
reacti on amBpuwif,i catcohomesred perfidrined iby wheespaef groae diy ehecasame
Exanple 1(1) to give the titled conmpound (6.00 21 as a pale brown
powder . MNHESIEORRPES Bal}: E@%{M (fﬂltNI\/Rl(fSOD mltmG@mmdd) 5
ppm 1.43 (t, J=7.3 Hz, 3.29 - 3.49 (m
2 H), 4. 42 C(Oaipojm% it §8§ IPE’ aﬁfﬂpal? 65°FM Pgwﬂﬁ 8.06 (s, 1 H
[0281] (2) 0 tr rgnet hyl ) -4, 5-

di hydroi m azoF?%Eég] Btlllz%] [|§r’16ed§&) }Qr bal dehyde Usi ng et hyl

7-(trifl UOﬁoﬁﬁkhybdo“MI@z digpiraireidazebd) 55 ppm 1B%s - 1.73 (m, 4 H),
a] qui nol i ne- 3-car boxyl ate (6.00 g), reaction and purification were
per formed it ke 2sane (jar ozegur es. 7a8s - 2 .Bganpl, e118( 3)2 1%l gi 3 o4ham, 2
titled conmpound (4.26 g) as a pale yell ow powder. MS(ESI/APCH Dual):
267( MrH) HD4 NVRO( 300. Rz {mCHLAROFGRG)(s5 gpH 2. D711 3. 1.RY nm,2 4HK) ,
3.34 - 3.45 %m 2 H, 7.53 - 7.70 (m 3 H, 810 (s, 1 H, 10.03 (s,
1 H 7.70 (s, 1" H)

[0241] Example 22

Synthesis of 2-(2-aminopyridin-4-yl)-3-(4,5-

dihydroimidazo[l,5-alquinolin-3-yl)propanoic acid

dihydrochloride

(1) Synthesis of N,N-bis(4~methoxybenzyl)-4-methylpyridin-2-
amine

To a solution of 2-amino-4-methylpyridine (5.00 g) in
N,N-dimethylformamide (154 ml), sodium hydride (60%, 4.62 qg)
and p-methoxybenzyl chloride (18.2 g) were sequentially added
under coceling with ice and the mixture was stirred for 20
hours at room temperature. After adding an aqueous solution of
15% citric acid to quench the reaction, extracticn 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



[0282] (3) Synthesis of tert-butyl (3E)-2-o0ox0-3-([7-
(trifluoronethyl)-4,5-di hydroi m dazo[ 1, 5-a] qui nol i n- 3-

yl ] met hyl i denel pi peri di ne- 1- car boxyl at e Usi ng
7-(trifluoronethyl)-4,5-di hydroi m dazo[ 1, 5-

a] qui nol i ne- 3- car bal dehyde (130 ng), reaction and purification were
perforned by the same procedures as in;Exanple 1(4) to give the
titled conmpound (100 ng) as a col orl ess powder. M5( ESI/APCI Dual ) :
448(M+rH) 111 NWR (300 MHz, CHLOROFORMId) 5 ppm 1.57 (s, . 9 H), 1.88 -
2.00 (m X¥pultingsresidys vas purhiiesl gy sidica pp ‘201—91’“”3 21 -

764 (m Flynereggapny 3Ry He%n%%e@ﬂlaﬁéf’g%bm]% @3

Synt hesi s t X

(trifluor o%stis?lre) o )é%i % grg?%%]%zo[ 1 ]éufaﬁo i ﬁ?{?&ow oil.

yl ] et hyl Iy mrﬂ/@klp@@ bugaf boxys aka1) Using tert-butyl
(3E)-2-0x0-3-1[7-(trifl uoronet hyl)-4, 5-

di hydr oi mi*daxmR1 (56 &\ natHIORDEPRMAED h§l peenz! 8 pes,i di me-, 1carboxy| a6
e (100 ng), reaction and purification were perforned by the sanme
procedur esllas 4-w8EXarplell(5%-3D ginvaX Hél tilt Hed €oRpound {BOmy)l &,

a colorless powder. MS(ESI/APC_Dual): MrH) - 140 - 111 NMR (300
MHz, deial%:emé) 3 ;SBmi B (%110 17 - 1f dsh 1570 ¢4 1 19-0%1. (/2 1
1.94(m§{H) 2.00 - 2.13 (m 1 H, 2.63 - 2.75 (m 1 H, 2.80 -
3.04 (m , 3.12 - 323(m1H),351-364(m1H),3.76-3.84
(m 1H, bA2- 7 ( 7 J_—|)796(s,1|—|)
[ 0284] (5) [Soynt heS|s§% gyn%tée_%%s boujfo%fglaﬁbg%y([%mﬁo]
{[7-(triflnamesgbbyk)1fak: b hygroiim-dazaikcstakgui nol i n-3-

yl ] met hyl } pent anoi ¢ aci d Using tert-butyl

2-oxo0-3-{[ 7- (tﬁbfbuepbnEihyIszmﬁN bis (4- methoxybenzyl)—4—

di hydroi m dazo[ll 5-a] gui nol i n- 3- g met hyl | pi peri di ne-1- carboxyl ate
(130 ng), WeddotPgnidht- %u@mifm%a& wer énpéﬁf:éahé@r%@uﬁre e ml)

procedures as in Exapple 14 to give the titled c ound. (8 )
a col or| eS8 9F3¥deFATRREESE/ 7 Wl Lt ﬁi‘égfnl\/ﬁllﬂs‘iﬁ‘?ﬁ N‘%Zm%

CrLORCPCRUY, deg egm,;éiﬁ SR /2 ke 8Byr o 80 (el Al 554;
4.72 (M Ldded 4nd8the mb3cdB whd)sti®rld Esr &nkﬂo$92§§}&ﬁ9 same
Synthesis of 5-amno-2-1[7-(trifluoronethyl)-

di hydr oi mudapefirbra] gufoet i avding ]mb@bbpenban@tsommﬂ 15% citric
di hydr ochl ori de Using 5-[(tert-butoxcarbonyl)am no]-2-{[7-
(trifluoremwidhyb) adeselli byeroiad daze| x5rafglpnorén-Snducted three
yl ] met hyl | pent anoi ¢ aci d. (80 ), reaction and purification were

per f or ned Wetshéfl*s'ﬁn%t}fﬂ%c%‘"cﬁﬁr%? -adfitRTELANPPE gﬁ% 1@59%%‘-’@1\%’9?-%8"“

b%ﬁég?lzgép 5P§Cog§§¥%ﬁk§gifé%é,WQ%ea%eglggggtbégg ffﬂg) é%o% f
the solvent was removed in vacuo. The resulting residue was
purified by silica gel cclumn 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), 3.79 (s, 6 H}, 4.10 (g, J=7.1 Hz, 2 H), 4.69
(s, 4 H), 6.35 - ¢.42 (m, 1 H), 6.48 - 6.57 (m, 1 H), 6.78 -

6.89 (m, 4 H), 7.08 - 7.20 (m, 4 B), 8.10 - 8.18 (m, 1 H)



141 -

111 NVR(600 MHz, DEUTERI UM OXIDE) 6 ppm 1.55 -1.75 (m 4 H),

2.55 -2.64 (m 1H), 2.83-2.90 (m 1 H), 2.93 -3.11(m 7

- 119 -

[0243] {3) Synthesis of ethyl 2-{2-[bis(4-
methoxybenzyl)amino]pyridin-4-yl}-3-(4, 5-dihydroimidazo[1l, 5~
alquinolin-3-yl)-3-hydroxypropanocate

To a solution of ethyl {2-[bis(4-
methoxybenzyl)amino]pyridin-4-yllacetate (100 mg) in
tetrahydrofuran (1.8 ml), lithium hexamethyldisilazane
(0.238 ml as 1 M soluticn in tetrahydrofuran) was added
at -78°C and the mixture was stirred for 30 minutes at the
same temperature. A solution of 4,5-dihydroimidazo[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 wvacuo. The resulting residue
was purified by NH silica gel column chromatography (eluent:
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) &ppm 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 - 3.81L (m, 6 H), 3.94 - 4.01 (m, 1 H), 4.07 - 4.33 (m, 2
H), 4.49 - 4,66 {m, 4 H), 4.97 - 5.08 {m, 1 H), 6.31 - 6.37
{m, * H), 6.40 - 6.46 (m, 1 E), 6.6% - 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-



H, 7.75-7.81 (m1 H,7.82-7.86 (m2 H, 9.25 (s, 1 H [0286] Exanpl e
28 Synt hesis of (2S)-5-am no-2-[(7-1sopropyl-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 ethyl

7- (benzyl oxy) - 4, 5- di hydroi m dazo[ 1, 5- a] qui nol i ne- 3-car boxyl ate Usi ng
6- (benzyl oxy) - 3, 4- di hydr oqui nol i n-2( 1Hy-,@gne (40.0 g), reaction and
purification were performed by the same procedures as in Exanple 1(1)
to give the titled conpound 22.9 g) as a yellow powder. MS(ESI/APC

Dual ): 349tNH9xPE2E7]L( oPing Ferd S YA e Egresy) - 4, 5-

?' ?%Sﬁg'w SRR 0 00l ey & coLhLAetude, o[BI I S i3
reacti n % ucifi cation were performed by the sanme procedures
as in Exaﬁgléﬁ% F@) to give the titled conpound (13.6 g) as a

col orl ess powdel, aMBCESELARCH: Dualyr B0k (k0288] (3) Synt hesis of

tert-butyl (3E)-3-1[7-(benzyl oxy)-
methoxybenzyl)amino]pyridin-4-yl}-3-(4, 5-dihydroimidazo[1,5-
alquinolin-3-yl)~-3-hydroxypropanocate (1.50 g) in chloroform
{24.2 ml), imidazole {33 mg) and tert—butyldimethylsilyl
chloride (438 mg) were added and the mixture was stirred at
room temperature for 20 hours. To the reaction system, water
was added 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 removd in vacuo. The residue was purified by silica gel
column chromatography (eluent: n-hexane/ethyl acetate = 4:1 to
1:1) to give the titled compound (1.46 ¢) as a colorless oil.
MS(ESI/APCI Dual): 733 (M+H)
'H NMR (300 MHz, CHLOROFORM-d) &ppm 0.12 - 0.25 (m, 6 H), 0.93
- 1.04 (m, 9 H), 1.44 {(t, J=7.1 Hz, 3 H), 2.38 - 2.54 {(m, 1
H), 2.54 - 2.73 (m, 2 H), 2.74 - 2.93 (m, 1 H), 3.95 (s, & H),
4,17 - 4.49 (m, 3 H), 4.62 - 4.86 (m, 4 H), 5.28 (d, J=10.3
Hz, 1 H), 6.56 (s, 1 H), 6.70 (dd, J=5.2, 1.2 Hz, 1 H), 6.86 -
6.96 (m, 4 H), 7.15 - 7.27 (m, 4 H), 7.29 - 7.60 (m, 4 H),
7.94 (s, 1 H), 8.12 (d, J=5.2 Hz, 1 H)
[0245] {(5) Synthesis of ethyl (2Z)-2-{2-[bis(4-
methoxybenzyl)amino]pyridin-4-yl}-3-(4,5~-dihydroimidazo[l, 5-
algquinclin-3-yl)-2-propencate

To a solution of ethyl 2-{2-[bis(4-

methoxybenzyl)amino] pyridin—-4-yl}-3-(tert-



4, 5-di hydroi m dazo[ 1, 5- a] qui nol i n-3-yl ] net hyl i denl- 2-

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

7- (benzyl oxy) - 4, 5- di hydroi m dazo[ 1, 5- a] qui nol i ne- 3- car bal dehyde
(24.4 g), reaction and purification were perforned by the sane
procedures as in Exanple 1(4) to give the titled conpound (20.8 g) as
a pale yell ow powder. - 142 - NB(ESL/?B%I_DuaI): 486( M+H) [0289] (4)
Synthesis of tert-butyl 3-[(7- hydroxy

dlhydr0|n1dazo[1 5-a] quinolin- 3 t hy1] oxoplperldlne | car boxyl a
te %&C%Jé}etthﬁéﬁyﬂﬂ?,ﬁy 13 -r(%éﬁliwdéwwlﬁaso alquinolin-3-

B M IS %’lm—rdé&?t%?’gﬁ%ﬁﬁalﬁh‘??f Pc%-t% S ver
per f or med &yag%q@%uaaeesggrgglgf AP BATREAL L0 BB LNE o

titled conmpoun as | ow po

398( MrH)  [H29elb)r oy Bt Hests &f 1@ric- buhyl rda @X0oms- E[}(s7tem was

[ (trifluoronethyl)sul fonyl]oxy}-4,5-di hydroi m dazo[ 1, 5-

a] qui nol i re@radntnetkyl Lpi pecudi aed | tleardeeiyhat eas purifioed solditliien
of tert-butyl 3-[(7-hydroxy-4,5-

di hydr oi mqj%iLzG{OiuanaFQHpm@tw\r@fw)(rﬁeltqwlr] 2-brophple il heacetate =

carboxylate (1 00 %% in chloroform (8.4 m), trlethglanlne (510 ng)
and to give the titled compound (58 as a pale

1,1,1- trlflqﬁyo N—ggenyl N (trifluoronethyl)sulfonyl]nmethanesul f onam
de (1 08 Wwer e added and the mixture was stirred for 5 hours at

room t enpeiAtEdToapd® b1y eagsi QR pystem a saturated aqueous
sol uti on of sodi um hydrogencarbonae was added and extraction was

conduct ed 'uhrer t30®sumd ! ltHrldrorokeral . spbh er. Zir yiy)g a=ve 10ugansCH) ,
| ayer with anhydrous sodium sul fate, the desiccant was filtered off
and the sd.vént- Ras§or ¢émpvedil n ¥acuo. ZIRE resubtiihg 3 €8 due wadl) ,

purified by silica gel colum chromat ography (eluent: n- hexane/ethyl

acetate =4:2F tl@ 0J1Y- %OH@V% Hhe 4i%2 e(ércérrﬁbunél q.325 g0 dgval H),

(l\:ﬂalz?&ﬁsd?ég%gﬁ/ﬁ&‘%pﬁrn%l 50t 5 (ESI/AP I55 1%|? %Oﬁgw% AIRGER -

H, 1. 71-1.94(Mq, 7 1&)?7.?&!"2417"94’ (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-
methoxybenzyl)amino]pyridin—4-yl}-3-(4,5-dihydroimidazo[1l, 5~
alquinglin-3-yl)propanocate

To a solution of ethyl (2Z)-2-{2-[bis(4-

methoxybenzyl)aminolpyridin-4-~yl}-3~(4,5-dihydrecimidazofl, 5-
alguinolin-3-yl)-2-propenocate {580 mg) in ethanocl (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 vacuo. 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, 2.79 1.98-2.15(m1 -3.06(m5H), H, 3.16 2.69 (dd,

J=14.3,5. 1Hz, 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

- 122 -

MS(ESI/APCI Dual}: 603 (M+H)
'H NMR (300 MHz, CHLOROFORM-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, & H},
3.1 (t, J=7.8 Hz, 1 H), 3.95 - 4.18 (m, 2 H), 4.53 - 4.74 (m,
4 H), €.39 (s, 1 H), 6.55 (dd, J=5.1, 1.2 Hz, 1 H), 6.71 -
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[l, 5-
alquinolin-3-yl)propancic acid

To a solution of ethyl 2-{2-[bis(4-
methoxybenzyl)amino]pyridin-4-yl}-3-(4,5-dihydroimidazo[l, 5-
algquinolin-3-yl)propancate (270 mg) in methanol (2.0 ml), an
aqueous solution of 33% sodium hydroxide {1.5 ml) was added
and the mixture was stirred for 15 hours at room temperature.
The reacticn system was concentrated in vacuo and after adding
an aqueous soluticn 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 gilive 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 - 2.29 (m, 1 H), 3.16 -~ 3.33 (m, 1 H), 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



H) [ 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-
{[(trifluoronethyl)sulfonyl]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-tetr t hyl-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) f errocene-pal | adi un{11) dichloride

di chl or onettharfe Fdonpl-éX (27334 gjmmet éadded baré -t hefhi x§ ¥ Was 7=5.3
heat ed under reflux for 30 m nutes. The reaction system was
concent r at'&d i'n Macuo and the residue was purified by NH silica gel
col um chrgﬁﬁ;ography (eluent: ethyl acetate). After concentrating in
vacuo, an quéous solution of 15%citric acid was added to the

resi due angs)bagh +xkkachieop- yas, eongictied nwist i dist byl sether. The
aqueous | ayer was neutralized with a’ saturated agueous sol ution of
sodi um hydiiogenecdmhanat el pnda pod Iactios-Wwas peopdtet €dadéid ee ti mes
with chloroform After drying the organic |ayer over anhydrous sodi um
sul fate, tdidwlesicbdantideas filtered off and the sol vent was renoved
in vacuo. The resulting residue was purified b - 144 - silica gel

col um chr omat 8giE&pHT10BI 88nt T { 41 be&ifemethyryReee ut bamine lpyrigiginde
the titled _conpaoyn 2. 7 as a colorle wder. 111 NMR (,.300 ,
ot oo B MR 8- s fdrin §Ra b (0 21 R nB RSy T SR & 2p Y

(m 2 H, 9 -.2.,12 A3 i r £ ,
J=14.5, 8.(}74%2?@1 h?‘ ehfhdotlacg: 2‘% %%,Jd'%%i?(g%ﬁ %:%E%f’qi?ﬁzﬁz,
1 H, 3.5G0urd 6% (Bbmltélpedatifre. THBB relctloh) sySedB wa 12 (M 1
H, 5.36 - 5.40 (m 1 H), %.31 - 7.45 (m 3 H, 7.93 (s, 1 H
[0292] (7) opnicheshsedf ib-44@s tarhutaPtypcarbBdnyl) aatao]t@-the residue,
{[7-(]-propen-2-yl)-4,5-di hydroi m dazo[ 1, 5- a] gui nol i n- 3-
yl ] met hyl |g¥dagtidice "es dconductadsitiyeeerttimpat yith chloroform. The
2- 0xX0-3-1[ 7- (1- propen-2-yl) -4, 5- , ,
di hydr oi m3FREGPE, 524PHUTHDI FIRFAALAREChy P BREBPI Brther Atee A5G0y ypser
(2.74 g), reaction_and, purificatign wer rforped by the sanme

4.% ml? ang ﬁﬁ%%ﬁetiﬁﬁjéqe(?ﬁg?tgflgg thg resi Uf?.ggeg)

procedures a$ in’ Exanple ive conpoun

as a CO! O'}r{i@.st%reowggrstm&ﬁlfﬁpqo m@lh)cesllég(%&'& i&%ﬁgja(t%)re The
Synthesis of (1R, 25)-1-phenyl-2-(pyrrolidin-1- yl)propyl

(25) - 5- [ (r@Malcthuhoxyeashoryd ) Aimualed? ahl7 afle pr et 2y Wii)ctd n2thanol ,
di hydr oi m dazo[ 1, 5-a] gui nol i n-3-yl ] met hyl | pent anoat e Usi ng
5-[(tert - eoxyéarboayvlyantoojerrfated( inprepen- 2fo the resulting

y1) - 4, 5-di hydr oi m dazo[ 1, 5- a] gui nol i n-3-yl ] met hyl | pent anoi ¢ acid (200
mg), reactieShAddfd Plr#EPERRXY D rFMertd opePof n dhBYr eHel a%ife asriclc @dar es

oS i TS ) Lo dve Lo 1ALt sompound (100 ). a5 188 ©
temperature. The reaction system was concentrated in vacuo to
give the titled compound (compound 22, 40 mg) as a pale yellow
powder,
MS(ESI/APCI Dual): 335(M+H)
'H NMR (600 MHz, DEUTERIUM OXIDE) & ppm 2.79- 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 Ez, 1 H), 6.95 (d, J=0.9 Hz, 1 H),
7.40 - 7.50 (m, 3 H), 7.65 - 7.70 (m, 1 H), 7.80 (d, J=6.7 Hz,

1 H), 9.21 (s, 1 H)



[0294] (9) Synthesis of (2S)-5-[(tert-

but oxycar bonyl ) am no] -2-[ (7-i sopropyl-4, 5-di hydroi 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]-2-1[7-(1-propen-2-yl)-4,5-

di hydroi m dazo[ 1, 5- a] gui nol i n-3-yl ] nmet ¥hlgentanoate (1.88 9),
reaction and purificatin were perforned ™y the sanme procedures as in
Exanpl e 2(3{ to give the titled conpound (1.11 g) as a colorless
amor phous '] VB( ESRrRPEl 2Pual ): 442( M+H) [ 0295] (10) Synt hesis of
(2S)-5-amino-2-J(7-isopropyl-4,5- . ..

di hydr oi m dazo[25=-3 ol v v
Ly LT B8 cecrazol 253, SPLULEN Ofanine
[ (7-1sopropyl -Ardishudrei gL dazold, 5-@l-gyiznelbRodthyl) aminol-4- (4, 5-
yl ) met hyl ]gg)ntséﬂnoi c acid (600 ng) JX n {th %5I aggt g'ﬁée {1)3?6 n?]) ,4 a( >
sol uti on ofitd,dMdiddaeblof §€a p&hthd i retB3hylimacaiat e5¢13. 6 nl) was
added and the m xture was stirred for 2 hours at room tenperature.
The sol vernxaopss tiyéripeedamatgacuo to give the titled conpound
(conpound 28,485 ng) as a col orl ess anorphous mass. MS(ESI/ APCI

Dual ) : 342( M+H) TPHaNRRL BDOME L CEUTERIMOVPORPBEF SpPAT 11 Dath =23 426

e 7. oot odbe 5o B it 25 B hal Batthao e S 00

{400 mg} in chloroform (5.0 ml), 3-aminopropanenitrile

ohdy 2310 inolin-3-yl)-—

(105 mg) and N-[3-{dimethylamino)propyl]-N'-ethylcarbodiimide
hydrochloride (290 mg) and 1lH-benzotriazol-1-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 80:10)
to give the titled compound (413 mg) as a colorless amorxphous
mass.

