1 Description Title of Invention: COVWOUNDS HAVI NG TAFI a | NH Bl TORY
ACTIVITY Technical Field [0001] The present invention relates to conpounds
having T in-activated thronbin-activatabl e fibkj i

i nhi b toﬁ?b?gﬁ?dg??g?y activity. Background Art [0002] o
fibrinolysis inhibitor (TAFlI) is a carboxypeptidase that is activated by
thronmbin and thronbonodulin to cleave the lysine residues at the C term nus
of the a-chain of fibrin. On the fibrin'clot, tissue plasm nogen activator
(t-PA) and pl asm nogen bind to the lysine residues at the C term nus of the
a-chain of fibrin, whereby plasni nDesqmtiiared efficiently and
fibrinolysis_ is eventually pronpbted. On the other hand, TAFla decreases the
af finity Sitiepaf ahaverhiannog@MPPBNDEHEAVING RAEL 8t INHABITORY nACYEVITY
activity through the cl eavage of lysine residue at the C term nus of the
fibrin clot. Hence, TAFla inhibitors, which efficiently enhance the

di ssol ut i,lpn of . fi]gr'n JfCAOtS but do not directly inhibit coagul ation
factors, acemg(cpae ted™ 10 contribute to the di scovery of antithronbotics or

factors, o . er !
convent1 S Eht | congrtnrete Bt iPlat e ottt ding ors
are expecigrd o i diifin AL OIPOSlE AnRIe: AR I 2esble el Pblo [y ks f OF

bl eedi ng and feature higher safety. [0003] Several conpounds have heretofore
been repoidigith Ao \Hehi s ddy st Bdey hey include thiol derivatives, 2
phosphoric acid derivatives, 1 mdazole derivatives and urea derivatives,
all chel Bddkgrddnd A at the active center of the enzyne (see PTL 1-14
and NPL 1-8). However, nothing has been known about tricyclic conmpounds
typi fied [moai hydr dihoratetzioga etol vantsa ellss | frighr resl yédil © hi sl Ebt ebmat €CAED) t he
conpounds of the present invention. In addition, those known TAFI a

i nhi bi t oriss & ecarhoxypep tietask tthatavies adetiea tted vy vihxomiptn jand s desired
to devel op conpounds that have therapeutic effects based on are

sat i sf acttdiseriamadwhiin | ko ppkeawe Ltherkisine [TovuduescarAme ¢ nhi bitory
action and which hence as pharmaceuticals. PTL 1: Panphlet of .

| nt er nat i TR BYD 9% dth o P V2Hh/ Ve 65 B 3 the ihibEin of 19t et H3% V9 nal

PUblICa“ﬁ%ééﬁ%%ﬁg%é“ﬁ%%%%éﬁ%&:%t-gkngﬂ tpf)afsminogen bind to the

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
fibrinolysis activity through the cleavage of lysine residue
at the C terminus of the fibrin clot. Hence, TAFIa inhibitors,
 which efficiently enhance the dissolution of fibrin clots but
do not directly inhibit coagulation factors, are expected to
contribute to the discovery of.antithrombotics or fibrinolysis
promoters that have higheilclot specificity than the
conventional anticoagulants and thrombolytics. Thereby, TAFIa
inhibitors are expected to be anti-thrombosis agents that
present a lower risk for bleeding and feature higher safety.

[0003] Several compounds have heretofore been reported as

TAFIa inhibitors and they include thiol derivatives,
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phosphoric acid derivatives, imidazole derivatives and urea

derivatives, all chelating with zinc at the active center of
the enzyme (see PTL 1-14 and NPL 1-8). However, nothing has
been known about tricyclic compounds typified by
dihydroimidazoquinoline derivatives which are.related to the
those known

compounds of the present invention. In addition,

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 Problem

[0007] The present inventors conducted intensive studies
with a view to attaining the stated object and found that
compounds represented by the following formula (I) have
superior TAFIa inhibitory activity. Some of the compounds
represented by formula (I) are prodrugs for other compounds of
formula (I). In the section of EXAMPLES, a 2-[(3S)-3-
aminopyrrolidin-1-yl]-3-(4,5-dihydroimidazo[l,5-alquinolin-3-

yl)propanoic acid derivative was chosen as an exemplary



Summary of I nvention Technical Problem[0006] An object of the present
invention is to provide conpounds havi ng superior TAFla inhibitory

activity t to Probl em [0007] The present invento

i ntensivey hﬁ%%gﬂatth a viewto attaining the stated o%ﬁgé?ﬂﬂﬁ@&gound t hat
conpounds represented by the following fornmula (1) have superior TAFla
inhibitory activity. Sonme of the conpounds represented by fornula (1) are
prodrugs for other conpounds of formula {1). In the section of EXAMPLES, a
2-[(3S)-3- am nopyrrolidin-Il-yl]-3-(4,5-di hydroi m dazo[ 1, 5-a] qui nol i n- 3-

yl ) pr opaneredzeyg danidr subjevtedato cansaningl aexpeeipénty whHepeuvpongthihd

subj ected to an ani mal experinent, whereupon this type of prodrug was found
t o i ncr eak¥pe hef | Prodyeg cxadstvend ebe| ipn¢rease pbhenin cvhpouayposusepr esent
i nvention has been acconplished on the basis of this finding

[ 0008] Bri +#Y§L ?ﬁet%@e%%ﬁ%nFn%%%@?%ﬂdpr%Q?d®§e§¢HFh&ﬂV%Pﬁ%ﬂazBaﬁlH%PPne
conpound represented_by the foIIomA fornula é %gor a pharmaceutically

accept abl <A ?lt?ﬂﬁ%o n f%@d@T51§1 thipefthdikgi s a hydrogen atomor a
Cl 10 al k X hy.d t C , C3-8
cyEIoaﬁky¥6%$%ﬁgpor 5} at| %égggaﬁg?ﬁnl?ﬁ%néf?ﬁc?ﬁ?él?géfggen?ed by the
foll 0 0

wﬁergwkgg?é iﬁ%ﬁi@#é#%§$&£%%iéﬁg. °$ég §%1£%g£$%é?£gro €%€C§;£1éyg+galkyl
group, OreR-HefZYl1Pr&tra éﬁﬁ&ﬁgbéétfc91ﬁ§o Ce QﬂlgrsélﬁuPﬁéképrt havi ng

the structure represented by the | ow ng romula Ic or Id: [0011]
[0009]

O
- @I)\C@ !

wherein R is a hydrogen atom or a C;.;o alkyl group;

R! is a hydrogen atom, a C;.;o alkyl group, a Ci.s cycloalkyl
group or a substituent having the structure represented by the
following formula Ia or Ib:

[0010]
o

oo (La) fw’\’ (Ib)
R

where R?® is a C;_¢ alkyl group;

R* is a C;.¢ alkyl group, a Ci.s cycloalkyl group, or a benzyl
group: and

R® is a hydrogen atom or a substituent having the structure

represented by the following formula Ic or Id:



oCcH3 H3.1. 0O( I ¢c) O (I d H3C I n anot her enbodi nent of the
present invention, the dihydroi m dazoqui noline conpound of forrmula (1) or a
sal t ther\t,g,gfzoi1 3gnsi hydr oi m dazoqui nol i ne conpound repr ¢s¢nNbsifHBEsiNE
following formula (I1) or a pharnaceutically acceptable salt t%ereof:

[ 0012] wherein R, Rl and R2 are as defined above in connection with
formula (1). The steric configuration of the asymmetric carbon atom
at 2-position in the 3-(4,5-di hydroi m dazo[ 1, 5-a] qui nol i n-3- yl) propanoic
acid in formula (I1) is the (S)-configuration. I n anot her enbodi nent
of the prlearit] i nvention, the di hydroi m dazoqui noline conpound of fornula
(I'l) or a salt thereof is a dihydroim dazoqui noline conpound represented by
the following fornula (111) or @ pharnaceutically acceptable salt thereof:
6 [0013] R2 gahﬁlu wherein Rg*oe and R2 are as defined above in
connect i dhkCw 6] L? (rn. yﬂ\,q' stgfic configuration of the
asymmetric aM,bon ato 5F)Z-posy1ion t held)

3- (4, 5-di hydrol mi dazo[ 1, 5-a] qui nol i n-3- yl)propanoic acid in forrmula (I11)
is the (S)-configuration. In addition, the position of substitution
of R on the di hydroi m dazoquinoline ring in formula (I11) is 7-position.

| n anot her entfddidRihedt amRogimandntof tResen hel Ry eR AR ni T oqui nol i ne
conmpound of fornul a (Ilk{_or a salt thereof_is a di hydroi m dazoqui nol i ne
Conpound PEFRBRARIRTLNC KNG SATRPI A LT %1 (1) et | cal |y

acceptam€1é¥ggftﬁgﬂgﬂgih4é¥%¥ﬂidazoquinoline compound represented by

the following formula (II) or a pharmaceutically acceptable

salt thereof:

[0012]
R1
‘ 6g/° N /=
@@ a
R2

wherein R, R' and R? are as defined above in connecfion with
formula (I).

The steric configuration of the asymmetric carbon atom at
2-position in the 3-(4,5-dihydroimidazo[1l,5-alquinolin-3-
yl)propanoic acid in formula (II) is the (S)-configuration.

In another embodiment of the present inventioq, the
dihydroimidazoquinoline compound of formula (II) or a salt
thereof is a dihydroimidazoquinoline compound represented by
the following formula (III) or a pharmaceutically acceptable

salt thereof:



wherein R and Rl are as defined above in connection with formula (111).
The steric configuration of the asymmetric carbon atomat 2-position in the

3- (4, 5- di%@@d}hﬂ@zo[ L, 5-al quinolin-- 7 yl)propanoi cp)diiodRsm! a
(0]

(1v) is the -configuration. In addition, the position
substitution of R on the di hydroi m dazoquinoline ring in fornmula (1V) is
7-position. I n anot her enbodi nent 6of the present - invention, the

di hydr oi m dazoqui nol i ne conpound of forrmula (I1l) or a salt thereof is a

di hydr oi m dazoqui nol i ne conmpound represented by the follow ng fornula (V)
or a pharlf@&ilically acceptable salt thereof: [0015] HNR2 R (V) wherein
R and R2 are as defined above in connection with forrmula (111). The
steric configuragion of the asymetric carbon atomat 2-position in the

3- (4, 5-di hydr ol néda o[ 1,5-a] quinolin-3- yl)propanoic acid in formula (V) is
the (S)-configur N?é)n_' N=\ n addition, the position of substitution of
R on the di hydroi nida i Rri(ﬂg in formula (V) is 7-position.

I n anot herHewgodNnen e pPresent invention, the di hydroi m dazoqui noli ne
compound gf fo la (1) or a salt thereof is a conmpound represented by the
following formula (VI) or a pharnmaceutically acceptable salt ‘thereof:
wherein Ris as defined above in connection with forrmula (1). I n

anot her enbodi nent of the present invention, the dihydroi m dazoqui noli ne
conpound wHerfenirmk A K'ViandoR?>aasal ast Gecenédi abavdi hgdeohnedaionuivihahi ne
compound represented by the followng fornula (VIl1) or a pharmaceutically
accept ablfommilta t(Ereof : [ 0017] wherein R is as defined above in
connection with formula (V). The steric configuration of the
asymretri ¢ carBun stemiatcoanfapinatoien rpf Hghe asymmetric carbon atom at

3- (4, 5-di hydrol mi dazo[ 1, 5- a; qui nol i n-3- yl)propanoic acid in formula (VII)
i s the (S=RIFGIRN k1 drhe 3- (4. 3 EheArRimdarrl hetna luineliR edent

i nvention,_ the dihydroim dazoqui nolj ne compound of formula (VII) or a salt
t her eof i%LMPRA ol rﬁ‘a‘:ﬁo’dhiq’ﬁq)‘w cH%ﬂBn’os relt Sht SR By F 91 t owi ng

Formuba (MIT1),0r, & ANAIBCEH | S8 ¥ SE P A S S8 S %E% ‘on the
dihydroimidazoquinoline ring in formula (III) is 7-position.
In another embodiment of the present invention, the
dihydroimidazoquinoline compound of formula (III) or a salt
thereof is a dihydroimidazoquinoline compound represented by
the following formula (IV) or a pharmaceutically acceptable
salt thereof:

[0014]

R (IV)

wherein R and R' are as defined above in connection with
formula (III).
The steric configuration of the asymmetric carbon atom at

2-position in the 3-(4,5-dihydroimidazo[l,5-alquinolin-3-



wherein R is as defined above in connection with fornula (VI1). The
steric configuration of the asymmetric carbon atomat 2-position in the
3-(4,5-dk?3§59hﬁgggzo[l,5-a]quinoIin-3- yl ) propanoi c acipgyj ﬂﬁ@gﬁ%gp (viin)
is the (S -conflguration. In addition, the position of substitution
of R on the dihydroi m dazoquinoline ring in formula (VII1) is 7-position.
Advant ageous Effects of Invention [00191f©c0rding to the present invention,
conpounds havi ng superior TAFla inhibitory activity can be provided.
Description of Enbodi ments [0020] The present invention provides conpounds
of f or nmul¥k)g19pampid/iacid hiavi fermwbzr (BY) Ti¥| the nb$ bt configuratvion. or

phar maceutical ly acceptable salts thereof. In formulas (1), (I1),
(VM) and (VII)Intaddbeokon | okthefPegbbienr 1of osubstutientofiRieedthet it is
preferably |ocated at 7-position on the di hydroi m dazoqui noline ring.

I n formulEhydnoiniqazegeineineg Ling dtkp gkt btV Het hyPogtbipR- 121 is
preferably a hydrogen atomor_a substjituent having the siructuye
represented b QFQﬁh{h?fwﬁWRPQ%W?H#ZP tﬁ%?WRﬁ%ﬁ?&gi%nﬁefﬁf%nalﬁ9? group, a
C3-8 cyclpal kyl aro or.a penzyl group), e prefe hydr ogen at om
or & substilne Mo DR oo oL ok fafi by T RELY BTy H80E N,
formul a | %Qgg . J-F L SsQbd -t hexyl
group, ortqéé enz?[ﬁgar o%lp@h’%%f ﬂy?fg%s : 851%1 86%8&5@1 ‘tg%‘gygso?%(\%\naﬁﬂ) pages,
the conpoundse 9f 14 d ' £5GMI1d NMENd P B tRSEEhPECa] Ty W4ERLFFaBEL I | -
[0022] The "Cl1_6 al kyl” group” refers to I'inear or branched al Kyl groups
havi ng 1 4016 &sgdkye at ons. Exanpl es include a nethyl group, an ethyl
group, a n-propyl group, an isopropyl group, a n-butyl group, an isobutyl
group, a peExrputyl group, a tert-butyl group, a n-pentyl group, an

i sopentyl group, a -neopentyl group, a n-hexyl group, and an isohexyl
group. [0023] Thgy"ClL 10 al kyl group” refers to linear or branched alkyl
groups having 1 toZfIONEAbos~ 8 ons. Exanpl es include a nethyl group, an

et hyl group, a,Q-pkopA aft i(¥dpropyl group, a n-butyl group, an

i sobut yl ghjfdm@

group, a tert-butyl group, a n-pentyl group, an
i sopentylggroup;” a neopentyl group, a n-hexyl group, an isohexyl group, a
nheptyl group, a n-octyl group, a n-nonyl group, and a n-decyl group.

[ 0024] The "C3_13 cycl oal kyl group” refers to cyclic alkyl groups having 3
to 8 carbon atons. Exanples include a cycl opropyl group, a cyclobutyl

group, a whexrteper ydnd)IRfuprea asy dedtimed afpomed,im coyymeattaipiny lwigtoup, and a
cycl ooctyl group. [0025] The conpounds of the present invention are
tricyclicformula (III).

The steric configuration of the asymmetric carbon atom at
2-position in the 3-(4,5-dihydroimidazo[l,5-alquinolin-3-
yl)propanoic acid in formula (V) is the (S)-configuration.

In addition, the position of substitution of R on the
dihydroimidazoquinoline ring in formula (V) is 7-position.

In another embodiment of the present invention, the
dihydroimidazoquinoline compound of formula (I) or a salt

thereof is a compound represented by the following formula

(VI) or a pharmaceutically acceptable salt thereof:



11 conpounds having the di hydroi m dazoqui noline ring or they may be

phar maceutical |y acceptable salts of such conpounds (either type is

her ei naf t@,bzgﬁ{/dg%%g"the conmpounds of the present invent iR/ pRSo/066637
appropriate). ] Exanpl es of the pharnaceutically acceptable salts
include acid addition salts such as mineral acid salts (e.g. hydrochloride,
hydr obr om de, hydroi odi de, phosphate, SLH fate, and nitrate), sulfonic acid
salts (e.g. nethanesul fonate, ethanesul fonate, benzenesul fonate,

p-tol uenesul fonate, and trifluoromethanesul fonate), and organic acid salts
(e.g. oxal@Akgltartrate, citrate, nmaleate, succinate, acetate, benzoate,
mandel ate, ascorbate, |actate, gluconate, and malate); amno acid salts
such as gl yci ngysalp, Lxsi ne salt, arginine salt, ornithine salt, glutamc

acid salt, and aspgart}c alt: and inorganic salts such as lithium

salt, sodium N7 si O ¥4l t(,VI)caI ciumsalt and magnesiumsalt, as well

as salts W orjganic b , as I:‘exerrpl ified by anmmonium salt, triethylam ne
y

salt, diisopropylam ne salt, and cycl ohexylam ne salt. The salts may be
hydrate salts. [0027] Sone of the conpounds of the present invention are
prodrugs. Specifically, those conpounds of formula (1), ordél?l) in which
ei ther RWRRTEEN & 1d1ds feEHrel 2o in (seprrehiar ofd thhdeegiutazihhtic or

chem cal hydraolysis i.n vivg sp. that the am no group. and t he carboxyl rou
are depr ot oot & AR ETRSGHERG T HE BEReRhqiREenT oot FAG hydrogen
atom and ich have. a strong inhibitor ctivity on T, ) r
"ot ance, SRR SRS ot d (o (ttdmfTa Yy T or & salf

2011/ 034345RCT S PRO LI AGOART, s BT ddud Ao D0 Sbppoiad refrdadnt by

R2RI wherein elther are ot her than a hydrogen atom

convert et o rrdwidng -5t NPPW L) BP-d-pHdrmaééuPically acceptable

di hydrol m dazo[ 1, 5- a] qui nol i n-3-yl ) propanoi ¢ acid derivative that has the
struct ur sgepriatesrdsyd. by the following formula (VI) or (VII) (where Ris as
defined in connection with formula (1) or (I1)) and which has a strong

i nhi bitorpoectj vity on TAFla: [ 0029] HOO (VI) H2Na- Thus, the
above-descri bed ester derivative and carbamate derivative which function as
prodrugs are ew\e&n@INyg{Jsef ul\ conmpounds.