MS (ESI/APCI Dual): 452 ({M+H)

'H 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),
2.83 - 2.97 (m, 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~yl]-5-(4,5-dihydroimidazo[l, 5-alJquinolin-3-



H)y,7.61(d, J=8. 3Hz, 1H), 9. 14(s, 1 H) [ 0296] Exanple 29 - 146 -
Synt hesis of (2S)-5-am no-2-[(7-nethyl-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 tert-butyl 3-[(7-nmethyl-4, 5-

di hydr oi m dazo[ 1, 5- a] qui nol i n- 3-yl ) net hy1] - 2- oxopi peri di ne- 1-

car boxyl at e To a sol ution of tenﬁiggtyl 2-0x0-3-[(7-
([(trifluoromethyl)sul fonyl]oxy}-4,5-di"hydroi m dazo[ 1, 5-
a]quinoIin-3-y|)nethy%¥piperidine-l-carboxylate (5.00 g) in

t et r ahydr of UrRentyAdGagPrmaget hyl boronic acid (2.26 g), cesium
carbonate (12.3 Q) anﬁ , ,

1, 1- bi s( di phenyiDRoSPRRAbPReP T ot et 4Yadildml I Py CYRRAF bR Y Llepmino] -4~
di chl orone 1€, leX. g)_Wer e added.an | Xt ure was
heat ed und%£%$gyﬁﬁggpgél§%§§ﬁ%b%§?(ﬁﬁ%“?égcgiggmé$§¥gh1%as

concent r atgohddh aGua rdada 8t t 852 @deng t@i%kh?@%&?%faéf@@ Moo a9 and

water (100 m’) to the residue, the mxture waS filtered through
Celite. AftwipHdmelbhbbpalre sepss aied imtte taBhgguedusah ay@rmiand dArRthyl
organic layer, the latter was washed with an aqueous sol ution of 15%
citric aciakaduceebbxggsteahd- 4% thl &s aq@edul solutionm bf tlolMene) was
hydrochloric acid three tinmes. After neutralizing t he conbi ned

B

aqueous | BFtesl wirfRraceatl iRt e iR s shat Mntvre serl uimirred for
A yi ng t n P GRREG 2 Ay P o BPe SR tous SHBGHELT D SFT A, (o nd o
S L R T i A
(el uent: nfexaneietByb.acetadButictd i85 thaulndPO)e A8 da Sihis aGlL e
recrystal lization from n-hexane/chl oroformgave the titled - 147 -
conpound (lix4mrg) was attored | B8ss Palader atVBoED| L ARCE r Duals.. 396 MaHyel
1H NVR(300 MHz, CHLOROFORM d) (5 ppm 1. 52(s,
was added to the reaction system and the solvent was
concentrated in vacuo. The resulting residue was purified by
silica gel column chromatography (eluent: chloroform/methanol
= 097:3 to 90:10) and subsequently by NH silica gel column
chromatography (eluent: ethyl acetate/methanol = 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, CELOROFORM-d)} & ppm 1.42 (s, 9 H), 1.45 -
1.¢0 (m, 2 H), 1.92 - 2.06 (m, 1 H), 2.07 - 2.19 {(m, 1 H),
2.37 - 2.47 (m, 1 H), 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}, 4.39 - 4.52 (m, 1 H), 4.55 -
4.65 (m, 1 H), 7.12 - 7.19 {m, 1 H), 7.21 - 7.29 (m, 2 H},
7.30 - 7.38 (m, 1 H), 7.91 (s, 1 H)**
[0251] {3) Synthesis of 5-{(4,5-dihydroimidazo[l,5-

alguinolin-3-yl)~4-{lH-tetrazol-5-yl)pentan-l-amine



9H),
3H),

1.54-1.64 (m1 H,1.70-1.92 (m2 H), 1.97-2.13 (m1 H), 2.34(s,
2.61-2.72(m 1H), 2.79 -2.97(m 5H), 3.16 -3.26 (m 1

H),3.51-3.62 (m1

- 126 -

To a solution of tert-butyl {4-[1l-(2-cyanocethyl}-1H-
tetrazol-5-y1]-5-(4,5-dihydroimidazo[l, 5-aJquinclin-3-
yl)pentyl}carbamate (59 mg) in tetrahydrofuran (3 ml), an
aqueous sclution of I M sodium hydroxide (0.25 ml) was added
and the mixture was stirred for 2.5 hours at room temperature.
Water (20 ml} was added to the reaction mixture and extraction
was conducted with ethyl acetate (25 ml). Conc. hydrochloric
acid (2 ml) was added to the agqueous layer and the mixture was
stirred for 3 hours at room temperature. The solvent was
concentrated in vacuo, and the resulting residue was dissolved
in water (2 ml) and purified by cation exchange chromatography
{DOWEX S50WX8-200, 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)

¥ NMR (600 MHz, DEUTERIUM OXIDE) & ppm 1.39 - 1.49 (m, 1 H),
1.5 -1.65 {m, 1 H), 1.86 - 1.9% (m, 2 H), 2.03 - 2.10 {(m, 1
HY, 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 (285)-5-aminc-2-{[7-{(2-cyclohexylethyl)-4,5~

dihydroimidazo[l,5-alquinolin-3-yllmethyl}pentancic acid

dihydrochloride

(1) Synthesis of 6-{2-cyclohexylethyl)-3,4~-dihydroquinolin-
2{1H)-one

To a sclution of 6&-{cycichexylacetyl)-3,4-



H, 3.74-3.86 (m1 H), 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[ |, 5-a] gui noli n-3- yl)nethyl]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 perfognq by the sane procedures as in
Exanple 14(7) to give the titled conpoun& (16.7 g) as a colorless
anor phous nmass. MS(ESI/APCI Dual ):414(MH) 1H NVR( 300
N+E1CHLCRGﬁ@RWpdyﬁﬂﬁﬁﬂipqg(%gz§pne (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 15 hours at room temperature. The reaction mixture
was filtered through Celite and after adding a saturated
aqueous solution of sodium hydrogencarbonate to the filtrate,
extraction was conducted three times with chlorcform. 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
Hy, 2.85 - 3.04 (m, 2 H), 6.57 - 6.71L {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-alquincline-3—-carboxylate

Using 6-({2-cyclohexylethyl)-3,4-dihydrogquinolin-2 (1iE)}-one
{7.00 g), reacticon and purification were performed by the same
procedures as in Example 1(l} 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-
dihydroimidazo[l,5-alguinolin-3~yl]methanol

Using ethyl 7-(2-cyclohexylethyl)-4,5-dihydroimidazol[l, 5-
alquinoline-3-carboxylate (4.50 g), reaction was performed by
the same preccedure as in Example 1(2} to give the titled

compound (3.97 g) as a pale yellow powder.



,1.43-1.65 (m3 H),1.69-1.88 (m1 H, 2.36(s, 3 H, 2.72-2.93(m

7H), 3.05 -3.17(m 2H), 4.57 -4.70 (m 1 H),7.08-7.15 (m2 H),
7.27-7.32
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MS (ESI/APCI Dual): 311 (M+H)
f0255] (4) Synthesis of 7-(2-cyclchexylethyl)-4,5-

dihydroimidazo(l,5-alquinoline-3-carbaldehyde

Using [7-{2-cyclchexylethyl)-4,5-dihydroimidazo[l, 5—
alquinolin-3-yllmethanol (3.98 g), reaction and purification
were performed by the same procedures as in Example 1(3) to
give the titled compound (3.35 g) as a pale brown powder.
MS{ESI/APCI Dual}: 309 (M+H)
[0256] {(5) Synthesis of tert-butyl (3E)-3-{[7-(2-
cyclchexylethyl) -4, 5-dihydroimidazo(l, 5~a]Jquinolin-3-
yl]lmethyliden}-2-oxopiperidine-l-carboxylate

Using 7-(2-cyclohexylethyl)} -4, 5-dihydroimidazo[l, 5~
alquinoline-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)
[0257] (6} Synthesis of tert-butyl 3-{[7-(2-
cyclohexylethyl) -4, 5-dihydroimidaze[l, 5-alquinolin-3-
yllmethyl}-2-oxopiperidine-1l-carboxylate

Using tert-butyl (3E)-3-{[7-(2-cyclohexylethyl}-4,5-
dihydroimidazo[l,5-alquinolin-3-yl]methyliden}-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)
(3258] (7) Synthesis of 5-[{tert-butoxycarbonyl)amino]-2-

{[7-{2-cyclohexylethyl) -4, 5-dihydroimidazo[l, 5-a)quinolin-3-



(ml1H, 8.02(s, 1 H [0298] (3) Synthesis of
(1R 2S)-1-phenyl-2-(pyrrolidin-1- yl)propyl
(2S)-5-[(tert-butoxycarbonyl)am no]-2-[(7-nmethyl-4,5-

di hydr oi m dazo[ 1, 5- a] gui nol i n-3-yl ) met hyl | pent anoat e To a

sol ution of 5-[(tert-butoxycarbonyl)am no] 2-[(7-

net hy1- 4, 5-di hydroi m dazo[ 1, 5- a] gui nal ig43-yl ) net hyl ] pentanoic acid
(1.67 g) in chloroform (20 nl), (1R 25) JS.) phenyl- 2-
(pyrrolidin-l-yl)propan-1-ol (1.23 g), 4-dinethylam nopyridine - 148
- (99 ng)yjdﬁ%ﬁwy[lép(eéfﬁﬁf@t’h?l%%%o) propyl] - N - et hyl car bodi i ni de

hydr ochl ori d d th t tirred for 16
our o at r oom UEEEr SEGFEPSTRD Tehet G HoRPHPEY AAEERLE T 115 by

| g t: -chl 0:10
Lo 80 20) TRl IdReRT PO AP rﬁﬁﬂe% AT RERRgL P R Bt
(el uent: n-heyanakiz ngoggn@i =S Hon %&alas?qygmextpan Vel r QAR med

run of NH silica gel colum chromat ogr aphy (el uent

n- hexane/ yproparamedprdtredhitealdsy by Fdamicta geli7cotdimive the titled
chromat ography (el uent: chloroform nmethanol = 85:15 to 70:30)to give
the titl ecawayodnd2¢8859hgds as @ lculleslsepowdabr phous mass.

MS( ESI/ APCI  Dual ) : 601§)MH—?
MS{ESI/APCI Dual): 510 (M+H)

[G259] (8) Synthesis of (lR,258)-1l-phenyl-2-(pyrrolidin-1-
yl)propyl {(28)-5-[(tert-butoxycarbonyl)amino]l-2-{[7-(2-
cyclohexylethyl)-4,5-dihydroimidazo[l, 5-alquinolin-3-
yl]methyl}pentanocate

Using 5-[(tert-butoxycarbonyl)amino]l-2-{[7-{2-
cyclohexylethyl)-4,5-dihydroimidazo[1l, 5-alquinolin-3-
yl]lmethyl}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 (25})-5-[{tert-
butoxycarbonyl)amino}j-2-{[7-{2-cyclohexylethyl)-4,5-
dihydroimidazo[l, 5-alquinclin-3-yl]lmethyl}pentanocic acid

Using (1R, 25)-1-phenyl-2-(pyrrolidin-1-yl)propyl (25)-5-
[ (tert-butoxycarbonyl}amino]-2-{[7-(2~cyclohexylethyl)-4,5-
dihydroimidazo[l,5-alquinolin-3-yllmethyl}pentancate (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 (2S)-5-amino-2-{[7-{(2-



NVR(300 MHz, CHLOROFORM d) 6 ppm 0. 94(d, J=6.7 Hz, 3 H),
1.44(s,9H),1.62-1.88(m 8H), 1.95-2.12(m 1H),
2.34(s,3H),2.38-2.46(m 1H), 2.48-2.57(m 3H),
2.58-2.71(m5H), 2. 80-2.91(m 1H), 3. 09-3. 27(m 3
H),5.27-5.37(m 1H), 6. 07-6. 14(m 1H), 6. 73-6. 81

(m1H), 6.84-6.98(m5H), 7.06-7.11(m 1H) ,15.02@ 7.31(m 1H), 7. 94(s, 1H)
[0299] (4) Synt hesis of (2S)-5-[(tert-

but oxycar bonyl ) am no] -2-[ (7-met hyl- 4, 5- di hydr oi m dazo[ 1, 5-

a] qui nol i reB=haberetiigEhypent ahoithediqinidazo [Te Saasghune binoi~

(1R 2S)-1-phenyl-2-(pyrrolidin-1yl prolyl )

(2S)-5-[(t ¥W%6P6£§8&FBBH§F)%ﬁ%%d+¥¥@?6¥m%ﬁfﬁ9f-

4, 5-di hydroi m dazq[ 1, 5- ui npl | n=3-y1 ) et hyl ] pent angat e (500 ng) . n
Techanol (10 M ORLERPAd il TS e AR Rat B By R DH 2
and the m 2 L ; : - al 360
S the T enet ) o e B e ad The
sol vent wasl Jneymmed peRtMa6ue; ad e (BUdg)Ngnr eshgueay@safrr i f.ilechlhy a
silica gel colum chromatography (eluent: chloroforn methanol = 9:1),
t hen by HRQUCARCELLPAK Maitoclelamin addd025%eabeli ecaattd ngt.Hamdl) =
35:65); the purified residue was reduced to powder from nhexane/ethyl

acetate, tyiagslechardi thed bvhpsuthS EO5ragy 48T a2t oH] &5s YoWder .

MS(ESI/ APCl Dual ): 414 H NVR (300 WVHz, CHL ORM d) oppm 1.41
(o o b Cerpstakirgs ThE SoRhvar b GBTONER By Jocaprarion FRMche

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)

'H 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), 1.59 - 1.87 (m, 9
H), 2.54 (t, J=7.6 Hz, 2 H), 2.71 - 2,81 (m, 1 H), 2.8l - 2.96
{m, 5 H), 2.% - 3.14 (m, 3 H), 7.15 - 7.20 {m, 2 H), 7.55 -
7.59 (m, 1 H), ©9.18 (s, 1 H)

[0262)] Example 25

Synthesis of (28)-5-amino-2-[(7-cyclohexyl—-4,5-

dihydroimidazo{l,5-alquinolin-3-yl)methyl]pentanoic acid

dihydrochloride

(1) Synthesis of 6-({l-cyclchexen-1-y1)-3,4~dihydroquineolin-
2(1H)-one

To a solution of 6-bromo-3,4-dihydroquinolin-2{1H)-one
{3.39 g) in methancl (85 ml), scdium methoxide (2.43 g), 2-{1-
cyclohexen-1-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



3 H,

2.72-2.93(m 7H), 3.05 -3.17(m 2H), 4.57 -4.70 (m 1

H,7.08-7.15 (m2 H), 7.27-7.32 (m1 H), 8.02(s, 1 H
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after filtering the insolubles through Celite, the corganic
layer was recovered from the filtrate. After drying the
resulting organic layer 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/ethyl acetate = 4:1 to 2:1)
to give the titled compound (2.90 g) as a colorless powder.
MS(ESI/APCI Dual): 228 (M+H)
'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.60 - 1.71 (m, 2 H),
1.72 - 1.82 (m, 2 H), 2.15 - 2,24 {(m, 2 H), 2.33 - 2.41 (m, 2
H), 2.59 - 2.67 (m, 2 H), 2.92 - 3.00 (m, 2 Hi, 6.03 - 6.09
{m, 1 B), 6.65 - 6,71 (m, 1 H), 7.16 - 7.22 {(m, 2 H), 7.77
{br. s., 1 H}
[0263] {2) Synthesis of ethyl 7-{l-cyclohexen-1-yl}-4,5-
dihydroimidazec[1l, 5-alquinoline-3-carboxylate

Using 6-(l-cyclohexen-1-yl)-3,4-dihydroquinolin-2{(1H)~one
(578 mg), reaction and purification were performed by the same
procedures as in Example 1{1) te give the titled compound
(390 mg) as a colorless powder.
MS(ESI/APCI Dual): 323 (M+H)
'H NMR (300 MHz, CHLOROFORM-d} & ppm 1.43 (t, J=7.1 Hz, 3 H),
1.3 - 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), 2.94 (t, J=7.1 Hz, 2 H), 3.31 - 3.37
{m, 2 H), 4.40 {gq, J=7.1 Hz, 2 H), 6.13 - 6.18 (m, 1 H), 7.31
- 7.42 {(m, 3 B}, 7.89 (s, 1 H)
[0264] {(3) Synthesis of 7-(l-cyclohexen-1-yl}-4,5-
dihydroimidazo[l,5-alquinoline-3-carbaldehyde

Using ethyl 7-(l-cyclohexen-1-yl)-4,5-dihydroimidazo[l, 5-



[0300] (5)Synthesis of (2S)-5-amno-2-[(7-methyl-4,5-

di hydr oi m dazo[ 1, 5- a] qui nol i n-3-yl ) nmet hyl ] pent anoi ¢ acid

di hydrochl ori de To

(2S)-5-[(tert-butoxycarbonyl)am no]-2-[(7-nethyl-4,5-

di hydr oi m dazo[ 1, 5-a] qui nol i n-3-yl ) et hyl ] pentanoic acid (105 npg),
an aqueous solution of 6 M hydrochlorigsgcid (4 m) was added and the
m xture was stirred for 2.5 hours at roomtenperature. The sol vent

s, N ESITREELEGA TS EACR 4 AW 800, NEECBEOTERMANT S D 26
2, ol or | €5, AT PHOUS RPRY 1. 02 D Hn: 20651 e Bdde 2P

1H), 2.91 -
give the titled compound (1.79 g) as a colorless powder.

MS(ESI/APCI Dual): 279 (M+H)
'H NMR (300 MHz, CHLOROFORM-d) & 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 - 3.38 (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-
cyclohexen-1-yl)-4,5-dihydroimidazofl,5~-alquinolin-3-
yl]lmethyliden}-2-oxopiperidine-l-carboxylate

Using 7-(1-cyclohexen-1-yl)-4,5-dihydroimidazofl, 5-
alquinoline-3-carbaldehyde (230 mg), reaction and purification
were performed by the same procedures as in Example 1(4) to
give the titled compound (250 mg) as a pale crange powder.
MS(ESI/APCI Dual): 460 (M+H)
B NMR (300 MHz, CHLOROFORM-d} &**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 E), 8.05 (s, 1 H)
[0266] {5} Synthesis of tert-butyl 3-[(7-cyclohexyl-4,5-
dihydreoimidaze([l, 5-alquinolin-3-yl)methyl] -2-oxopiperidine-1-
carboxylate

Using tert-butyl (3E)-3-{[7-{(l-cyclohexen-1-yl}-4,5-
dihydroimidazo[l,5-alquinolin-3-yl]lmethyliden}-2-~

oxopiperidine-l-carboxylate (870 mg), reaction and



2.99-3.06(m3H),7.27(d, J=8.3 Hz,1 H),7.30 (s, 1 H),
7.53(d, J=8.3Hz,1H),9.13 (s,1 H) [ 0301] Exanpl e 30
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purification were performed by the same procedures as in
Example 1(5) to give the titled compound (770 mg) as a
colorless powder.
MS(ESI/APCI Dual): 464 (M+H)
% NMR (300 MHz, CHLOROFORM-d) & ppm 1.16 - 1.65 (m, 17 H),
1.71 - 1.93 (m, 6 H), 1.97 - 2.09 (m, 1 H), 2.41 - 2.55 (m, 1
H), 2.61 - 2,70 {(m, 1 H}, 2.79 - 2.95 (m, 4 H), 3.16 - 3.24
(m, 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-butcxycarbonyl)amino]-2-
[{7-cyclohexyl-4,5~-dihydroimidazo[l, 5-alguinclin-3-yl)methyl]
pentancic acid

Using tert-butyl 3-[(7-cyclohexyl-4,5-dihydroimidazol[l, 5-
algquinolin-3-yl)methyl]-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 (EST/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, & 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
Bz, 1 H), 7.21 - 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)-1-phenyl-2-(pyrrolidin-1-
yllpropyl (2S)-5-[(tert-butoxycarbonyl)amino]-2-[(7-
cyclohexyl-4, 5-dihydroimidazo[l, 5-alquinolin-3-
yl)methyl]pentanoate

Using 5-[(tert-butoxycarbonyl)amino]-2-[ (7-cyclohexyl-



- 150 - Synt hesi s of (5)-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)-tert-butyl

2- 0x0-3-((7-propen-1-yl1)-4,5-

di hydr oi m dazo[ 1, 5- a] gui nol i n-3-yl ) et hyl ) pi peri di ne-1 car boxyl ate

To a solution of tert-butyl 2-o0x0-3-((73,

trifluoronethyl sul fonyl oxy-4, 5- dlhydr0|n1dazo[1 5-al gui nolin3-yl)neth

yl) pi perldl ne-| - car boxyl at e £5 13 in tetrahydrofuran (250 m)
(1Z) - 1- pr dpetr: dllhwdrﬁéfﬂéﬁf"éoé io %@@?‘ﬁ)ln"éeé’llﬁﬂﬁ‘é]&ﬂabﬁ’%‘?*eﬂ(%? @C@)j

Sf‘Shﬁo%mE s 'gPB TEeBR OB SIS TR uhel Rt bt Piha® sane
heated un ocre% £ farsf E%%lewz ) 82C4i;00 %Métfﬂf‘@& Jddd &l

t hr ough te and concentrat I n vacuo; ‘the resulting reS| ue was
purified bo/4d\slHn@|)l bE&aagebl 681 ad Chwqmt ogr aphy (el uent:

n- hexane/ ethyl acetate = 1:1 to 0:1). The purified residue was
reduced t p@asderpPCromabexaée(idiret hyl ether, to give the titled
conpound (1.68 g) as a col orl ess powder. NMS(ESI/ APCI Dual) 422( M+H)
1H NWR (36@ NMZ (@@_W@Oﬁynﬁl QZP}QIQ 0993H)§dr1 J5§ ﬂi2683(1ﬁ 2
H, 1.73 - 1 96 é 5
2.75 - 3. "b(f (§'133. H}e 12735(m l14ﬁ) (ms lté H)e J64‘5<im 117|5b mr

750 7 3@ “1‘ 3 53035 Sy tmocl 1 oF 8 16H46ﬁ§r%7030?% 4

Synt heS| S (9[{ tleht bgtxh 2- 9X05 30 (1 @Ir)opyélsé} 2-2.68184 -5 .79 -
di hydr oi mi dazo[ 1, S aJ qui nol i n-3-yl ) net hyl ] pi perl di ne- | car boxyl ate

To a solutd.en qf,teryypusydbs - 3.23 (m, 2 H), 5.25 - 5.32 (m, 1 H),
2-0x0-3-({7-[(12)-1-propen-1-yl]-4,5-di hydroi m dazo[ 1, 5- a] qui nol i n-3-
yl | et hyl )giOger{edi. ne~ 1- tal box§d &t e- (61.7@8 (g) LnHhet haddl- (@2 n, 30%
pal | adi um acti vated carbon (500 ng) was added and the m xture was
stirred ufder 6hy9ér é@enlp‘dl)rge7 figt -an’ -ASurimat 1r Bom T etfpercat WH&.- 3STHE, 1
reacti on njxt Iéered through Celite and the sol vent was
renoved i h'va u Ul ti ng residue Was purified by silica gel

col um chrgg%tgggraprewem ;xgﬁgswc@for& T?&QQEIM 49:1 to 9:1) and

the purifi si du uced to rom n- hexane/ di et hyl

et her, togitwe EB@bbhyiﬁﬂmﬁﬂﬂPunQ7(% %@oﬁbx§§e@hﬁpl@niess powder .
NB(ESl/APCl Dual) 424( MrH) 111 NWR (300 CHLOROFORM d) 5 ppm
0.95 (t, dHRydrbimidakdhil 1552 HisndAikH)r3- il5ﬁethﬂlﬁﬁbdﬂﬁndideplB 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 FD Ugigo {1R. 9% 1npﬂﬁﬂﬂﬂ 23 ©8rroBiQEm(lnyM)ﬁﬂqpy3 5253 -5-
3.62 (m 1 H, 3.74 - 3.86 05 - 7.12 2 H, 7.28 -
7.33 (m 1 pfrt7bg§o§gcaqb¢$y%kﬁﬂyypﬂ3? éﬁﬁfﬁég%%h%ﬁylethyl 4,5-

Len Efééy?iuifoé’fﬁ?ﬁi’%?% Lot garrsh e sy Y B HEARTE Serdi8Rore)
acid ant gk Mﬁ @at% %e[w:g7€/3?f98¥rgreél J&%

di hydroim gazo 1,5-alquinolin-3-y h pl per asraggxyl ate
(1.20 g), preactiensand PIWE;Ialnﬁﬂtel ona3were pevéormed by ddhecsadend
procedures as in Exanple 14(7) to give the titled conmpound (1.35 g)
as a col or{ké€9smgimephauscmasisass polb2r- MS(ESI/ APCI Dual ): 442( MtH)
1H NVR (300 MHz, CHLCRCFCRMd) 5 ppm0.91 - 0.99 (m 3 H, 1.41 (s, 9
H, 1.45 MSiEgﬁ/eﬁ?IGDmal 24892(M+H2 63 (m 2 H, 2.77 - 2.94 (m 7 H),
3.05 - 3. 7§n§ I_(?l n& 709-7.16& 2H?,
7.35 (d, JE& Hz60 l"{_&bz, §H1@RQEOR o 5 ppm 1.22 - 1.30 \m, 2 HJ,

1.32 - 1.50 {m, 12 H), 1.52 - 1.61 {m, 2 H), 1.70 - 1.91 (m, 7

3

H), 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 (d,

J=8.3 Hz, 1 H), 7.98 (s, 1 H)



[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] qui 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] qui nol i n-3-yl ) net hyl ] pentanoic acid (1.35 g),
reaction and purification were perforl by the sane procedures as in
Exanple 2(2) to give the titled conmpound™ (632 ng) as a col orl ess

anor phous mass. MS(ESI/APClI Dual ): 629(NH 1H NNR(300

MHz, CHL ORCFEERWMd) 5 ﬁ@ﬁ]gygghesgﬁ(gﬁrﬁ —amino-2-[ (7-cyclohexyl-4, 5-
1.44(s,9 1, 94- lO
Eb325ié4§%¥¢¥ﬁ¢0§m&§gioi§Fég?bﬂ?:?)6 ;%96 ggFthyl pentanocic acid

m
(m1H), 66 %55%8 82-6.96(m 5H), 7. 05-

[m s T 300 20 S8A4LE oA b 7¢ 955 ke - 10305} B)b Sy hesins 10 -
ert-

but oxycar bpmHdyaitioheky2efh ¥ o4 03 i-Hch-odirhiideeif 1 8azpdpdibelin-3-

a]quinoIin-3-y|)nethy|]pentanoic acid To a sol ution of

(1R, 25) - 1-phewyrhy2 ] pppreobidi aeid @ﬂ%Qmm@pyﬁn ethyl acetate (10 ml), a

(25)-5-[(tert-butoxycarbonyl)am no]-2-[(7-prop 5-di hydr oi m dazo[ 1,

5- a]qU|nOWQ4U§l§P)ﬁétﬁy“]bé@%%ﬁﬂkﬁﬁ%c acigzin e Bgé ?@ﬁtqqﬁrﬁinm&ﬁowas
(10 m), 10 da gdlﬂn}ac; vat ed caern %f% r qged and the
it ur b v PPEA HRGB hY Gt uPasct 0PTs IBLRES H° GPR The
reaction (i as. ffhéefsﬂréﬁv%%h Gl eh%raeggltgrg ‘ﬁa%uv&%tnd\’\%%ter

renoved in vacuo. The resulting residue was puri silica
col um chremiegr apBy réehueitg €Y ionef wl%wethgmoécetal&e kdo dae%hyand

subsequent recrystallization fromethyl acetate gave the titled
conpound (EABmy)easnaatddboriespepdattercd. After three azeotropic
distillations with water, the residue was dried to give the
titled compound {compound 25, 190 mg) as a pale brown
amorphous mass.
MS(ESI/APCI Dual): 382 (M+H)
'H NMR (600 MHz, DEUTERIUM OXIDE) & ppm 1.16 - 1.28 (m, 1 H),
1.29 - 1.43 (m, 4 H), 1.64 - 1.8¢ (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 (23)-5-amino-2~[(7-fluoro-4,5-

dihydroimidazo[l, 5-alJguinclin-3-yllmethyl}pentanoic acid

dihydrochloride

{1) Synthesis of ethyl 7-fluoro-4,5-dihydroimidazo(1l,5-
alJquinoline-3-carboxylate

Using 6-fluoro-3,4-dihydroquinolin-2{1E)-one (10.0 g},
reaction and purification were performed by the same

procedures as in Example 1{1} to give the titled compound



MS(ESI / APCI Dual ): 442(MrH) 1H NVR (300 MHz, CHLOROFORMd) 5 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-am no-2-[(7-propyl-4,5- - 136 -
di hydr oi m dazo[ 1, 5- a] qui nol i n-3-yl ) net hyl ] pentanoi ¢ acid
di hydr ochl j on of

icgg To a_solu

(2S)-5-[ (t &12- FoRycdr BaL§I Y ant pjRder .

[ (7-propyl;:4,.5:-di hydraim.dazo[ |, 5-a] gui nolin-3- yl)nmethyl]pentanoic
acid (120 MnSgSEESlIﬂ 'e?%;}lcmg&é tate (8 m), a solution of 4 M hydrochloric

acid in etfyd;acetayg)(4 Athe¥0s Qddrt1aRd LR smliXh Lo Wt SAd rr,ed
for an hour at roomtenperature. The sol vent was renoved in vacuo and

af t er addigigpeidaili nacetabebad@siydat i on was perforned. Water was
added to the resulting residue and the sol vent was renoved in vacua
to give the titUsedgcerpgind-{Lormpothd-30hytitbimjilaas(h, Tollordiewd ine-
anor phous mass. MS(ESI/APCI Dual ): 342(M+rH) - 154 - 11-1 NWVR (600
MHz, DEUTERIQGVPOXIYBES S5 (ppa+ 0900 yaactjop 3nfzpugifjcaligy were 73 (m

g 538; g; gip_er@rgédgﬁqy %hgg%a% % dpadzl gg Buhon2 Bl 3850
. (d, ‘]tgjf% 3&1@2159 g!é%{ﬁ]ognc} (L%ZS%?QJH) 4Q gZhggggF%?%%}der_

Synt hesi s meth no- 2- [ F?ydr olm

a] qui nol i neFpgrabhy! bpent anpai gr-diyhydr ochl ori de To a solution
of methyl 5-[(tert-butoxycarbonyl)am no]-2-

(4, 5-di hydro@ingiidazo[( k) 5sahguesiod idF Ieptmpihyll) papi akopt B {1348 a+g), 5-n
ethyl acetate (5 m), a solution of 4 Mhydrochloric acid in ethyl
acet at e (Bliflydrgamidddedl abde @ deinflitube waseshivii@en¥oi- 18 hours at
roomtenperature. The solvent was renoved in vacuo to give the titled
conpound (CERFEGAEI3RS~ 3272 FRP*HLEE col or | ess anor phous mass.

MS(ESI/ ARCI Dual ).: 314 114 1 300 _WMHz LOROFORM d). 5 ppm

i A e o S R e R S o e
734 (M Zdharlndder (.99 4 ellls o DRal furdleBittn ki), 8. 52
(br. s., 2 H, 10.36 (s, 1 [ 0308] Exanpl e 32 Synt hesi s of

et hyl (2S)pchrarnaa- By(#hd-same procedures as in Exmple 1(4) to give the
di hydroi m dazo[ 1, 5- a] qui nol i n- 3-yl net hyl ) pent anoat e di hydrochl ori de
(1) Synt heditd edf cetnhyghnd 28} - 5B [t erst abwhdrygat bonmybJadtamo] - 2-

(4, 5-di hydroi m dazo[ 1, 5- al qgui nol i n- 3-yl et hyl ) pent anoat e To a
sol ution &S (ESTYABCE(Peatl pud BX§drbonyl ) ani no] - 2-

(4. 5-di hyqralp dazol 3, 581 qui noli - 3.yl methyl ) pepr.angl ¢ actd,
dihydroimidazo[l,5-alquinolin-3-ylimethyl]-2-oxopiperidine-1-
carboxylate

Using tert-butyl (38}-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 cecmpound {3.51 g) as a pale
yellow powder.

MS{ESI/APCI Dual): 400 (M+RH)

[0275] (%) Synthesis of 5-[{tert-butoxcarbonyl})amino]-2-



- 155 - (200 ng) in chloroform (5.0 m), ethanol (47 1.11), N3-

(di net hyl am no) propyl] - N - et hyl carbodi i m de hydrochloride (144 ny)
and 4-di net hyl am nopyridine (6 ng) were added and the m xture was
stirred for 20 hours at roomtenperature. To the reaction m xture, a
sat urat ed aqueous sol ution of sodi um hydrogencar bonate was added and
extraction was conducted with ethyl acghate. After washing the
organic layer with brine, it was dried over anhydrous sodium sul fate.

The sol ven concentrated.in vacuo and the residue_was purified by
SiTi oo el DTS e o nE oGy BRSO > R ARG By acet at e o
9:1 throu : : .giye.the titled conpound (230 as a

col or | ess%)#&ﬁé’?é%e}’kﬁéﬁl&%%% 428(MrE) | H NVR (3((30 wn?)
CHLOROFGR d)  Queapil) 2e39-bLiy 9=~ L Hop1Bkd-4, 38200 dirofintBas i -
1.76 (m 4 H), 2.64 - 2.76 (m 1 HS 2.79 - 2795 (m 6 H), 3.04 -
3.17 (m Z2HuirdlQA-3-411de{iy]l P-Hoxcbieriddn821icfardot)lathk 11 -
7.20 (m 1 H), 7.25 - 7.33(m 2 H), 7.37 - 7.43 (m 1 H), 7.94 (s, 1
H [0309] (B- Bymthegiescofort iy f2S)fiSadionowrédpérformed by the same

di hydroi m dazo[ 1, 5-a] qui nol i n- 3-yl met hyl ) pent anoat e di hydrochl ori de
To a SO|Lngqﬂpqgqu§h§p in Examplé 14(7) to give the titled ccmpound

(2S)-5-[ (terthut gxycar bonyl ) am no] - 2- (4, 5- di hydroi m dazo[ 1, 5- a] qui no
in-3- vyl maﬁl);l%ﬁ nfyaﬁnSaFg‘(ﬂ'ng%s?rd%o dr‘?&et hyl acetate (5 nl), a

sol ution o] e iddn ethyl acetate (5 m) was added
and the nﬁ&%ﬁﬁgv%ggﬁsﬁpégéd ?%fhgﬂhours at room tenperature. The

sol vent wamaeiioved (bh ¥agtiRe 0 AN @gyeeys1sphuhi 0 Ofp B M1idin-1-
hydrochl oric acid was added to the resulting - 156 - residue; the
sol vent wagl)epyeéd (RA) vae 0t 4o -giue xiylre rbbhly & fag bnppihd] (Tcapetpd
32, 148 ng) as a yell ow anor phous mass. MS(ESI/APCI Dual ): 328( M+H)
1H NVR (300 IvdihyBBOn#dy 25! ). adneling27yl) ppthBl Wentergate 1. 66
(m 4 H, 2.70 - 3.03 9 H, 4.04 (q, J=7.1 Hz, 2 hg, 7.36 - 7.54
(m 3 H), 7.88U§1?99£—m?r11-%*50>%@5 onglpemine] D2 H) (7o lawpres 4. )

[ 0310] Exanpl I thesj s .of .i.sopropyl -5-am na- 2- (4,.5-

i hydt of meASYSE S B R Y Nor o B iodrra S pene SETL e RS SEtor i de
(1) Synthesi $60%;)| SOREEPYSn and purification were performed by the same
(2S)-5-[(tertbutoxycarbonyl)am no]-2-(4, 5-di hydroi m dazo[ 1, 5- a] qui nol
i n-3- yl meldyyleHpentangai @ ExamplkO 28 230kut G@Ac0fhe titled compound
(2S)-5-[(tert-butoxycarbonyl)am no] - 2-

(4, 5- di hydrigibmngazef 12 5pal gudrmotd 13-yl net hyl ) pent anoi ¢ acid (200 ng)
in chloroform (5.0 m), isopropanol (62 11), N-[3-

(di net hyl af&%(ﬁéﬁﬁﬁ%yl%mwl'et @4Bodi i mi de hydrochl oride (144 ng)

i rred 1P230 nour & bt YOOI L 426y 50 TOUPRE  react i on m xture, a
ot et of et Sarauet bU T B! AChPR0a Art e e g g 8-

organi ¢ | ayekinbt hnbslpeymdinhpasaditizedieveki@nhydrous sodi um sul fate.
The sol vent was concentrated in vacuo and the residue was purified by

silica gel col ustinghy oRELDGFaEMeny@-aenpyr Ao hexamel -efhyr caget qbe) =5-
9:1 through 1:1 to 0:1) to give the titled conpound (169 ng) as a

pal e yel | dwteirk-butoggFarbqvB(IESIViARCH2DIAT ¥ f1ud2dMutd~ 111 NVR (300
MHz, CHLOROFORM-d) 6 ppm 1.12 (d, J=6.2 Hz, 3 H), 1.20 (d, J=6.2 Hz,
3 H), 1.498ipgdrgipjdazopl, S-2a) apinedying3pyl) pelayllgentmnagte) (By0 pgyy

é_gig?nfn%e%f?l9??§g§ épé%ﬁfééﬂ?onzwe & éé390£med5§y(éﬂe %aﬁé’ 4.85 -
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-fluocro-4,5-



(m 1H, 7.256 - 7.33 (m 2 H, 7.37 - 7.43 (m 1 H, 7.94 (s, 1 H
[0311] (2) Synthesis of isopropyl (2S)-5-am no-2-(4,5-

di hydroi m dazo[ 1, 5- a] qui nol i n- 3-yl net hyl ) pent anoat e di hydrochl ori de
To a solution of isopropyl
(25)-5-[(tertbutoxycarbonyl)am no]-2-(4, 5-di hydroi m dazo[ 1, 5-a] qui nol
i n-3- ylnethyl)pentanoate (169 ny) in_g%gyL acetate (5 m), a
solution of 4 Mhydrochloric acid in ethyl acetate (5 m) was added
and the m xture was stirred for 2 hours at roomtenperature. The

sol vent weSHeHAEd 9RR O Ac o hael L duedus meshit | BAnbrnglqacid

hydrochl oric acid s.added to the resulting residue; the solvent was
r enoved iréiﬁﬁéi9Qﬁ¥%§F38 the titled conpound (conpound 33, 119 ny) as

a yel |l ow anorp _ME \P ) 151 NV 3
V. VB0 45) 6o 108 (! Ikt oty oty E] ot Sog BMEAAR,
1.45 - 1. 68 ;14 ddbim2a88011 3506 cidﬁ.lno‘iilﬂ)—a—%i%eéﬂgl]‘pen]t‘aﬁq@id'iza,ci&
H, 7.36 - 7.54 (m 3 H), 7.88 - 7.96 (m 1 , 7.98 - 8.13 (m 2 H),
9.91 (s, 1L(H)3 312kExampbe 3dd purifispttibeswsref phepbsthed by the same
(25) - 5-am no- 2- (4, 5-

di hydr oi mmdmas{dhrssapquiinobkam3le/ | Iet tiyl)) penvareatlee i hiatt coirponinde
- 158 - (1é¥§¥nthesis of heptgl

(2S)-5-[(t gﬁﬁpgxgéargﬁﬁymg rﬁﬁuﬁ-ﬂﬁle yellow amorphous mass.

(4,5-di hy i_m 1._5-a]l qui I N:.3-yl net hyl ) pent anoat e To a
sol ution g%ﬂggg?%égk(Pg??lbu%ggb%'Hbonyl)anino]-2-

(4, 5-di hydgojm.d = a] YRRk f- thy. ntanaqi i 200 )
i n chl or of gr %M%S?é@%%gl?z'n-rﬁ}eﬂaﬁgggp %g%b%)g‘ é\%f)gl@% 985! Qnf 280D
(di met hyl animo)-propglkmN 1 et hylzayPpodizi nizdenhydrochl prigle- {244 1m) 1
and 4-di net hyl am nopyridine (6 ng) were added and the m xture was
stirred for ,20.88urs7ak%r Gom 1 efjperiatadr e. 7Ta5t e, r 2alek i dh 20 Xtsyr &, Ha
sat urat ed aqueous sol ution of sodi um hydrogencar bonate was added and
extracti ol Ogd®lcondBsesalfiih et hyl acetate. After washing the
organic layer with brine, _i dried_over ;anhydrous sodi um sul f ate.
The sol vent wasY85RE8HEr 3t el AdtEREL B 4055

silica gel,.col.um_c¢ht onat ogr apl
9:1 throu:'lq‘1 g = ?EEE ¥y Egzg}ﬂ e et
pal e yel | eWrQldh-ocNBEESHE APCI Dual ) 1 498( M+H)
CHLOROFORMFO) 5 ppm0.80 - 0.88 (m 3 H), 1.10 - 1.32 (m 8 H), 1.42
(s, 9 H), D246]1- 1.73) (8yntbhddis 2O thyd. 75 ((ALfludDhomethhQ)~42584 (M
6 H, 3.04 - 3.17 (m 2 H, 3.95- 405(m 2 H, 4.68 - 4.80 (m 1
H, 7.11 dihy8@gofimiddzel)l, y-PBuinplddel@Arcarbhpxylaldy - 7.42 (m 1 H)
7.94 (s, 1 H) [0314](2) Synthesis of heptyl (2S)-5-am no-2-(4,5-

di hydr oi ni dazo E}Bga]%qéﬁﬁbﬂ?ﬁ%m%ﬁtr%’tlﬁys)6éﬁ%%ﬁ%‘€@lﬂd}qw&dﬁﬁérpaé
To a squHio% of hegtgl . Fieati

(29) - 5- [ (t'€rBufdxycaf Bohyt ) UM RS2 L6081 BT of Fh TSI P &PGuPABE

i n-3-

[dadtepE

111 NVR (300 Mz,

- %@%cédures 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 (%, J=7.1 Hz, 3 H),
3.03 (t, J=7.3 Hz, 2 E), 3.29 - 3.49 (m, 2 H), 4.42 (g, J=7.1
Hz, 2 H), 7.51 - 7.68 {(m, 3 H), 8.06 (s, 1 H)
[0281] (2) Synthesis of 7-(trifluoromethyl)-4,5-
dihydroimidazo[l,5-a]lguinoline-3-carbaldehyde

Using ethyl 7-(triflucromethyl)-4,5-dihydroimidazoil,5-



yl met hyl ) pent anoate (221 ng) in ethyl acetate (5 m), a solution of 4
M hydrochloric acid in ethyl acetate (5 m) was added and the m xture
was stirred for 2 hours at roomtenperature. The sol vent was renoved
in vacuo and an aqueous solution of 6 M hydrochloric acid was added
to the resulting residue; the solvent was renoved in vacuo to give

the titled conmpound (conpound 34, 18Q as a yell ow anor phous nass.
MS(ESI / APCI Dual ): 398(M+H) 1H NI\/R (30 , DMBO-d6) 5 Ppm 0. 75 -
083(m3|—l),105-126m 1.36 - 1.50 (m 2 H, 1.53 -

1.67 (m ®lguinpliges 33°9§b(’ﬁ¥1@t€H) 6 PBP). XeBPLEAD @n%purzlfgscatlon

15 ?’4 Eg]31§1%?ar?ﬁr30§§l6d gy £%n?%l_% psr7ocﬁ9e5du_res gg gn Exanlii'.)wle % (§:o 1
r Yol BB SRR E [Wiad &3) 2 2 palp vel1oy powder,

5- am no- 2- ydroi m dazo[ 1, 5- a] qui nol i n- ent anoat e
di hydr ochhay isde /et Buat hess§7 pfi+u)

1-{[ (cycl ohexyl oxy) car bonyl ] oxyl et hyl (25)-5-

[(tert-butlﬁxmﬂar bhaog | Mg N CRAFORE-di) hgdppmnt dezof B350 (m, 2 H),

a] qui nol i n- 3-yl et hyl ) pent anoat e To a sol ution of

(25) - 5- [ (t%®rX4 butokycambonyt) ani nod -2-7.70 (m, 3 H), 8.10 (s, 1 H),

(4, 5-di hydr 0| m dazmgi 5-a] qui nol i n- 3-yl net hyl ) pent anoi ¢ acid (400 ng)
in N, Ndi net If&r' mide (3.3 n), cyclohexyl 1- iodoethyl carbonate
(597 mo) %%S' um(GFr BONBE LS00, M), e R00SE) and e @;ure was

stirred fo hour sarreterrperature to the
reaction megltfrl%or%la'&ﬁg}limi‘ i %%Qz\éﬂ[&hseéﬂ%{ t The
organic | ayer was dried over anhydrous sodi um sul fate an the sol vent
was Concelj,tlﬂaleﬁzdyllmd\éﬁéNplpa_flﬁii’w-tda&%o&§§hd§e was purified by -
160 - silica gel columm chromat ography (el uent: n-hexane/ethyl
acetate = 1:4) Usdangi Ve (theflnet e doipednd-(386dng)mada zo [dr,édmn oi l .
I\/B( ESI/APCI. Dual ): 570(M+H) 1H NMR (300 MHz, CHLOROFORM-d) oppm 1.15
- 1.98 (malmpipplinezd- %%rb@l%hydf- 4433(0dng=6r9a¢—Elor3 d p@r@flcapw
(m 1 H, 3.02 - 3.18 0 8 (m
1 H, 4. 7§“ere4p§§%6ﬁ{“e§% t@ Erme é’rf’ge(jﬁfe% 1“7 %%FmPAif 212(4(’ co1

’ [Z)Big] (gé)%egs)gﬁtgmé%lg%g%fcgmggﬁcg \bgﬁeéyl oxy%carjbony? y%ZJC%%SI (s 1

(_25) 5- amimRQE31(APBT Dual): 448 (M+H) _ _
di hydroi m dazo[ 1, 5- a] gui nol i n- 3-yl net hyl ) pent anoat e di hydrochl ori de

To a sol utihonvef (3160 MHz, CHLOROFORM-d) & ppm 1.57 (s, ¢ H), 1.88 -
1] (cycl ohexyl oxy) car bonyl ] oxy) et hyl (25) -5-[ (t ert but oxycar bonyl ) am no]
- 2- (4, 5- di2hydr diwi aalib[ 12 522 g Al i(m-32 §i) med h§é ) pehtlehoate 2( 83 ny)
in ethyl acetate ( a solution of 4 Mh drochl oric acid in

ethyl acetatd (3323M fmwa% Hadett #nd thEOnilRt ut vas’ st rr &d S orMan?
h t Th t d d t
Rad ng. vaddr £6 Pne. #&hi fing ths -§Gé5mfﬁér2§°ﬁhtia;&§aﬁgﬂ8a3 SR

vacuo to gi he tit{ ed, camo 0 1S a pale
br own am)rqgﬁgag maséEJ !\%fESI/AlF‘gg:I%ﬂ %%FIE H Hj%l\}Rﬁ( 600 MHz,

METHANOL - d%)u@maﬂ"rém&)éhyl)1-ch95(dl'.lhy1e1?foH}mdaz8§1 53a}1c§_u(rf81191 -H), 4.08 -
4.15, 4.45 - 4.52 (m 1 H), 6.51 - 6.55, 6.61 - 6.67 (m 1 H), 7.41 -
7.53 (m ¥lHnetAyBlpi{deridireGll ~calbbxylEte 1 H), 9.61 (s, 1 H
Optical purity: 99.84%e
Using tert-butyl (3E)-2-0oxo0o-3-{[7-(trifluoromethyl)-4,5-
dihydreimidazo[l,5-alguinolin-3-yl]lmethylidene}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)



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-met hyl - 2- oxo- 1, 3-di 0x0l- 4-y1) net hyl 1(43S)--
5-[(tert-butoxycarbonyl)am no] -2- (4, 5-di hydroi m dazo[ 1, 5-

a] qui nol i ng, 3- | ). pent ano TQ a_sol utjon of
(28)-5-[(t£F¥%H§%Q§c%€5bn%§%ﬁ%ﬁ&M-_§-) 8 BeRO181%0, % wy, 185 -

(4, 5-di hy jem dazq[ 1;,5- @] qui noj i & 3ry! nethyl LpeRt angi ¢~ agi d (500 n)
1NN et Tl P iy de (42 )" AT e bt ol 2 £ 26 A5
5-net hyl- Iz Jsgli-oxaks2-«@ne1(2y9Q fo ands esin canbonat e (643 3k war e
added under cooling with ice and the m xture was stirred for an hour
at the sarid) t evgdr at Gr.é4 Ahf el agldi . Mat-er3.8ad tthe Leart i dpMIM-xtucg,
extraction was conducted with ethyl acetate. The organic | ayer was
dried over{manhyditoud -$8dirum 8%l frat & dhd th@bsdbveht Hivas renoved in

vacuo. The resulting residue was purified by silica gel colum
chr omat ogr A2 (el uént : SHRRBS SR/t M | E&dttapataoxganyorpl lgnidiqlneg -

titled co nd (130 cplorl.ess, oi.l .. .ms i i .Dual.