: N
MR
HgNm..G‘IMR

wherein R is as defined above in connection with formula (VI).
The steric configuration of the asymmetric carbon atom at
2-position in the 3-(4,5-dihydroimidazo[l,5-alquinolin-3-
yl)propanoic acid in formula (VII) is the (S)-configuration.
In another embodiment of the present invention, the
dihydroimidazoquinoline compound of formula (VII) or a salt
thereof is a dihydroimidazoquinoline compound represented by
the following formula (VIII) or a pharmaceutically acceptable

salt thereof:



[ 0030] The conpounds of the present invention sonetines have an asymmetric
center and in that case they occur as various optical isonmers or with
various GRphhaWs:#sons. Hence, the conpounds of the pre§%@}w%]ﬂg/ﬁ&t6'7on may
be able to occur as separate optically active substances wth the %R) and
(S) configurations; alternatively, they nay be able to occur as a racenmate
or an (RS) mxture. In the case of a corngpound having two or nore asymetric
centers, diastereoners can al so occur on account of the optical isonerism
of each asymmetric center. 13 The conpounds of the present invention

i ncl ude dri¥&l&hat contain all of these forms in desired proportions. For
exanpl e, diastereoners can be separated by nmethods well known to those in
the art, say, fH(m:(}bon,aL crystallization, and optically active substances
can be obtai ned by tethnjqy in organic chem stry that are well known for
thi s purpose. 0 60F ' "@r esent invention may contain isoners
such as aHd"« fgrm and a ans form The conpounds of the present invention
i nclude these Tsoners, as well as conpounds that contain these isoners in
desired proportions. [0031] The conpounds of the present invention have
TAFla inhibitory activity and can be used as therapeutjcs or prophylactics
for di sedRFSTR T it AEinad) APOKRE dHb SRS Hi ibE: LOTMELRn nat ed

i nt ravasc&ﬁf coagul ati on syndrome, pul nonary enbolism cardi ogenic
cerebral % a)r'cti on, ischem c heart disease, sepsis, pulnonary fibrosis,
respiratory difild 6% YU Gl ERIR o f Rk s BRRLLHEL | V& EEN U el SOE deT
Behcet's di sease, nouth cancer’ obesity, tissue degeneration, preeclanpsia,
retinal @J&s%ﬂ&?'ﬂp’tﬂéféﬁ{mﬁé-%j}hyﬂ&ﬁﬁid@éoﬂi§§3§ uféihiis,

meni ngococcem a, and conplications of kidney transplantation. The conpounds
of the presgifopdiciY i4¥idaih bmEelidi Greref £ tis @ preofidwaetien. Wi th
phar macol ogically or pharnaceutically acceptable carriers or diluents. |f

t he conpounds 1 ddwiticserthd PESRtivh o $ubdiei tseibn Ygf cRl by ise TAFI a
inhibitors, they may be adm nistered as such either orally or parenterally.
| f desi r etihydwoiowinpooulsirofl iree mpireagein fowmnla ofVIEY) bes atpos st tored
orally or parenterally as fornulations that WO

2011/ 034 2 BrOY aRapls) /BRFs83d s of comentiathem as an active ingredient. An
exanpl e of the parenteral administration is intravenous adm ni stration by

i nj ecti orl.0QX0B2] SIARICEHNE dih FhRI PRFSeHe Frearhion n\MPYHN¢aRAVINY a
inhibitory activity, patients who are suspected of the devel opnent of

t hr ombot i@%%’&&é@&ﬁ'ﬁ?mé%%‘fﬁ&m P REVHEIRAri sk factors

i ncluding, a surgical o tipon such as artificial joint replacenent, as

wel | as 3‘)@ °éhb°0flpieé’;“ﬂ?°c§'é‘i‘%}%cfcgeni c cerebral infarction and ischemc
heart dislﬁﬁ% or I i £ mw i i as
been confi rmaq] nayp%{eé (z}%tnﬁssn%ﬂs}i g}g@%\n{}[% t eé\ﬁf%%ﬁﬁp%&&nﬁgéur%gg%ﬁfm%% (ofS}
or 11 nalysic RONDf Hafyidfy RidpERoRTAF £2 L1AMOS e Sy Clseay LEPASR] | N

addi tion, the conpounds of the present invention are capable of

pot ent i atgmigntdtedsild M Pladdeptidp 1 asdi twoates&ds vator (t-PA) and can be
used in conmbination with t-PA preparations or they nay be formul ated as a
conbi nati on dritg formuMdd O )t heyr FunctviON s@sd a(VELK; | ties VYpagietion osf t - PA.

[ 0034] The conpounds of the present invention may be adm nistered in anmounts
of , say, shbatitutli@Es) ofy,R prefrerablimiidrputo KO0snpreerawse, lecatede
frequency of administration may be once to three tinmes a day. The dosage of
t he conp@inds refsifthicorprass eifte idhyrdnimictar aguin) Lined g appropri ate for
the age, body weight, and synptons of the patient under treatnent.

[ 0035] The corrﬂdhrfg%‘“ﬂ%lat Hel o e Fe kS iRRASRTINLE oh BAEREEU AL fRF 2 hei r
TAFl a activity by known ,procedures, such as the nethod described in the
test prod¥ddy %rég'tq"l Hed1S1BTREPEARAFT & hYPFOISPTREMeOfods of produci ng
t he conmpounds .according to the present invention are. hereinaf descri bed
- det ar PRt ARy i RG] ARt 0 ) AT GRS
below T Ve ed. eact.i e qf an j t do not
interfer reFi)vvl i qu hqebsr(te"g]‘oec iLkseqrsegctEilbsn%lgcﬁg ﬁéﬁ’ér% rcf%typ rétlfac%u Srl y

limted tadfie T lPULHEFEHEdIY ) ._Orl‘noﬁé)gﬁﬁlfé%ﬂ i@%%ﬁ(ﬁ%%’élatom or The

compound (1) "of the present 7 nvention, i ich Ris a n atomor a
C1_10 al kylsusttifbudit iravidy AHRIt i ira b fFedsn e d Yy Ogeg at om can be
synt hesi zed by the foll owi ng nmethod (schene 1). WO

2011/ 034215PCT/ JP2010/ 066637




16 [0038] [0039] (1) Step 1 (cyclization reaction) Compound (1) is
reacted wth a suitable am de activator such as diethyl chlorophosphate in
t he pres$§6§09MBQH§U|table base to give an internediatepip hiifoh&ast T ON
system The internediate is reacted with ethyl |socyanoacetate In the
presence of a suitable base to give conpound (2). The bases to be used in
this step include potassiunltert-butoxigg, sodi um hydride, n-butyllithium
l'ithiumdilsopropylanide, lithium 17 heXanethyldisilazane, etc. The
solvents to be used in the reactions |nclude t et rahydrof uran, diethyl

et her, difxbheyinglfemylatld ; (where Rttisomn daothet Wargrien ol tErt-
tenperatures ranging from-78C to roomtenperature. [0040] (2) Step 2
(reducti dmtyl groumnpowritriahexyl rgwierd oF ta kerzvlicdmguBhent such as
l'ithium al umi num hydri de to give conpound (3). The solvents to be used in
this react9®h 1 ncl ude tetrahydrofuran, diethyl ether, dioxane, toluene,
etc. The reaction can be carried out at tenperatures ranging from-78C to
roomtenp@ature. Alternatively, conpound (2) can be reduced with a

reduci ng t such as dilsobutyl alum num hydride, dilsopropyl alum num
hydri de, %Ye conpound (4). The solvents to be used in this
reacti on gncl ude 'tetrahydrofuran, diethyl et her, di oxane, toluene,

di chl oronet hane, chloroform etc.; the reactions can be carried out at

{ormeratur s ToRoE LOMGAAC LE(EORAETTRHANS, LEVMIL boleheD 3
|1 HESE
opti ona ﬁﬁiﬁﬁ#%ﬁﬁ;%%§t&ggé% é@ﬁ%r %fl&%ﬁgifn1ne or

di i soprop to glve conp e oxidizing agents to be used
i thi s Sipdnc udgn it hyd1 Lm@@oxséyelrghwrmeeagnaietmnched

sul foxi de-N, N - di cycl ohexyl car rim di met hyl

sul f oxi dexlie§l Qs Hdwing-2, €o dé QE‘EEr‘!ﬁ(NCSitorﬁ& et karhp Bed of hesDedacet i ¢
anhydri de, manganese di oxi de, Dess-Martin periodinane, 18 piridinium

chl or ochmestetiyel (d¥dp, pErr i ety Lingxibud)) carat epxXdiiX) , gedyep, Tave sodpeopglt o be
used in this reaction include dichloronmethane, chloroform

1, 2- di chlgrom haney-huwtylargabup uram, isbhleutyl erdep, aisxenkutybl geewn. etc.
the reaction can be carried out at tenperatures ranging from-78C to room
t enper at @& etel{bﬂmzl]yl( Hr ey & ReRLY nf@mumn)an isopeREpbudEryR) @ s
reacted wth ethy

{(39)-3- [RQ%G%W%)@RP&F&O@I’) é?ﬁ’ﬁ’b]} pﬁ/’?‘b‘l‘?dl"ﬁ‘f‘q @‘I‘)’a%%‘i‘%’f%llﬁr?% presence
"hot ude. JaTEA i (it i P o GHOH JHEGE. Sbdagiaan RER= AR,
ised 1 HHERL afﬁmi i AR T aég’f%‘?‘gﬁg‘% $t CE’ra‘pe&?’ﬁég LSt
from - 7adi L, JdEod M se r%%‘ié‘f &) FERPer Gt TE M Lssot S N0
Conpound drjup S 4 GRAEY IV dibib SWd D SHPeet Yé:.@&hﬂg 2088 -bEtyD group ! abl e

base to give conmpound (6). The acetylating agents to be used In this step

i ncl ude ategdsct - BUAN i gouRCed Vit - SN ©f 1 dgrowd £ ard hEsdpeesy 1 ogbsupisedl in the
reaction include pyridine, triethylamne, dlisopropylethylamne, etc. The
sol vent s rdeppEn tysle group his n-deeety brngrowp Lden d sdhexyhedioune, & hhor of orm

1, 2-di chl oroet hane, tetrahydrofuran, toluene, etc.; the reaction can be
carri ed dweptyl termur.atamesgtngi gedp om 0C nenybodreupmperrd ua en-ddey] 0044]
(6) Step 6 (reduction) Compound (6) is catalytically hydrogenated in
a hydr oge&gr@tBospher e using a catal yst such as pal |l adi umactivated carbon,
pal I adi um hydroxide, or platinumactivated carbon to glve conpound {7) The

sol vent s k03] ysedh t4es TERIQI U ETWRR" n’é‘?%l -0 et

isopropanol gﬁi acetate etr dr of ur an, ace c_agi xtures t her eof

etor the SREHR b 4 AT oS es Fadkdt Fr om r oom

tenperaty ycfopé heyf eg}crouLB( ter@}%fgﬁﬁteyl group, a cyclopentyl group, a
cyclohexyl group, a cycloheptyl group, and a cyclooctyl group.

[0025] The compounds of the present invention are tricyclic



[0045] (7) Step 7 (hydrolysis) Compound (7) is hydrolyzed with a
sui tabl e base to give conmpound (8). The bases to be used in this step

i ncl ude |yy bﬂmsﬁ'ﬁgrOXi de, sodi um hydroxi de, and pot assh,tt (1‘16/98%'65‘79 The
sol vent s to be used in this reaction include nethanol, ano

| sopropanol , tetrahydrofuran, water, m xtures thereof, etc, the reaction
can be carried out at tenperatures rangigg fromOCto the ref |ux
tenperature. [0046] (8) Step 8 (deprotetCtlion) Compound (8) is
deprotected with a suitable acid to give the conpound (1) of the present

I nvent i orcompvairgls thebtinaqcilos dihyiraefigeiiazoqunisobimg riwg use tiyely oeduy ori
acid, sulfuric acid, hydrobrom c acid, trifluoroacetic acid,

met hanes e @ilarnacel t inmdsh actdpiilacal t$-eH| sk sconpeurds cf i ther
canphorsul fonic acid, etc. The solvents to be used in this reaction include
chl or of ori¥PRiiihIRAEsiRafiRr Grtlat ol the TPmRoRds of sthe dpEestnt et hy|
acetate, tetrahydrofuran, diethyl ether, dioxane, tquene, water, etc.; the
react i on ‘HPHE VY (3% PRRACRRT therat ures ranging fromo0C to the ref |ux

pr esent. (UPAY on, HHh BF 1S MRS GRS SCak Pl rg-toup, o
Lhe fof | o pe i T (e Redch, BV Whth MEBORLA) J%‘z%io’?%%%%s@é “obagy

[35829]9 ( YIS BN | 8RB Yomi P, d/d AR89 d¥id@Mphosptate, stEMe 2

and nitrate), sulfonic acid salts (e.g. methanesulfonate,
ethanesulfonate, behzenesulfonate, p-toluenesulfonate, and
trifluoromethanesulfonate), and organic acid salts (e.g.
oxalate, tartrate, citrate, maleate, succinate, acetate,
benzoate, mandelate, ascorbate, lactate, gluconate, and
malate); amino acid salts such as glycine salt, lysine salt,
arginine salt, ornithine salt, glutamic acid salt, and
aspartic acid salt; and inorgénic salts such as lithium salt,
sodium salt, potassium salt, calcium salt and magnesium salt,
as well as salts with organic bases, as exemplified by
ammonium salt, triethylamine salt, diisopropylamine salt, and
cyclohexylamine salt. The salts may be hydrate salts.
[0027] Some of the compounds of the present invention are
prodrugs. Specifically, those compounds of formula (I) or (II)
in which either R! or R? or both are other than a hydrogen atom
undergo enzymatic or chemical hydrolysis in ViVO.SO that the
amino group and the carboxyl group are deprotected, yielding
compounds in which R' and R? are both a hydrogen atom and which
have a strong inhibitory activity on TAFIa.

For instance, a compound of formula (I) or (II)

[0028]



(9) Step 9 (Horner-Enmmons reaction) Compound (4) is reacted with a
sui t abl e Hor ner - Emmons reagent such as et hyl

(di et hox ) (et hyl sul fonyl oxy) acetate or et hyl
(acetoxy%?ggﬁgﬂgi%%hosphoryl)acetate in the presence ofpg%éﬁy?gg(%y%ase and
in the presence or absence of a netal halide such as lithiumchloride to
gi ve conpound (9) or (10). The bases t019e used in this step include

1,1, 3,3- tetranethyl guani di ne, diisopropylethylam ne, potassium
tert but oxi de, sodi um hydride, n-butyllithium [ithiumdiisopropylam de,

| it hi um hexanet hy| di si | azane, sodiun1hexanethylduﬁiIazane, etc. The

sol vents to be ed in the reaction include tetrahydrofuran, diethylether,
di oxane, tol uene? action can be carrﬁé@?@u«fﬁ%'t eratures

rangi ng from-78C ko fqoM rajpfe. [0050] (10) :Ste ctimn)
Compound (N i Digcal |y hydr ggendt i Rat nosphere
using a caf al al | adi um acti vatgd c on, palladi um hydroxi de,

or platinumactivated carbon to give conpound (11) or (12). The solvents to

be used in this reaction include nethanol, ethanol, isopropanol, ethyl

acet at e, wriraihy #ifHgmR! aeeRP CoACbOthNaxéubehetheh&nfa RyA@rogba aeamti on
can be carried out at tenperatures ranging fromroomtenperature to the ref
| ux t enpersataarere ft®iHb Ho (al D)- [St3) 13- dndisastnd mtdiom1-yl11-3-Cohpound (12) is
reacted with a suitable base such as potassium carbonate, sodi um et hoxi de,
etc. to dlihydripuidakq113)5 - allmrigod Mant3-lo) preopaniic racid denian e

i ncl ude et hanol, tetrahydrofuran, diethyl ether, dioxane, toluene, etc.;

t he reactihdt d@s e Htmuatwig zapresgiied e sthearf v (frw@t o room

t enperat ure. [ 0052 1%) Step 12 (nesylaijégg . Conmpound (13) is
reacted Wit A% | phaAe dhidst iafe definrd ph e siiiop st tibl e base to

gi ve conmpound (11). The s to be useq in this step. include potassium
car bonat ,OIEIE’s]iau#nIc)aroJo e) tarr}det‘ﬁﬂcjhqu?es adﬁ?b‘fﬂ%p’ﬂ%’t%fy%%‘ffne,
pyri di ne,_ 4-di.net hyl am )yridine, etc. The solvents to be used in this
reactionqékﬁﬁﬁﬁyte ?gkg%gofuran, di et hyl ether, dioxane, toluene

di chloro , chloroform acetonitrile, etc.; the reaction can be
carried out at” tenperatures ranging fromOC to roomtenperature. [0053]
(13) Step 13 (am nation) Compound (11) is reacted with tert-butyl
(35) - pyrrolidi hi~0 in the presence ofP%azQintabl e e to give
conpound (7). Thejba usqypi n this step inglu i | agvipe,

di | sopr opyhetfyiNamie, fer 4- di met pyhagd ndpy T di :
solvents to be dsed in thi’s reaction include t ahydr of uran, di et hyl

et her, di oxane, toluene, dichloronethane, chloroform acetonitrile,

N, Ndi et hyl f ormam de, etc.; the reaction can be carried out at tenperatures
rangi ng from @GGaudso, tiiRe rffovdbadstfitied Weter derivdtdive D WikrHafatd he
conmpound (I) of the present invention can be synthesized by the sane

pr ocedur e rdsrattioes whiahd findesicn ked prodrughl Grerextetdnellyl .useful

[ 0054] Production Method 3 The conpound (1) of the present invention, in

whi ch R icompphingshydr ogen atomor a Cl_10 al kyl group, Rl is a hydrogen

atom and R2 is a hydrogen atom can al so be synt hesized by the foll ow ng
met hod (JdOP3A 3). Thpsmmpounds of the present invention sometimes

have an asymmetric center and in that case they occur as
various optical isomers or with various configurations. Hence,
the compounds of the present invention may be able to occur as
separate optically active substances with the (R) and (S)
configurations; alternatively, they may be able to occur as a
racemate or an (RS) mixture. In the case of a compound having
two or more asymmetric centers, diastereomers can also occur

on account of the optical isomerism of each asymmetric center.



SCHEME 3 [0056] (14) Step 14 (epoxidation) Compound (4) is reacted
with ethyl chloroacetate in the presence of a suitable base to give

conmpound wédh11/08pasbases to be used in this step incl udecsatrdiv&sioxi de,
sodi um et hoxi de, potassiumtert-butoxide, sodium hydride, nbutyllithium

l'ithiumdil sopropyl am de, lithium 25 hexanethyl disilazane, sodium
hexanet hyl di sil azane, etc. The sol vents,to be used in this reaction include
tetrahydrofuran, diethyl ether, dioxane, toluene, etc.; the reaction can be
carried out at tenperatures ranging from-78C to the ref |[ux tenperature.
[0057] (1Bhe kepraunds ceficthenpresent mvipdtien(iaglpdecanasythell |y

hydr ogenated in a hydrogen atnnsggere using a_catal yst _such as

pal | adi unFeR¥F4At c2F bbRes®af PEBF LI hY8F bREAePTEPOREAPPRunfQEL i vat ed

el ude. CTRAMORS . CURSTCakERAPES Tk Ay AYORLRSRT Y, PEFBeOPnEpbETRhERE, (e
o the ool oeEnbh, Bherae M s TPELRL LGRS MR R0 L P RE, BHRT ) o
ot hod 2, § ECAFLY (20 58 PRSYANCES 288 M ToPuingachy FaRTRINEE B,

procedur egrgh PPORERHSELY OPhMEL EPE We11 knowher&PMPRYUSIpGLHdsEl The

present invention, in which Ris a hydrogen atomor a Cl 10 al kyl group, Rl

i s a hydregrpoa @ ofNehélpi&sén by HHeaeti 6h O ¢ aBoRta 8 Ni B6ReZ8dstiyht A8
followi ng method (schenme 4). WD 2011/ 034215PCT/ JP2010/ 066637 26 [ 0059]
Step 17 (dyei®gbswahyansd od tiyshiol §6i8) The [ O6OPuhdd) ot €he lpresent
(esterification) Compound (8) is reacted with a chiral al cohol (RbOH)
such as (IRy@B)idn pieelide- pyse oisonerd; yag pwepanagd- cbmpéumis 1that
phenyl et hanol, (1S, 2R, 5S)-5-net hyl-2-(propan-2- yl)cycl ohexanol, or

(3R) - 3- hyekrkgin theseri sgmelsyir oles bned IpFopertienag a condensi ng agent
in the presence or absence of a suitable base to give conpound 15} and
conpound KA%31 hs diHRe FUBRRYRAE HRf the REpIeRAb| tnpgntierchaye| TRBL&m

chromat ogy aphy, . Suitabl e pbases |nclude triethylamne, dilsopropylam ne,
pyridine,lﬁﬁig#ﬁﬁﬂ&l%ﬁ?ﬁ%b?Yi?ﬁ%e?a%tﬁ9 4$ed cdfdERETFABeUbERtsCfo be used in

S ooh P IS L3 4 AP AT TRIBT 9PN Ak 28! MYbER" B9%0L L) e
- thrombosis, disseminated intravascular coagulation syndrome,

pulmonary embolism, cardiogenic cerebral infarction, ischemic
heart disease, sepsis, pulmonary fibrosis, respiratory
distress syndrome, cerebral stroke, obstructive renal
disorder, Behcet’s disease, mouth cancer, obesity, tissue
degeneration, preeclampsia, retinél vein occlusion,
inflammatory intestinal disease, arthritis, meningococcemia,
and complications of kidney transplantation. The compounds of
the present invention can be administered either alone or
together with pharmacologically or pharmaceutically acceptable
cérriers or diluents. If the compounds of the present
invention are to be used typically as TAFIa inhibitors, they
may be administered as such either orally or parenterally. If

desired, the compounds of the present invention may be

administered orally or parenterally as formulations that



N, N - di cycl ohexyl carbodi i m de, di-1H i m dazol -1-yl - net hanone, etc. The
solvents to be used in the reaction include dichloronethane, chloroform