Sio(Mer) Th AR o0 onebe SR et e B oA o< T gl digs
1.81 (M 4 HhnetZyi4pbicadotd a6 - 2.94 (m 7 H, 3.03 - 3.21 (m 2
H, 4.80 (s, 2 Hy, 7.12 -°7.22(m L H, 7.24 - - 162 - 7.36 (m 2
H, 7.37 - 7. 4@simy tekh-bultP2 {-Soxclk-FH)( (10318} £2)oSymd hesl)s-qfs-
(5-net hyl- 2- oxo- 1, 3-di oxol-4- yl)net hyl

(25) - 5- amdidw2iric4dm5ddehy tly ot @i glaizofllir5-3ajydumaohyh}Biperidine-1-

yl met hyl ) pent anoat e di hydrochl ori de To a sol ution of
(5_nethy|_ngﬁg§yiggedﬂégglmmly]5Qﬁgqﬁﬂn and purification were performed
2S) - 5- ert - but oxycar bonyl )am no].-2-(4,5-dih oi mdazo[ 1, 5- .

T qui nol | - FRnSRHY! PEORPAMIAT &1 100 BNGIoae ofhy! Hodidtd (s simpd

a solutio r | or i id.n_e |, .acetate (2.5 m) was

addeduahdq¥ﬁgmﬁ¥%ﬂ3¥g @gg éﬁ:%ﬁéﬁ?o &Fggnkﬁﬁﬁﬁgét roonftenper;ture.

The sol venis was /neaevedai n: vagdigsand after adding water to the
resulting residue, the solvent was renoved in vacuo to give the

titled corfponne (soomaund G3B.ORODFORMEY) a8 ppyel | 38V -amephqus eBBS,
MS(ESI/ APClI Dual ): 412(MtH) 1H NMR (600 MHz, DEUTERI UM OXI DE) oppm
1.64 - 1.9040nT 4B, (R 08 Hls, B, 21787-3mi51 H), 2.73 - 3.04 (m, 7
H), 3.06 - 3.19 (m, 2 H), 4.59 - 4,72 (m, 1 H), 7.48 - 7.63
{m, 3 H), 8.13 (s, 1 H)
[0285] {6) Synthesis of 5-amino-2~{[7-(trifluoromethyl}-
4,5- dihydroimidazo[l,5-alquinolin-3-yl]lmethyl}pentanoic acid
dihydrochloride
Using 5-[{tert-butoxcarbonyl}amino]-2-{[7-
(trifluoromethyl) -4, 5-dihydroimidazo([l,5-alquinolin-3-
yl]lmethyll}pentancoic acid (80 mg), reaction and purification
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 Rass.

MS{ESI/APCI Dual): 368 {M+H)



(m 9H), 4.82(d,J=14.2Hz, 1H), 5.03 (d, J=14.2 Hz, 1H), 7.36 -7.54
(m3H),7.67(d, J=8.3 Hz,1 H), 8.99 (s,1 H
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'H NMR (600 MHz, DEUTERIUM OXIDE) & ppm 1.55 - 1.75 (m, 4 H),
2.55 - 2.64 (m, 1 H), 2.83 - 2.90 (m, 1 H), 2.93 - 3.11 {m, 7
"), 7.7 - 7.81 {m, 1 H), 7.82 - 7.86 {(m, 2 H), 9.25 (s, 1 H)
[0286] Example 28

Synthesis of (28)-5-aminc-2-{{7-isopropyl=-4,5-

dihydroimidazo[l,5-alquinelin-3-yl)methyl]pentancic acid

dihydrochloride

(1) Synthesis of ethyl 7-{benzyloxy)-4,5-dihydroimidazo[l, 5-
alJguinoline-3-carboxylate

Using 6- (benzyloxy)-3,4-dihydroquinoclin-2 (1H)-one
(40.0 g), reaction and purification were performed by the same
procedures as in Example 1(1) 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-
dihydroimidazeo[l, 5-alguinoline-3-carbaldehyde

Using ethyl 7-(benzyloxy)-4,5-dihydroimidazo[l, 5~
alquincline-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-(kenzyloxy)-
4,5-dihydroimidazo[l,5-alquinolin-3-yllmethyliden}-2-
oxopiperidine-l-carhoxylate

Using 7-(benzyloxy)-4,5-dihydroimidazo[l, 5-alquinocline-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.



Optical purity: 97.65%e tenp.: 25 00 Mbile 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] qui nol i n- 3-

yl met hyl ) - 5-[ (et hoxycar 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 net hyl ) pentanoi c acid_(3Q9 og) in N, Ndi met hyl f or mam de
(7 M), ethyl 4-nitrophenyl carbonate - 163 - (144 ng) was added
and the m x stirred f hours at roomtenperature. After
addi ng toﬁﬁ%ﬁ%ﬁkgﬁiﬂé F@g "6ﬁgH§§%hre the sol vent was concentrated
in vacuo a e resylti u rifie S ol um
chronatogrg%ﬁ§ﬂ(elu3%g %gﬁFégg#g i ﬁ%%h %btyh g ?XT %ygﬁéi fhégtltled
conpound (£ RAHIehi3hz0}02508) g@Sndl 1GPI0R1§% cRYMIEE -0 ARG 1 -
Dual ): 372(MfH) 1H NWVR %600 N%E DVSO- 6yj g ppn?%@lo tég%éﬁ? 1 Hz, 3
H, 1.31 -cdredmky(mted H), 2.52 - 2.64 (n1 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 (q, J=T. 1QQén92tH¥t Euﬁsl(t3EUf5WH7szemZH)OXY)15,5 7.20 (m 1
H, 7.30 - 7.34 (m 1 7.35 - 7.38 %t 7.68 - 7.72 (m 1 H),
8. 26 (s, 1d1|lbyotr@3%}ﬂ|§%8r%ré %hqulnollsy wéé%téiflw@}lﬁ(f[l-

tyl th b II di_hyd d 1 5-
S qui hol 1 1P BRI AT RGP Wiy (2078 51 o- B=BhF e
(25) - 5- amﬁﬂ%f%ﬂ%%t%oq'QXQEO @}f%yﬁH&L5§ the same pﬁ?%kpurt%jﬁfornanlde

a] qui nol i n- 3-yl nmet hyl) pentan0|c acid (256 ng) In
(8.5 m), ghakl(i4- 1nist r ephgneg yiardand % ghhal (aeet afe {230 gk
was added and the m xture was stirred for hours at room

t enper at uryel1Aft @owdddi.ng brine to the reactlon m xture, extraction
was conducted with chloroform The organic |ayer was dried over

anhydrousPﬁﬁdﬁdﬁﬁ§ﬁﬂfQPélhhd3$%@“§5lvent was renoved in vacuo. The
resulting residue was purif lica %e col um chronatography

(el uent: c[tﬂzogrodf or miret ﬁ%B}PESl%Oﬁl tte6tI€ fyltogroelthetitled
conpound ( aI ?gﬁgg?ﬁ/ﬁé? 1B A% A 1RRLS 47 5188 7a ¥l b 2YL Rayder.

NB(ESI/AP I

alguinolin-3-yl)methyl]piperidine-l-carboxylate

To a solution of tert-butyl 3-[(7-hydroxy-4,5-
dihydroimidazo[l,5-alquinelin-3-yl)methyl]-2-oxopiperidine~-1-
carboxylate (1.00 g) in chloroform (8.4 ml), triethylamine
{510 mg) and 1,1,1-trifluoro-N-phenyl-N-
[ (trifluoromethyl)sulfonyllimethanesulfonamide (1.08 g) were
added and the mixture was stirred for 5 hours at room
temperature. To the reaction system, a saturated agueous
solution of sodium 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 solvent was removed in vacuco. 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 (1.32 g) as a colorless powder.



1H NVR(600 MHz, DVBO-d5)5 3H), 2. 52-2. 64(m 2H), ppm
1.27-1.56(m 7H), 1. 99 2.65-3.03(m 7H), 6.57 (s, -6.67 (m1 H), 7.15
-7.20(m1 H), 7.30-7.34(m1H), 7.35- 7.38 (m1 H), 7.39-7.45 (m1
H,7.65-7.75(m1 H), 8.26
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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), 1.71 - 1.94 (m, 2 H), 1.98 - 2.15 (m, 1 H), 2.69
(dd, J=14.3, 7.8 Hz, 1 H), 2.7%9 - 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 Hz, 1 H), 7.16 - 7.30 (m, 2 H),
7.41 - 7.51 (m, 1 H), 7.92 {s, 1 H)
[0291] {6) Synthesis of tert-butyl Z2-oxo-3-{[7-{l-propen-2-
yl)-4,5-dihydroimidazo[l,5-alquinolin-3-yl]lmethyl}piperidine-
l-carboxylate

To a scolution of tert~butyl Z-oxo-3-[(7-
{[{trifluoromethyl)sulfonylloxy}-4,5-dihydroimidazo[l,5-
alquinolin-3-yl)methyl]lpiperidine-1-carboxylate {5.00 g) in
tetrahydrofuran (24.4 ml), 4,4,5,5-tetramethyl-2-(l-propen-2-
yl)-1,3,2-dioxaborane (3.17 g), cesium carbonate (12.3 g) and
1, 1-bis (diphenylphosphino) 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 vacuc, 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 sodium
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 vacuoe. The resulting residue was purified by



(s,1 H [ 0321] Exanpl e 39 Synt hesi s of (25)

-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 hoxy] car bonyl } am no) pent anoi ¢ aci d
-165- (m 1 H, 7.67 - 7.72 (m 1 H, 8.26 (s, 1 H [0322] Exanpl e
40 Synt hesis of (2S)-5-({[1-

(but anoyl oxy) et hoxy] car bonyl | am no) - 2- (14.45-di hydr oi m dazo[ 1, 5-

a] gui nol i n- 3-yl net hyl ) pent anoi ¢ acid To a sol ution of
(2S)-5-am no-.2-(4,5-di hydroim dazo[ 1, 5- .

ST ou nol T iy OB R4 Eode o (Reperh: NRBPHERRT W ran de
(5.0 M), 1 - nit.;ephen C 3 byt a ng)
was added %Cn%t{aﬁt%e n‘il>it48rggmggyétﬁgg%y%ﬂgg)fgﬁ%gébg g%_?ggénp 4%

t enper at ur@; 1 Afileys adeaeg . brine to the reaction mxture, extraction
was conducted with chloroform The organic |ayer was dried over
anhydr ous siodMam(300fal 2, CHLAREFCORM-den®d pes T ehdved i Hlaclo55The
resulting residue was purified by silica gel colum chromat ography
(el uent: chOr offor A Het handl = B0%a o OHI) fe2§i veZthe {mtlled).

compound (C%r}gou.rﬁd 40, 10% Iq?) £5% 7 de}:{eaiellzll.%w 89‘4‘“55 1 H), 2.79 -
MS( ESI / AP Dural) 2458( NMPH) ’ ' : ‘ Ve
3.02 (m, 5 H), 3.21 {(dd, J=14.5, 4.7 Hz, 1 H), 3.50 - 3.65 (m,
1Hy, 3.74 - 3.88 {(m, 1 H), 5.08 - 5.12 (m, 1 H), 5.36 - 5.40
(m, 1 B), 7.31 - 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-alquinclin-3-
vllmethyl}pentancic acid
Using tert-butyl 2-oxo-3-{[7-(l-propen-2-yl)-4,5-
dihydroimidazo{l,5-algquinolin-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 (Z.85 g) as a colorless powder.
MS(ESI/APCI Dual): 440 (M+H)
[0293] {8) Synthesis of (1R, 2S)-1-phenyl-2-(pyrrolidin-1-
yl)propyl
(28)-5-[ (tert-butoxycarbonyl)amine]-2-{[7-(l-propen-2-yl}-4, 5-
dihydreimidazo[l, 5-alquinolin-3-yllmethyl}pentancate
Using 5-[ (tert-butoxycarbonyl)amino]-2-{[7-{(l-propen-2-
yl)-4,5-dihydroimidazo[l,5-alquinolin-3-yi]lmethyl}pentanoic
acid (200 mg), reaction and purification were performed by the
same procedures as in Example 2(2) to give the titled compound
{100 mg) as a pale brown powder.

MS(ESI/APCI Dual): 627 (M+H)



1H NVR(600 MHz, DVBO-d6) 6 ppm 0.86 (t, J=7.3 Hz,3 H), 1.27 1.58
(m9H), 2.24(t, J=7.1 Hz, 2 H), 2.53 -2.64 (m 2H), 2.64 -3.02(m
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[3294] {(2) Synthesis of (28)-5-[(tert-
butoxycarbonyl)amino]-2-[(7-isopropyl-4, 5-dihydroimidaze[1, 5-
alquinolin-3-yl)methyl]pentanoic acid

Using (1lR,28)-1l-phenyl-2-(pyrrolidin-1-yl)propyl (2S)-5-
[ (tert-butoxycarbonyl)amino]-2-{[7~ (l~propen-2-yl)—-4, 5-
dihydroimidazo{l, 5~ajquinolin=3-yl]lmethyl}pentancate {(1.88 g),
reaction and purificatin were performed by the same procedures
as in Example 2(3) to give the titled compound (1.1l g) as a
colorless amorphous mass.
MS(ESI/APCI Dual): 442 (M+H)
[0295] {10) Synthesis of (28)-5-amino-2-{(7-isopropyl-4, 5-
dihydroimidazo[l,5-alquinolin-3-ylimethyl]pentancic acid
dihydrochloride

Tc & solution of (25)-5-[(tert-butoxycarbonyl)amino]-2-
[ (7-isopropyl-4, 5-dihydroimidazo[l, 5-alguinolin-3-
yl)methyl]pentanoic 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 solvent was removed in vacuo 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
H), 1.57 - 1.78 {(m, 4 H), 2.60 - 2.70 {m, 1 H)}, 2.85 - 2.92
{m, 1 H), 2.92 - 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 BH), 9.14 (s, 1
H)

[0296] Example 29



7H),6.58 -6.72 (m1 H, 7.12-7.22 (m1 H, 7.27 - 7.39 (m 2 H),
7.39 - 746 (m 1 H, 7.65- 7.73 (m 1 H, 827 (s, 1 H

[ 0323] Exanpl e 41 Synt hesi s of (2S)

-2-(4, 5-di hydroi m dazo[ 1, 5-a]Jguinolin-3- ylnethyl)-5-1({1-[(2-

met hyl pr opanoyl ) oxy] et hoxyl car bonyl ) am no] pent anoi c acid To a

sol ution of (25)-5-am no-2-(4, 5-di hydr qiami dazo[1,5- - 166 -

a] qui nol i n- 3- ylnethyl)pentan0|c acid (212 ng) in N, Ndi net hyl f or mam de
(7.1 ), 1-{[ (&4 et hyl propanoat e
(211 ny) was addec fours at room

t enper aé ur&hE@fvﬂoel&nl@g%rmF bta p@ufﬂaﬂlma—j—%qtm'eQﬂym BLHESno BXtd AL | oNn
wasS condu

anhydr ous &iodidiadslloi-ate and the sol vent was renoved in vacuo. The
resulting residue was purified by silica gel colum chromatography
(el uent: chlorsofndihesist hdnbér =B 1) 3d (gi-wethié-¢i b+ed conpound
(conmpound 41, 40 ng) as a colorless powder. MS(ESI/APCI Dual):

458( MrH) 1@@%%@9 R ; S TRV P 5 pmyd.) g thyi] 12~ egpipe)idiperd -
1.56 (m 7 % 2. 64 (m 3 FD 2.67 - 3.01 (m 7 H, 6.57 -
6.68 (m I boxﬁ’lf 7.22 (m 1H), 7.28 - 7.39 (m 2 H), 7.40 -
7.46 (m 1 E g5§0%€5%gn(g} @eﬁ@db&%y%6zt%xo 3H)} ($0324] Exanpl e 42

Synt hesi s of (

[ (cycl ohexyd (Qazrlffql&)blrbﬁéﬂh?ih:%yf&aflﬁ%w}Mm5ﬂalh§d£&lr§rdazo 1,5-

di hydr oi m dazo[ 1, 5- a] qui nol i n- 3-yl'net hyl ) pentanoi ¢ acid To a

sol uti on of] ARP15nabtpd} Re{Hy bHdigardradinet-dazefhobylate (5.00 g) in

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), teHdatwdraifuraphéndXy)dar iylvlbeybethyscid (2.26 g), cesium

cycl ohexanecar boxyl ate (169 qg% was added and the m xture was stirred

for 15 ho&F§k§FaF80ﬁ9?e%p%}aﬁ éL]AfFéﬁdéHBFﬁélBP??ﬁb%QPk@ﬁ¥ﬁqgiﬁﬁron

m xture, extractlo syconduct e ch QL. forn1 T ayer
AL B FREES el s ang BRet rife VB oy Yok

was driedX over an us sodi um s
added and the mixture was heated under reflux for 4.5 hours.

The reaction system was concentrated in vacuo and after
adding ethyl acetate (300 ml) and water (100 ml) to the
residue, the mixture was filtered through Celite. After the
filtrate separated into an aqueous layer and an organic layer,
the latter was washed with an aqueous solution of 15% citric
acid three times, and with an agqueous solution of 1 M
hydrochloric acid three times. After neutralizing the combined
aqueous layers with a saturated aqueocus solution of sodium
hydrogencarbonate, extraction was conducted with ethyl
acetate. After drying the organic layer over anhydrous
magnesium sulfate, the desiccant was filtered off and the
solvent was removed in vacuo. The resulting residue was
purified by NH silica gel ceolumn chromatography (eluent: n-
hexane/ethyl acetate = 35:65 to 0:100) and subsequent

recrystallization from n-hexane/chloroform gave the titled



renoved in vacuo. The resulting residue was purified by silica gel

col um chr omat ogr aphy (el uent: chloroform nmethanol = 30:1 to 10:1) to
give the titled conmpound (conpound 42, 209 ng) as a pale yellow
powder. ns(Esi/Apci Dual): 498(M+H) 11-1 NWR (600 MHz, DVBO- d6) 5 ppm
1.112 - 1.59 (m 13 H, 1.59 - 1.70 2.52 H, (m

(m2H),1.70-1.83(m 2H), 2. 20-2. 34(m 1H) ;47 -

-2.64(m 2H), 2. 66 3. 02(m7H) 6. 60- 6. 67(m

7.15-7.21 39 2 7.39-

1H), 7. 67- (73m 456? miﬁ) 1‘30][‘0%“%]55?8??8% 43 Synt hesi s of
25)-2-(4 I nol in-3- ylnethyl)-5- 1-
E(p%]enyl( caﬁ@n&y@gggfggﬁigg/l c%? E}\L%i )an‘: noj pe%t anoi %:/ ZiCi d[ (! To a

sol ution o &ﬁ§)150@”ﬂ1@9 ?CAL%)R%T@RWQEQ' gbﬂa? %’%—'Nm H), 1.54 - 1.64

a] gui nol i n- 3-yl et hyl )pent anoic acid ) met hyl f or mam de
(5.0 M), {140, nntn0phenogy)g@rbpnwl]wahethyllbenzpaiei(1@63mgﬂs,
was added and the m xture was stirred for 15 hours at room

t enper at ure H)Af RecladdEngZ bfmnel tH ,t e "Peacti. 8 mxturke),, ektlrtact i30A6
was conducted with chloroform The o\r}ganl c layer was dried over

anhydrous @bdiluf)suPf at e~ ahdé% heusdl Vent 3w§§ refo¥ed(mn Y dbuo.7-tRe (s
(o1 uent - chirof oPHy el naRol ™= 350 1o 3013y fohbive the ti ogranhy
Dual) 492 ey 111 R UBDO MG Do 3&}"35%99%9%%&@@15%"{]5% .
3'25,-6 ééﬂ?anmt%y?ﬁffHlighygyﬁﬁ%ﬁaiéb[a %Saﬁﬁhlﬁ?f%mé%-?87'4g ?ﬁ](g]
H, 7.46 y1jre&hM pd8nthnofc6Xid7.73 (m 2 H), 7.86 - 7.98 (m 2 H),
8.26 (s, 1 H [0326] Exanple 44
Using tert-butyl 3-[(7-methyl-4,5-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

(16.7 g) as & colorless amorphous mass.

MS (ESI/APCI Dual): 414 (M+H)

'H NMR (300 MHz, CHELOROFORM-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,2S8)-1-phenyl-2-(pyrrolidin-1-

yl)propyl

(25} -5-[ (tert-butoxycarbonyl)amino] -2-[ {7-methyl-4, 5-

dihydroimidazo[l, 5~alquinolin-3-yl)methyl]pentanocate

To a solution of 5-[ (tert-buteoxycarbonyl)amine]-2-[{7-
methyl-4, 5-dihydreoimidazo[l,5-ajquinelin-3-yl)methyl]pentanoic

acid (1.67 g} in chloroform {20 ml), (1R,2S)-1-phenyl-2-

(pyrrolidin-1-yl)propan-1-ol (1.23 g), 4-dimethylaminopyridine



Synt hesis of (2S)-5-({[1-(acetyl oxy)-2-

met hyl propoxyl car bonyl | am no) - 2- (4, 5- di hydr oi m dazo[ 1, 5-

a] qui nol i n- 3-yl net hyl ) pent anoi ¢ acid 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 (156 ng) in N, Ndi net hyl f or mam de
(5 mM), 2-nethyl-1-[[(4- nitrophenoxy) aasbonyl]oxyl propyl acetate
(154 ng) was added and the m xture was stirred overni ght at room

temper at ur o AldieL-R04LNY Y81 SLAL LN 8864, 99. 11 XLUL e extLactan

was conduc e or yer "Wa over

anhydr ous sodidimisshat g 1and QPGWé¥E‘&HHédM%%dr%HQVﬁﬁxtﬂryaﬁig’sfﬂ?%ed

resulting residue was purified by silica gel colum chromatography
(el uent: cidworg eroti-eeblapebm=t ik & durQ0The) rtacgive hmherddd hed
conpound (conpound 48, 181 ng) as a col orl ess anor phous nass.

VS( ESI / APGhuidaled: Hy8EMEEra 14 NMR(IB00: MHz oBECodb)pby pped W82 - 0. 89
1.51(m4H),1.85-1.93(m 1H), 2. 00, -2.60(m 2H),2.69-2.75(m 1H), 2. 77
2. 82- 2. 87(FRIZHPIRrEdMe thopead 21) 90 (4 619 80.:89) , 2thepsbgHyhzeg xuns of

hf 8€gr]§ %%ﬁ%%aGgg%(co}umn chéomatograpﬁ?)(elUE%t 7n6gé JH;%2—7 "2

propanol = 85:3), subsequently by yet another run of NH silica
gel column chromatography (eluent: n-hexane/2-propanocl =
96:4}, finally by silica gel column chromatography (eluent:
chloroform/methanol = 85:15 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 - 2.71 (m, 5 H), 2.80 - 2.923 (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, 1 H), 7.26 -
7.31 (m, 1 H), 7.94 (s, 1 H)
[0298] (4) Synthesis of (28)-5-[{tert-
butoxycarbonyl)amine]-2-{ (7-methyl-4, 5-dihydroimidazo[l, 5=
alquinolin-3-yl)methyl]pentanoic acid

To a solution of (1R,2S)-l-phenyl-2-({pyrrolidin-1-
ylipropyl {(28)-5~[({tert-butoxycarbonyl)amino]-2-[(7-methyl-
4,5-dihydroimidazo[1l,5-algquinolin~-3-yl)methyl]pentanocate
(5300 mg) in methanol (10 ml), 20% palladium hydroxide {(44%
water content, 250 mg) and the mixture was stirred under

hydregen purge for 3.5 hours at 60 °C. The reaction mixture



-7.34 8.26 (m (s,1 1H),7.35-7.39 H [0327] Exanple 45 - 169 -

Synt hesi s of (25)-2-(4,5-di hydroi m dazo[ 1, 5-a] gui nol i n- 3-

yl met hyl ) -5-(([ 2- met hyl - 1-

(propanoyl oxy) pr opoxy] car bonyl | am no) pentanoic acid (1) Synthesis of
1-i odo- 2- net hyl propyl 4-nitrophenyl carbonate To a sol ution of
1-chl oro- 2- et hyl propyl 4-nitrophenyl_ gagbaonate (4.86 g) in toluene
(100 M), sodiumiodide (10.7 g) and calciumchloride (7.90 g) were

added and the mxture s heated under reflux for 9 hours. After,

addi ng wat'&t° t%‘]lttf‘?éefje\ggFPBﬂh n‘F%JtJut'ree,a‘E&ttrh&ctsP HeRasWEdndiidEs Wit h
et hyl acetat .The o Le.]lay s dried over anhydrous sodi.um

sul fate an (ﬁ]oé rs%%lev%%?{l\l'}vgé?eﬁ%v{a elgvavsag)&gl (l)egi k\)/i ?Jhiél?al‘ tqeeld column
conpound (& 2fhaoqds A WBpYEL £ | ech RO et hdnd1 NVR (800 Wz, by
CHLOROFORM d) 5 ppm L.05 - 1.15 (m 6 H. 1.77 - 1.92 (m' 1 H) . 6775
(d, J=4.0 tHHz,c Y HpcrTLBAK- MFT 87 410erk :H,. 08528aceBiddadif/meddancl =
[0328] (2) Synthesis of 2-nethyl-1-[[(4-

ni t r opheno¥y)cGarbahyl poxyf pedpyd s iphoparcatteduced tJopawdst utricon nof

1-i odo- 2- et hyl propyl 4-nitrophenyl carbonate (1.20 g) in toluene (10
m), sil vé?exﬁr*”@ﬁieégﬁtleaﬁtﬂ’ﬁeg)twvﬁd&é@ &h8leRecHRIUIE W &i)r pEd
for 2 hours a;TQ(i C. The reaction mxture was filtered through Celite
and the i3 (A& k58 BBKL®htrated in vacuo. To the resulting residue,

et hyl acet@(%g\ﬁ??ggggﬁgafpg ;p@(b{g};ﬁgture was washed with water and

brine. After e organic layer over anhydrous sodium sul fate,
the solvery was [so@vad: | TiMaReEoRINE) F&§SHhti na1 resi duewas parifi egs

by silica gel columm chromatography (elulent: n-hexane/chloroform=
9:1 to 1: I)m,andHby anébherlram of, sl lH)Gaz2gek ¢6) ubTH Chromst egrapBby (m,
(elulent: - 170 -
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)
[0300] {5) Synthesis of (28)-5-amino-2-[(7-methyl-4,5-
dihydroimidazo[l,5-alguinolin-3-yl)methyl]pentanoic acid
dihydrochloride
To (28)-5-[(tert-butoxycarbonyl)amine]-2-[(7-methyl-4,5-
dihydroimidazo[l,5~alquinolin-3-yl)methyl]pentancic acid
{105 mg), an agueous 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) & 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 B), 9.13 (s, 1 H)

[0301] Example 30



n- hexane/ ethyl acetate = 1:0 to 19:1) to give the titled conpound
(411 ng) as a pale yellow oil. MS(ESI/APCI Dual): 334(MtNa) 1H NWR
(300 MHz, CHLOROFORMd) 6 ppm 1.06 (d, J=6.9 Hz, 6 H), 1.18 (t, J=7.5
Hz, 3 H, 2.15 (qd, J=6.9, 5.0 Hz, 1 H), 2.43 (q, J=7.5 Hz, 2 H),
6.60 (d, J=5.0 Hz, 1 H), 7.38 - 7.45 (m 2 H), 8.25 - 8.32 (m 2 H)
[0329] (3) Synthesis of (25)-2-(4,5-di-hydmwoim dazo[ 1, 5-

al qui nolin-3-ylnethyl)-5-(([2-nethyl-1-

(propanoyl oxy) prepexylicappony| L amng) pent ﬂgQ;ﬁ‘sﬁgghda;, 5- 10 a

sol ution of (ZS—)T?arm—rTo-—Z-—(—d,—?dr ;o=

al qui nol i g vERkYa)kBeNt 8081 §ued Th {208,178k chh1 No Nt s8s 1y | f@rgram de
(6 M), 2-methyI-I-{](4- nitrophenoxy) car bonyl Joxyl propyl propanoate
(249 ny) wbihatdethlamddehe m xture was stirred for 2 days at room
tenperature. After adding water to the reaction m xture, extraction
was conductled SunthestihyPradet ater t- et or gawike-Pay &7 ~waeper e/ Iovel 5-
anhydrous sodi um,sul fate_and the sol vent was renoved in vacuo. The
resul ti ng FEHFFE™MEE 2R M PTRHTBP N Cr Yge PeEBY UL RAT bt Sgraphy
(el uent: ccha{r%rog{f qrry met hanol = 97:3 to 90:10) to give the titled
conpound (corrpou?(nﬁ1 %5, 198 ng) as a col orl ess anor phous nass.

VS(ESI /APl Dualo) 24220 ekhn 198 DLELBAR Mz OYEO06) 5. ppm
0.82-0.90(m6 H,1.00(t, J=7.6Hz,3H),1.°33-1.51(m 4H), 1. 85-1.93(m 1H),
2. 24- 2. 35(1piuoc2 ohdt By OOGDFE 24 1 & v Or, B850 it oimidazo[1, 5-al quinolin-
H)y,2.77-2.87(m 4H), 2. 89-2. 98(m 2H), 6. 41- 6. 44

(m 1H), 7. By 1@thylHp ) Fe BOd IS4l madfoxy1835e (5.131g} 38 (m 2 H),
7.66 - 7.72 (m 1 H, 8.26 (s, 1 H [0330] Exanpl e 46 Synt hesi s
of (23)_51@¥F@h@ggpgﬁé?pok%§0znl), (12)-1-propen—-l-yl-boronic acid

met hyl prop car bonyl | am no) - 2- (4, 5- di hydroi m dazo[ 1, 5-

a] qui nol i n-33: |ﬁérh§i¥?b&ﬂt% %naa%?d(l%' 1P sphth sis of

2-methyl- 1-. - ..ni C. |.].0: oat-e. .. To
ol 11 o Sy ErBELLBROEREIA LA UNILORE BLORA (B8} MR rifesg g
in tol uengichQ o¥bhe thbh¥ et anogt &3 g# ¥4 rg) a¥@sq aglded-1anchithe re

m xture was stirred for 2 hours at 90 C. The reaction m xture was
filtered tdasohght€dl hhéeandefhe: fidd Maheunas Thacesdswird dysteacuas
To the resulting residue, ethyl acetate was added and the m xture was
washed wi tiilwgred shdowehneéslinfe emndiopnggntheted ghmicaduyerthever
anhydrous sodium sul fate, the solvent was renoved in vacuo. The
resul ti ng FeESdABIWASS pETE faY BF iiigdc &YgEl &bl ifd Ehr St dYr aphy
(elulent: n-hexane/chloroform= 9:1 to 1:1) and_by another .ryn of
SRSk ke bl e SR el e B T L ST e LRSS
1:0 to 19:71) L0,gkyeqt Pesidld afh compeiuad €318.58dr 38:é RAl © yel | ow
oil. MS(ESI/APCI Dual): 348( MtNa)

hexane/diethyl ether, to give the titled compound (1.68 g) as

a colorless powder.

MS (ESI/APCI Dual): 422 (M+H)

'H 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
H), 3.48 - 3.64 (m, 1 H), 3.73 - 3.87 (m, 1 H), 5.72 - 5.89
(m, 1 H), 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-



111 NWMR (300 MHz, CHLOROFORMd) oppm 0.98 (t, J=7.4 Hz, 3 H), 1.06
(d, J=6.8 Hz, 6 H), 1.70 (qt, 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, 825 - 8.31 (m 2 H [0331](2) Synthesis of (25)

-5-(1[ 1- (but anoyl oxy) - 2-

met hyl pr opoxy] car bonyl } am no) - 2- (4, 5-di;kRydroi m dazo[ 1, 5-

al qui nol i n-3-yl net hyl ) pentanoic acid - 172 - To a solution of
(2S)-5-am nQ- 2- (4, 5-di hydroi m dazo[ 1, 5- _ ,

T gul ol | ISR RRBbAC SHO| €5 Aat UL 200 e R NEP et A T i de
(6 m), 2_£E&§%éﬂ%}£[(4_ ni t rophenoxy) car bonyl ] oxyl propyl butanoate
(260 ng) was added and the m xture was stirred for 2 days at room
tenperature. Afier, addi,agoMaleredo. I J1eaclhensmxhUf )z ext.r el
was conducted with ethyl acetate. The organic |ayer was dried over
anhydr ous wodiym-suhiateianda el sHiaenti nsds nFerRPY Ede tily Vasisr itiee -
resulting residue was purified by silica gel colum chromat ography
(el uent: cdMaamfoaviietet Han68 o) 9im 3natha@@110B0t vlyi ve0s e tliddiedh-
conmpound (comnpound 46, 194(%&3 as a col orl ess anorphous nass.

NB( ESI / APGC BYAIE94 86 ERRR) PNV G AL, BRBOEEE) BLpHH D .62

-0.90(n19%£”]“32- é.Sng16ﬂ§,l.85-l.9(%ﬁ]1 , 2. 26 t,JZG_QFE,Z X

2.51-2. 60 lfﬁfgng &3 g?ﬁ? ?ﬂ,%ﬁ%&ﬁ _ 7€H] our at room temperature.
, 2.89-2..97 .6.41-6, 4 AT A .

(i 1hy 7. 30 BSAC ny TR0 WU Gy 98 S e ¢ (um

[ 0332] Exanl1& ht was remyBbdesh Syfud.2Fhe resulting residue was

-2-(4, 5-di hydroi m dazo[ 1, 5-a] qui nol i n- 3-

yl met hyl ) thefi(fi2dmeyhgiided (@21 column chromatography {(eluent:

met hyl pr opanoyl ) oxy] propoxy) car bonyl ) am no] pent anoi ¢ acid To a
sol uti on cthlcxrgfozmgdmepbanol 4 S Hihydr &i:fd) dard[ ths-purified residue

aJ gui nol i n-3-yl net hyl ) pent anoi c_aci d (245 )..in N, Ndi net hyl f or mam de
(8 m), Zﬁﬁétﬁ?fpfgﬁ[%ﬁ-pﬂW??%pﬁgﬁbfy 5P6g29Ff5?¥4pﬁ§ﬂﬁHr to give the
2- met hyl praopanoate (318 s .added and the m xture was stirred
overnighttﬁ&ﬁﬁgoﬁpmgof9§n?2t%@ﬁ@réfhﬁe?o Pfergd%?VéFﬂhter to the

reaction moxtEdreapeXt hagt | onumagGanducted with ethyl acetate. The
organi c |l ayer was dried over anhydrous sodium sulfate and the sol vent

was renovéd RPRVagw®.MAde oHesRoFoRg-a¢SE dpen Ve purd,f ized . Bynsi | Bcmy ,
gel colum chromat ography (el uent: chloroform nethanol = 100:0 to
85:15) tolgi5ee (shedt Hi | ed- Tompduwt® ((eomBodnd 47702911 My) @s & H),
col orl ess powder.
1.97 - 2.11 (m, 1 B), 2.53 - 2.6l {(m, 2 H), 2.62 - 2.71 {(m, 1
H), 2.80 - 2.9¢6 (m, 5 H), 3.08 - 3.25 {(m, 1 H), 3.51 - 3.862
(m, 1 H), 3.74 - 3.86 {m, 1 H), 7.05 - 7.12 (m, 2 H), 7.28 =~
7.33 (m, 1 H), 7.91 (s, 1 H)
[0303] (3) Synthesis of 5-[(tert-butoxycarbonyl}amino]-2-
[ (7-propyl-4, 5-dihydroimidazo[l, 5-alJquinolin-3-
yl)methyl]pentancic acid
Using tert-butyl 2-oxo-3-[(7-propyl-4,5-
dihydroimidazo[l,5-alquinolin-3-yl)methyl]lpiperidine-1-
carboxylate (1.20 g), reaction and purification werxe performed

by the same procedures as in Example 14(7) to give the titled

compound (1.35 g) as a colerless amorphous mass.



M5( ESI / APCI Dual ) : 486( M+rH) 11-1 NVR(600 MHz, DMSO- d5) 6 ppm
0.83-0.89(m6 H,1.03- 1.09(m6H),1.22-1.28(m 1H), 1. 33-1.50(m 4H),
1.86-1.94(m 1H), 2.51-2.58(m 2H), 2. 70- 2. 76(m
H),2.76-2.86(m4H), 2. 89-2.96(m 2H), 6. 39-6. 43

(m1H),7.15-7.19(m 1H),7.29-7.40(m 3H), 7. 65- 7.72(m 1H), 8.25(s,1H) 1
[ 0333] Exanpl e 48 Synthesis of (2%k, -

-5-[ ({1-[(cycl ohexyl car bonyl) oxy] - 2-

met hyl propoxyl ca bonylé 4 5 di hydr oi m dazo[ 1, 5-
a]qU|noI|ﬁ“§y %4§P iyl ¥ €H§ %?% (1) Synthesis of

2-nmet hy1- by { | br hquﬁy n I] X rop

cyclohexaneca&gm&9 ﬁ@ &#5?8%& ut?o %fglyiodo ﬁ%%éghyppﬁépyl

4-ni trophenyd; cay, b@nﬁse i14§5 D44 0 yeng (24501 ), 2863 VR, 2 g

cycl ohexanecar boxylate’ (2.00 g) was added and the mixture was stlrred
for an how.7at -90.62 The VeaLiDIusTxXtuneg was bilf eredss hr ough Gal,i e
and the filtrate was concentrated in vacuo. To the resulting residue,

et hyl acetHit,e W9 addedocarnd, thed)ni Xt.Boe (was Jwlshedlz wi T Hwatéerlsane, 1
brine. After drylng the organic |ayer over anhydrous sodium sulfate,

t he sol vent) - 174 - reaned in vacuo. The resulting residue was
purified by silica col chr omat ogr.a
n- hexane/ ¢l i? form(%2 9~ Yt ﬁ?%) Q}Rbﬁsg ﬁtﬁ@?nY{né(ﬁp¥ﬁQQ%ﬁ§l§eﬂ_

col um chr phy (elulent: n-hexane/ethyl acetate = 1:0 to 19:1)
to give tﬁgﬁ?%?%gg conpound (1.08 g) as a pale yellow oi

MS( ESI / APGl2gpual ) : (t§§8£%’c\!§ayééﬂ§lorl\§|‘ﬁ(a%‘%wzz %(2%9055}31(1@ 5-
H,1.72-1.82 (m1H),

dlhydr01m1dazo[1,5 alquinolin-3-yl)methyl]pentancate

Using 5-{({tert-butexycarbonyl)amino]-2-[{7-propyl-4,5-
dihydroimidazo[l, 5-alquinelin-3-yl)methyl]lpentanocic 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): 629 (M+H)
'H 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), 1.94 - 2,10 (m, 1 H),
2.35 - 2.46 (m, 1 H), 2.49 - 2.69 (m, 10 H), 2.79 - 2.91 (m, 1
H), 3.12 - 3.24 (m, 3 H), 5.24 - 5.35 (m, 1 H), 6.06 - 6.13
(m, 1 H), 6.6% - 6.78 (m, 1 H), 6.82 - 6.96 {(m, 5 H), 7.05 -
7.12 (m, 1 H), 7.30 (d, J=8.4 Hz, 1 H), 7.85 (s, 1 H)
[0305] (5) Synthesis of (2S8)-5-](tert-
butoxycarbonyl)amino]-2-[ (7-propyl-4,5-dihydroimidazo[1l, 5-
algquinolin-3-yl)methyllpentancic 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-algquinolin-3-yl)methyl]lpentanoate



CHLOROFORMd) 5 ppm 3H), 1.40-1.55(m (m2H), 1.89-2.01
-2.45(m 1H), 6.59 1.05(d, J=6.8Hz,6H), 2H),1.59-1.70(m 1
(m2H),2.08-2.22 (d,J=5.0Hz,1H),7.38 - 7.44 (m 2 H), 8.24 - 8. 32
(m 2 H [0334](2) Synthesis of (25) -5-[({1-

[ (cycl ohexyl car bonyl ) oxy] - 2- met hyl pr opoxy} car bonyl ) am no] - 2-

(4, 5-di hydroi m dazo[ 1, 5- a] qui nol i n- 3~yhm®et hyl ) 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:y1_nwt hyl [ id (20Q Ln. N Ndi yl for i de
(6 M), 2-@%@1% %“%3%%???0&@%’6133/) é&r%%%ﬁiﬁgi%g%%‘f&ég CdPBEn
cycl oyhexameeanoXx yhaat §dabd 92n i Mas -added adst her 84 Xi A& WASirogen
stirred for 2 days at roomtenperature. After adding water to'the
reacti on rpudgs EoreXt haakkoat WG conduet edawt idn efiyurecetat €11Tbeed
organi c |l ayer was dried over anhydrous sodium sulfate and the sol vent
was renovehiquoha€editFhandeshd tsnlyardsivdige remsvpdr Lf i etkbury. dlHe ca
gel colum chromat ography (eluent: chloroform methanol = 97:3 to

85: 15) to kfisveHRE tRELEHs compRHL (icshpousdlags 202 erp)wHEs a

TRt L A T S R R FE R R VCRRREE
(m10H), 'éhggéﬁghnt recrystallization from ethyl acetate gave the

titled compound (245 mg) as a colorless powder.
MS(ESI/APCI Dual): 442 (M+H)
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
Hy, 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-
dihydreimidazo[l, 5~alquinolin-3-yl)methyl]pentancic acid
dihydrochloride

To a solution of (28)-5-[(tert~butcoxycarbonyl)amino]-2-
[ (7-propyl-4,5-dihydroimidazo[l, 5-a]lquinolin-3-
yl)methyl]pentancic acid (120 mg) in ethyl acetate (8 ml), a
solution of 4 M hydreochloric 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)



2.53-2.59 2H),2.82 1.51 2H), (m1 -2.87 - 175 - -1.57(m 1H),
1.86-1.94(m H),2.70-2.75 (m2H),2.90 1.60 1H, (m1 -2.95
-1.67(m2H), 2.25-2.33(m H),2.77-2.81 (m2H),6.40- 1