1, 2-di Chl@b%hﬂ%ﬁ‘%s tetrahydrof uran, toluene, N, N-dinet Q?HJ@E(E%H&G@?? etc.;
the reaction can be carried out at tenperatures ranging from to the ref
| ux tenperature. [0061] (17) Step 17 (hydrogenol ysis or hydrolysis)
Compound (15) is catalytically hydrogenﬂed in a hydrogen atnosphere using
a catal yst such as palladiumactivated carbon, palladi um hydroxi de, or

pl ati num activated carbon to give conpound (17). The solvents to be used in
t hi s reactomraimctheie astammadttice hingredienbr oprnekampl ¢yof athe at e,
tetrahydrofuran, mxtures thereof, etc; the reaction can be carried out at
t enper at IRIEEHERRAh IR 706k 1UhpEs atRFeavenowe aEPinistrakper aPYire. '
Al ternatively, conpound (15) is hydrolyzed using a suitable base to give
conmpound ’(rP?%/‘?t’ﬂfé' bases to be used in this step include |ithium hydroxide,

sodi um hy | de, t assium hydr oxi d efc.. The solvents to be used in this
Feact | on e’ nario| tha SEMRTaSEs 3F chhe e STeRt SR erR AR tR or

m xt ur es eaf ; e 1ion . rrie u er at S
Fangi ng. P De T Eon e G LED SER S ko S Budec EERTEIES |
conpound eéﬁlr)t; i td esl t he sane
proceduredéa‘}sélscge%élg@(ﬁe%crl e@ﬁ%r%%%%lbﬁueﬁgédgﬁé%%géz II13‘r oducti on

Met hod 5 thyorsyBdichiddd ¥ *1¥k DELSENMs | IWETMdDRg 4 NsbyLbaR is 28 a
hydrogen atomor a Cl1_10 al Kyl group, Rl is a C1_10 al kyl group, a
C3_8cycl aidod t i Hucras &bt idient jdnve neep ecshéne] ld€ wepL esent ed by
the following fornula la or Ib: [0063] O LOtC31; (I b) R&A where R3is a
Cl_6 al kypulgionigryarehbell ism a dirdi addryic gremgbhral GhhBaxyciaml &yd gr oup, or
a benzyl group, and R2 is a hydrogen atom can be synthesi zed by the

f ol | owi ndisaitdmicc (raEheneltgeagd) 06 PpOOGS|ItE 18) Brep U (vanifestabionn)
Compound (17) is reacted with an al cohol such as nethanol, ethanol or
propanol afsistrh digeraes Mpadeern ¢eniirped Jedt o radipbreieeergd avistht abl e
base to give conpound (18). Suitable bases include triethylam ne,

di i sopr opyiefif feMPUNGS, 3 Rt LARARRAHLES R hohiR TR MY S &% Pramrters
condensi agents to be used in this, step include

N-[ 3- (di eVfiTHo)Pr dPat Rres] HARSATVYi i ni de hydrochl oride, N N -

di cycl oh bodij m de . .di - 1H.i.m dazol - 1-y| - met hanon etc.. The solvents
to be usglquﬁ he rfenac ‘lf%lntlionr%:'l utcf’ee aﬁ%‘?ﬁ%‘%%c?r%t?q%n%,ec%’[e%sr%rf%rlrﬁven on

1, 2-di chl E[Fan:ﬁ t rﬁ;}_y f Uene; od\ ' I ] etc.;
t he react%ér)lq% n lee C(%’ wﬁ%t%itq{# eErrrgéer aturoelgl AI‘\%%% r%%%%@%g?rﬁe r ef
lux t enpefAtiatorA (/PR | il Yoarf WP UEKL (i )cdbifacisd Wi erpal kyl
hal i de such as nethyl iodide, ethyl iodide or propyl iodide in the presence
of a sui ippahasedd @ hap ey sk (Edimuitd@le dasaminetise @eigssi um
carbonate, cesium carbonate, etc. The solvents to be used in this reaction
i ncl ude. tiai iyt afhevarfuriat it ess NN urei hydfpragenteforacetrme, etc.; the
reaction can be carried out at tenperatures ranging fromOCto the ref |ux
t enper at Urd0344s a flihve omppprdmclf Uomuesert 7Anventierctrealy e h an

al cohol such as net hanol, ethanol or propanol using a suitable azo reagent
in the prassufdstared sif tamunghphisay « ehdehtta ol P anzoprrfrraaby .

Sui t abl e phosphi ne reagents include triphenyl phosphi ne, o ]
tri-n-buthf FbdshidO MF4 ReF tdRRS AR P L requenay) QLR U Y eakion s

i ncl ude di ethyl azodicarhoxylate, dlisopropyl azodi carboxylate, tetranethyl
o odt car DERAHEISTE 4 (Rt i e dfgsade of e famani
(18), the ound (11) Qf the present inventi.on can be syvnthesized by the
Sanb pr oQdi TR Breasn, Gvan i S oe, MG 8 B e L0 266

[ 0066] Pr O&l‘é“&g%“, M%dip%eﬁgr?to, and symptoms of the patient under

treatment.

[0035] 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 described



The conpound (11) of the present invention, in which Ris a hydrogen atom
or a C1 10 alkyl group, Rl is a hydrogen atom and R2 is a substituent
havi ng t e represented by the follow ng fornu - [ 0067]
00 OB *&%@B%&%&O(I c)H3C0( | d) can be synt hesi zedh)gyT/)thﬁde%/?%GﬁFow ng
met hod (schene 6). [0068] Step 19 (carbamate formation) NO2

RLRN\ HO ,.0 ---.1.--- N--==\--1-/3% NPOIN ----- R2(H) SCHEME 6
[0069] (19) Step 19 (carbanate formati on)r’ Compound (19) is reacted
with active carbonate (20) t give the conpound (I11) of the present

i nvent i orhemEnagbternts to be used in this reaction include

N, N-di net hyl formam de, N, N-di net hyl acetam de, N-nethyl pyrrolidone,

t et r ahydr 69Q3&h, toTIEI%rfE‘?t}H‘P‘éﬁI‘éﬁoﬂ%‘?‘ﬁ%b‘}gcml%rﬁ)?wwngﬁté??oéﬂépg tRe
reaction can be carried out at tenperatures rang(iag fromOC to the refl ux

t enper at utRe PERFRA br HAITRE H 70 Mt RoReTeinattexy, hBefddit dgtatl hat
<o o1 10 igre naf etfiowesid TURIEERS ORbUaroles aforh bRl KAy ng
the struchil el FPLEEENESDEYuldE 10 LONLEA MY 2pd PP  ah ki 8L Hnat

do not interfere with the respective reactions and they are

not particularly limited to the following description.

[0037] Production Method 1

The compound (I) of the present invention, in which R is
a hydrogen atom or a C;.;o alkyl group, R! is a hydrogen atom,

and R? is a hydrogen atom can be synthesized by the following

method (scheme 1).



O)\-0 (I b) R& where R3is a Cl_6 alkyl group; R4 is a Cl-6 al kyl group,
a C3_8 cycl oal kyl group, or a benzyl group; and R2 is a substituent having
the stru =Dy sented by the following fornula Ic o . o cH3
H3A 043(%?)26%15"39{}5 synt hesi zed by the fol | owi ng met hodﬁ’flsrgﬁzed%g’a $7 Qv
7 From conpound (18), the conmpound (I1) of the present 32 invention can be
synt hesi zed via step 8 in production neagod 1 and via step 19 in production
nmet hod 6 by taking the same procedures. On the foll owi ng pages, the
present invention is described even nore specifically by show ng Reference
Exanpl es, [®@Hhpl es of the invention, and Tests. Exanples [0074] The NH

silica gel colum chronatqg;ap y as referred to inthe foll owi ng Exanpl es
means purification by, Golumirc qug%ﬁgraphic sepataidtaBnusi ng an NH2 type
FUJI

silica gel (Chromatorex NH2 type; SILYSIA CHEM CAL LTD.) The di ol
silica gel colwum chrongfegraghy nmeaws\puryi=kH cation by col wm
chromat ogr a i ration dsing a di pspsilica gel, (Pagi a DI OL- 60
Rm  Shoko ScilentAlf pe Co., Ltd.) 5"e optic Rrities o ofr the
present invention were cal cul ated based on neasurenents under tThe follow ng
condi tions: Col ubm: CHI RALPACK AD- 3, 40@%x 250 nm 3 pm ( DAl CE®) CHEM CAL

| NDUSTRI ES, LJID.)_Columm tenperatdre: 10C Flow rate: 1.0 niL/m n Detection:

3 Co
W, 240 nn1§§§§ﬁgogpncentratlo 71 ﬁgﬂﬁjyo Step 4
)

N=\ = (aldol 10 o
oY (T B o,
_— R > = \\ //
me<::? IR
(4) BOC/ OH
(5)
Step 5 Step 6
(acetylation) EtO 0 N&\N == (reduction) EtO o N=\ =
>~ \ V/ ~ \ /
HN”...C’/‘l \R - HN.:...CT \R
Boc” OAc Boc”
(6) )]
Step 7 Step 8 1
(hydrolysis) (deprotection) R
HO. O |
NN\ O L N\ —
. ~ \ / . . N
HN#e. N \R N == \_ V%
Bod | HN.,,..C/ R
: ® sc 1 g7 (1)
[0039]

(1) Step 1 (cyclization reaction)

Compound (1) is reacted with a suitable amide activator
such as diethyl chlorophosphate in the presence of a suitable
base to give an intermediate in the reaction system. The
intermediate is 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



I njection volunme: 2 RL Mobile phase: n-Hexane:|PA TFA: DEA = 85:15:0.5:0.5

[ 0075] Ref erence Exanple 1. Synthesis of

4- bronorwb%gg)/ aaprsert-butyl -1, 3-di oxol -2- one 33 (1) §?'.m,5bq§/'b(§%9; benzyl
4, 4- di met hy oxopent anoat e To a solution of net ﬁy

4, 4-di nmet hy1- 3- oxopent anoate (8.01 g) in toluene (150 m), benzyl al cohol
(12.14 g) and lithium perchlorate (1.09 ?) wer e added and the m xture was
heat ed under ref lux for 5 hours. After renoving the solvent in vacuo, the
resulting residue was purified by silica gel colum chromatography (el uent;
n- hexane/lettane tuptditsi Lagarng, tetgi VEhe (wolvents t@nﬁmum@lquilmtlg? as a
pale yellow oil. MS(ESI/APCI Dual) miz 235 [ M+ [ 0076] u(%T,rSynt hesi s of
[1- (benzWQﬁ%lQP% nelds tatmhydnepuramn 2die thy hetber | (i axane, To
a sol utlon of benzyl 4, 4-dinethyl-3-oxopentanoate (9.63 g% in acetonitrile
(200 m), ‘{]r‘}eé{q'vylea‘iﬁﬂ'e ey %e?'ﬁ'il%‘?'ﬁj can a‘%%t%laﬁ%)%ﬁz hesul fonyl azide
(9.88 g) were added in snall rt|o %n%ﬁé coolln i ce and the

m xt ure WeSPRRTFYELS oﬁarh?f'% TH 1tpt?r’:é’ Ffor an

addi ti on(a]f m e hours at roomterrperature The precipitating crystal was
recovere QDy Itration and the filtrate was concentrated. The resulting

resi due V&s) i£d gel columm chromat ography (el uent;
n- hexane/ et h%{é ce% lgé(d—éél i&‘?%o 9:1) to give the titled corrpound (8.37 g)

as a yel | ow OidomgRidP! (AP s Meddcedd 2w 2& 4 '\@'é'&ucir%)?g&enf Ruaynidesi s of

benzyl 2-hydroxy-4, 4-dinethyl-3- oxopentanoate To a sol ution of

[ 1- (benzyi ietiA)untt eﬁttﬂﬁﬂﬁinh)ﬂydrfde Ok PRt Stnpohd d{ X ENFRe | 6t den €€ €8. 36

g) ina 2:1 mxture 34 (150 m) of tetrahydrofuran and water, rhodiun(ll)
acetate (wH ryed (ifd t)s Wasackdidad Areldide tetatdhydtofhxan) edieshglirred for
3 hours at 90C. Rhodium(ll) acetate (dinmer) (79 ng) was then added and the
resul ti ngetheat urdioxenet itolaterier et adthe izadttiourcanues carVD€] out

Rhodi um(11) acetate (dinmer) (281 ng) was further added and the resulting

m xt ure Vs temperatures aanging irem 18€ Hourpom tepperptairso| vents were

removed in vacuo and after adding brine, extracting with ethyl acetate was

per f or ned¥taRatiNelF. FFRRPIG ThRAAThRPe o?%iﬁ%‘gl"b’y@? 2 \FRMSHY dr ous

magnesi um sul fate, the desiccant. was filtered off and the solvents were

r elrmved L\W%fd"’hﬂ?es rde’ls‘Lﬁctt?WgY]r ﬁ%%‘ﬂ%?é;%shﬁﬂq‘? e FFIRTORYL sj |hl cabgel

= 85: NH
il ?’?;héer "%”ﬁft}ﬁﬁ@h% S odtehny Y 2*?%8%%#%&%%‘?@5 The adiiantd |e€° rljl to
T o] oty RN dendady Alihde d bt Myardflaa, MidyRE ) T2

car boxyl giter, dlo-g&lrﬁz Saldidete Ofdltlﬁ{lzé’xlorr?eM&{&XYcrﬁé‘r&f% hye]fé"’
oxopentanoate (3.44 g) in tetrahydrofuran (70 m )’ dlisopropylethylam ne

(179 ng) Y rladittdil P bel -cdretdmrane ¢ éémlgara@iﬁe@dﬂﬂdgﬂr@lefr&@ol i ng
with ice and the m xture was stirred for an hour at the same tenperature
and for avgdditbl @bam Tempeaaturat. room tenperature. To the reaction

m xture, an aqueous solution of 1 M HClL was added and extracting wth ethyl
acetate vi@4der forned twice. After 35 washing the conmbined organic |ayers
with brine and drying the sanme with anhydrous nmagnesi um sul fate, the

desi ccant(3la$tfen traxiddtion) t he sol vents were renoved in vacuo. The
resulting residue was_ washed with n-hexane to give the titled conpound
(1.28 g) as a Gyt < I!p)ovgd‘erreacted with a suitable oxidizing agent,

optionally using a suitable base such as triethylamine or

diisopropylethylamine to give compound (4). The oxidizing
agents to bé 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,



MS(El) mz 276 [M [0079] (5) Synthesis of

5-tert-butyl -2-o0xo0-1, 3-di oxol-4-carboxylic acid To a sol ution of

benzyl 5-¢.@r 2- 0x0- 1, 3-di oxol-4- carboxyl ate (2. nol (45

), 20%‘&§|2P5§jd&%in%hydr oxi de (50% hydrous: 129 ng) was A A

m xture was stirred for an hour at room tenperature under hydrogen purge.

The reaction mxture was filtered throu Celite and the sol vent was

renoved in vacuo to give the titled conpound (1.71 g) as an unpurified

colorl ess powder. MS(ESI/APCI Dual) mz 185 [MH [0080] (6) Synthesis of

4-tert - bupigidifiymrcixjoeetlyromate- (PO&dl -pirpdenium dighramabeuf{ PBE) of

5 tert buté% 2- 0x0- 1, 3-di oxol-4- carboxylic acid (1.70 g) in chloroform (50
tH@W?oﬁ%%ﬂ?@%s(W@ Be)used BRrathiscreactien (ongdude) were added

dropmnse under cooling with ice and the mxture was stirred for 30 m nutes

at the sa%’ecﬁle?l’b‘é‘?%’fliﬁ%eanﬁ‘*%°%‘hnadd’rt?o‘ﬁh?hﬁ%?e’élﬂa?%omterrper ature. The
sol vent i n_vac nd, affer adding chlofoform (45, mM) (o the
esulti nge BERUE ST Rty A7 Bvhee BOGF o %%Qa%%c ESL8EMhe (BHCt Hhe
tetrabutyla m, bor.ohy 2 )

dr opwi S¢S U R PRt UFS Skae Sod okl 7, tanBORSE S el f}:,\@%rrperg(?ure
To the re@&t#5§h égf t§fe @aqueous solution of 1 MHClL was added and the
m xture was t To stand until roomtenperature was reached; thereafter,

brine and;ggdof of orm were added to cause |iquid separation. Af ter
extractlng t he aqueous layer with chloroform the organic |ayers were

conbi ned eqnyl gféﬁduoy@Id@nhyga@ﬂﬁoﬂpgneS|un1su|fate t hereafter, the
desiccant was filtered off and the solvent was renoved in vacuo. The

resul ting resichmpowsd p(4) fiedrdycsed i witigedtiopl u(3s i dapl bgraphy (el uent;
nhexane/ et hyl acetate = 3:2) to give the titled conmpound (854 ng) as a

col or | esshwidxydB{ony) amiv@] pyrol DdBit1{¥]) }&yetaksi nothe presence of

4- (brononet hyl )-5-tert-butyl-1, 3-di oxol -2- one To a sol ution of

4-t ert - b ygubtahlelreaserethydive  comppud| ( 2) onthe Josses)) to nbepsedf drm (5
m ), carbon tetrabrom de (943 ng)_ and triphenyl phosphi ne (750 % wer e
added andthi® $i¥s® uirclide Rt ynrtant utexide r o3Pl WRpRYAELER: The

sol vent s. rempved in vacuo and. f he resultln resj due was purlfled by

silica g YX&%&&P%RW(H&&?Rﬂ%R) L¥3OREMRY L3+ LK antt By acetate 85: 15)
tla gl:v\ée(the t|t }é_{ %490 m?#}ilss%o %er? Ile€s tg,élz‘és‘f (Ell) 1z 234 [ M
0082] Ref

1° Cbr oot 5 ’E"?’%@?ﬁ ‘f%‘%%py’f‘?f"%f‘?ﬁd?%ﬂh%l sther. dioypme, oipy|

5- et hy | -3 AeHIex et £ NS EAkOLofE! dih Yo 4ot 5240V da - SKopent anoat &, t he

procedures of (1) to (7) in Reference Exanple 1 were repeated to give the

titled corgmperchtddds! dadZng 3rdil - 16tANNR HHh Meapdddtdd-ORM d) 8 ppm
0.99 (d, 126 7t 6H)ar‘1§. S?-208(m 1 H, 2.31 (d, J=7.0 Hz, 2 H), 4.18

(s 2 H [oogs] Reference Exanpl e 3 Synt hesis of
4- (bromonet hyl ) - 5- cycl ohexyl- 1, 3-di oxol -2- one
(5) Step 5 (acetylation)

Compound (5) is reacted with a suitable acetylating agent
using a suitable base to give compound (6). The acetylating
agents to be used in this step include acetic anhydride,
acetyl chloride, etc. The bases to be used in the reaction
include pyridine, triethylamine, diisopropylethylamine, etc.
The solvents to be used in this reaction include
dichloromethane, chloroform, 1,2-dichloroethane,

tetrahydrofuran, toluene, etc.; the reaction can be carried

out at temperatures ranging from 0°C to room temperature.