- 154 -

'H NMR (600 MHz, DEUTERIUM OXIDE) & ppm 0.90 (t, J=7.3 Hz, 3
H), 1.57 - 1.73 {(m, & H), 2.56 - 2.62 (m, 1 H), 2.63 (t, J=7.6
Hz, 2 H), 2.81 - 2.88 (m, 1 H), 2.91 - 3.05 (m, 7 H), 7.30 (d,
=§.3 Hz, 1 H), 7.33 (s, 1 H), 7.58 (d, J=8.3 Hz, 1 H), 9.11
(s, 1 H)

[0307] Example 31

Synthesis of methyl 5-amino-2-{4,5-dihydroimidazo{l, 5-

alguinolin-3-ylmethyl)pentancate dihydrochloride

To a solution of methyl 5-[ (tert-butoxycarbonyl)amino]-2-
(4, 5-dihydreoimidazo(l,5~alquinclin-3-ylmethyl)pentanocate (348
mg) in ethyl acetate {5 ml), a solution of 4 M hydrochleric
acid in ethyl acetate (5 ml) was added and the mixture was
stirred for 18 hours at room temperature. The solvent was
removed in vacuo to give the titled compound {(compound 31,
327 mg) as a colorless amorphous mass.
MS (ESI/APCI Dual}: 314 (M+H)
'H NMR (300 MHz, CHLOROFORM-d} & ppm 1.77 - 2.09 (m, 4 H),
2.91 - 3.24 (m, 9 H), 3.64 (s, 3 H), 7.28 = 7.34 {(m, 2 H),
.37 - 7.47 (m, 1 H), 8.12 (d, J=7.8 Hz, 1 H), 8.52 (br. s., 2
H), 10.36 (s, 1 H)
[0308] Example 32

Synthesis of ethyl (28)-5-amino-2-(4,5-

dihydroimidazo[l, 5-alquinolin-3-ylmethyl)pentancate

dihydrochloride

(1) Synthesis of ethyl (2S)-5-](tert-butoxycarbonyl)amino]-2-
(4,5-dihydroimidazo[1,5-alquinclin-3-ylmethyl)pentanoate
To a solution of (25}-5-[(tert-butoxycarbonyl)amino]-2-

{4,5-dihydroimidazo[l, 5-alquinelin-3-ylmethyl)pentanoic acid



6.43 (m1 H,7.15-7.20(m1 H),7.30-7.34(m 1 H), 7.35 -7.40
(m2H),7.66-7.73 (m1H),8.26(s, 1 H [0335] Exanple 49

Synt hesis of (2S) -2-(4,5-dihydroi mdazo[1, 5-a] gui nolin-3-

yl met hyl ) -5-[ (f2-net hyl -

[ (phenyl car honyl ) oxy] propoxy) car bonyl ) am no] pent anoi ¢ aci d To
a solution of (2S)-5-am no-2-(4,5-di hydsgi oi dazo[ 1, 5-

al gui nol i n-3-yl net hyl ) pentanoic acid (114 ng) in N, hhinethylfornanide

(10 m), 2- th -1-( - ni.itrophenox )carb |10 pro benzoate
(136 rrg) dlé‘n(%giﬁﬁoﬁ?ﬁ‘u i gt i ?lé%‘ 1]; Zﬁ ~kbom
tenperaturgy. Af ol t|m1mxt xHaC|on
was conduc egééﬁﬂ}%gﬁﬁ )95$§%E & e38f§§%|c ﬁgig? H roﬁ}e 6£er

anhydr ous gofj %@)s%aaraedémgtwfammm%% [(EMRY $yd Pe VAR aHRe the
resulting residue was purified by sili‘ca gel columm chromatography

(el uent: chil:anaforsmethanell Fof72@ HomrI0atOfobf gemMpeetdieutd tlmRd the
conpound (conpound 49, 172 ng) as a pal e pi nk anor phous nass.
NB(ESI/AP@wd@nﬂqp:BZ@@N%ED 4 1s At INVR(s68D & Ml 1 BIVBOL U3 6n ppin sodium
0.92-0.99(m 6 1.34- 1.49(m4H), 2. 03-2.10(m 1H), 2. 52-2. 60(m 2H),

2. 68- 2. 86( QQQBegcggbgnggenyQ§D q@;qydsgﬁﬁractlon was conducted with

ethyl acetate. After washing the organic layer with brine, 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 compecund (230 mg)
as a colorless oil.
MS(ESI/APCI Dual): 428 (M+H)
H NMR (300 MHz, CHBLOROFORM-d} & ppm 1.19 (t, J=7.1 Hz, 3 H),
1.42 (s, 9 H), 1.46 -~ 1.76 (m, 4 H), 2.64 - 2.76 {(m, 1 H),
2.79 - 2.95 {(m, 6 H), 3.04 - 3.17 {(m, 2 H}, 4.02 - 4.14 (m, 2
H), 4.69 - 4.82 (m, 1 H), 7.11 - 7.20 (m, 1 H), 7.25 - 7.33
{(m, 2 H), 7.37 - 7.43 (m, 1 H), 7.94 (s, 1 H)
[0309] (2) Synthesis of ethyl {(2S8)-5-amino-2-(4,5-
dihydroimidazo[l,5-alquinolin-3-ylmethyl}pentancate
dihydrochloride

To a solution of ethyl {(23)-5-[(tert-
butoxycarbonyl}amino]-2-(4,5-dihydroimidazo[l,5-alquinolin-3-
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



H,7.14-7.20(m 1H), 7. 29-7.37(m 2H), 7. 43-7. 47
(m1H),7.52-7.57(m2H),7.64-7.71(m2H),7.91 - 1 - 176 - 7.97 (m 2
H, 825 (s, 1 H [0336] Exanpl e 50 Synt hesi s of

(2S)-2-(4, 5-di hydroi m dazo[ 1, 5- a] qui nol i n- 3-

yl met hyl ) -5- ({[ (5- et hy1l- 2- oxo- 1, 3- di oxol - 4-y1) net hoxy]

car bonyl | am no) pent anoi ¢ aci d -Tas& sol uti on of

(2S) - 5- am no- 2- (4, 5-di hydr oi m dazo[ 1, 5-

a] qui nol i r&egs:LyclJEEt hyle) REALBAOI & é‘%&i&?e%oy:]’}%})vacﬂo'\‘t%‘d%l tr% :{@L”é‘ade

(16.7 m), (5-ne h12 x013 I OX met hyl eny
carbonat e &cﬁr%%dm) (eR_mpaddadsandl ddiandy XUre yaas oft hﬁléﬁﬁh&% s our s
at roomtenperature. After adding brine to the reaction m xture,
extracti o Ivardac Ded1nw t B2gt-e)of orm The organic layer was dried
over anhydrous sodium sul fate and the solvent was renoved in vacuo.
The resul t'HnYMResBAGM MRS @tﬁQ-fdaéd?SbypISllﬂe% @‘el J(fGI dnfiz, 3 H), 1.52 -
chr onmat ogra(p;qﬁyld(el uent: chl orof ormf net hanol = 1) to_give the

titled conp N cdnPound - 88, ~ 4870 hg)as é”col‘lopfleégr anof phdtie rfadd s

MS( ESI / AP al 56( M+ 5)

1.58 (m ql%[g,'l )713?6i gg“ 50#51} 715‘%!!\/R276%f( 2%9 6%@91?83% i
I—|),276-)28‘998(4ms 2.90 - 2.98 (m 2 H, 482(s 2 H, 7.14 -
7.21 (m 1H)), -74£(m 3 H, 7.70 (d, J=7.8 Hz, 1 H), 8.26
(s, 1 H qmalc)ql puEb{taylp1893;87(Vee tenp.: 10 C Mobil e phase:

n- Hexane: | PA: TFA: DEA = 80:20:0.5:0.5 r.t.: 34.06 mn [0337] Exanpl e 51
- 177 - Symt-hesiis of isopropyl (2S8)-5-amino-2-(4,5-
(25)-2-(4,5-di hydr0|mdazo 1, 5 a]qU| nol i n- 3-
yl met hyl ) -Bhyd 2829 hhens 0 i dly 1

i
car bony!) afy, o) pent anoig aci d

(1) Synthesis of isopropyl (2S})-5~[(tert-
butoxycarbonyl)amino]-2- (4, 5-dihydroimidazo[1,5~-alquinolin-3-
ylmethyl)pentancate

To a selution of (23)-5-[(tert-butoxycarbonyl)amino]-2-
{4, 5-dihydroimidazo[l,5-algquinolin-3-ylmethyl)pentanoic acid
{200 mg) in chloroform (5.0 ml), isopropanol (62 p)}, N-[3-
{dimethylamineo)propyl] -N’ -ethylcarbodiimide hydrochloride
(144 mg) and 4-dimethylaminopyridine (6 mg) were added and the
mixture was stirred for 20 hours at room temperature. To the
reaction mixture, a saturated aqueous solution of sodium
hydrogencarbonate was added and extraction was conducted with
ethyl acetate. After washing the organic layer with brine, 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 oil,



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 (150 ng) in N, Ndi net hyl f or mam de
(5.0 M), 4-nitrophenyl (2-oxo-5-phenyl-1,3- dioxol-4-yl)nethyl
carbonate (179 ng) was added and the mi xture was stirred for 16 hours
at roomtenperature. After adding brine to the reaction m xture,
extraction was conducted with chl orof-orim7 The organic | ayer was dried
over anhydrous sodiumsul fate and the solvent was renoved in vacuo.

The resul tydg:d7€ P@geDW§§ puak%t fbpy silica gel colum

chr omat ography (el uent: Foro met hanol = 20:1) to give the
titled corpound Q@@@D@Mﬁﬂ éﬁLORb@@R&QB)aSNEEﬁOiOiie§§.QﬂQTQh@%S AB{Yy,
MS(ESI / APCI Dual ): 518(M+H) 1H NWMR (600 , DMBO-d6) 5 ppm 1.30 -
1.58 (m 4 M0 @&,52=4.2. 85, (nER H.42.67 © R)911(apy 5 H)74 2(B1 4 H),
3.05 (m 2 H, 508 (s, 2 H, 7.13 - 7.20 (m 1 FD, 7.27 - 7.40 (n1 2
H, 7.45 -2 7636r @m734(m) 171b4 2. 7777-42(r943 3m) 6 B)263(®% 1 HL7 (m, 2
[0338]Exaqﬁ Synt hesi s of

-2-(4, 5-di ydﬂoﬁﬁldaﬂoﬁi tha] Huihvol4- @53" 5.01 (m, 1 H), 7.12 - 7.20

yl met hyl)-5-[( 0X%0 pr opan: 2-y. 0X0

yl ] met hoxy H(‘farlb%[ﬁyl ?a né] %eﬁ? Zlaf‘c?u'd% %:7 Syni‘%eérf"s bft), 794 (s,
4- nltrophqpxi [ 2- ox0- 5- (propan- 2- yl) 1, 3- leXOl 4-yl ] met hyl

car bonat e To a solution of 4-(hydroxymnethyl)-5-isopropyl-1, 3-

di oxol - 2- qr10450 my})i Bysbhos 0 M i(sD F&o@y)l (PYY Ll i no-2L7@ ,5- (248
ng) and 4-nitrophenyl chlorocarbonate (631 ng) were added under
cool i ng widihyideceiandathel ndxd Lael wes rstSi-yled thet ) Bedicaricatat room
tenperature. To the reaction mxture, an aqueous solutioln of 1 M
hydr ochl ordidvdeicghhasideded and after extractlon with chloroform the
organi c | ayer was washed with_brine. After dr g the organic |ayer

over anhydrous T9ofi B UEFPRLRE H TSN erdEShas~t Bhekd i n vacuo The
esul L1 N0 .51, 0uS UBs. PULA LS BV, Sl 63, Geb . £0LUID £ ofat agrane

(el uent: n-"hex e = 4:71) rve onpound
(416 ny) eoh9pLRESN (3Q%0¢ g@cw ppm
127 (4 3255 %z?’b% lg—éé,géét%ego%d?:".}{gqg %% %,%06 (s. ng)l-)b %735 -
7.45 (m 2dHuti8n26f- 48 3ydcAddid @339] (7) e Syl hesdtsatdf (5 ml) was
(2S)-2-(4, 5-di hydroi m dazo[ 1, 5-

a] qui nol i md@egll aethiyhé -Bifdf-wmeo-B-ifpedpanz 22 yiguids S tdimpanl 4- yl | net
hoxyl car bonyl ) am no] pent anoi ¢ acid To a solution of

(2S)-5- anﬁﬁ@PErGEUBSdl?@@H%ﬁ#ﬁ?ﬂﬁuﬂﬁf gemoved in vacuo and an adqueous

?%qglgfgln Egﬁ;%g éq&nﬁy{%gj a%bgogégg ngg added to'?% %gg%ﬁqan]de

y1)-1,3- d'r%%u‘el ysﬂugg J}iéerﬁ%rupa%nacte%o%ﬁzlﬁ%a% Addpd, ang, Eg.tled

mxture was stirre urs at room tenperature. After a

brine to thepbeaat ii@8mPdbXtrss, exty aghi a8 Wase LOMEUGIAINMIN mass .
chloroform The organic |ayer was dried over anhydrous sodi um sul fate
and the soisvest/aaSIreundved 342 AMacl)o. The resul ting residue was
purified by silica gel colum chromat ography (el uent:

chl or of or n¥ MR a0 Mi2g; PMSponIV%IHWEJIKEIééfcéﬁﬁO&nEZ(dbﬁﬂoudd152

90 ng) as a calarless anDrphous mass. 179 - MS(ESI/APCI Dual):
484( MrH) 1f1 RVR- €680 M) DNBG2I6) 16 68pﬁiﬂ1 ‘14H)(d 2.55, '93H206 6 9

1.31 - 1. 5 2 2. 6 2. 76

2.76 - 33 ng E&ﬁl‘ég% %%&m 5036 -34 Jlmyg 3 H)'z E%B‘

2.99 - 3 8gm 1 4. S, 3 7 2 7.28 -

7.41 (m g ED% m agb%d ?398( 821@ ﬁS’ : H%B 9251 { 1% %10§401 Exanpl e

53 Syntbesi s pfaf@Zhy) 342- (4 5- dlhydr0|n1dazo[1 5-a]quino|in-3-

yl met hyl ) - 5- (1[ ( 2- oxo0- 5- propy1l- 1, 3- di oxol - 4-

yl ) met hoxy] car bgnyhé¢ ais nof) gerttarioi (@ Saebdanifd)2 Syhthesi s of

4-ni trophenyl (2-o0xo-5-propyl-1, 3-di oxol-4- yl)nethyl carbonate
dihydroimidazo|l,5-algquinolin-3-ylmethyl)pentancate

dihydrochloride




To a solution of 4-(hydroxymnethyl)-5-propyl-1, 3-di oxol -2- one (380
mg) in chloroform (8.0 m), pyridine (209 ng) and 4- nitrophenyl

chl orocarbonate (532 ng) were added under cooling with ice and the
m xture was stirred for 3 hours at roomtenperature. To the reaction
m xture, an aqueous solutioln of 1 Mhydrochloric acid was added and
after extraction with chloroform the giganic |ayer was washed with
brine. After drying the organic Iayer over anhydrous sodium sul fate,

t he sol ven renoved i_n._vacuo. e sulting resi due was_ pur,ified
by silica Efe’was léhf-"énﬁ%b#‘]apiﬁﬁ e ﬁ@%ﬁﬁ@%ﬁ%@@éﬁﬂé’?& -

4:1) to gi n 7 a £SS oil. 1H NWR
(302) Mz G o&%]—“ggﬁ gﬁ égggﬁ#’ & 9%] %% %Jg*)l va ﬁ%gggfg% PeRtgHIoatE 75
(m 2 H, 2.52d o dolufibk o2 !'QS —q5(t@§:rt %uIEDnyZa%@onyl?) a‘hﬁn@ﬂ 22
H, 8.27 - 8.35 (m 2 H [0341](2) Synthesis of

(2S)-2- (4, &r,d-ydrarsidaaetd ([ b:5-a2) dBGolin-3-ylmethyl) pentanoic acid
a]quinoIin-3-y|nethyl)-5-({[(2-oxo-5-propy1-1,3-diox01-4-

yl ) met hoxy( 28 b@r)yli}lanhhoypémrantﬁ-cﬂ adi)d n-hept3dpod $93 utdlan Nof[3-
(2S)-5-am no-2-(4,5- d|h dr oi mi dazo|

a] qui nol i ntBMA tlﬁwyle ﬂ%%ﬂb-bhcuqih(yﬂ%rﬁﬁ)ﬂlmmﬁ wwmqrdrd@am de

ﬁgrgoggze é%%bnﬁ@ aé O§é§£§4¥ﬁ¥) 1%%& Io%g |Y? 43395{§nﬁoGP§

room t %%gs lelwgdr@@ftzoo@l rétgrterozéﬁt%%%g%gﬁi hyd, ghher

mere added and the precipitating powder was recover tratlon

The powderrdsasitheninashed widdewalely andedist Bwluﬁ&}eroﬁ Qv the
titled compound (conpound 53, 151 ng) as a col orl ess powder.

V5( ESI / APGyiduakgenéd84b bkl e Tk NM(EQRD alldz cRWBO=d6dH g dbrifR{dtted=%iGh
Hz,3 H),1.32 1.56(m 6H), 2. 46-2.60(m 4H), 2. 68-2. 76(m 1H), 2.77 -2.82
(m 2H), 28>yl 88ehpteH) ADt90-wadg nomthe Hyganig3layer with brine, it
was dried over anhydrous sodium sulfate. The solvent was
concentrated in vacuc 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 (221 mg)
as & pale yellow oil.
MS(ESI/APCI Dual): 498 (M+H)
'H NMR (300 MHz, CHLOROFORM-d) & ppm 0.80 - 0.88 (m, 3 H),
1.1¢ - 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 H), 7.11 - 7.19
(m, 1 H), 7.25 - 7.33 (m, 2 H}, 7.37 - 7.42 (m, 1 H), 7.924 (s,
1 H)
[0314] (2) Synthesis of heptyl (28)-5-amino-2-(4,5-
dihydroimidazo[l, 5~alguinelin-3-ylmethyl)pentanocate
dihydrochloride

To a solution of heptyl {2S)-5-[(tert-

butoxycarbonyl)amino]-2-(4,5-dihydroimidazo[l, 5-alquinolin-3-



H,7.14-7.21(m1 H),7.29-7.400m 3 H), 7.67 -7.72 (m 1H), 8. 26(s, 1H)
[ 0342] Exanpl e 54 Synt hesis of (2S)
-5-({[(5-tert-butyl-2-o0xo0-1, 3-di oxol-4-

yl ) met hoxy] car bonyl | am no) - 2- (4, 5- di hydr oi m dazo[ 1, 5-

a] qui nol i n- 3-yl et hyl ) pent anoi ¢ aci d (1) Synthesis of
(5-tert-butyl-2-o0xo0-1, 3-di oxol-4-yl) retil®pl -4- nitrophenyl carbonate
To a solution of 4-tert-butyl-5-(hydroxynethyl)- 1,3- dioxol-2-one
(400 ny) i ) rJ, G 1 i1y ophenyl
chIorocar5@%%%%8?2%%5%55532%e(%%%égﬂuﬁ'e%%%%%l%%éta??hﬁ?gghdn t he

m Xt ure waseSidifdned f ar M18,he8Es1 diti d QRN emperatur gced®rd he HAACEIZ@N
m xture, an aqueous - 181 - solutioln of 1 Mhydrochloric acid was
added and afdest armio tért magtuoaswad tdrietrfeyl facetaheurs het argani c | ayer
was dried over anhydrous magnesi um sul fate and the sol vent was then
renoved i remReIGtuThe Fesub?l YRl egiduemwasdpiani Faedo byndidn caugsius
col um chromat ogr aphy (el uent: n-hexane/ethyl acetate = 80:20) .and
subsequentISFHy-CEnSEh&r Mr BRIBPeREIT G agdid @BFuAAYRAr bratitiyr ting

(eluent: n-hexanel/ethyl acetate = 85:15) to give the titl q3c und

(990 ) 5 R ob P Be gD ORRibr g (R PAbar BRERT: LSeBNNE) T R

(300 Mz, (I (RAGORMELorn@PH 1. 3R AsHh, yR11dw(Smoptdus add .

7.45 (m 2 H, 8.28 - %?3% (m’ 2 H)(“[%cﬂsﬁ’](2)y Syn‘f"hes?%pofus 2

(29) - 5- (( [Mdesar/irbut pihaly oX®od (18-H)

di oxol- 4-yl ) net hoxy] car bonyl ) am no) - 2- (4, 5- di hydr oi m dazo[ 1, 5-

a] qui nol i MH3NYRMES BY | YpentiMse-cdsacd dopm 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 l-{[(cyclohexyloxy)carbonyl]oxylethyl (2S)-

S5-amino-2—-{4,5-dihydroimidazo[l,5-aJquinolin-3-

ylmethyl)pentanoate dihydrochloride

(1) Synthesis of 1-{[(cyclchexyloxy)carbonyl]oxylethyl (28)-5-
[ {tert-butoxycarbonyl)amino]-2-(4, 5-dihydroimidazo[l, 5-
alguinoclin-3-ylmethyl)pentanocate

To a solution of (28)-5-[(tert-butoxycarbonyl)aminol-2-
{4,5-dihydroimidaze[l, 3-alquinelin-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 solvent was

concentrated in vacuo. The resulting residue was purified by



To a solution of (2S)-5-am no-2-(4,5-di hydroi m dazo[ 1, 5-

a] qui nol i n-3-yl nmet hyl ) pentanoic acid (153 ng) in N, Ndi net hyl f or mam de
(5 mM), (5-tert-butyl-2-o0x0-1, 3-di oxol-4- yl)nmethyl 4-nitrophenyl
carbonate (210 ng) was added and the mixture was stirred for 46 hours
at roomtenperature. After adding toluene to the reaction m xture,

t he sol vent was renoved in vacuo. The rggulting residue was purified
by silica gel colum chronatography (eluent: chlorof ornf net hanol =

95:5 to 90; t| th f sil
chr omat ogr by Y SeREL BRI HPBVB TG 0°8: 7t Be 80 abe N gi ve

the titl d

T CES| | An SR ig%?meﬁo N %@%@m&ﬁ%&ﬁéﬁm@ SB%%%?%‘
(s, 9 H, J4149 - - 182 - 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), 285- 2.96 (m 5 H), 315-
3.24 (m MHESHISCI(Spa2)kH)s576(@%)y 5.28 (m 1 H), 7.18 - 7.22 (m 1
H, 7.28 - 7.34 (m 2 H), 7.39 - 7.44 (m 1 H), 8.11 (s, 1 H [0344]
Exanpl e 551HS§HBhé§D§ I6i z ( Z8)LORRFORM5ddi Apdmol nd daz o] -19%- @j,.qditndD i n- 3-
| t hyl 5-

)r/retnﬁyl)t/)u%ajrr Gy othox}t 88r bbnyi G #&]pénﬁano?c%c. @-Th)im 18,
Synt h f t h b | | et |

ot but g g 2 Mg CRNETO ) GALDOM I 21, 5?/ AE089 okl 1

nethylbutanoate i'on of
car bonat e 1. 888) i 968 yane: (8. & 1 . & h¥etnl Sobyf anpaie (.33 0)
was added and the nlxture was stirred for 3 hours at Th
reacti on mmt ur @)wasg.bil tevessang, watgr, wasoaddedgte. 4 he; fil tyat e;
after three extractions with ethyl acetate, the organic |ayer was
washed w t'h 936, ng.. 9ABt és, diyiing the organic layer over anhydrous
sodium sul fate, the solvent was renoved in vacuo. The resulting
resi due wd§3ééﬂlf|edzbySEPFh%%9@e¥fé01unn chr omat ogr aphy (eIuIent
n- hexane/ chl or of o n he ane/ethéIl «Eetate - 4 to give

o]

the t1tled OMBOAREA Y he) B 5ad o S TS i a1 06 M,
565 < 5 SRRl gffa pabilo 1-56§%e8%§g?%49t§§%a e fe 3H)H>

7.36 - 7. 4fnfirolhldbri8e24 - 8.35 (n1 2 [ 0345] (2) Synthe5|s of
(2S) -2-(4,5-di hydroi mdazo[1,5- aJquinolin-3-ylmethyl)-5-[({1-](3-

- 183 - net hyl ret aneyl hoxyh eshoxyl car bonyl ) am no] pent anoi c acid

To a solution of (2S) -5-am no-2-(4,5-di hydroi m dazo[ 1, 5-

a] qui nol i n-[3cykcAetihyl ) pent eacienwldicky(} 50 vagE St n5SN| Nekmtet hyl f or mam de
(5.0 M), 1-1[(4- nltrthenox )carbonylgoxylethyl 3- net hyl but anoat e
(156 ng) Wwasoxgdegbany! :%r%1@a§l YAEPEBi a7 IS Houkdige i goaT

t t dded h t t th
extFacti ofd RGP RYToRterat b0 R oRgaRr BV  agartoes whdndth i eh
brine. Aften driyhngsth dM%m&lo% er oygr if Ir'@w]wugc “”E‘3S‘é' tn §e,

t he sol vent was renoved in vacuo e resu ng Tesidue was puri |ed
by silicawgel asakdnBnghtRashoaharhwaekuienta €6+ oxofryud net hasel =
100:0 to 97:3) to give the titled conmpound (conpound 55, 200 ng) as a
col orl| ess tampephouse masise M(ESIY ARGl rBuakyd 4 2¢Mhd) iitd MYRe(6@0ding
VHz, DNBC>d6) 6 ppm0.89 (d, J=6.9 Hz, 6 H, 1.28 - 1.55 (m 7 H),
1.89 - @J@t(%m te Fljle pegglting Z@S(iﬁixuez Hyle QOB‘Qent ZNESEB I(emovzdl—mn
2.67 - 2.88 (m 5 2.88 - 3.01 (m

7.12 - 7.78°PR) 2 Fﬁveﬁbﬁ% titdegh Cﬂl?'gpo"znlji) ‘C‘?mB,@und 7352I18 1(5h3; mﬂ)H)als a

7.70 (d, J [ 0346] The structural formulas
of conpougézelbggw%r%%%F%Epus s |

MS (ESI/APCI Dual): 470 (M+H)
*H NMR (600 MHz, METHANOL-ds;) &ppm 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, 6.61 - 6.67 {m, 1 H), 7.41 - 7.53 (m, 3 H), 7.81 (d,
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J=7.3 Hz, 1 H), 9.61 (s, 1 H)

Optical purity: 99.84%ece

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-dihydreoimidazo[l,5-alquinoclin-3-

ylmethyl)pentancate dihydrochloride

(1) Synthesis of {(5-methyl-2-oxo-1,3-dioxol-4-yl)methyl (25}-
5-[ (tert-butoxycarbonyl)amino]-2-(4,5-dihydroimidazo{l, 5-
algquinolin-3-ylmethyl)pentanoate

To a solution of (28)-5-[{tert-butoxycarbonyl)amino]-2-
(4,5-dihydroimidazc[l, 5—alquinolin-3-ylmethyl)pentanoic acid
(500 mg) in N,N-dimethylformamide (4.2 ml), 4-{chloromethyl}-
5-methyl~1,3~dioxol-2-one (279 mg) and cesium carbonate (%13
mg) were added under coecling 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 B), 4.80 (s, 2 H), 7.12 - 7.22 {m, 1 H), 7.24 -
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7.36 (m, 2 H), 7.37 - 7.46 (m, 1 H), 7.92 (s, 1 H)
(0318] (2) Synthesis of (5-methyl-2-oxo-1,3-dioxol-4-
yl)lmethyl (25)-5-amino-2-(4,5-dihydroimidazo[l,5-alguinolin-3-
ylmethyl)pentanoate dihydrochloride

To a sclution of (5-methyl-2-oxo-1,3-dioxol-4-yl)methyl
(25)-5-[(tert-butoxycarbonyl)amino]-2-{4, 5-dihydroimidazo[1l, 5-
alquinolin-3-ylmethyl)pentanoate (130 mg} in ethyl acetate
{2.5 ml), a sclution of 4 M hydrochleric 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)
'H NMR (600 MHz, DEUTERIUM OXIDE) &ppm 1.64 — 1.9%0 (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), 8.92 (s, 1 H)
Optical purity: 97.65%ce
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-dihydroimidazec[l,5-alquinolin-3-

ylmethyl)-5-[ (ethoxycarbonyl)amino]pentanoic acid

Te a solution of (28)-5-aminco-2-{4,5~dihydroimidazo[1l, 5-
alquinolin-3-ylmethyl)pentancic acid (200 mg) in N,N-

dimethylformamide (7 ml), ethyl 4-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 reacticn
mixture, the solvent was concentrated in vacuo and the
resulting residue was purified by silica gel column
chromatography (eluent: chloroform/methanol = 9:1) to give the
titled compound {compcund 37, 162 mg) as a colorless powder.**
MS (ESI/APCI Dual}: 372 (M+H)

'H NMR (600 MHz, DMSO-dg¢) & 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 - 2.7¢ (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 H}, 7.15 -
7.20 (m, 1 H), 7.30 - 7.34 (m, ¥ 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)ethoxylcarbonyllamino}-2-(4,5-dihydroimidazo[1l, 5~

alguinoclin-3-ylmethyl)pentanoic acid

Tc a solution of (2S)-5-amino-2-{4,5-dihydroimidazo[1l, 5-
alquinolin-3-ylmethyl)pentanoic acid (256 mg) in N,N-
dimethylformamide (8.5 ml), 1-{[(4-
nitrophenoxy)carbenyl]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 compcound (compound 38, 258 mg) as a pale



- 164 -

yellow powder.

MS(ESI/APCI Dual): 430 (M+H)

i 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 (28)—2-{4,5-dihydroimidazo[l,5-alquinolin-3-

ylmethyl)-5-({[1-(propanoyloxy)ethoxy]carbonyl}aminc)pentanoic

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 over
anhydrous sodium sulfate and the solvent was removed in wvacuo.
The resulting residue was purified by silica gel column
chromatography (eluent: chloroform/methanol = 30:1 to 10:1) to
give the titled compound (compound 39, 100 mg) as a pale
vellow powder.

MS(ESI/APCI Dual): 444 (M+H)

'H NMR (600 MHz, DMSO-dg¢) & 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), 6.6%1 - 6.67 {(m, 1 H), 7.15 - 7.20 (m, 1

E}y, 7.30 - 7.35 {(m, 1 H), 7.35 - 7.38 (m, 1 H), 7.39 - 7.44



- 165 -

(m, 1 H), 7.7 - 7.72 (m, 1 H), 8.26 (s, 1 H)
[0322] Example 40

Synthesis of (28)—-5-{{[1l-

{butanoyloxy)ethoxy]carbonyllamino)-2~(4,5-dihydroimidazo[1l, 5-

aljquinolin-3-ylmethyl)pentanoic acid

To a solution of (28)-5-amino-2-{4,5-dihydroimidazol[i, 5-
algquinolin-3-ylmethyl)pentanoic acid (150 mg) in N,N-
dimethylformamide (5.0 ml), 1-{[(4-
nitrophenoxy)carbonyl]oxy}ethyl butanocate (14% 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
yvellow powder.

MS (ESI/APCI Dual): 458 (M+H)

'H NMR (600 MHz, DMSO-dg) & ppm 0.86 (t, J=7.3 Hz, 3 H), 1.27 -
1.58 (m, 9 B), 2.24 (&, J=7.1 Hz, 2 H), 2.53 - 2.64 (m, 2 H),
2.64 - 3.02 (m, 7 H), 6.58 - 6.72 (m, 1 H), 7.12 - 7.22 (m, 1
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] Example 41

Synthesis cof (28)—2-{(4,5-dihydroimidazo[l, 5-alquinolin~-3-

ylmethyl)-5-[ ({1-[(2-

methylpreopanoyl)oxylethoxy}carbonyl)amino]lpentanoic acid

To a solution of (2S)-5-amino-2-(4,5-dihydroimidazol[i, 5-
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algquinolin-3-ylmethyl)pentanoic acid (212 mg) in N,N-
dimethylformamide (7.1 ml), 1-{[(4-
nitrophenoxy)carbonyl]oxylethyl 2-methylpropancate (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 vacuc. The resulting residue was purified by silica
gel column chromatography (eluent: chloroform/methancl = 30:1)
to give the titled compound (compound 41, 40 mg) as a |
colorless powder.

MS(ESI/APCI Dual): 458 (M+H)

'H 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
H), 7.40 - 7.46 {m, 1 H), 7.65 - 7.74 (m, 1 H), 8.26 (s, 1 B)
[0324] Example 42

Synthesis of (28)—5-[({1-

[ (cyclohexylcarbonyl)oxylethoxy}carbonyl)amino]-2-(4,5-

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

Tc a solution of (28)-5-amino-2-(4,5-dihydroimidazoil, 5-
alquinolin-3-ylmethyl)pentanoic acid (150 mg) in N,N-
dimethylformamide (5.0 ml), 1-{[(4-
nitrophenoxy)carbonyl]oxylethyl cyclchexanecarboxylate (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 chlorcoform. 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 1.11 - 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 B},
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 (28)—2-(4,5-dihydroimidazo[l,3~ajquinelin=-3-

ylmethyl)-5-[ ({1~

[ (phenylcarbonyl)oxylethoxylcarbonyi)aminolpentanoic acid

To a solution of (25)-5-amino-2-(4,5-dihydroimidazo([l, 5~
alquinolin-3-ylmethyl)pentancic acid (150 mg) in N,N-
dimethylformamide (5.0 ml}, 1-{[(4-
nitrophenoxy)carbeonyl]oxylethyl 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 chloroform. The organic layer was dried over
anhydrous sodium sulfate and the solvent was removed in wvacuo.
The resulting residue was purified by silica gel cclumn
chromatography {eluent: chloreoform/methancl = 30:1 to 10:1) to
give the titled compound (compound 43, 201 mg} as a colorless
powder.

MS (ESI/APCI Dual): 492 (M+H)

!E NMR (600 MHz, DMSO-d¢) Sppm 1.30 - 1.61 (m, 7 H), 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}, 8.2%6 (s, 1 H)

[0326] Example 44

Synthesis of (28)-5-{{[l-{acetyloxy)-2-

methylpropoxylcarbonyl }lamine)-2—-(4,5-dihydroimidazo[1, 5-

algquinolin-3-ylmethyl)pentanoic acid

To a solution of (28)-5-amino-2-(4,5-dihydroimidazo(l, 5-
alJguinolin-3-ylmethyl)pentanocic 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 corganic 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 20:10)
to give the titled compound (compound 48, 181 mg) as a
colorless amorphous mass.

MS (ESI/APCI Dual): 458 (M+H)

'H 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), 2.8% - 2.899 (m, 2 H), 6.39 - 6.42 (m, 1
H), 7.1%5 - 7.19 {my 1 H), 7.30 - 7.34 {(m, 1 H), 7.35 - 7.3%
(m, 2 "), 7.67 - 7.72 (m, 1 H), 8.26 (s, 1 H)

[0327] Example 45
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Synthesis of (25)-2-(4,5-dihydrecimidazeo[l,5~algquinolin-3-

ylmethyl)-5-({[2-methyl-1-

(propanoyloxy)propoxy] carbonyllamine)pentanoic acid

(1) Synthesis of l1-iodo-2-methylpropyl 4-nitrophenyl carbonate

To a solution of l-chloro-2-methylpropyl 4-nitrophenyl
carbonate (4.86 g) in toluene (100 ml), sodium iodide {(10.7 qg)
and calcium chloride (7.90 g) were added and the mixture was
heated under reflux for 2 hours. 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 1in 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 - 8.34 (m, 2 H)
[0328] (2) Synthesis of Z-methyl-1-{[ (4~
nitrophenoxy)carbonylloxy}propyl propancate

To a solution of l-iodo-Z-methylpropyl 4-nitrophenyl
carbonate (1.20 g) in teluene (10 ml), silver propicnate (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 vacuc. To the resulting residue,
ethyl acetate was added and the mixture was washed with water
and brine. After drying the crganic 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)
‘H NMR (300 MHz, CHLOROFORM-d) & ppm 1.06 (d, J=6.9 Hz, 6 H},
1.18 (t, J=7.5 Bz, 3 H), 2.15 (gd, J=6.9, 5.0 Hz, 1 H), 2.43
(¢, J=7.5 Hz, 2 H), 6.60 (d, J=5.0 Hz, 1 H), 7.38 - 7.45 {(m, 2
H), 8.25 - 8.32 {m, 2 H)
[0329] {3} Synthesis of (28)—2-(4,5-dihydroimidazol[l,5-
alJquinolin-3-ylmethyl)~5-{({[2-methyl-1-
(propanoyloxy)propoxyl]carbonyl }amino) pentanoic acid

To a solution of (28)-5-amino-2-(4,5-dihydroimidazoll, 5-
alquinolin-3-ylmethyl)pentancic acid (200 mg) in N,N-
dimethylformamide (6 ml), 2-methyl-1-{[(4-
nitrophenoxy) carbonyl]oxylpropyl propanocate (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 organic layer was dried over
anhydrous sodium sulfate and the sclvent was removed in vacuo.
The resulting residue was purified by silica gel column
chromategraphy (eluent: chloroform/methanol = 97:3 to 90:10)
to give the titled compound (compound 45, 198 mg) as a
colorless amorphous mass.
MS(ESI/APCI Dual}: 472 (M+H)
'H NMR (600 MHz, DMSO-dg) & ppm 0.82 - 0.90 (m, 6 H), 1.00 (t,
J=7.6 Hz, 3 H), 1.33 - 1.51 (m, 4 H), 1.85 - 1.983 (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), 6.41 - 6.44

(m, ¥ 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[1l, 5-

alguinolin-3-ylmethyl)pentanoic acid

{1) Synthesis of 2-methyl-1-{[{4-
nitrophenoxy}carbonyl]oxylpropyl butanocate

To a solution of l-iodo-Z-methylpropyl 4-nitrophenyl
carbeonate (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 scdium 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 coclumn 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} &ppm 0.98 (t, J=7.4 Hz, 3 H},
1.06 (d, J=6.8 Hz, 6 H), 1.70 (gt, J=7.4, 7.4 Hz, 2 H), 2.15
{gd, J=6.8, 5.0 Hz, 1 H), 2.38 (t, J=7.4 Hz, 2 H), 6.60 {(d,
J=5.¢ Hz, 1 H), 7.38 - 7.45 (m, 2 H), 8.25 - 8.31 (m, 2 H)
[0331] {2) Synthesis of (28)—5-({[1l-{butanoyloxy)-2-
methylpropexy]carbonyllamino)-2- (4, 5-dihydroimidazo[l, 5-

alquinolin-3-ylmethyl)pentanoic acid
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To a solution of (28)-5-amino-2-(4,5-dihydroimidazol[1l, 5-
alguinclin-3-ylmethyl)pentanocic acid (200 mg) in N,N-
dimethylformamide (6 ml), 2-methyl-1-{[(4-
nitrophenoxy)carbonyl]oxy}propyl butancate (260 mg) was added
and the mixture was stirred for 2 days at rcocom 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 = 97:3 to 20:10)
to give the titled compound {(compound 46, 194 mg) as a
colorless amorphous mass.

MS (ESI/APCI Dual): 486 (M+H)

'H NMR (600 MHz, DMSO-d¢) & 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=6.9 Hz, 2 H),
2.51 - 2.60 (m, 2 H), 2.69 = 2.75 {(m, 1 H), 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 - 7.39 (m, 2 H), 7.66 -
7.72 {m, 1 H), 8.26 (s, 1 H)

[0332] Example 47

Synthesis of {285)—2-(4,5-dihydroimidazo[l,5-alguinolin-3-

ylmethyl)=5-[ ({2-methyl-1-[ (2-

methylpropanoyl) oxylpropoxyl}carbonyl)amino]pentanoic acid

To a sclution of (28)-5-amino-2-(4,5-dihydrecimidazo[l, 5~
alguinolin-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 rocom
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temperature. After adding water to the reacticon mixture,
extraction was conducted with ethyl acetate. The organic layer
was dried over anhydrous sodium sulfate and the soclvent was
removed in wvacuo. The resulting residue was purified by silica
gel column chromatography (eluent: chloroform/methancl = 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, 1 H), 1.33 - 1.50 (m, 4 H),
1.86 - 1.94 (m, 1 H}, 2.51 - 2,538 {(m, 2 H), 2.70 - 2.76 (m, 1
H), 2.76 - 2.86 (m, 4 H), 2.89 - 2.96 (m, 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-[{cyclohexylcarbenyl)oxyl-2-

methylpropoxylcarbonyl)amine] -2-(4,5-dihydroimidazo[1, 5~

ajguinolin-3-ylmethyl}pentanoic acid

{1) Synthesis o¢f 2-methyl-1-{[(4-
nitrophenoxy)carbonyl]oxy}propyl cyclohexanecarboxylate

To a solution of l-iodo-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 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
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removed in vacuo. The resulting residue was purified by silica
gel column chrematography (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)
'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.05 (d, J=6.8 Hz, 6 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 H), 7.38
- 7.44 (m, 2 H), 8.24 - 8.32 (m, 2 H)
[0334] (2) Synthesis of (23}—-5-[{{1-
[ {cyclohexylcarbonyl)oxy] —2-methylpropoxylcarbonyl)amine] -2-
(4,5~dihydroimidazo[1l, 5-alquinolin-3-ylmethyl)pentanoic acid
To a solution of (28)-5-amino-2-(4,5-dihydroimidazo[l,5-
alguinolin-3-ylmethyl)pentanoic acid (200 mg) in N,N-
dimethylformamide (& ml), 2-methyl-1-{[(4-
nitrophenoxy)carbonyl]oxyl}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 solvent was
removed in vacuo. The resulting residue was purified by silica
gel column chromatography (eluent: chloroform/methanol = 97:3
to 85:15) to give the titled compound (compound 48, 202 mg) as
a colorless amorphous mass.
MS({ESI/APCI Dual}: 526 (M+H)

'H 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),
1.77 - 1.82 (m, 2 H), 1.86 - 1.94 (m, 1 H), 2.25 - 2.33 (m, 1
H), 2.53 - 2.59 (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 (28)—2-(4,5-dihydroimidazofl, 5-alquinolin-3-

ylmethyl)-5-[ ({2-methyl-1—

[ (phenylcarbonyl)oxylpropoxylcarbonyl)amino] pentanoic acid

To a sclution of (28)-5-amino-2-(4,5-dihydroimidazol(l, 5-
alquinolin-3-ylmethyl)pentanoic acid (114 mg) in N,N-
dimethylformamide (10 ml), 2-methyl-1-{[(4-
nitrophenoxy)carbonyl]oxylpropyl 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 90:10)
to give the titled compound (compound 49, 172 mg) as a pale
plnk amorphous mass.

MS(ESI/APCI Dual): 520 (M+H)

'H NMR (600 MHz, DMSO~dg) & 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 H), 2.8%9 - 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), B.25 (s, 1 H)
[0336] Example 50

Synthesis of (25)—2-(4,5-dihydroimidazo[l,5-alquinolin-3-

ylmethyl)-5-({[{5-methyl-2-¢x0-1,3-dioxol-4-yl)methoxy]

carbonyl}amine)pentancic acid

To a solution of (28)-5-amino-2-(4,5-dihydroimidazo[l, 5-
alguinolin-3-ylmethyl)pentancic 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 vacuoc. The
resulting residue was purified by silica gel column
chromategraphy (eluent: chloroform/methanol = 20:1) to give
the titled compound (compound 50, 467 mg) as a colorless
amorphous mass.

MS(ESI/APCI Dual): 456 (M+H)

'H NMR (600 MHz, DMSO-dg) ®ppm 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), 2.7¢ - 2.89

{m, 4 H), 2.90 - 2.98 (m, 2 H), 4.82 (s, 2 H), 7.14 - 7.21 (m,
1 8, 7.27 - 7.42 (m, 3 H), 7.70 {(d, J=7.8 Hz, 1 H), 8.26 (s,
1 H)

Cptical purity;: 99.87%ee

temp.: 10 °C

Mebile 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)-53-({{ [ (2-oxo—-5-phenyl-1, 3-dioxol-4-yl)imethoxy]

carbonyllamino)pentanoic acid

To a solution of (28)-5-amino-2-(4,5-dihydroimidazol[l, 5-
alquinolin-3-ylmethyl)pentanocic acid (150 mg) in N,N-
dimethylformamide (5.0 ml), 4-nitrophenyl (2-oxo-5-phenyl-1,3-
dioxol-4-ylimethyl carbonate (172 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 (compcound 51, 125 mg) as a colorless
amorphous mass.