Usi ng et hyl 3-cycl ohexyl-3-oxopropanoate instead of nethyl

4, 4-di met hyl- 3- oxopent anoate, the procedures of (1) to (7) in Reference
Exanpl e ated to give the titled conmpound. 1H ,
CI—ILO?O:O]QR]/p?g)ﬁé&g%?n 1.16 - 1.57 (m 5 H), 1.65 - 1.79 (%HWP%@?’QE 0 - 1.93
(m 4H, 2.40 - 2.57 (m 1H), 4.22 (s, 2 H) [0084] Reference Exanple 4

Synt hesi s of 4-benzyl-5-(brononethyl)- 11§- di oxol - 2- one Usi ng et hyl

3- 0x0- 4- phenyl but anoat e i nstead of nethyl" 4, 4-di net hyl- 3- oxopent anoate, the
procedures of (1) to (7) in Reference Exanple 1 were repeated to give the
titled cohpotdll. MS(ElI) miz 268[ M NVR (300 MHz, CHLOROFORM-d) ppm
3.78 (s, 2 H, 3.97 Es, 2 H, 7.25 - 7.42 (m 5 H 38 [0085] Exanple 1

Synt hesi s(®} $9ep-6_{¥r8dpc8iam nopyrrol i di n-1-y1]-3- (4, 5-

di hydr oi m dazo[ 1, 5-a] gquj nol i n-3-yl ) propanoi c_acid tri hydrochl oride 1)
Synt hesi 5 of - CEoROT- 4f by b st AT bE5e b%] hriropPReted Lhr pokyfispaeh

To a solutjon of 3 4-dihydroqujnolip-2(1H) -one 0 in tetrahydrofuran (1
[y, oot acibirdiete T tay i EAEY* L8 ahas b irallmr FRE SRR co and the
m xt ure irr . ] t e N ' I

chl or oph\c,)g&bﬂ%%llé' (l%ligé)&%/\'%g a%ge%gg% ! aé?e?f%ﬁ?%%gi{ﬁ%g?nggt %gag%rtﬁo
mnutes ag;yde &gs@.)lﬁ& at e, s&1PYht & SPEYRE0REEEAL R {REs 0re8B¢: GRL aSsi um
tert-but %(}de ((:4 g mn?gfadded %t -30C and the m&xture vvag S?I&‘?r]éd for an
hour at roEE JEEIREALARSL, TOthaEo1 EaLsbSPopand Yl CetRP1 29HELHEe SO Uti ON Of
15%citric acid was added and extracting wth ethyl acetate and washi ng

W th bri neetedltyd@esfordid. addt ¢ &¢Vd NOnDyElir&é8hyHepesf Sogtdm snéfate, the
desiccant was filtered off and the solvents were renoved in vacuo. The
resul ti ngreastdoe o@as percdretedyost | atatemperatunas changhbhggfaphyréehuent ;
n- hexane/ ethyl acetate = 1:1 to 1:3) to give the titled conpond (64.4 g) as
a brown poemperatB(eSto ARG Dbl yx nfempeBa fuked] 1H NWVR (300 MHz,
CHLCRCFCRMdZ 8 ppm 1.43 (t, J=7.2 Hz, 3H), 2.96 (t, J=7.2 Hz, 2 H), 3.35
(t, J=7.2[9945D 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, 803 (s, 1 H [0086] (2) Synthesis of
4, 5- di hydtDl nPteR of 1{BYarely$tsin-3-yl - 39 met hanol To a sol ution of
et hyl 4, 5-di hydrol m daz , 5- al qui hol i ne- 3-car box te (56.4 in

et Yahydr of ur SRS o011 55 IR Re Treed iR v Fabt eate (oase it Slived
under coo'mg }NI h 4 ce ' Sfir f n, r.at the sane
t enper at utjféa. : é/ (aé:g’t aﬁggaé]%g?/\gtéé uﬂm%r‘\é\@ga%d%% %1%9? h%é?éa%:{h?%%dgystem and
the m xtuy fy je Ord ngs ﬁ&lg%g] t fi pxture
was subj ecfte to %&éﬁ}gﬁ%h %Mgﬁm@h oro or(?ng' Aﬁ%rb%%é?%gu@\%&gﬁﬁ%ébus
sodi um s atLo1¢d1et Sl08d OEENisd@Sid | th £ efe HEL 16N i AEEuEO! MEPhSNYET € ,
renoved in vacuo to give the titled conpound (50.1 g) as a brown oil. 1H
NVR (300 éizandt] QREFEIddahoD, ppent Zabfdrofufan ( ratlet)) . milxbdrés, 2 H), 7.14
- 7.25(m 1 H, 7.27 - 7.37 (m 2 H, 7.40 - 7.45 (m 1 H), 8.00 (s, 1 H)
[0087] ( BheSyerthesetsc of tHe Seehdiyiomw| evandie| dabrbdduoubl athetEmpenabatesehyde
To a solution of 4,5-di hydroi m dazo[ 1, 5-a] qui nol i n-3-yl nmethanol (50.1 g) in
chl or of orrangiryg rfyom rilifydive $hedinefilgx (tEdPeyatwaz.added and the mixture
was stirred for 15 hours at roomtenperature. The reaction system was
filtered E¥4Rubh Celite and the solvent was rempved in vacuo. The resulting
powder was washed W § n- hexane/ ethyl acetate to give the titled

h 1:1
compound (&b FHeR B A(IeRFREEFHIRP bowder .

Compound (8) is deprotected with a suitable acid to give
the compound (I) of the present invention. The suitable acids
to be used in this step include hydrochloric acid, sulfuric
aqid, hydrobromic acid, trifluoroacetic acid, methanesulfonic
acid, benzenesulfonic acid, p-toluenesulfonic acid, 10-
camphorsulfonic acid, etc. The solvents to be used in this

reaction include chlorofofm, dichloromethane, methanol,



MS(ESI/ APClI Dual) mz 199 [ MtH 1H NMR (300 MHz, CHLOROFORMd) 5 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 - 7.54 (m 1 H, 807 (s, 1 H, 10. H)
[0088] (‘ﬁ?%lﬁ)'}ﬁfe%is of ethyl (22)-2-(acetoxy)-3-(4, o Berufhibeedy

di hydr oi m dazo[ 1, 5- a] qui nol i n-3-y1) - 2- propenoate and et hyl

(2E) - 2- (acet oxy) - 3- (4, 5-di hydroi m dazo[ 1,5-a] qui noli n-3-yl1)-2- propenoate
To a solution of ethyl (acetoxy)(diethoXxyphosphoryl)acetate (26.7 g) in
tetrahydrofuran (200 m), lithiumchloride (3.99 g) was added, followed by
dropwi se ethinebn pfonrdpaNal i cethibt agebabai diebrahydoofyran, - d8€thvd t he
m xture was stirred for 25 m nutes at the sane tenperautre. Subsequently, a
sol uti on ®fher 5-diR¥ARR oi M HILRE 1, B EGFui BT hetBe chedattenygen (k8.4 g) in
tetrahydrofuran (800 nl) was added dropw se and the, m xture was_stirred for
30 m nut €RE1IGG LG AL t PR ZATHESS AFERILRY | FT9R0 the HibhureF X an
additional 1.5 hours at roomtenperature, a saturated aqueous sol ution of
anﬂDniLW;%ﬁWQﬁFQﬁP?%OO n) was added under cooling with ice to quench the
reaction. (ygfgﬁ (50‘%{;&)0% qggﬁgo&ozseparate the organic |ayer, which was
t hen conc%n rated. i

e resrdue was di'ssolved in chloroform (1000 m); after

extracting theppl eydiinlig 0P} Al SEUREUSELSeh 8y fivel BERT 0PI gnidi ek Yes
washed with brine. After drying over ahhydrous magnesium sultate, the

desi ccanta Wagadddder £bR dr Aot e SR MERroue! &I €8DYeHylaRoyaaUa bR ,Ji Ve
the titled conpound (34.0 g; a mxturé of E and Z forns) as an unpurified
orange 0iand AR%3.i38 aJ hiyddogkda tioai idadn adfsd R GyntMesididd fiyedHy silica
gel colum chromat ography (eluent: chloroform ethyl acetate = 80:20 to 41
50: 50), tfenldwimnaidiehod ufscteme |2a gel col umm chr omat ography (el uent:

n- hexane/ et hyl acetate = 65:35 to 20:80); the resulting powder was washed
with n-hexane to give the two titled conpounds as a col orl ess powder, i.e.,
the low polarity conpound ethyl (22)-2-(acetoxy)-3-(4,5-

di hydr oi m dazo[ 1, 5-a] qui nol i n-3-y1)-2-propenoate (588 ny) and the

hi gh-pol arity conpound et hyl (2E)-2-(acetoxy)-3-(4,5-

di hydroi m dazo[ 1, 5-a] qui nol i n-3-y1) - 2-propenoate (1.22 Q). Et hyl

(22) - 2- (acet oxy) - 3-(4,5- di hydroi m dazo[ 1, 5-a] qui nhol i n-3-y1l)-2-propenoat e
MS(ESI/ APCI Dual) mz 327 [ MtH NWR (300 MHz, CHLOROFORMd) 8 ppm 1.34 (t,
J=7.1 Hz, 3 H, 2.40 (s, 3 H, 2.90 - 2.98 (m 2 H), 3.00 - 3.09 (m 2 H),
4.30 (q, J=7.1 Hz, 2 H, 7.18 - 7.25 (m 1 H), 7.29 - 7.37 (m 3 H, 7.39 -
7.45 (m 1 H), 8.06 (s, 1 H Ethyl (2E)-2-(acetoxy)-3-(4,5- '

di hydr oi m dazo[ 1, 5- a] qui nol i n-3-y1)-2-propenoate MS(ESI/APCI Dual) nlz 327
[ MFH 1H NMR (300 MHz, CHLOROFORMd) 8 ppm 1.25 (t, J=7.1 Hz, 3 H), 2.25
(s, 3H, 2.79 - 2295 (m 4 H, 4.25 (g, J=7.1 Hz, 2 H), 6.69 (s, 1 H,
7.15 - 7.24 (m 1 H, 7.28 - 7.38 (m 2 H, 7.40 - 7.47 (m 1 H), 8.04 (s,
1 H [0089] (5) Synthesis of ethyl 2-(acetoxy)-3-(4,5-

di hydroi m dazo[ 1, 5-al qui nol i n-3-yl ) propanoat e The unpurified ethyl

2- (acet oxy)-3-(4,5- dihydroi mdazo[1, 5-a] qui nolin-3-yl)-2-propenoate (30.6
g; a mxture of E and Z forns), as obtained in the previous 42 reaction,
was dissolved in 1:1 ethanol/tetrahydrofuran (200 m); to the resulting
solution, 5% palladiumactivated carbon (52% hydrous; 8.1 g) was added and
the m xture was stirred for 67 hours at room tenperature udner hydrogen
purge. Another portion of palladiumactivated carbon (52% hydrous; 4.0 g)
was added and the m xture was stirred for 24 hours at roomtenperature
udner hydrogen purge. The reaction m xture was passed through Celite and
the solvents were renoved in vacuo. The resulting residue was purified by
NH silica gel colum chromatography (eluent: chloroform, then by silica
gel colum chromat ography (eluent: n-hexane/ethyl acetate = 1:1 to 1:3) to
give the titled conmpound (16.5 g) as a yellow oil.



MS(ESI/ APCI Dual) miz 329 [MrH 1H NMVR (300 MHz, CHLOROFORM d) 6 ppm 1.26

(t,J=7.1 Hz, 3 H), 2.09(s, 3 H), 2.90 (s, 4 H), 3.05-3.21 (m 2 H),

(9, I=7. lyb%0A /02155 25 -5.30 (m PCT/JP2010/066637
21
[0048]
Step 9
(Horner-Emmons reaction)
EK%:ETO
o
7
ms0” RC EO._0 A
EtO OFt N
NN
NEA - or MsO R
o A=/ N 3 Et0._O ©)
R :Iip¢o
AcO EtO 0]
4 ad\ba ﬁ:}N
AcO X R
(10)
EtO o] NZ\ — Step 1.2
~ N \ ) (mesylation)
© MsO \R .
Step 10 (reduction) (11)
Step 11

(deacetylation) FEto

Eto.__O
(10) —> N\ \\ © N\
S . - ~
AcO I R HO R

(12) 13)
Step 13
(amination)

(11)

Step 7 Step 8

(hydrolysis) (deprotection)
W
HN‘ C/ HNn C/ R

SCHEME 2

[0049]
(9) Step 9 (Horner-Emmons readtion)

Compound (4) is reacted with a suitable Horner-Emmons
reagent such as ethyl

(diethoxyphosphoryl) (methylsulfonyloxy)acetate or ethyl

- NH
BO._O o 5N'<:J EO._-O |~
\N\/ Boc <N
MsO AN HNnm<i::7 R
/
Boc
)]

4.21



1H, 7.14 -7.21 (m1 (s,1 H, H 7.28 -7.34 (m 2 H, 7.39 -7.44 (m 1 H),
7.95 [0090] (6) Synthesis of ethyl 3-(4,5-

dihydroimgg 59M%¢55a]qU|nolln 3-y1) - 2- hydr oxypr opanoat € pcr/yp201d/866@3750! Ut i on
of et hyl -?acetoxy) 3-(4,5-

di hydr oi m dazo[ 1, 5- a]qU|nolin-3-y1)-2-propanoate (16.5 g) in ethanol (150
m ), sodium ethoxide (15.3 g as 20% et hgnol sol ution) was added and the

m xture was stirred for 3 hours at room enperature. The reaction m xture
was evapol at ed under reduced pressure until its volume decreased to about a
quart er ofacéieoxy) (diethoxyphoshhkoryllaretateainr thedpugaenae 96l ati on 43
of ammoni um chloride (100 mM) was added and extracting wth chl orof orm was
perfornedsuﬂﬁﬂb¥ﬁgkﬁﬁ%,¢%@e¥nwb%emBE%%%RQPt%rbﬁbﬁQDGQdoﬁf@e@eH¢§|hglbgér
anhydr ous nagne5|un1sulfate t he desiccant was filtered off and t he

sol vents SRR Frbiirivm chlemid % BP veLY R eComPPRRd cbAhoRd(192: 0TBE as an

i f . S| /| APC | 87 [ M+ 1H NVR (300
o O et be %?34’ Hen S Stap ing1u0g 1, 115,557 WA (

tetramethylguanidine, diisopropylethylamine, potassium tert-
butoxide, sodium hydride, n-butyllithium, lithium
diisopropylamide, lithium hexamethyldisilazane, sodium
hexamethyldisilazane, etc. The solvents to be used in the
reaction include tetrahydrofuran, diethylether, dioxane,
toluene, etc.; the reaction can be carried out at temperatures
ranging from -78°C to room temperature.

[0050]

(10) Step 10 (reduction)

Compound (9) or (10) is catalytically hydrogenated in a
hydrogen atmosphere using a catalyst such as palladium-
activated carbon, palladium hydroxide, or platinum-activated
carbon to give compound (11) or (12). The splvents to be used
in this reaction include methanol, ethanol, isopropanol, ethyl
acetate, tetrahydrofuran, acetic acid, mixtures thereof, etc:;
the reaction can be carried out at temperatures ranging from
room temperature to the reflux temperature.

[0051]
(11) Step 11 (deacetylation)

Compound (12) is reacted with a suitable base such as
potassium carbonate, sodium ethoxide, etc. to give compound
(13). The solvents to be used'in this reaction include
ethanol, tetrahydrofuran, diethyl ether, dioxane, toluene,

etc.; the reaction can be carried out at temperatures ranging



2.82 -2.93(m4 H), 2.94 -3.14(m2 H),4.14 4.27 (m2 H),4.49-4.58 (m1
H,7.14-7.21(m1 H), 7.27 -7.34 (m2 H),7.38 -7.43 (m1 H),7.95(s,1 H

[ 0091] ( s of ethyl

2-{(39) - B&P%ﬁfiigﬁoxycar bonyl ) am no] pyrrolidin-1-y1)- BPEZ/JEZOIO/066637

di hydr oi m dazo[ 1, 5- a] qui nol i n-3-yl ) propanoat e To a solution of ethyl
3-(4,5- di hydrol mdazo[ 1, 5-a] quinolin-3-yl)-2-hydroxypropanoate (1.25 g) in
chl oroform (25 m ), methanesul fonyl chl 3¥3l de (0.51 m) was added under
cooling with ice, followed by dropw se addition of triethylamne (1.85 m)
and sti rrfnogmf@iC dro hmom atemperasstame t enperature. Brine was added to the
reaction mxture and extracting with chloroformwas perforned. After drying
over anhy@@k2]l magnesi um sul fate, the desiccant was filtered off and the
sol vent was renoved in vacuo. The residue was dissolvd in chloroform (25
m) and aft2} SEeP ny2t Eresplayions)-pyrrolidin-3-yl-carbamate (2.45 g) and
triethylamne (2.45 m ), the mxture was_stirred for 16 hours at 60C. Brine
was added to t 9%‘&%‘?| 6h3 ki &8 uFeaghed %Ht}éxT?EE?PﬁﬁuM?ﬂY&hFB}BFbF?n s
performed,, After

P o e et D Ao SRR R TR, St e | BEACeBbCT
b I h X

1o B LD SORSIIR B 6, 00 B BATHA oot
(6] v SefBuRELBIN 3c Sy nule, CodlaopBip 0Bt Ayt o2 00

90: 10) t FV@idde i%ixﬁ@tl@ﬁl&% didfnd) &fca 'Pﬁéesc){ﬂréﬂ%g’e'g‘ be
MS(ESI / APQ Dual ) miz 455 [MrH 1H NVR (300 Mz, CHLOROFORMd) 8 ppm 1.13 -

1.21 (m @sdd.in this reaction include tetrahydrofuran, diethyl ether,

dioxane, toluene, dichloromethane, chloroform, acetonitrile,
etc.; the reaction can be carried out at temperatures ranging
from 0°C to room temperature.

[0053]

(13) Step 13 (amination)

Compound (11) is reacted with tert-butyl (3S)-pyrrolidin-
3-yl-carbamate in the presence of a suitable base to give
compound (7). The bases to be used in this step include
triethylamine, diisopropylethylamine, pyridine, 4-
dimethylaminopyridine, etc. The solvents to be used in this
reaction include tetrahydrofuran, diethyl ether, dioxane,
toluene, dichloromethane, chloroform, acetonitrile, N,N-
dimethylformamide, etc.; the reaction can be carried out at
temperatures ranging from 0°C to the reflux temperature.

From compound (7), the compound (I) of the present
invention can be synthesized by the same procedures as steps 7
and 8 described in production method 1.

[0054] Production Method 3

The compound (I) of the present invention, in which R is



8 -2.26 (m 1H), 2.58 -2.79(m 2
H),4.00-4.20 (m3 H),4.95-5.23 (m1
H),7.38

-7.43 PCT/JP2010/066637

1.41 ,1.43 (S.9H), 1.54 -1.70(m 1 H), 2.0
H, 2.82 -3.11(m8 H), 3.67- 3.74 (m1
H) (m2

T2 G E ARk o 726 733
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a hydrogen atom or a C;.i;o alkyl group, R!' is a hydrogen atom,
and R? is a hydrogen atom can also be synthesized by the

following method (scheme 3).

[0055]
Step 14
(epoxidation) Step 15
(reduction)
(0]
NN/ M o B N =
O < N \ %, Et0 o~ N \ 4
>\R >\R
O
4) (14) Step 13
Step 12 (amination)
(mesylation)
EO_O o EO_O \ o UN.....C’,"H
N \ < , N \ Boc
HO \R MsO ) \R -
13
(13) (1)
Step 7
(hydrolysis) HO o
N
= Y —_— SN \ ¢
HNH-..C/N NR HN“:..CI‘/\l NR
Boc/ BOC/ (8)
)
Step 8
{deprotection) $‘
o ON¢KN =
— > = \ 3¢
/
¢MM<C:? Pk
R? (1)
SCHEME 3
[0056]

(14) Step 14 (epoxidation)

Compound (4) is reacted with ethyl chloroacetate in the
presence of a suitable base to give compound (14). The bases
to be used in this step include sodium ethoxide, sodium
methoxide, potassium tert-butoxide, sodium hydride, n-

butyllithium, lithium diisopropylamide, lithium



(m 1 H, 7.94, 7.95(S. 1 H [0092] (8) Synthesis of

(1R) - 1- phenyl et hyl

(2S) - 2- { (\3B)ynd~ rt but oxycar bonyl ) am no] pyrrolidin-1- 35 -
dihydroiQ?gégéf%?gsa]quinolin-3-y1)propanoate To g%gg?ﬂ%ﬁgﬁmg4 et hyl
2-f(3S)-3-[(tertbutoxycarbonyl)am no]pyrrolidin-1-yl}-3-(4,5-
dihydroinidazo[1,5-a]quinoIin-3-yI)prop§goate (96 ng) in nethanol (3 m),
an aqueous solution of 2 M sodium hydroxide (2 m) was added and the

m xture was stirred for an hour at 60C. The reaction m xture was evapol at ed
under redvectgngthyptdisilatarne, aslddbhgnvacxamethyldjstdagsaheyeetmasThashed
with ethyl acetate. The aqueous |ayer was neutralized with an 45 aqueous
sol uti on Mlventsidio dpel wsedrirdthhg Sedartierhinelude tetrabyfdsafunan.
performed_wi th chloroformand then with a m xed solvent of 5:1

chl of or m R Hab| et ¥ or AHpHaRG- obRIUeRfy dPbts: nhBReEraRT 40P 8B, PEhe
desiccant was, filtered off and the solvents re reppyed in vacuo, The
resul ti ngC3esttbe®nhs?bi SEBRETREUF RS cﬁ?’&?b’?%\;\ﬁ??’? At § QP afherreliihg
(1R)-1- phen Ietﬁanol (34 mg), 4-dimethylam nopyridine (4 ng) and

N[ 3- (di metFYF ERT no) Pt opy1] - N - et hyl car bodl i nmi de” hydrochl oride (52 ng), the
m xture %§%'rred for 15 hours at roomtenperature. The reaction m xture
was purifle § silica gel colum chromatography (eluent: ethyl acetate -*
chloroforpigﬁtggg?llg Ere@dctidep by another run of silica gel colum
chromat ography (eluent: ethyl acetate/2-propanol = 95:5) to give the titled
compound (21 n@jm ﬁdCOiDI|f§Sc&ﬂ@lf%ié&ﬂiﬁoﬁﬁ?fbyeﬁéﬂaéuﬂﬂ-aNﬁ&Eﬁ%géEC|
Dual) mz 531 [ MtHr 1H NWR (300 MHz, CHL ORMd) 8 ppm 1.38 (d, J=6.5 Hz,
3 H, 1. 4tréSspletd udind a datr@lyst dudh,ad.P811adidb-s6titatPda 2. 53 -
2.72 (m 2 H, 2.74 - 3.06 (m 8 H, 3.80 (t, J=7.7 Hz, 1 H), 4.02 - 4.14
(m 1 H) ,caroh; palbadigm lhydrokid@s, (o prStinkin;-adtifyatédl@arbdnlo(m 1
H, 7.2 - 7.34 (m 7 H, 7.37 - 7.43 (m 1 H), 7.95 (s, 1 H [0093] (9)
Synt hesi sgiife compound (13). The solvents to be used in this reaction
(25)-2-1f(35)-3-[(tertbutoxycarbonyl)am no] pyrrolidin-1-yl1)-3-(4,5-

di hydr oi iirRr¢le  sthgred nottryB-3¢s brtpante Eraky@rofuranyomixgeresi on of
(1R) - 1- phenyl et hyl (2S)-2-{(35)- 3- .

[(tert- bu‘i*béx/‘i/‘“c%‘? botyF) aFr‘i“ﬁo‘](?)?%%‘P‘? dF3R | b §anrigdsout 4gt temperatures

di hydr oi m dazp[ 1, 5-a] qui nol j n-3-yl ) propanoate (2 ng) in netfhanol (20 m),
T00% pat | ARTHAAG FEA P ER, bORPIABHIG ) ChnEns deeh T uR PR RFkPEF e wos
stirred for 9 S er r h ogen r reaction
m xture was fi %ﬁeﬁﬁ%?ééﬁ%ﬂﬁ%%?ltgﬁgﬁgxﬁﬁgﬁé%lygztgﬁagﬂgeﬁgegén?n vacuo.
The resul i nich £ £ quign o dy $i4i FGupel eSO UM HPEQERE LG, aPhY
(eluent: ch orofornine?ﬁgﬁgﬁgz 9:1to 7:3). To a sg%ut!og of the recovered
materi al gdéhd®)z2] N et hagedp (22 M dted 028 pastapli wnunrgt svaped, ceybeakirg nu)
was added and the m xture was stirred for 16 hours at roomtenperature
under hydtlogesame rgocdderésact i on nmixture was filtered through Celite and
the solvent was renoved in vacuo. The resulting residue was purified by
silica gelo@®s m cihwodeatopomMetiied uent: chl orof ornf nethanol = 9:1 to
7:3). The products were conbined to give the titled conpound (195 ng) as a
col orl ess powdtre A@IESIIAPOI Duef )tine zpregen fithvant NMR, (B00wMHh R is
CHLOROFORM d) 8 ppm 1.42 (s, 9 H), 2.03 2.11(m1 H),2.23-2.32(m1

H) , 2. 87- 2 Jdfegen atom or a Ci.;o alkyl group, R" is a hydrogen atom,
and R? is a hydrogen atom can be synthesized by the following

method (scheme 4).



8 -3.62 (m4 H),3.70 -3.80 (m 1 H), 3.86
H, 6.56 - 6.68 (m1 H),7.18-7.24 (m 1
.4

2 (m1H,8.03 -8.10 (M }cipao10/066637

- H), 3.11 -3.20 (m1 H),3.2
-3.95(m1 H), 4.38 -4.47(m 1
8_

H . 7. 27- %8%0{ 3818 » 73

7
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[0059]

Step 16
(esterifiaction)

RPOH

Rb
I
N =
: +
=~ N\ %
HNw " N VAN,
Boc”
(15)
Step 17
(hydrogenolyis or
hydrolysis)
Step 8 ?1
HO o d tecti
\?7 ij\N — (deprotection) O\?;O Nﬁj\N _
H ~— \ /) —_— H ~ \ /
H/N....,C'/‘l VaNS HN.....OJ P g
Boc (7 R2/ (I
SCHEME 4
[0060]

(15) Step 16 (esterification)

Compound (8) is reacted with a chiral alcohol (RPOH) such
as (1R,2S)-1-phenyl-2-(pyrrolidin-1-yl)propan-1-ol, (1R)-1-
phenylethanol, (1S,2R,5S)-5-methyl-2-(propan-2-
yl)cyclohexanol, or (3R)-3-hydroxy-4,4-dimethyldihydrofuran-
2(3H)-one using a condensing agent in the presence or absence
of a suitable base to give compound (15) and compound (16) as
diastereomers that are 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,



[0094] (10) Synthesis of (2S)-2-[(3S)-3-am nopyrrolidin-1-yl)-3-

(4, 5-di hydrol m dazo[ 1, 5- a] qui nol i n-3-y1) propanoi ¢ acid trihydrochl oride An
aqueous sQbubi3eAs 6 MHCL (4 m) having (2S)-2- 47  pCT/3P2010/066637
f(3S)-[(tert-butoxycarbonyl)am no]pyrrolidin-1-yl)-3-(4,5-

di hydr oi m dazo[ 1, 5- a] qui nol i n-3-yl ) propanoi c acid (195 ng) dissol ved
therein was stirred for 2 hours at roonbgenperatUre and, thereafter, the
sol vent was renoved in vacuo to give the titled conpound (conpound 1; 180
ng) as a li ht bromn ann hous mass. MS(ESI/APCI Dual) miz 327 [MrH 1 1H
NVR (600 {Iyo@ﬂtmm¢9 2@l 1B-smidagoi-lyyr-metbanonay 1
H), 2. 96- 3. 07( Fg 36 - 3.43 (m 51-3.58(m1 H),3.66-3.73 (m1 H),
3. 77 -3. &3¢ mEhe)Salyents gto (be 1“%&‘131’96‘311% poa¢ °‘1 ipcludeg -4 17(m 1

H), 4.26 dléﬁgégoméghane 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.

[0061]
(17) Step 17 (hydrogenolysis or hydrolysis)

Compound (15) is catalytically hydrogenated in a hydrogen
atmosphere using a catalyst such as palladium-activated

- carbon, palladium hydroxide, or platinum-activated carbon to
give compound (17). The solvents to be used in this reaction
include methanol, ethanol, isopropanol, ethyl acetate,
tetrahydrofuran, mixtures thereof, etc; the reaction can be
carried out at temperatures ranging from room temperature to
the reflux temperature. Alternatively, compound (15) is
hydrolyzed using a suitable base to give compound (17). The
bases to be used in this step include lithium hydroxide,
sodium hydroxide, potassium hydroxide, etc. The solvents to be
used in this reaction include methanol, ethanol, isopropanol,
tetrahydrofuran, water, mixtures thereof, etc; the reaction
can be carried out at temperatures ranging from 0°C to the
reflux temperature.

From compound (17), the compound (II) of the present
invention can be synthesized by the same procedure as step 8
described in production method 1.

[0062] Production Method 5

The compound (II) of the present invention, in which R is



7.42 - 7.51 (m3 H),7.70(d,J=7.8 Hz, 1 H),9.29(s, 1 H) [a] D25 = +28.1 (c
= 0.25, H20) Optical purity: >99%e r.t. :15.30 mn [0095] Exanple 2

Synt hesi f s+@- [ (35) -3-am nopyrrolidin-1-y1]-3-(7-

met hy1- 4¥8é9£13?f§%23|gm dazo[ 1, 5-a] qui nol i n- 3-yl ) propanoi cpggfnc;mm/%“”
trihydrochloride (1) Synthesis of ethyl 7-nethyl-4,5-dihydroimdazo[1, 5-
a] qui nol i ne- 3- car boxyl at e Usi ng

6- met hyl - 3, 4- di hydr oqui nol i n-2( 1H) - one 8& 3 g), reaction and purification
were perforned by repeating the procedures of (1) in Exanple 1 to give the
titled conphydwoden latepn el a Colomdldys mredwy. RVSAESH SPGh OUkV) nfz 279
[ MPFNa]' 1H NWR (300 MHz, CHLOROFORMd) 8 ppm 1.42 (t, J=7.1 Hz, 48 3 H),
2.37 (s, Frep. B $Ch- Z:yg@mlkz]H)qroypz,g ng_qg-p(qﬁstituent having the

structure represented by the following formula Ia or Ib:

[0063]
3
0 R3 o O
O\o)j\o)}’i (1a) VANX (1b)
R4
where R? is a C;.¢ alkyl group and R? is a Ci.¢ alkyl group, a

Ci;.g cycloalkyl group, or a benzyl group, and R? is a hydrogen

atom can be synthesized by the following method (scheme 5).

[0064]
Step 18 FI\"
HO\_/O N¢\N — (esterifiaction) O\/o NZ\ —
B B N
: =~ \ S e : ~ N\ ¢
le.....@/\/‘\ﬁR HN::...G"MR
Boc ' (17) Boc’ (18)
Step 8 R!
(deprotection) ClJ o
o W
[E—— - R ~ \ /
HN::n-@WﬂR
| r? ()
SCHEME 5
[0065]

(18) Step 18 (esterification)

Compound (17) is 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 (18).

Suitable bases include triethylamine, diisopropylamine,



2 H, 4.40 (q, J=7.1 Hz, 2 H),7.11 -7.16 (m2 H,7.33- 7.37 (m1 H), 7.98
(s,1 H [0096] (2) Synthesis of

7-met hyl éoﬁgﬂﬁ@?{ﬂrm m dazo[ 1, 5- a] qui nol i ne3- car bal dehyggg%g}%w&ﬁpl ution

of et hyl 5-di hydr oi m dazo[ 1, 5- a] qui nol i ne-3 e (2.98
g) in tetrahydrofuran (35 m) was cooled to -78C and after adding

di | sobutyl al um num hydride (59.0 m as 1.01 Mtoluene solution) dropw se,
the mixture was stirred for an hour at £Re sane tenperature. Methanol (10
m ) was added to quench the reaction; thereafter, an aqueous sol ution of
15% ci t r i pywaiod thé 254 ndimevsy haldbtopywdi d inee M et ot eThascehdensiin§oagantsour
at roomtenperature. After extracting with chloroform the organic |ayer
was washetb e sed nin Wiiersteyi imchyde Mnhydfdimetbhyhanive) pubpulé;: t he
desiccant was filtered off and the solvents were renoved in vacuo. The
resul ti ndVresthikcarogtinidedyjrechlesidel BoNum chronat ography (el uent:
chloroformethyl acetate =_7:3 to 1:1) to give the titled corrpoundM(_é.% g)
as a col o‘?"e%‘éc 1C?\?§(‘E§r ppie DEFaT}H 919330} ndrpl 10 KV PR

CHLOROF 3. 29 - 3 37 2
- PSS s PES 65 88 ugedin Ju5e f%&ctﬁo%"ln%lﬁgé > 6. 50 (2

él hydE 8? Jo%zo °’%gtr}§agﬂ‘?‘?s%§?ﬁﬂn‘?’§‘5€%ﬂg %%S‘éﬁ%ﬂ% m:%‘)%!t i gnSE)f et hyl
tetrahydrofuran, toluene, N,N-dimethylformamide, etc.; the
reaction can be carried out at temperatures ranging from 0°C
to the reflux temperature. Alternatively, compound (17) is
reacted with an alkyl halide such as methyl iodide, ethyl
iodide or propyl iodide in the presence of a suitable base to
give compound (18). Suitable bases include potassium
carbonate, cesium carbonate, etc. The solvents to be used in
this reaction include tetrahydrofuran, toluene, N,6N-
dimethylformamide, acetone, etc.; the reaction can be carried
out at temperatures ranging from 0°C to the reflux
temperature. As a further approach, compound (17) is reacted
with an alcohol such as methanol, ethanol or propanol using a
suitable azo reagent in the presence of a suitable phosphine
reagent to give compound (18). Suitable phosphine reagents
include triphenylphosphine, tri-n-butylphosphine, tri-tert-
butylphosphine, etc. Suifable azo reagents include diethyl
azodicarboxylate, diisopropyl azodicarboxylate, tetramethyl
azodicarboxamide, azodicarbonyl dipiperidine, etc.

From compound (18), the compound (II) of the present

invention can be synthesized by the same procedures as step 8
described in production method 1.

[0066] Production Method 6



49 (acetoxy) (di et hoxyphosphoryl )acetate (3.91 g) in tetrahydrofuran (95
m), lithiumchloride (522 ng) was added, foll owed by dropw se addition of

1,1, 3, 3-tetr thylguani dine (1.42 g) at -78C, and the i tirred
for 15 m‘&htzgﬁ%ﬁyl?he sane tenperature. A solution of 7- %J‘H%Oi(_)/ﬁ@%é?

di hydr oi m dazo[ 1, 5- a] qui nol i ne- 3-car bal dehyde (2.01 g) in tetrahydrofuran
was added dropwi se and the m xture was stirred for 3 hours as the
tenperature was raised from-78C to rooﬁptenperature. A saturated aqueous
sol ution of amoni um chl ori de was added under cooling with ice to quench
the reaction. Pié¢ ecompaypneod a(Inp dhetlsol peasenbrimeenbsoaddind wbicheRr esi due
and extracting with chloroformwas perforned. After drying the organic

| ayer wi té Eyndmyoyen satoni am sl ad @lktle glgimcRit isae hydreges eftbmand t he
sol vents were removed in vacuo. The resulting residue was purified by
silica gan@®Ruds éhrsbstddugity hastinehtther i tgrusitormg arapresadied ¥ 1: 1)
to give the titled conpound (4.47 g) as a pale yellow powder. 1H NWVR (300
Mz, CHLRFFMovingpieamyla_Iq o8 ¥di3 H), 2.22,2.25 (s, 3

H), 2. 35(s 3(;2 .78-3.06 (m4 H), 4.15-4.37 (m2 H),6.68,7.35(s,1 H,7.09
717 (m19 "rf 7.28 - 7.34 (m_1H), 7.98 - 8.02 (m 1 H [0098] (4)
Synthesi s of gth |Igajg-(acet oxy) - 7-met hyl-4, 5-

di hydr oi 'ngm 1) 5-Ja] qui nol i n- 3pyly) pr,opanoat e To a solution of ethyl
2- (acet oxy) . (- ﬁ’e{JﬁYhé) 5- O |

di hydr oi m da2#{ 1, 5- a] qui nol i n-§'3§/1) -29%ropenoate (4.47 g) in 2:1

et hanol /tetrahydrofuran (71 m ), 10% pal | adi um acti vated carbon (894 ny)
was addedsfthd heynind s LedaSy Sthé I £6h 1 & inGOndBnd@U( ScRémé 0Oy t enper at ur e
under hydrogen purge. The reaction m xture was filtered through Celite and
t he sol vepdsesere renoved in vacuo to give the titled conpound (4.42 g) as
an unpurified dark yellow oil. 1H N'\S’H%%O WHz, CHLOROFORMd) 6 ppm 1.17 -
1.43 (m 3 H), 2.09 c

(carbamate formation)
NO,
R2\0 6 O
HOA° N\ = 20) SN
o/ N\ « - - L\
HZN:“..O“MR HN~~~® | R
4 (I)

(19) rR?
SCHEME 6

[0069]
(19) Step 19 (carbamate formation)

Compound (19) is reacted with active carbonate (20) to
give the compound (II) of the present invention. The sol&ents
to be used in this reaction include N,N-dimethylformamide,
N,N-dimethyl acetamide, N-methylpyrrolidone, tetrahydrofuran,
toluene, dichloromethane, chloroform, water, etc.; the
reaction can be carried out at temperatures ranging from 0°C
to the reflux temperature.

[0070] Production Method 7
The compound (II) of the present invention, in which R is

a hydrogen atom or a C;_;, alkyl group; R! is a Ci-10 alkyl



(s,3 H,2.36(s,3 H,2.88(s,4 H,3.04 -3.26 (m 2 H), 4.18 -4.41(m 2
H),5.21-5.33(m1 H), 7.07- 7.20 (m2 FD,7.30-7.36(n1 FD 8.03(s,1 H)
[0099] (&) ks of ethyl 2-hydroxy-3-(7-nethyl-4,5
dlhydorlnlgazg%ﬁgéa]quinolin-3-yl)propanoate To gcgg ﬂT?%%”%? et hyl

2- (acetoxy)-3-(7-nmethyl -4,5- di hydori m dazo[ 1, 5-a] qui nol i n-3-yl) propanoat e
(4.42 g) in ethanol (47 m), sodlunlethg ide (3.22 g as 20% et hanol

sol ution) was added and the m xture was Stirred for 3 hours at room
tenperature. The reaction m xture was evapol at ed under reduced pressure and
after adddrQup., satCy-atevichopblyt godupi on af sababhtuenthhavidg &he bri ne,
extracting with chlorof ormwas perfornmed. After drying the organic |ayer
wi t h anhy¥fFE@taeRi tepseseRted Prctiestetbovingstermuéaedaopy &Rd the

sol vent s mere removed in vacuo. The resulting residue was purified by
silica gei et i chromat ography (el uent: nhexane/ethyl acetate = 1:1 to
1:4) to give the titled conpound (1 80 g) as a pale yell ow powder.

MS(ESI / APCI Dual) nfz 301 [MeH' @H NMVR (300 MHz, CHLOROFORM d) 6 ppm 1.26
(t, Jﬂ.l@,\%H}ﬁ 2.35 (s, 3H J2085 (5,4 H), 2. 92 -3.15 (m 2H),
oo (Ta) R4/ X (Ib)

where R® is a C;.¢ alkyl group;

R* is a C;.¢ alkyl group, a C;.s cycloalkyl group, or a benzyl
group; and

R? is a substituent having the structure represented by the
following formula Ic or Id:

[0072]

can be synthesized by the following method (scheme 7).

[0073]

Step 8
(deprotection)

@V*ﬁ\ @W

(18) @n

Step 19 (carbamate formation)

o O
N = =
(20) ; N:?N N o
>~ HN"W<::T >\\R
e (I)
SCHEME 7

From compound (18), the compound (II) of the present



4.07 -4.31 (m 2H), 4.46 -4.62(m1 H),7.04 -7.15(m 51 2 H), 7.27 - 7.34
(m 1 H, 7.91 (s, 1 H [0100] (6) Synthesis of ethyl

2-f(39) - 3ybbhENdsi Ayt oxycar bony1) -
am nol by S VR 0 ST (2 et hyl -4, 5-di hydr o m dazof 17STP20100666
a] qui nol i n- 3-y1) pr opanoat e Usi ng ethyl 2-hydroxy-3-(7-nethyl-4,5-

dihydrolnjdazo[l,S-a]quinoIin-3-y1)prpp890ate (1.80 g), reaction and
purification were perfornmed by repeati ng“the procedures of (7) in Exanple 1
to give the titled conpound (2.80 g) as a yellow oil. MS(ESI/APCI Dual) niz
469 [ MrHRLIMerNMR( 30tarvHre sHLIORGHCRM dVid pep 18 ODn -prlo@ic{ign 3n¢fhod . 42,
1.43 (s,9 H, 1.55 -1.72 (m1 H),

1 and via step 19 in production method 6 by taking the same

procedures.

On the following pages, the present inveﬁtion is

described even more specifically by showing Reference

Examples, Examplés of the invention, and Tests.

Examples

[0074] The NH silica gel column chromatography as referred

to in the following Examples means purification by column

chromatographic separation using an NH2 type silica gel

(Chromatorex NH2 type; FUJI SILYSIA CHEMICAL LTD.) The diol

silica gel column chromatography means purification by column

chromatographic separation using a diol type silica gel

(Purif-Pack DIOL-60 um; Shoko Scientific Co., Ltd.) The

optical purities of compounds of the present invention were

calculated based on measurements under the following

conditions:

Column: CHIRALPACK AD-3, 4® x 250 mm, 3 pum (DAICEL CHEMICAL

INDUSTRIES, LTD.) |

Column temperature: 10°C

Flow rate: 1.0 mL/min

Detection: UV, 240 nm

Sample concentration: 1 mg/mL

Injection volume: 2 uL

Mobile phase: n-Hexane:IPA:TFA:DEA = 85:15:0.5:0.5

[0075] Reference Example 1

Synthesis of 4-(bromomethyl)-5-tert-butyl-1,3-dioxol-2-

one



2.07-2.27 (m 1 H), 2.34 (s,3 H), 2.52 -3.10 (m10 H), 3.62 -3.76 (m 1 H),
3.98 -4.24 (m 3 H),4.92 -5.28 (m 1 H), 7.04 - 7.14 (m2 H),7.24-7.32 (m 1

H) ., 7. 911, w0 2011/034215 PCT/JP2010/066637
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(1) Synthesis of benzyl 4,4-dimethyl-3-oxopentanoate

To a solution of methyl 4,4-dimethyl-3-oxopentanoate
(8.01 g) in toluene (150 ml), benzyl alcohol (12.14 g) and
lithium perchlorate (1.09 g) were added and the mixture was
heated under reflux for 5 hours. After removing the solvent in
vacuo, the resulting residue was purified by silica gel column
chromatography (eluent; n-hexane/ethyl acetate = 9:1) to give
the titled compound (9.64 g) as a pale yellow oil.