MS(ESI/APCI Dual): 518 (M+H)

'H NMR (600 MHz, DMSO-dg) & ppm 1.30 - 1.58 (m, 4 H), 2.52 -
2.65 (m, 2 H), 2.67 - 2.91 {(m, 5 H), 2.91 - 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 (25)—2-(4,5-dihydroimidaz¢[l, 5-alquinolin-3-

ylmethyl)-5-[{{[2-0ox0-5~(propan-2-yl)-1,3-dioxol-4-

yllmethoxylcarbonyl)amino]pentancic acid

(1) Synthesis of 4-nitrophenyl [2-oxo-5-{(propan-2-yl)-1, 3-
dioxol-4-yl]lmethyl carbonate
To a sclution cof 4-(hydroxymethyl)-5-isopropyl=-1, 3-

dioxol-2-one (450 mg) in chloroform {8.5 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 agqueous
solutioln of 1 M hydrochleoric 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 sclvent 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.
'H 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 (23)—2-(4,5-dihydroimidazol[l, 5-
alquinolin-3-ylmethyl)-5-[({[2-ox0o-5—-({propan-2-yl)}-1,3-dioxol-
4-yllmethoxylcarbonyl)amino]pentanoic acid

To a sclution of (28)-5-amine-2-(4,5-dihydroimidazo[l,5-
alquinoclin-3-ylmethyl)pentancic 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
anhydrocus 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 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),
2.7 - 2.82 {(m, 2 H), 2.82 - 2.88 {m, 2 H), 2.89 - 2.98 (m, 2
€y, 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), 7.68% (d, J=7.8 Hz, 1 H), 8.26 (s, 1 H)
[0340] Example 53

Synthesis of (28)—2-(4,5-dihydroimidaze([l, 5-alquinelin-3-

ylmethyl)-5-({{[ (2-oxoc-5-propyl-1,3-diocxol-4-

yvl)methoxylcarbonyllamino)pentanoic acid

(1) Synthesis of 4-nitrophenyl (2-oxo-5-propyl-1,3-dioxol-4-
y1l)imethyl 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 chlorccarbonate (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 hydrechloric 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 mg) as a colorless oil.
'H NMR (300 MHz, CELOROFORM-d) & ppm 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 - B8.35 (m, 2 H)

[0341] {2) Synthesis of (25)—-2-(4,5-dihydroimidazoll,5-
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alJgquinelin-3-ylmethyl)-5-{{[ (2-oxo-b-propyl-1,3-dioxol-4-
yl)methoxy]carbonyl}amine)pentanoic acid

To a solution of (28)-5-amino-2-{4,5-dihydroimidazol[l,5-
alquinolin-3-ylmethyl)pentanoic acid {150 mg) in N,N-
dimethylformamide (5.0 mi), 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 powder
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)
'H 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-oxoc-1,3-dioxol-4-

yl)methoxy]carbonyllaming)-2-(4,5-dihydroimidazo[1l,5-

aJguinolin-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 uL)
and 4-nitrophenyl chlcerocarbonate (516 mg) were added under
coeling with ice and the mixture was stirred for 19 hours at

room temperature. To the reaction mixture, an agueous



0 Y-OHHO "eN' \ Oyl 11300 - 187 - [0350] Test 1 [TAFla

I nhi bition Test] Compounds of the present invention were
nmeasured for their TAFla inhibitory activity as foll ows based on the
nmet hod described in Thronb. Haenobst. 371 (1988). [0351](a)
Preparati on of TAFla sol ution To 450 gl of TAFI (the product of
Enzynme Research Laboratories whose caengent rati on was adjusted to 18
gg/m with buffer A- 100 mM Tris-HCL buffer , pH 7.4), 45 gl of a

t hr ombonodyly, p 5 q'nutoif&eagggggfgé%m@ Sard ved %B&gabgﬁ@d%% %0 1

produced by American ose concentratron was a

99/ M wi t he i f8ri s RQeAMTR] B-dKduatRt] e o&%ﬁh%“ié‘ﬁe?-v&‘% M, NaGL)

and 45 gl of a thronmbin solution (a freeze-driéd human pl asna deri ved
t hr ombi n praducethviay oBsgfagaasi ¢ ssal feat iamdnvaher sbOvédgyesds then
concentration of 30 g/m) were added and the m xture was left to
stand f or ZEugvasuties varupeofine engperldtiure re[sA862] ¢by et hDikdfby silica
measuring TAFla inhibitory activity To wells on a 96-wel |

i cropl at €k KO laBGy ELpPBPEPSERIAF| & Wit dnheganebetohpnsidteard a
substrate solution (H p-Ar rodyced by Sigma ang di ssol ved in buffer
Cof 100 i Fis 261 SBEPFare Y 8% 2N HREVE S Eonthhtridn G UETs
T were affiefhdddgkesRGCt LY AP UNIS Alncdl AlANELL o 10 D dd B . and
70 p.1/well. The i"ndividual components were xed we and the
reaction vgsyeCahiel @dtodl EShpdthdi MYE Rt ak0ANtL EHPEL M Wider .
Subsequently, a color fornmer (1% cyanuric chloride in 1,4-di oxane)
was added M EmT/arcantuetl) 503§t (MiNeach wel |l and the plate was | eft
to stand Eor 3 minutes at roomtenperature;
H NMR (300 MHz, CHLOROFORM-d} & ppm 1.35 (s, 9 H), 5.17 (s, 2
H), 7.38 - 7.45 (m, 2 H), 8.28 - 8.38 (m, 2 H)
[0343] (2) Synthesis of (28)-5-({[(5-tert-butyl-Z2-oxo-1,3-
dioxol-4-yl)methoxy]lcarbonyl}amino)~2-(4,5-dihydroimidaze[1, 5-
alquinolin-3-ylmethyl)pentanoic acid
To a solution of {23)—5-amino-2-(4,5-dihydroimidazo[l, 5-
alquinolin-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 46 hours at room temperature. After
adding toluene to the reaction mixture, the solvent was
removed in vacuo. The resulting residue was purified by silica
gel column chromatography {(eluent: chloroform/methancl = 95:5
to 890:10), subsequently by another run of silica gel column
chromatography (eluent: chloroform/methanol = 93:7 to %0:10)
to give the titled compound (compound 54, 160 mg} as a
cclorless amorphous.

MS (ESI/APCI Dual): 498 (M+H)

'H NMR (600 MHz, CHLORQFORM-d) & ppm 1.30 (s, 9 B), 1.49 -



- 188 - then, the absorbance at 405 nm was neasured with a mcroplate
reader (Spectramax M2 of Mbdl ecul ar Devices). Wth the absorbance in
t he absence of a test conpound m nus the absorbance in the absence of
an enzynme being taken as 100% the concentration of the conpound that
i nhi bited 50% of the reaction (I1C50) was cal culated fromthe
absorbance in the presence of the test 1@@npound m nus the absorbance
I n the absence of the enzyne. For several conpounds of the
present i ian, t aboye test C ct ed-and ony{ he basi,s of
t he resul?ggg¢ @Qaéu?Zﬁegfgs TAglgy?ﬁﬁig?ggfy%ég?ivi?yB%agnba cul’at ed
to give the resulyt gsshawzin Tables 2. 4.0353h|, Tabhe, 23.15 18P, 24 (Fabke
2 Ex. No. 1050 (nM .. . ... ... ...

H), 4.90 (s, 2 H), 5.22 - 5.28 (m, 1 H), 7.18 - 7.22 {(m, 1 H),

7.28 - 7.34 (m, 2 H), 7.39 - 7.44 (m, 1 H), 8.11 (s, 1 H)
[0344]
Example 55

Synthesis of (28)—2-(4,5-dihydroimidazo[l,5-a]lquinolin-3-

ylmethyl) -5-[{{1-[ (3~

methylbutanoyl)oxylethoxylcarbonyl)amino] pentancic acid

(1) Synthesis of 1-{[(4-nitrophenoxy)carbonyl]oxylethyl 3-
methylbutancate

To a solution of l-iodoethyl 4-nitrophenyl carbonate
{(1.88 g} in toluene {18.6 ml), silver iscbutanocate (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/chloroform = 1:1 to
n-hexane/ethyl acetate = 4:1) to give the titled compound
(640 mg) as a pale yellow oil.
'H NMR (300 MHz, CHLOROFORM-d) & ppm 0.98 (d, 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 (235)—2-(4,5-dihydreoimidazoil, 5~

alguinolin-3-ylmethyl)-5-[{{1-[ (3~
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methylbutanoyl)oxylethoxy}carbonyl)amino]pentanoic acid

To a sclution 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]oxylethyl 3-methylbutanoate (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 sclvent was removed in vacuo.
The resulting residue was purified by silica gel column
chromatography (elulent: chloroform/methancl = 100:0 to 97:3)
to give the titled compound (compound 55, 200 mg) as a
colorless amorphous mass.
MS (ESTI/APCI Dual): 472 (M+H)
'H NMR (600 MHz, DMSO-d¢) & 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)
(0346] 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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[ 0354] Test 2 [ Measurenent of
To determine the in vivo exposure,
41 anmd 50 as exenpl ary prodrug conpounds of the present

in rats]

conpounds

in vivo exposure based on pl asma

38,

i nventi on and

conmpound 2 as their parent conmpound were orally adm nistered to rats

and the plasnma |evel
for conparative pur poses.

of conpound 2 was neasured as described bel ow

Seven- ugek-ol d rats (200-260 g; male;

| i neage; (SD)& %urchased from Charles R ver Laboratories Japan
| nc. were Qfﬁq mat i 2¢3°t86r 1atll east  two days..before. they. were
admi ni st er g VWY H ¢6hpounds—of the present invention— The conpounds
of the pregemt:|i nventi onwere-di-ssoijved-t-m-vari ous adni-ni-stratt-on -
sol vents at™a goncentrafiOR- equival gnt 1o 2 |ng/ ML as cal-cul ated fjor
t he parent conround 2 and t hey. were then administergd-sorally in gn
anount equilvatent "te” 19" ny Ry t hat ~par ent| conpoung. hQu - =
and two hours ljater, bl ood S ker from the *tad i rlat
through a hlood collecting be=<tDTA | gaded) _and i nuedi ateky
centrifuged (10,000 x- t-4 C for 3 nirute<) to recovFT “pl asma
sanpl es, which|were stofed t| -70 C 4gnd bel ow_-After thawing
t he pl asna|saipl & i'c€,| d’'sol ut.ion Gf il nt: T
standard suybst ance of acetcnile | jwas
added, f ol Fowedt by uc'p‘i'.gtt.ci Atz attortanrdeent+f ugat l,_pll \QUUO X5 at—
C for 10 minutgs). Thercancentration of |the|parent coffpound 2 in|the
supernatan{ was neasur ey . wee | oS the fé%+om&ng abl g 3 ..
summari zes, the adrit e prnodrug -eenpQ
present inyention shomed ilghen pl asma Ievels of t he“parjent
conmpound 2 inflcatlng hi gher 1n viJo e posun§5\o*\bha§ par ent
compound. Ther ef or e;<J-t.As belleved t hat by adninisug/ -ng_the pradrug
conpounds of*t*he . presept. % Q t-he-| physi ol ogi cal; I tihe -
parent conpound wi || X re effec¢tiVv en
t heparent ¢conpound is admini-stered gn its own rnqqm [ Tabl 3]l Table
3 Cbnparlson of. Plasna Level s of Cbnpound @:K%ﬁ ent Cbnpounc)
for Variousg Cbnpounds STof " The esent| I nyentilo
ke V\/\)\{lﬁ\o Lnyen o\(o - -
HzN\/\/\/‘m
0
vg aeee Q
e O
MR : S, T CH = -
\¢f\¢f\¢i\<;:i::Lﬁ. . SUe)
\¢ﬁ\jI;/E22:§:>gx/' H H&?ﬁNgm
sre = - HyC_ O N N
Y
. §/ . ...15\ " HOYO N
Ve 0 CHyO
TSN 100
."-'”*/“V;\/L§<:S::x~ e HﬁﬁWﬂYﬂTﬂvAvﬂ/&{:()
“af 0 CH;0
HO. .0
vi rees H YN
Y B O N AAAN
i - - -




Compound (10 nmg/ kg p.o.) Plasma Level of Conpound Conpound) (ng/ni)
2(Parent 0.5 hrs later 2 hrs later Conpound 2 (parent compound) 173
118 Conpound 38 2020 377
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Compound 41 1390 439 Conpound 50 1310 328 Admi nistration solvent
for conpound 2: physiological saline Adm nistration solvent for
conpounds 38, 41 and 50: 0.01 MHCL in water Internal standard
substance for conpound 2: m dazol am (Wako Pure Chem cal Industries,

Ltd.)

I nternal standard substance for conmpounds 38, 41 and 50:

conpound 24 of the present invention- -18792 - | NDUSTRI AL
APPLICABILITY(hO356 The Eresent I nvention provides pharnmaceutical s

that have SUt%

ci entlBf thit g ATHARR al B 7 4By es&di vity to be effective

f _ ! Cderived di ike,-and it
or preventing ﬁm&:{o@ aki ng thtv%gﬁéenvtﬁglrng;e%e&%ﬁswgggnr@é;;%%&e ggnd |

I's therefore expe

torelie en on pa

contri but egHed 4 MAFIR0GRESS 1 06§ hec PRI RGRUHG ALy NIYSLE Yon thel I thod

described in Thromb. Haemost. 371 {1988).
[0351] {a) Preparation of TAFIa 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-HCl1l buffer , pH 7.4), 45 pl of a
thrombomodulin sclution (a rabbit lung derived thrombomodulin
produced by American Diagnostia whose concentration was
adjusted to 1 pug/ml with buffer B: 50 mM Tris-HCl, pH 7.5,
containing 0.15 M NaCl) and 45 pl of a thrombin solution (a
freeze-dried human plasma derived thrombin produced by Sigma
and dissolved in water to have a concentration of 30 pu/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 sclution, a test compound, and a substrate solution
(Hip—-Arg produced by Sigma and dissolved in buffer C of 100 mM
Tris-HC1l buffer, pH 8.3, tc have a concentration of 3.6 mM)
were added in respective amounts of 20 ul/well, 10 pl/well,
and 70 pl/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
l,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;



CLAI M5 1. A conmpound represented by the following forrmula (1), or a
pharmaceutically acceptable salt thereof: wherein Ais a benzene
ring or a pyridine ring; Xis the formula -(CH2)-, the formul a
-(CR2)2-, an oxygen atom a nitrogen atomor a single bond; Y is the
formula - (CH2)3-NHR3, the formula -(CH2)4-NH R3 or a 2-am nopyri dyl

group; R3 is a hydrogen atom -al1B8-6 al kyl group, or the
formul a - CO2R4; R4 is a C1_6 alkyl group, the fornula
- CHR50C( 0)36en O e SRetbhHES! 3 Wi Nohit R SIUShYES §EP% esei &b Mhte

d
the follow ng fornula Ia; R7 R5 is a Cl-6 alkyl group; R6 Is a
Cl- 6 al kylreadusp, (SpeC3rémaychpad KMo l@RURr Oevacphenyhigh oty R7 is a
Cl-6 al kyl group or a phenyl group; Rl is a hydrogen atom a hal ogen
atom a Clabsedbayicegrouphe-ali®ence alk ex\cegrogpmpauftd-Bi myc el kyl
group, a C3-8 cycl oal koxy group, a C4-14 cycl oal kyl al kyl group, or a
phenyl gr ARPCTRGTCE eemg? Fpseetrfad przypsupeing taken as 100%,

the concentration of the compound that inhibited 50% of the
reaction (ICs) was calculated from the absorbance in the
presence of the test compound minus the absorbance in the
absence of the enzyme.

For several compounds of the present invention, the above
test was conducted and on the basis of the results of
measurements, TAFIa inhibitory activity was calculated to give
the results shown in Table 2.

[0353] [Table 2]



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 claiml1,
which is a conpound represented by the following formula (I11), or a
pharmaceutically acceptable salt thereof: wherein Z is the formula
-(CH2)3- or the formula -(CH2)4-; A -X18Rl - R3-R8, mand n are as
defined in claiml. 3. The conpound of claim2, which is a conpound
represent eflibye tthe following formula (111), or a pharmaceutically
acceptable salt thereof: R8 NN-ck x RL X wherein X is the formula

-(CH2) -, t[he Taymea -(EtZ) 2-,|%51Erqmygen dqtom,.or a nitrogen atom -
195 - A 4-R3- | lnlclaim 2.




4. The conpound of claim3, which is a di hydroi m dazoqui nol i ne
conpound represented by the followng formula (I1V), or a

phar maceutically acceptable salt thereof: R8 wherein RI and R3-R8
are as defined in claim3. 5. The conpound of claim4, which is a

di hydr oi m dazoqui nol i ne conpound represented by the follow ng fornula
(V), or a pharmaceutically acceptabl e 480t -thereof: R8 R3'" (V)
wherein RI and R3-R8 are as defined in claim4. 6. The conpound of

claims, wydnjis ardishydr oigh dazaHnQd N ¢FBOHRL-E€RS eI LG by
the follomng fornula (VI), or a pharnmaceutically acceptable salt

t hereof: piheama neRel andrRB8sR7 are as defined in claim5. 7. The
conpound of claimb5, which is a di hydroi m dazoqui nol i ne conpound
represent ed by Tchaefteirindne ngh4 of mi v o ExPpsuoe , acphpewede il call ymd

acceptable salt thereof: - 196 - , _
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 2 was measured as
described below for comparative purposes.

Seven-week old rats (200-260 g; male; lineage; Crl:CD
{SD}) purchased from Charles River Laborateories 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/mlL as calculated for the parent compound 2 and they were
then administered orally in an amount equivalent to 10 mg/kg
of that parent compound. Half an hour and two hours later,
blood was taken from the tail vein of each rat through a blood
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 cooling 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



wherein R1 and R8 are as defined in claim5. 8. The conmpound of claim
3, which is a conmpound represented by the followng fornula (M11),
or a pharmaceutically acceptable salt thereof: wherein A, X, Z and n
are as defined in claim3; Rl1l is a hydrogen atom a hal ogen atom a
Cl1-10 al kyl group, a Cl_13 al koxy group, a C3-8 cycl oal koxy group, or
a phenyl group; and R12 is a hydrogen dt2dm-or a Cl-6 al kyl group.

9. The conmpound of claim8, which is a dihydroi m dazoqui noli ne
conpound r@fgﬁe&erﬁl%@mlay1@&}@1&%%%@%&%{@' \M(]Jlo%ﬁ}ld Ol @ndicatin
pharmaceutical |y acceptabl e salt thereof erein Ri1T and R1Z are
as definechidghed aJnmvSvolaxpEFBﬂr@Q@Dm&fpa@e&ft%ampwﬁh@h Tieefore,
di hydr oi m dazoqui nol i ne conpound represented by the followwng - 197
- formul a {tX)is dreld ephdr thetuby cadihiniatdpepingbltéespkbdther emfpounds of
wherein Fel and 1112 are as defined in claim9.

the present invention, the physiological action of the parent
compound will be exhibited more effectively than when
theparent compound is administered on its own.

[0355] [Takle 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 1390 439
Compound 50 1310 328

Administration sclvent for compound 2: physiological saline
Administration solvent for compounds 38, 41 and 50: 0.01 M HCl
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



11. A TAFla inhibitor conprising the conpound or the pharnmaceutically
acceptabl e salt thereof defined in any one of clains 1 to 10, as an
active ingredient. 12. An agent for preventing or treating a
clot-derived disease that conprises the conpound or the
pharmaceutically acceptable salt thereof defined in any one of clains
1 to 10, as an active ingredient. - 192 -

INDUSTRIAL APPLICABILITY

[03586] The present invention provides pharmaceuticals that
have sufficiently high TAFIa inhibitory activity 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.
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CLAIMS

1. A compound represented by the following formula (I), cr a

pharmaceutically acceptable szalt thereof:

2 NF\
N

v n /A (1)
X =X

wherein A is a benzene ring or a pyridine ring;
X is the formula -{CH;}-, the formula -(CHs)»—-, an oxygen atom,
a nitrogen atom cor a single bond;
Y is the formula —(CHﬂg—NH—R3, the formula —(CH2)4—NH—R3 or a
Z2-aminopyridyl group:;

R} is a hydrogen atom, a Ci-5 alkyl group, or the formula
~COzR?;

R* is a Ci-¢ alkyl group, the formula -CHR’0C(0)R?, or a
substituent having the structure represented by the following

formula Ia;

O)L
R?
R®> is a Ci-¢ alkyl group;
R® is a C; -¢ alkyl group, a C3-g cycloalkyl group, or a phenyl
group;
R’ is a Ci-¢ alkyl group or a phenyl group;

R’ is a hydrogen atom, a halogen atom, a Ci-q alkyl group

substituted by 1-3 halogen atoms, a Ci-i1g alkyl group, a Ci-g
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alkoxy group, a Csz-g cycloalkyl group, a Cig cycloalkoxy group,
a Cg-14 cycloalkylalkyl group, or a phenyl group;

R? is COsR%, or a tetrazolyl group;

R® is a hydrogen atom, a Ci-.1p alkyl group, or a substituent
having the structure represented by the following formula Ib

or Ic:

o
O CH 0)‘:_
M A€ (1b) (Ic)
Hs

m and n are each an integer of zero or one.

2. The compound of c¢laim 1, which is a compound represented
by the following formula (II), or a pharmaceutically
acceptable salt thereof:

RB

0 OPQ‘\

Vﬁ\ N
R 4 A (I
X~ R

wherein Z is the formula —-(CHz}3z— or the formula - (CHz)4—;

A, X, RY, R*-R®, m and n are as defined in claim 1.

3. The compound of claim 2, which is a compound represented
by the following formula (IIT), or a pharmaceutically

acceptable salt thereof:

020 y=\
RT/N‘EZ

wherein X is the formula -{CH;)-, the formula -{CHz):-, an

oxygen atom, or a nitrogen atom;
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A, Z, Rl, R3~R8, and n are as defined in claim 2.
4, The compound of claim 3, which is a
dihydreimidazoquinoline compound represented by the following

formula (IV), or a pharmaceutically acceptable salt thereof:

RB
|

H N

Ra-N <\ Wy [

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:

wherein R' and R®*-R® are as defined in claim 4.

6. The compound of claim 5, which is a
dihydroimidazoquinoline compound represented by the following
formula (VI}), or a pharmaceutically acceptable salt thereof:

.

H
RN

wherein R!' and R®*-R’ are as defined in claim 5.
7. The compound of claim 5, which is a
dihydroimidazoquinoline compound represented by the fellowing

formula (VII}, or a pharmaceutically acceptable salt thereof:
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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, 7Z and n are as defined in claim 3;

R is a hydrogen atom, a halogen atom, a Ci-1p alkyl group, a
Ci_g altkoxy group, a Cizg cyclecalkoxy group, or a phenyl group;
and

R is a hydrogen atom or a Ci-g alkyl group.

9. The compound of claim 8, which is a
dihydroimidazoguincline compound represented by the following

formula (IX}, or a pharmaceutically acceptable salt thereof:

HzN

wherein R* and R' are as defined in claim 8.
10. The compound of claim 9, which is a

dihydroimidazoquinoline compound represented by the following
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formula (X), or a pharmaceutically acceptable salt thereof:

wherein R' and R are as defined in claim 9.

11. A TAFTa 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 c¢laims 1 to 10,

as an active ingredient.