MS(ESI/APCI Dual) m/z 235 [M+H]"
[0076]
(2) Synthesis of [1l-(benzyloxy)-4,4-dimethyl-1,3-dioxopentan-
2-yl]l]diazen-2-ium-1-ide

To a solution of benzyl 4,4-dimethyl-3-oxopentanoate
(9.63 g) in acetonitrile (200 ml), triethylamine (17.3 ml) and
4-(acetylamino)benzenesulfonyl azide (9.88 g) were added in
small portions under cooling with ice and the mixture was
stirred for an hour at the same temperature and for an
additional three hours at room temperature. The precipitating
crystal was recovered by filtration and the filtrate was
concentrated. The resulting residue was purified by silica gel
column chromatography (elueﬁt; n-hexane/ethyl acetate = 19:1
to 9:1) to give the titled compound (8.37 g) as a yellow oil.

MS(ESI/APCI Dual) m/z 261 [M+H]®
[0077]
(3) Synthesis of benzyl 2-hydroxy-4,4-dimethyl-3-
oxopentanoate

To é solution of [1-(benzyloxy)-4,4-dimethyl-1, 3-

dioxopentan-2-yl]ldiazen-2-jum-1-ide (8.36 g) in a 2:1 mixture



7.905 (s,1 H [0101] (7) Synthesis of 2-U3S)-3-[(tert-butoxycarbonyl)-
am no] pyrrolidin-|-yl}-3-(7-nmethyl-4,5-di hydrol m dazo[ 1, 5-

a] qui nol i Pads panoi ¢ acid To a solution of e
2-((39) - BWP?? ie/l?(%s E){)lgt oxycar bony1) - welap2010066637

am no] pyrrolidin-1-yl)-3-(7-methyl-4,5-di hydrol m dazo[ 1, 5-

al qui nol i n-3-yl) propanoate (2.80 g) in gFt hanol (30 m ), an aqueous
solution of 2 M sodium hydroxide (14.9 ) was added and the m xture was
stirred for 2 hours at 60C. The reaction m xture was evapol at ed under
reduced prksgunk) ofl t¢teahydofigrantand vatenquehedivm(EE) wacetatéed with
di ethyl ether. The aqueous |ayer was neutralized with an aqueous sol ution
of 15% 50dEner) c( Brims hrithexdided i apd wkle peesel kg itintere was

chl orof orml et hanol . After d%jcn over__anhydr ous sodi um syl fate, the

desi ccantStHEr9¢ 1 el RIFE 2t 1 1 SoRRatis el asfdides i (o, The
P L O RS LSS N, LBl LT S O s0r pL L et
oL O O R oo UG JAEEL ! 0% (000t i e 11 L1
H, 2.33 6&ime£%*?28flﬁgﬁ'was further added and the resulting mixture
was stirred for an additional five hours at 90°C. The solvents
were removed in vacuo and after adding brine, extracting with
ethyl acetate was performed twice. After drying the combined
organic layers with anhydrous magnesium sulfate, the desiccant
was filtered off and the solvents were removed in vacuo. The
resulting residue was purified, first by silica gel column
chromatography (eluent; n-hexane/ethyl acetate = 85:15), then
‘by NH silica gel column chromatography (eluent; n-hexane/ethyl
acetate = 9:1) to give the titled compound (3.45 g) as a
vyellow oil.
MS(ESI/APCI Dual) m/z 273 [M+H]"
[0078]
(4) Synthesis of benzyl 5-tert-butyl-2-oxo-1,3-dioxol-4-
carboxylate
To a solution of benzyl 2-hydroxy-4,4-dimethyl-3-
oxopentanoate (3.44 g) in tetrahydrofuran (70 ml),
diisopropylethylamine (179 mg) and di-1H-imidazol-1-yl-
methanone (4.44 g) were added under cooling with ice and the
mixture was stirred for an hour at the same temperature and
for an additional 5.5 hours at room temperature. To the
reaction mixture, an aqueous solution of 1 M HCl was added and

extracting with ethyl acetate was performed twice. After



2.98 (m 4 H), 2.98 -3.84 (m 6H), 3.89 (t, J=6.2 Hz, 1 H), 4.33 -4.53 (m
1H, 6.81 -6.98 (m 1H),7.03-7.15 (m 2 H, 7.21 -7.34(m 1 H), 7.96,

WO 2011/034215 PCT/JP2010/066637
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washing the combined organic layers with brine and drying the
same with anhydrous magnesium sulfate, the desiccant was
filtered off and the solvents were removed in vacuo. The
resulting residue was washed with n-hexane to give the titled
compound (1.28 g) as a colorless powder.
MS(EI) m/z 276 [M]*

[0079]
(5) Synthesis of 5-tert-butyl-2-oxo-1,3-dioxol-4-carboxylic
acid

To a solution of benzyl 5-tert-butyl-2-oxo-1,3-dioxol-4-
carboxylate (2.52 g) in ethanol (45 ml), 20% palladium
hydroxide (50% hydrous; 129 mg) was added and the mixture was
stirred for an hour at room temperature under hydrogen purge.
The reaction mixture was filtered through Celite and the
solvent was removed in vaéuo to give the titled compound
(1.71 g) as an unpurified colorless powder.

MS(ESI/APCI Dual) m/z 185 [M-H]"

[0080]
(6) Synthesis of 4-tert-butyl-5-(hydroxymethyl)-1,3-dioxol-2-
one

To a solution of 5-tert-butyl-2-oxo-1,3-dioxol-4-
carboxylic acid (1.70 g) in chloroform (50 ml), N,N-
dimethylformamide (70 pl) and oxalyl chloride (0.88 ml) were
added dropwise under cooling with ice and the mixture was
stirred for 30 minutes at the same temperature and for.an
additional hour at room temperature. The solvent was removed
in vacuo and after adding chloroform (45 ml) to the resulting

residue, the mixture was cooled to -60°C. A solution of



7.97 (s, 1 H) [0102] (8) Synthesis of (1R)-1-phenyl ethyl
(2S)-2-{(3S)-3-[(tertbutoxycarbonyl)-am no]pyrrolidin-1-y1)-3-(7-nmethyl-4,5

- di hydr q,pi 5-a] qui nol i n-3-yl) propanoat e T | of
2-{(39) - %k]F](zlggl?({%L tSJt oxycar bonyl) - PP ibihéaST

am no] pyrrolidin-1-yl)-3-(7-methyl-4,5-di hydroi m dazo[ 1, 5-

al qui nolin-3-yl)propanoic acid (2.23 Q) 3'Fn chloroform (25 m),

(1R) - 1- phenyl et hanol (927 ng), 4-dinmethylfam nopyridine (62 ng) and

N[ 3- (di met hyl am no) propyl] - N -et hyl carbodi i m de hydrochl oride (1.46 Q)
wer e addelte trabu tiel ammoniwn ieerehydride f 602. 4% dbuis chlovofiermnped anlie.
After adding a saturated solution of sodi um hydrogencarbonate, extracting
Wi t h chl ofag crddedsdmpYigersand Aghermipplure waerstinyed ofer sbdb Uhedusf at e,
t he desiccant was filtered off and the sol vent was renoved in vacuo. The
resul ti nt AR SLPRG T Dy TP | TR Teachien JBHEHATE hr 3fef SYrephy

(et Jasrene o Wi WAl gy adidoind MaideShitn B L rsomound
[ = B S Foa ) Glosdaléll) dhhne o8
and chloroform were added to cause liquid separation. After
extracting the aqueous layer with chloroform, the organic
layers were combined and dried over anhydrous magnesium
sulfate; thereafter, 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 = 3:2) to give the titled compound
(854 mg) as a colorless oil.
MS(EI) m/z 172 [MI"
[0081]
(7) Synthesis of 4-(bromomethyl)-5-tert-butyl-1,3-dioxol-2-
one
To a solution of 4-tert-butyl-5-(hydroxymethyl)-1,3-
dioxol-2-one (406 mg) in chloroform (5 ml), carbon
tetrabromide (943 mg) and triphenylphosphine (750 mg) were
added and the mixture was stirred for 18 hours at room
temperature. The solvent was removed in vacuo and the
resulting residue was purified by silica gel column
chromatography (eluent; n-hexane/ethyl acetate = 85:15) to
give the titled compound (490 mg) as a colorless oil.
MS(EI) m/z 234 [M]"
'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.32 (s, 9 H), 4.29 (s,

2 H)



(t,J=7.7 Hz,1 H),4.01-4.15 (m1 H),5.07 -5.20 (m1 H),5.84 (q,J=6.5 Hz, 1
H, 7.03 -7.14(m 2H), 7.22 -7.36(m 6 H),7.92(s,1 H [0103] (9)

Synt hesi f ;- {(3S)-3-[(tert-butoxycarbonyl) -
ani noj pyf‘?gfi"g.?"%ﬁl-gyl} Z3.(7-net hyl - 4, 5-di hydr ol mi dazo[ 175 F2010/066637
a] qui nol i n-3-y1) propanoi c acid To a solution of (1R)-1-phenyl ethyl

(25)-2-{(39)-3- . 37
[ (tert-butoxycarbonyl)-am no]pyrrolidin-l-yl}-3-(7-nmethyl-4,5-
di hydr oi m dazo[ 1, 5- a] qui nol i n- 3-y1) propanoate (660 nmg) in nethanol (12 m),

10% pal | alR QB3 het | \Rekerenge K M) was added and the mixture was
stirred for 5 hours at 60C under hydrogen purge. The reaction m xture was
filtered throudRthesis ofhdtt (REUMINRHIY hhzo T Ehy hpGeRYib) -Thd-resul ti ng
residue was purified by silica gel colum chromatography (eluent: '
chl or of or 2nd?®® 10:1) to give the titled conpound (280 ng) as a |ight
browmn powder. ESI / AP al z, 441 [ Mt 1H NVR {30

G OroEorv ) S 4l gL 5 (degtdlodth IS4 3E Mihernyy, o,

(s,3 H, 24 ,745:<¥in9e9t1{ﬁ-43—|'3x0pq’er9€ﬁr§oét% m ghé")pxsogeldﬁgeé%fn (?’f') ’§o 6?7) in
Reference Example 1 were.repeated to give the titled compound.
MS(EI) m/z 234 [M]’
'H NMR (300 MHz, CHLOROFORM-d) § ppm 0.99 (d, J=6.7 Hz, 6H),
1.92 - 2.08 (m, 1 H), 2.31 (4, J=7.0 Hz, 2 H), 4.18 (s, 2 H)
[0083] Reference Example 3

Synthesis of 4-(bromomethyl)-5-cyclohexyl-1,3-dioxol-2-

one
Using ethyl 3-cyclohexyl-3-oxopropanoate instead of
methyl 4,4-dimethyl-3-oxopentanoate, the procedures of (1) to
(7) in Reference Example 1 were repeated to give the titled
compound.
'H NMR (300 MHz, CHLOROFORM-d) § ppm 1.16 - 1.57 (m, 5 H),
1.65 - 1.79 (m, 1 H), 1.80 - 1.93 (m, 4 H), 2.40 - 2.57 (m,
1H), 4.22 (s, 2 H)
[o084] Reference Example 4

Synthesis of 4-benzyl-5-(bromomethyl)-1,3-dioxol-2-one

Using ethyl 3-oxo-4-phenylbutanoate instead of methyl
4,4-dimethyl-3-oxopentanoate, the procedures of (1) to (7) in
Reference Example 1 were repeated to give the titled compound.

MS(EI) m/z 268[M]*

'H NMR (300 MHz, CHLOROFORM-d) & ppm 3.78 (s, 2 H), 3.97 (s,

2 H), 7.25 - 7.42 (m, 5 H)



3.85 (m 1 H),3.89(t,J=6.1 Hz,1 H),4.30-4.54(m1 54 H), 6.77 - 6.93 (m 1
H), 703-717(m 1 H, 7.23 - 7.33 (m 2 H, 7.97 (s, 1 H [0104] (10)

Synt hesi -[(3S) - 3-ami nopyrrolidin-1-y11-3-(7-
5\§8 g ﬁ%ﬁr 1 PCT/JP2010/066637

met hyl - m dazo[ 1, 5- a] gui nol i n- 3-y1) propanoi ¢ aci d
tri hydrochl ori de To a suspensi on of
(25)-2-{(35)-3-[(tert-butoxycar bonyl -

am no] pyrrolidin-1-yl1l}-3-(7-nethyl - 8| hydr ol m dazo[ 1, 5-

aJ gui nolin-3-yl)propanoic acid (140 rrg) in ethyl acetate (1.59 m), a 4 M
HC1 sol uti@®B5%h et hgxampkeate (1.59 nl) was added and the mixture was
stirred for 4 hours at roomterrperature thereafter the sol vent was
renoved i n vack¥RiRes H( 3 L 7l |
brown powder.  NMS(ES /APCI Dual m z 341 [I\/Hr 4 1H NI\/R 600 1 H, 2. 37 M—Iz
(s, 3 DEUT RYRE23m H8zQf 1 0553l op m 1

5073 9g(sé4wi 33hlor 5}8 (m1H,3.44 -3.52 (m1 H),3.61-3.69 (m 1 H),

(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
30 minutes at the same temperature. Diethyl chlorophosphate
(70 g) was added and after stirring the mixture for 30 minutes
at the same temperature, ethyl isocyanoacetate (31 g) and
potassium tert-butoxide (46 g) were added at -30°C and the
mixture was stirred for an hour at room temperature. To the
reaction mixture, an aqueous solution 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 solvents were 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) m/z 243 [M+H]"

'H NMR (300 MHz, CHLOROFORM-d) § ppm 1.43 (t, J=7.2 Hz, 3H),

'2.96 (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)
[0086]

'(2) Synthesie of 4,5-dihydroimidazo[l,5-alquinolin-3-yl-



3.82 -3.90(m1 H,3.90 - 3.96 (m1 H,3.96-4.02 (m1 H),4.22-4.33(m1 H,
7.26 -7.35 (m2 H),7.55 -7.63 (m1 H),9.21(s,1 H [0105] Exanple 3
Synt hesi S‘Eafzgﬁf“?%ffg_u’ 5-di hydroi m dazo[ 1, 5- a] gui nol i N- 3e1/3p2010/066637

T{TT (2

yl)-2-f(39)-

met hyl pr opanoyl ) oxy] et hoxy} car bonyl ) am no] pyrrolidin-1- vyl }propanoic acid
(1) Synthesis of (25)-2-[(35)-3-am nopy gol i din-1-y1]-(3-

(4, 5-di hydroi m dazo[ 1, 5-a] gui nol i n- 3-yl ?propanoi c acid 55 To a

sol ution of

(2S) - 2-{ (wshhagnelt ert but oxycar bonyl ) am no] pyrrolidin-| -yl) (3-(4,5-

di hydrol m dazof 1, 5- a] qui nol i n- 3- )fropanm c acid (400 In ethyl acetate
(10nm), a 4 MTE1asepletieniof ce a%e?a@th@LBoH‘}d%g[ daed and the
mxture was stirred for 4 hours at roomtegperature The sol vent was

removed i% @‘é’c‘b‘bha%%l %T‘F%Fb%’ﬂ%l}?ibem%%r afl HpEPFFRRYERATBYAR3. 0 g) to the
terper at of 253 ThES t oL ER D Lt Bom oy 8 e Elo 2851 neeF: plfafie e
O AR L R Ul 00U Bty b L FELECGRTRR R EZEE, ) o
OXI DE) 8 fﬁ%néaé% feﬂpégﬁﬁﬁ%e; f&hy 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 solvents were removed
in vacuo to give the titled compound (50.1 g) as a brown oil.
'H NMR (300 MHz, CHLOROFORM-d) § ppm 2.84 - 3.07 (m, 4 H),
4.64 (s, 2 H), 7.14 - 7.25 (m, 1 H), 7.27 - 7.37 (m, 2 H),
7.40 - 7.45 (m, 1 H), 8.00 (s, 1 H)
[0087]
(3) Synthesis of 4,5-dihydroimidazo[l,5-alquinoline-3-
carbaldehyde
To a solution of 4,5-dihydroimidazo[l,5-alquinolin-3-yl-
methanol (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 filtered through
Celite and the solvent was removed in vécuo. 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) m/z 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



2.30 -2.37(m1 H), 2.82 -3.04(m8 H), 3.16 - 3.28 (m2 H),3.37-3.45 (m 1
H),3.80-3.88 (M1 H, 7.24 -7.29 (M1 H),7.35 -7.43 (m2 H),7.55 -7.60 (m

1H, s 1&0(2511;03!4_915 PCT/JP2010/066637

(s, 1 H)
[0088]
(4) Synthesis of ethyl (2Z)-2-(acetoxy)-3-(4,5-
dihydroimidazo[1l,5-alquinolin-3-yl)-2-propenoate and ethyl
(2E)-2-(acetoxy)-3-(4,5-dihydroimidazo[1l,5-alquinolin-3-yl)-2-
propenoate

To a solution of ethyl

(acetoxy) (diethoxyphosphoryl)acetate (26.7 g) in
tetrahydrofuran (200 ml), lithium chloride (3.99 g) was added,
fdllowed by dropwise addition of 1,1,3,3—tetramethylguanidine
(11.0 g) at -78°C and the mixture was stirred for 25 minutes
‘at the same temperautre. Subsequently, a solution of 4,5-
dihydroimidazo[1l,5-alquinoline-3-carbaldehyde (14.4 g) in
tetrahydrofuran (800 ml) was added dropwise and the mixture
was stirred for 30 minutes at the same temperature. After
stirring the mixture for an additional 1.5 hours at room
temperature, a saturated aqueous solution of ammonium chloride
(200 ml) was added under cooling with ice to quench the
reaction. Water (500 ml) was added to separate the organic
layer, which was then concentrated. The residue was dissolved
in chloroform (1000 ml); after extracting the previously
obtained aqueous layer, the organic layer was washed with
brine. After drying over anhydrous magnesium sulfate, the
desiccant was filtered off and the solvents were removed in
vacuo to give the titled compound (34.0 g; a mixture of E and
Z forms) as an unpurified orange oil. A 3.38 g (ca. 10%)
portion of the oil was purified by silica gel column

chromatography (eluent: chloroform/ethyl acetate = 80:20 to



[0106] (2) Synthesis of (2S)-(3-(4,5-dihydroimdazo[1, 5-a]quinolin-3-
yl%hzl-{(SS)-S-l[([l-][(ch } b | ) am no] lidin-1ylk j id
met hyl pr et hoxy} car bonyl ) am no] pyrrolidin-1y ci

To a sol (t}Plagﬁﬁ(/)%Qi(ﬁgS) -2-[(3S)-3-am nopyrrolidin-1-y1]-( % RPBAD o7

(4, 5-di hydrol m dazo[ 1, 5-a] qui nol i n-3-yl ) propanoic acid (140 ng) in

N, N-di nethyl formam de (5 m ), 1-{[(4- nitrophenoxy)carbonyl] oxy}ethyl
2-met hyl propanoate (155 ng) was added Ahd the mixture was stirred
overnight at roomtenperature. Water was added to the reaction m xture,
whi ch 5650a50} hethewmshydane tiredi ethyof es hkica Telagataws | ayer was
extracted with chloroformand the organic | ayer was dried over anhydrous
sodi um shreratographed( sluerhp i rkexare sotheht acehatacnoé5The Eesul ting
residue was purified by diol silica gel colunn chromatography (eluent:

chl or of or?ﬁh&?hhn‘éﬂ‘e TP Bing ROVIEY Rt “@shedwiFhgnahexaye EPh8ivet he

recovered fractions e reduced to a powder_form cih was subjected to
Hocant at s B Love Ve 150 oompaior fo i Lorpotmabardss. 158 .o Bhect 5y,

ROl T L, B0 e BT g
1y, i dtiaca {5 qldbing Ay 2 Pprofadatl daB me aflf (T
7015 - 7. (ﬂ%ﬂuzggﬁl(%iiﬁg?l_ﬁon[?%&ﬁué ”étl?yf')(ii) 5§-(a%§=/§§x{r§f_l3l(lﬁ25-7- 68 -

7.72 (m 1 H), 107] Exanpl e nt hesi s of

(29) - 3- (4athFdPythLad2 SIpZ 0F la Podd wiel 19l 3 Dy By - 2- . .
y1)-2-[(39) -%(([5- 1 OPERS o Pyl L0 3 oy Y), 2-propenoate (1.22 g)

yl) met hoxy Etawio e z)ars-(@detoxst )i-di-1-4,54 | propanoi ¢ acid To a
solution of (2S)-2-[(3S)-3-am nopyrrolidin-21-yl]-(3-

(4, 5- di hytlirhoydn ola@ioldz GF b) Srea hpbime Biyd3 py bpahepropendatd48 ny) in

N, N-di met hyl formam de (5 m ), (5-nethyl-2-o0xo0-1,3- dioxol-4-yl)nethyl

4-ni t r ophe MA(ESI/B&ES ®u@lbo mig) 3RTs [¥dHd and the mixture was stirred
overnight at roomtenperature. Water was added to the reaction m xture,
whi ch was tHMBaERR Mith GHEPROTORMNE) O mrm b dbuttt afet - Wadz ext r act ed

wi th chlorof orm and the organic Iagyer was dried over anhydrous 57 sodium

sulfate, fo Hdwed B rErod Mg -t e Qoivemd8 i v db. - FrdY esd 19hd ™ sdi due
ified iQl. sili | | h { | :

eht or of or a0 W0 0 id $510) T A dad g Tt gk - k1A% t he

f ti d t wd f i\h j ect t

Hecant ar; ol 32 (8 Sid e TadRor Tt Mot s RS 5D Lot or med

twice to gig¢gviihg olE)t-he ds(qamaund 4; 55 ng) as a light brown
anor phous rrasg ﬁ/B( I‘—ESI/ IgCI Duggglr)) qu 483 [ MrHP 1H NVR (600 MHz, DMSO- d6) 8

ppm 1. 56 aiHy&oi{miadzdd1, 5- SRyuire Dim (M1 2 piShéndatd ) 2. 57-2. 64(m 1
H,2.72- 2.93 (m8 H,3.02-3.10(m1 H),3.46-3.53 (m1 H, 3.91 -4.01
MS(ESI/APCI Dual) m/z 327 [M+H]®
'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.25 (t, J=7.1 Hz,
3 H), 2.25 (s, 3 H), 2.79 - 2.95 (m, 4 H), 4.25 (g, J=7.1
Hz, 2 H), 6.69 (s, 1 H), 7.15 - 7.24 (m, 1 H), 7.28 - 7.38
(m, 2 H), 7.40 - 7.47 (m, 1 H), 8.04 (s, 1 H)
[0089]
(5) Synthesis of ethyl 2-(acetoxy)-3-(4,5-
dihydroimidazol[l,5-alquinolin-3-yl)propanoate
The unpurified ethyl 2-(acetoxy)-3-(4,5-
dihydroimidazo[1l,5-alquinolin-3-yl)-2-propenoate (30.6 g; a

mixture of E and Z forms), as obtained in the previous



(m1H),4.79-4.91 (m2 H),7.15 -7.20(m 1 H), 7.30 -7.38(m2 H), 7.55
-7.60(m1 H, 7.68- 7.72 (m1 H),8.27(s,1 H) [ 0108] Exanpl e 5

Synt hesi swehofiliidyd1s(2S) - 2- [ (35) - 3- ami nopyrrol i di n-1-y1] pc1/3p2010/066637

3- (4, 5-di hydrol mi dazo[ 1, 5-a] qui nol i n-3-y1) propanoate trihydrochloride (1)
Synt hesi s of et hyl

(29)-2-{(39)-3-[(tertbutoxycarbonyl)am gg]pyrrolidin-1-y1)-(3-(4,5-

di hydr oi m dazo[ 1, 5- a] qui nol i n- 3-yl ) propanoat e To a sol ution of
(29)-2-{(3S)-3-[(tertbutoxycarbonyl)am no]pyrrolidin-1-y1)-(3-(4,5-

di hydr ol FrepGe}an 5- Vé*}i]ﬁ%ﬁ?%‘l%dy{'} pt vpapbrenat/ He¥{W%ﬁ9fPﬁan

N, N- di nmet I for m de éﬁl %ﬁ cesi um car boant e %178 ngé and et h% igdi de

(45 R1) tndkre b %E,lwt%“r%l%d PRePA LEAHBMGACTLVRAFRGd for
h t th t added t h

M xture, S SG’J”%’@ SRRttt o v T e orodBR P47 o et 3%%2‘35?3 the

I t f
conbi ned Sroared Yol aPL %%ﬁéa%ﬁ%é%ﬁs% eEQHOES Ghitr ML BEoSEY PECEAT o
filtered g{driand ﬁ&‘ﬁt:‘?&ﬁv@f‘tﬁaﬂ‘ﬂ&lﬁrﬁ@éﬁﬁv&f‘e a&aepboJ hfsﬁ@SH&&i:BG?f esi due
was purified by silica gel colum chromatograp | uen hexane/ et hyl

acetate = lg 45§ Qvdks laaded N OE9E T {RENAEOha S Qtali're@ 68 bhenbepsvated

fractions contained N, N-di net hyl formam de, they were dissolved in ethyl

acet at e arfsbmasdifse v tlirdridwet ie@rdgéi Spurgé er ThHE yirégct hén ongrbutel ayer
wi t h anhydrous magnesi um sul fate, the desiccant was filtered off and the
sol vent s was epassmy ethronglacCel i fidcand@stihé | sglvestsliwerasrenovédetin by
silica gel colum chromatography (eluent: n-hexane/ethyl acetate = 1:4 to
0:1 -* chhagws orThersrésnbting IKedidue wasepuhified| eyl Nidnpblida(€dlng) as a
colorless oil. MS(ESI/APCI Dual) mz 455 [ MtHP 1H NVR (300 MHz,
mLO?G:G%#th% CFTFIFﬁ"lanEI(QQhYJ >Juept : y%oqomg{lg) o Hyen By- S_’LiJFl'E?'m gel
H),2.08-2.24(m 1 H),2.58-2 ml H,2. 71-2.79(m I—ql282-

H) , 3. 67- FoBER 104450'213‘31‘6(’&“91‘:1’7 ﬁeHe‘?t 1—0“21“%’73113&%*(1’1‘&( Wegaﬁs 3 g%ni:‘i

H, 7.13-7 %?) to give the titled compound (16.5 g) as a yellow oil.
MS(ESI/APCI Dual) m/z 329 [M+H]®
'H NMR (300 MHz, CHLOROFORM-d) § ppm 1.26 (t, J=7.1 Hz,
3 H), 2.09 (s, 3 H), 2.90 (s, 4 H), 3.05 - 3.21 (m, 2 H),
4.21 (q, J=7.1 Hz, 2 H), 5.25 - 5.30 (m, 1 H), 7.14 - 7.21
(m, 1 H), 7.28 - 7.34 (m, 2 H), 7.39 - 7.44 (m, 1 H), 7.95
(s, 1 H)
[0090]
(6) Synthesis of ethyl 3-(4,5-
dihydroimidazo[1l,5-alquinolin-3-yl)-2-hydroxypropanoate
To a solution of ethyl 2-(acetoxy)-3-(4,5-
dihydroimidazo[l,5-alquinolin-3-yl)-2-propanocate (16.5 g) in
ethanol (150 ml), sodium ethoxide (15.3 g as 20% ethanol
solution) was added and the mixture was stirred for 3 hours at
room temperature. The reaction mixture was evapolated under
reduced pressure until its volume decreased to about a quarter

of the initial value; thereafter, a saturated aqueous solution



(ml1H,7.25-7.33(m2 H),7.38-7.41(m1 H),7.95 (s,1H) [0109] (2) Synthesis
of ethyl (2S)-2-[(3S)-3-am nopyrrolidin-1-yl]-3-

(4,5-dih [1, 5-a] qui nol i n-3-yl)propanoate trih 59
An aqueoﬁ‘gb%ﬂd{;%g of 4 MHCL (3 m) having ethyl (2S)- 315@'%8?5”19/6&6@?7

2-{(3S)-3-[(tert-butoxycarbonyl)am no] pyrrolidin-1-y1)-(3-

(4, 5-di hydroi m dazo[ 1, 5- a] qui nol i n- 3-yl )1 ropanoate (59 ng) dissolved
therein was stirred for 6 hours at roomtenperatuare. The sol vent was
removed in vacuo to give the titled conpound (conpound 5; 58 ng) as a |ight
br own ano¥fhhaueoniye chlgpide) El(%ﬁrpllb) gwas add@?nitllh@s¢§tmcbm$IW1th

25)-2-[(3S)-3-am nopyrrolidin-
g ()4 5- gf%@ﬁﬁ%z‘%}/ﬁ Ee%ﬂ‘hm%i |+‘P% %Sﬂb%a%@é?’é W@?l‘ﬁ?ﬂ‘?%‘éh‘f’bFPde (D)

Synt hesi s of but

((:I |2ﬁ) dr20|{ ( a‘;% T‘{q é?jti:ﬁﬁ SEERD R a?;’i‘%‘?‘b?/‘ﬁ O‘F?%ﬁ“ﬁsiu'? 17“%%‘?%2 sthe
( -Zﬁ’)yarz‘l” e eﬁ%uﬁlﬁﬁ?%ra?‘i %l%f? et aﬂ}%ﬁ%ﬁ'%ﬁ; Jefq) fonyafistn
NN i mer TS SE%% %leeq?‘%*pé’ (LEred i MRS (1 2% ) a0 MR ubllurigied |\ 2ne

(129 ny) £ooling with ice and the mxture was stirred for
two hours roomte erature Wat er was added to the reaci on m xture under

cooling w t h i EsBhBE IRyed) by £x3gActmng W th ethyl acetate. After
washing the organic |layer with water and brine, drying was perfornmed with

anhydr ous &@dinemn 6306 arez, t CRLEROFORM-a e desn cTaet pes §ifiered, of f and
the sol vents were renoved in vacuo. The resulting residue was purlfled by
silica gel 3cel)ymz2.@2r cmet.0ogr gphy 4( @)yerzt..94ch @&r.afdor(m ,met Ynola AN~ 3 to
90: 10) and then by NH silica gel columm chromatography (el uent:
nhexane/ et Byl27adet.atze B) ,130:40 t-0483G:820Um,t d di)ve %.Heat t4 t1.@2d denpduntd .( 130
ng) as a yellow gum MS(ESI/APCI Dual) mz 483 [ MtH NMR (300 MHz,
CI—ILO?O:O?I\/ﬁd)27 pprh-G47dm, @ 89 .(M-38 H) 7-#31dm.1 BH).mP2 A9 (s 41 H()s 9
,1.45-1. 58 2
H) [0091(]rn .
(7) Synthesis of ethyl 2-{(3S)-3-[(tert-
butoxycarbonyl)amino]pyrrolidin-1-yl1}-3-(4,5-
dihydroimidazo[l,5-alquinolin-3-yl)propanoate
To a solution of ethyl 3-(4,5-
dihydroimidazo[l,5-alquinolin-3-yl)-2-hydroxypropanoate
(1.25 g) in chloroform (25 ml), methanesulfonyl chloride
(0.51 ml) was added under cooling with ice, followed by
dropwise addition of triethylamine (1.85 ml) and stirring for
an hour at the same temperature. Brine was added to the
reaction mixture and extracting with chloroform was performed.
After drying over anhydrous magnesium sulfate, the desiccant
was filtered off and the solvent was removed in vacuo. The
residue was dissolvd in chloroform (25 ml) and after adding
tert-butyl (3S)-pyrrolidin-3-yl-carbamate (2.45 g) and

triethylamine (2.45 ml), the mixture was stirred for 16 hours

at 60°C. Brine was added to the reaction mixture and



2.09 -2.26 (m1 H), 2.55 -2.70 (m1 H),2.72 -2.80 (m 1 H), 2.81 -3.07(m 9
H, 3.68 -3.81(m1 H), 3.98 - 4.08 (m2 H),4.10-4.22 (m1 H),5.15-5.29 (m 1
H)

, 7.12 Wa'Zgﬁ/(kml%H) , 7.26 -7.34 PCT/JP2010/066637
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extracting with chloroform was performed. 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 column chromatography (eluent: ethyl acetate —
chloroform/methanol = 95:5), then by NH silica gel column
chromatography (eluent: n-hexane/ethyl acetate = 2:3 to 0:1),
and again by silica gel column chromatography (eluent: ethyl
acetate — chloroform/methanol = 90:10) to give the titled
compound (1.14 g) as a pale yellow gum.
MS(ESI/APCI Dual) m/z 455 [M+H]"®

'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.13 - 1.21 (m, 3 H),

1.41 , 1.43 (S, 9 H), 1.54 - 1.70 (m, 1 H), 2.08 - 2.26 (m,

1 H), 2.58 - 2.79 {m, 2 H), 2.82 - 3.11 (m, 8 H), 3.67 -

3.74 (m, 1 H), 4.00 - 4.20 (m, 3 H), 4.95 - 5.23 (m, 1 H),

7.12 - 7.20 (m, 1 H), 7.26 - 7.33 (m, 2 H), 7.38 - 7.43 (m,

1 H), 7.94, 7.95 (S, 1 H)
[0092]
(8) Synthesis of (1R)-1-phénylethyl (2S)-2-{(3S)-3-[(tert-
butoxycarbonyl)aminolpyrrolidin-1-yl1}-3-(4,5-
dihydroimidazo[1l,5-alJquinolin-3-yl)propanoate

To a solution of ethyl 2—{(3S)—3—[(tert—

butoxycarbonyl)amino]pyrrolidin-1-y1}-3-(4,5-
dihydroimidazo[1l,5-alquinolin-3-yl)propanoate (96 mg) in
methanol (3 ml), an aqueous solution of 2 M sodium hydroxide
(2 ml) was added and the mixture was stirred for an hour at
60°C. The reaction mixture was evapolated under reduced
pressure; after adding water, the aqueous layer was washed

with ethyl acetate. The aqueous layer was neutralized with an



(m2H,7.37 -7.43 (m 1 H), 7.95 (s,1 H) [0111] (2) Synthesis of
butyl (2S)-2-[(35)-3-am nopyrrolidin-21-yl]-

3-(4,5- dl‘??sghﬁléqghggtzgl[ 1, 5-a] qui nolin-3-yl)propanoate t r'a)g;fﬂ{)%%l/h&%&de

To a solu

(2S)-2-{(3S)-3-[(tertbutoxycarbonyl)am no] pyrrolidin-1-y1}-(3-(4, 5-

di hydroi m dazo[ 1, 5- a] qui nol i n-3-y1) propgnoat e (130 ng) in ethyl acetate (4
m), a 4 MHCL solution in ethyl acetat 5(4 m) was added and the m xture
was stirred for 3 hours at roomtenperature. The solvent was renoved in
vacuo andagqudeuswsslatien 66 1Hé¢ Hetuanbdngftesi ddéinghso@iumschilibrideed to
61 azeotropic distillation to give the titled conpound (conpound 6; 112 ny)
as a | i ghextraebhiemovah opsrfiessed MBLES| ¢PotoDorin) anfiztBER Wikh| a lkikkR
(600 MHz, DEUTERIUM OXIDE) 3 H),1.01-1.12(m2 H),1.33 2.06m1

H) , 2. 44- Sob(ent Sf pprd oclvefogm/magtihpnol i Abtey 2dryingggver) aphydrguss(m 6

H, 3.25 -3.44 (m4 . .
. magnesium sulfate, the desiccant was filtered off and the

solvents were removed in vacuo. The resulting residue was
dissoslved in chloroform (2 ml) and after adding (1R)-1-
phenylethanol (34 mg), 4-dimethylaminopyridine (4 mg) and N-
[3-(dimethylamino)propyl]-N’ -ethylcarbodiimide hydrochloride
(52 mg), the mixture was stirred for 15 hours at room
temperature. The reaction mixture was purified by silica gel
column chromatography (eluent: ethyl acetaté —
chloroform/methanol = 95:5), then by another run of silica gel
column chromatography (eluent: ethyl acetate/2-propanol =
95:5) to give the titled compound (21 mg) as a colorless gum
of low-polarity compound.
MS(ESI/APCI Dual) m/z 531 [M+H]"

'H NMR (300 MHz, CHLOROFORM-d) § ppm 1.38 (d, J=6.5 Hz,

3 H), 1.40 (s, 9 H), 1.51 - 1.75 (m, 1 H), 1.98 - 2.14 (m,

1 H), 2.53 - 2.72 (m, 2 H), 2.74 - 3.06 (m, 8 H), 3.80 (t,

J=7.7 Hz, 1 H), 4.02 - 4.14 (m, 1 H), 5.07 - 5.16 (m, 1 H),

5.85 (q, J=6.5 ﬁz, 1 H), 7.12 - 7.19 (m, 1 H), 7.21 - 7.34

(m, 7 H), 7.37 - 7.43 (m, 1 H), 7.95 (s, 1 H)
[0093]
(9) Synthesis of (2S5)-2-{(3S)-3-[(tert-
butoxycarbonyl)amino]pyrrolidin-1-yl1}-3-(4,5-
dihydroimidazo[l,5-alquinolin-3-yl)propanoic acid

To a solution of (1R)-1l-phenylethyl (2S)-2-{(3S)-3-

[ (tert-butoxycarbonyl)amino]pyrrolidin-1-yl1}-3-(4,5-



H, 3.93 -3.98 (m1 H, 3.99 -4.15 (m 3 H, 7.43 -7.52 (m 3 H, 7.69
-7.74 (m 1 H, 9.33 (s,1 H
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dihydroimidazo[l,5-alquinolin-3-yl)propanoate (231 mg) in
methanol (20 ml), 10% palladium—activated carbon (100 mg) was
added and the mixture was stirred for 9 hours at room
temperature under hydrogen purge. The reaction mixture was
filtered through Celite and the solvent was removed in vacuo.
The resulting residue was purified by silica gel column
chromatography (eluent: chloroform/methanol = 9:1 to 7:3). To
a solution of the recovered material (10 mg) in methanol
(2 ml), 10% palladium-activated carbon (20 mg) was added and
the mixture was stirred for 16 hours at room temperature under
hydrogen purge. The reaction mixture was filtered through
Celite and the solvent was removed in vacuo. The resulting
residue was purified by silica gel column chromatography
(eluent: chloroform/methanol = 9:1 to 7:3). The products were
combined to give the titled compound (195 mg) as a colorless
powder.
MS(ESI/APCI Dual) m/z 427 [M+H]"
'H NMR (600 MHz, CHLOROFORM-d) § ppm 1.42 (s, 9 H), 2.03 -
2.11 (m, 1 H), 2.23 - 2.32 (m, 1 H), 2.87 - 2.97 (m, 4 H),
3.11 - 3.20 (m, 1 H), 3.28 - 3.62 (m, 4 H), 3.70 - 3.80 (m,
1 H), 3.86 - 3.95 (m, 1 H), 4.38 - 4.47 (m, 1 H), 6.56 -
6.68 (m, 1 H), 7.18 - 7.24 (m, 1 H), 7.27 - 7.34 (m, 2 H),
7.38 - 7.42 (m,'l H), 8.03 - 8.10 (m, 1 H)
[0094]
(10) Synthesis of (2S)-2-[(3S)-3-aminopyrrolidin-1-yl}-3-
(4,5-dihydroimidazo[1l,5-alquinolin-3-yl)propanoic acid
trihydrochloride

An aqueous solution of 6 M HC1 (4 ml) having (2S)-2-



[0112] Exanpl e 7 Synt hesi s of heptyl

(2S)-2-[(3S)-3-am nopyrrolidin-1-yl]-

3- (4, 5- diwpdIoploskgdazol 1, 5-a] qui nol i n-3-yl ) propanoate t pchyds@R6hédas7 de

(1) Synthesis of heptyl

(2S)-2-{(35)-3-[(tertbutoxycarbonyl)am no] pyrrolidin-1-yl1)-(3-(4, 5-

di hydr oi m dazo[ 1, 5- a] qui nol i n-3-yl ) propghoat e To a solution of
(2S)-2-{(3S)-3-[(tertbutoxycarbonyl)am no] pyrrolidin-1-yl)-(3-(4, 5-

di hydr oi m dazo[ 1, 5-8% ui nol i n-3-y|%£ir opanoi ¢ acid (208 rrg%q in

N, N- di nett{3% br hekeae-putorycarkenyi 2B B lRYEr ¢ 2#ding) -whi-3- (4 oBohept ane
(167 ng) were_added_under cooling with ice and the m xture was_stirred for
1.5 hour sSAEhyqrRinidaze bhperat @ Enoht 1 31y hhPEeRRRP bR afCido( h3%rB@Iht room

t enper at ug e. te s added to the reacion_nixture under coolin ith ice,
fol ] oved BhEa0d VSR TREFGIR as H3t LERed At QT A BOYTRoahi FROT hESBPGEAFUEF ay or
Wi th watefd W gec A0de WL N BEL o1 SN N S REELST IRAMLLD BOhygrous,godi um
sul fate; Her €4 Efer, 1f%e' desT ceantowas a1 I TET 2T O ! ah B  Re R oP VERL £ Ver e

removed i{y YACHO, pﬁ@urgc@(é&ﬁﬂ:’é%}@gﬂefé&'%ﬁn%x‘ﬁi%g#rfgiélggztgifo%' i ca gel

col umm chromat ogra (el uent= or of ormf to 90:10) and
then by NSHRSE Fedss0! um chromat ography (el uent: nhexane/ethyl acetate
= 100:0 to 80:20) to give the titled conmpound (233 ng) as a colorl ess

anor phous nmasys M€ ERAPAPBudLpin/ 27 22 p2midH 1H NVR (300 MHz,
CHLOROFORM d) 8 ppm 0.79 - 0.88 (m 3 H), 1.10 -1.28 (m8 H), 1.41 (s,9
H,1.36-1. 79 Xmr3(6D0 HMiH/ pRUPBRIUMIOXYDEY. 56pp. 5324 M 12 Hp6 2(d) - 2. 79
1 H), 2.70 - 2.77 (m, 1 H), 2.96 - 3.07 (m, 4 H), 3.36 -
3.43 (m, 1 H), 3.51 - 3.58 (m, 1 H), 3.66 - 3.73 (m, 1 H),
3.77 - 3.83 (m, 1 H), 3.86 - 3.92 (m, 1 H), 3.96 - 4.02 (m,
1 H), 4.08 - 4.17 (m, 1 H), 4.26 - 4.34 (m, 1 H), 7.42 -
7.51 (m, 3 H), 7.70 (4, J=7.8 Hz, 1 H), 9.29 (s, 1 H)
[@],” = +28.1 (c = 0.25, H,0)
Optical purity: >99%ee
r.t. :15.30 min

[0095] Example 2

Synthesis of (2S)-2-[(3S)-3-aminopyrrolidin-1-y1]1-3-(7-

methyl-4,5-dihydroimidazo[l,5-alJquinolin-3-yl)propanoic acid

trihydrochloride

(1) Synthesis of ethyl 7-methyl-4,5-dihydroimidazo[1l,5-
alJquinoline-3-carboxylate

Using 6-methyl-3,4-dihydroguinolin-2(1H)-one (3.3 g),
reaction and purification were performed by repeating the
procedures of (1) in Example 1 to give the titled compound
(2.14 qg) asva colorless powder.

MS(ESI/APCI Dual) m/z 279 [M+Nal®

'H NMR (300 MHz, CHLOROFORM-d) 8 ppm 1.42 (t, J=7.1 Hz,



(m 1 H, 2.81 -3.07(m 7 H), 3.67 -3.76(m1 H), 3.97 - 4.05 (m2
H,4.08-4.22 (m1 H),5.15-5.27 (m1 H), 7.12 -7.19 (m1 H), 7.24 -7.33 (m 2
7.3

H ., 7.37 -Wo%811ld%2:4H) . 7-94 (s, 1 H PCT/JP2010/066637
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3 H), 2.37 (s, 3 H), 2.87 - 2.94 (m, 2 H) , 3.29 - 3.37 (m,
2 H), 4.40 (g, J=7.1 Hz, 2 H), 7.11 - 7.16 (m, 2 H), 7.33 -
7.37 (m, 1 H), 7.98 (s, 1 H)
[0096]
_(2) Synthesis of 7-methYl-4,5—dihydroimidazo[1,5-a]quinoline—
3-carbaldehyde |
A solution of ethyl 7-methyl-4,5-dihydroimidazo[1l,5-
alquinoline-3-carboxylate (2.98 g) in tetrahydrofuran (35 ml)
was cooled to -78°C and after adding diisobutylaluminum
hydride (59.0 ml as 1.01 M toluene solution) dropwise, the
mixture was stirred for an hour at the same temperature.
Methanol (10 ml) was added to quench the reaction; thereafter,
an aqueous solution of 15% citric acid (25 ml) Qas added and
the mixture was stirred for an hour at room temperature. After
ektracting with chloroform, the organic layer was washed with
brine. After drying over anhydrous magnesium sulfate, the
desiccant was filtered off and the solvents were removed in
vacuo. The resulting residue was purified by silica gel column
chromatography (eluent: chloroform/ethyl acetate = 7:3 to 1:1)
to give the titled compound (2.03 g) as a coloress powder.
MS(ESI/APCI Dual) m/z 213 [M+H]"
'H NMR (300 MHz, CHLOROFORM-d) § ppm 2.38 (s, 3 H), 2.89 -
2.96 (m, 2 H), 3.29 - 3.37 (m, 2 H), 7.13 - 7.19 (m, 2 H),
7.36 (d, J=8.7 Hz, 1 H), 8.03 (s, 1 H), 10.00 (s, 1 H)
[0097]
(3) Synthesis of ethyl 2-(acetoxy)-3-(7-methyl-4,5-
dihydroimidazo[l,5-alquinolin-3-yl)-2-propenoate

To a solution of ethyl



[0113] (2) Synthesis of heptyl (2S)-2-[(3S)-3-am nopyrrolidin-1-yl]-
3-(4, 5-di hydroi m dazo[ 1, 5-a] qui nol i n- 3-yl ) propanoate tri hydrochl ori de

To a soI Agptyl
(29)-2-{( g%]fﬁ% tert but oxycar bonyl ) am no] pyrrol i din-1- PE)T{J})%O-I?/3€6§§7

di hydr oi m dazo[ 1, 5-a] qui nol i n-3-yl ) propanoate (233 ng) in ethyl acetate (5
m), a4 MHCL solution in ethyl acetatgg(S m ) was added and the m xture
was stirred for two hours at roomtenperature. The solvent was renoved in
vacuo and water was added to the resulting residue, which was subjected to
azeot r opi (aati oy )l (@iegihaxypjiosphdry k Jadedh o nfobuhtd gkobpound 7; 195 ng) as
a |light brown am)rphous mass. MS(ESI/APCI Dual) nmiz 425 [ M+H]. 1H NVR (600

VHz, DEU'FER] q:SEyra@ dot ez, (%ithjium eplﬂzorl% €22 /Ml Was Rdged. 90
-1.08(m 8 oy 1. 32 PCT/ JP2010/ 066637 - 1.44(m 1.90- 1.98 (m1
H), 2. 36- Fobi dméo Gropyise; padi tipnyof 3l .7k 3 {45t rametnyiguanidine

(1.42 g) at -78°C, and the mixture was sti;red for 15 minutes
at the same temperature. A solution of 7-methyl-4,5-
dihydroimidazo[l,5-alquinoline-3-carbaldehyde (2.01 g) in
tetrahydrofuran was added dropwise and the mixture was stirred
for 3 hours as the temperature was raised from -78°C to room
temperature. A saturated aqueous solution of ammonium chloride
was added under cooling with ice‘to quench the reaction. After
evaporating the solvent, brine was added to the residue and
extracting with chloroform was performed. After drying the
organic layer with anhydrous sodium sulfate, the desiccant was
filtered off and the solvents were removed in vacuo. The
resulting residue was purified by silica gel column
chromatography (eluent: chloroform/ethyl acetate = 1:1) to

givé the titled compound (4.47 g) as a pale yellow powder.
'H NMR (300 MHz, CHLOROFORM-d) § ppm 1.20 - 1.43 (m, 3 H),

2.22, 2.25 (s, 3 H), 2.35 (s, 3 H), 2.78 - 3.06 (m, 4 H),
4.15 - 4.37 (m, 2 H), 6.68, 7.35 (s, 1 H), 7.09 - 7.17 (m,

2 H), 7.28 - 7.34 (m, 1 H), 7.98 - 8.02 (m, 1 H)
[0098]
(4) Synthesis of ethyl 2-(acetoxy)-3-(7-methyl-4,5-
dihydroimidazo[l,5-a]quiﬁolin—3-y1)propanoate

To a solution of ethyl 2-(acetoxy)-3-(7-methyl-4,5-

dihydroimidazo[l,5-alquinolin-3-yl)-2-propenoate (4.47 g) in
2:1 ethanol/tetrahydrofuran (71 ml), 10% palladium-activated

carbon (894 mg) was added and the mixture was stirred for



(m1H),3.92 -4.02 (m2 H,4.09 -4.15 (m 1 H), 7.41 -7.51(m3 H), 7.68

-7.72(m1 H, 9.20 (s,1 H [0114] Exanpl e 8 Synt hesi s of
pr opan- 2-
(25) - 2- [(‘gé)20 i Ropyrrol i dinl -y1] - 3- (4, 5-di hydr ol ni dazo| 1 boal Guinol i n- 3-

yl) propanoate trihydrochloride (1) Synthesis of propan-2-yl
(28)-2-f(38)-3-[(tertbutoxycarbonyl)anigﬁ]pyrrolidin-l-yl)-(3-(4,5-

di hydr ol m dazo[ 1, 5- a] qui nol i n- 3-yl ) propanoat e To a sol ution of
(2S)-2-{(3S)-3-[(tertbutoxycarbonyl)am no] pyrrolidin-1-yl)-(3-(4, 5-

di hydr oi nl 3ldafins 5at] xeomotéempSrgtype opader chydrdgéB0punyge . i The

N, N-di net hyl formam de (7 m), cesium carboante (342 ng) and 2- i odopropane
(178 ny) Teretieriduixbiaee ool fhitered theough ¢abikexandethasselventd for
an hour at the sanme tenperature and for an additional six_hours at room

t enper at Lﬂ’%re VERTBRV G sTAGTREI? ot R h@lYRabR®nt i kedr eonReaRdchbbt fAgIN f i ce,
fol | owed extract] éaaytl1 ethyl acetate. After washing the organic | ayer
with wat €F tVﬁQﬂF%&&F Bryeklow, 9t g was performed with anhydrous sodi um

sul f at e; thﬁrﬁﬁﬁtF#%otﬁﬁzdeéhﬂéﬁﬁﬁo SméFE%ﬁdloi; ang 396(ﬁ0|¥eﬁss wer e

renoved i n vacuo e resulting res urtfred by silica ge col um
chromat ogr gplyy (@ uenty) ol geof(q, mjﬂﬁ)hanﬂss- (D00 g 90:0l)- 24 V@n [ he

titled compound (290 ng) as a |ight brown gum NS(ESI7APC Dual) m z 469
[ MFHP 64 BHHYWR4(3@0 -M4z,4 1CHEORGFGRM &, 8 pps . BPYn(d,1 36, 27 7 -
7.20 (m, 2 H), 7.30 - 7.36 (m, 1 H), 8.03 (s, 1 H)
[0099]
(5) Synthesis of ethyl 2-hydroxy-3-(7-methyl-4,5-
dihydorimidazo[l,5-alquinolin-3-yl)propanoate
To a solution of ethyl 2-(acetoxy)-3-(7-methyl-4,5-
dihydorimidazo[l,5-alquinolin-3-yl)propanoate (4.42 g) in
ethanol (47 ml), sodium ethoxide (3.22 g as 20%>ethanol
solution) was added and the mixture was stirred for 3 hours at
room temperature. The reaction mixture was evapolated under
reduced pressure and after adding a saturated aqueous solution
of ammonium chloride and brine, extracting with chloroform ﬁas4
performed. After drying the organic layer with anhydrous
sodium sulfate, the desiccant was filtered off and the
solvents were 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
(1.80 g) as a pale yellow powder.
MS(ESI/APCI Dual) m/z 301 [M+H]"
'H NMR (300 MHz, CHLOROFORM-d) § ppm 1.26 (t, J=7.1 Hz,
3 H), 2.35 (s, 3 H), 2.85 (s, 4 H), 2.92 - 3.15 (m, 2 H),

4.07 - 4.31 (m, 2 H), 4.46 - 4.62 (m, 1 H),‘7.04 - 7.15 (m,



2 Hz, 3 H, 1.41 (s, 9 H, 1.62 - 1.72 (m 1 H, 2.07 -
2.70 (m 1 H), 2.71 - 2.81 (m1 H),2.82-3.05(m 8

1 2.
3W§§%;.(0134§g 4.07 -4.22 (m1 H),4.90-5.03 (m1 T’f%ﬂ‘?’%ﬁf%@—fg, (1mH)1

H,7.26 -7.34 (m 2 H), 7.36 - 7.43 (m
51

2 H), 7.27 - 7.34 (m, 1 H), 7.91 (s, 1 H)
[0100]
(6) Synthesis of ethyl 2-{(3S)-3-[(tert-butoxycarbonyl)-
amino]pyrrolidin-1-y1}-3-(7-methyl-4,5-dihydroimidazo[1l,5-
alquinolin-3-yl)propanoate

Using ethyl 2-hydroxy-3-(7-methyl-4,5-

dihydroimidazo[1l,5-alquinolin-3-yl)propanocate (1.80 g),
reaction and purification were performed by repeating the
procedures of (7) in Example 1 to give the titled compound
(2.80 g) as a yellow oil.

MS(ESI/APCI Dual) m/z 469 [M+H]’
'H NMR (300 MHz, CHLOROFORM-d) § ppm 1.09 - 1.21 (m, 3 H),

1.42, 1.43 (s, 9 H), 1.55 - 1.72 (m, 1 H), 2.07 - 2.27 (m,

1 H), 2.34 (s, 3 H), 2.52 - 3.10 (m, 10 H), 3.62 - 3.76 (m,

1 H), 3.98 - 4.24 (m, 3 H), 4.92 - 5.28 (m, 1 H), 7.04 -

7.14 (m, 2 H), 7.24 - 7.32 (m, 1 H), 7.911, 7.905 (s, 1 H)
[0101]
(7) Synthesis of 2-{(3S)-3-[(tert-butoxycarbonyl)-
amino]pyrrolidin—l—yl}—3—(7—methyl—4,5—dihydroimidazo[1,5—
alquinolin-3-yl)propanoic acid

To a solution of ethyl 2-{(3S)-3-[(tert-butoxycarbonyl)-

amino ]pyrrolidin-1-yl}-3-(7-methyl-4,5-dihydroimidazo[1,5-
alquinolin-3-yl)propanoate (2.80 g) in methanol (30 ml), an
aqueous solution of 2 M sodium hydroxide (14.9 ml) was added

and the mixture was stirred for 2 hours at 60°C. The reaction

mixture was evapolated under reduced pressure and after adding

water, the aqueous layer was washed with diethyl ether. The

aqueous layer was neutralized with an aqueous solution of 15%



[0115] (2) Synthesis of propan-2-yl
(2S)-2-[(35)-3-am nopyrrolidinl-yl]-3-(4,5-dihydrolmdazo[1, 5-a]quinolin-3-

yl)propa @fEEM?% fAxdrochl ori de To a solution of pg%Ea?%ﬁ?%&%§7

(29)-2-{( tert but oxycar bonyfl am no] pyrrolidin-1
di hydroi m dazo[ 1, 5-a] qui nol i n-3-yl ) propanoate (290 ng) in ethyl acetate (5
m), a4 MHCL solution in ethyl acetatg (5 M) was added and the m xture
was stirred for two hours at roomtenpe &ture. The sol vent was renoved in
vacuo and water was added to the resulting residue, which was subjected to
azeotropicitrstidachd i amd textracting was | perfompednditbohpdund 8; 261 ny) as
a brown anorphous nmass. MS(ESI/APCI Dual) miz 369 [ M-H 1H NMR (600 MHz,
DEUTEHlﬁWMiQII§Ormﬁmﬁﬂh@H9%d AQE@r4dFﬁln3 PVGE ngﬂd9365459313m
H),1.99-2.07 n]l F2 45- 2.52 2.93-3 n&S H),3.10-3.14(m 1 H),
3.25 - 3. 3HALE 1)t he gdeskogant n‘t’?s Hy‘ﬂst%e@ %f(ﬁ{l 1Hpe’ gogyentisogeRe1 H),
4.92 -4, 99(n11 7.43 -
removed in vacuo. The resulting residue was purified by silica
gel column chromatography (eluent: chloroform/methanol = 10:1
to 4:1) to give the titled compound (2.63 g) as a light brown
powder.
MS(ESI/APCI Dual) m/z 441 [M+H]®
'H NMR (300 MHz, CHLOROFORM-d).a ppm 1.41 (s, 9 H), 1.94 -
2.15 (m, 1 H), 2.15 - 2.33 (m, 1 H), 2.33 (s, 3 H), 2.76 -
2.98 (m, 4 H), 2.98 - 3.84 (m, 6 H), 3.89 (t, J=6.2 Hz, 1
H), 4.33 - 4.53 (m, 1 H), 6.81 - 6.98 (m, 1 H), 7.03 - 7.15
(m, 2 H), 7.21 - 7.34 (m, 1 H), 7.96, 7.97 (s, 1 H)
[0102]
(8) Synthesis of (1R)-1-phenylethyl (2S)-2-{(3S)-3-[(tert-
butoxycarbonyl)-amino]pyrrolidin-1-yl}-3-(7-methyl-4,5-
dihydroimidazo[l,5-alquinolin-3-yl)propanoate
To a solution of 2-{(3S)-3-[(tert-butoxycarbonyl)-
amino]pyrrolidin-1-yl1}-3-(7-methyl-4,5-dihydroimidazo[1, 5~
alquinolin-3-yl)propanoic acid (2.23 g) in chloroform (25 ml),
-(1R)-1-phenylethanol (927 mg). 4-dimethylaminopyridine (62 mg)
and N-[3-(dimethylamino)propyl]-N’-ethylcarbodiimide
hydrochloride (1.46 g) were added and the mixture was stirred
for 15 hours at room temperature. After adding a saturated
solution of sodium hydrogencarbonate, extracting with
chloroform was 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



7.51 (m3 H,7.70-7.73 (m1 H),9.30(s,1 H 65 Synt hesi s of

2- et hyl propyl (2S)-2-[(3S)-3- ‘

am nopyr r@hidiMks¥1] - 3- (4, 5-di hydrol mi dazo[ 1, 5- a] qui nolj-R+35

y1) pr opan‘ggtzgh{;bﬁ%ﬂ%dr ochloride (1) Synthesis of 2-net h)h;rg/r%fooy}w%“”
(2S)-2-{(3S)-3-[(tertbutoxycarbonyl)am no] pyrrolidin-1-yl1)-(3-(4, 5-

di hydroi m dazo[ 1, 5- a] qui nol i n- 3-yl )propggoat e To a solution of
(2S)-2-{(3S)-3-[(tertbutoxycarbonyl)am no] pyrrolidin-1-yl)-(3-(4, 5-

di hydr ol m dazo[ 1, 5-a] qui nol i n-3-yl ) propanoic acid (150 ng) in

N, N- di net 981 f oo hamih dehyomatygraphy ufetaenhbannehézdge rgthyhdagetate =

i odo- 2-neth I€ro ane (129 ng) were added under cooling with ice and the
m xture whsls¥@ried) 169 Biveuthke atitbeth cenpennduf 860\ agdragad BEEWH to t he
reaci on m xture under cooling with ice, followed by extracting with ethyl
acetate. ¥ter washi ng the organic layer wwth water and brine, drying was

performed wt r sodi pym sul f ; egafter, the desiccant was
filtered off Qﬂ%@%ﬂf’g‘gﬁe Y%fmgjﬁr%v@;ﬁk vacuo. The resulting residue
was purified GMrS{5b62mAS! ERLYRBF ?MQ t hy 48l uept, 12

chl or of or m et hang%a =97:3 ?o Qgé:alg aﬁg ?%%%Rby IéIH silica é‘ér colmrﬁ

chromat ogr aphyy (elueryt ((nihaxane/ at kg -acetid em 100:W) t & 8k 2Q), t9 g ve the
titled conmpound (122 ng) as a pale yellow brown gum MS(ESI/APCI Dual) nlz

483 [ MrH DHSWWR (B N, 1GHHOROIRM )t 8 ppmO.Hel, (d.HY=3 oz, £ 15
H),0.83(d,J=3.6 Hz,3 H),1.41(s,9 H),1.73-1.92 (m1 H), 2.07 -2.24(m 1
H,2.56 -2.(af(m H)H) ,52.0/2 -2.58@0 nim,1 1HH) ,2.8848. (a1 HB, 2-1).,/78(m 1
H, 3.81 (d, J=6.7 Hz,2 H),4.08-4.22
7.03 - 7.14 (m, 2 H), 7.22 - 7.36 (m, 6 H), 7.92 (s, 1 H)
[0103]
(9) Synthesis of (2S)-2-{(3S)-3-[(tert-butoxycarbonyl)-
amino]pyrrolidin-1-y1}-3-(7-methyl-4,5-dihydroimidazo[1l,5-
alquinolin-3-yl)propanoic acid
To a solution of (1R)-1l-phenylethyl (2S)-2-{(3S)-3-
[ (tert-butoxycarbonyl)-amino]pyrrolidin-1-yl}-3-(7-methyl-4,5-
dihydroimidazo[l,5-alquinolin-3-yl)propanoate (660 mg) in
methanol (12 ml), 10% palladium-activated carbon (132 mg) was
added and the mixture was stirred for 5 hours at 60°C under
hydrogen purge. The reaction mixture was filtered through
Celite and the solvent was removed in vacuo. The resulting
residue was purified by silica gel column chromatography
(eluent: chloroform/methanol = 10:1) to give the titled

compound (280 mg) as a light brown powder.
MS(ESI/APCI Dual) m/z 441 [M+H]"
'H NMR (300 MHz, CHLOROFORM-4d) § ppm 1.42 (s, 9 H), 2.08 (br.
s, 1 H), 2.18 - 2.33 (m, 1 H), 2.34 (s, 3 H), 2.75 - 2.99
(m, 4 H), 3.01 - 3.19 (m, 1 H), 3.21 - 3.59 (m, 3 H), 3.69 -

3.85 (m, 1 H), 3.89 (t, J=6.1 Hz, 1 H), 4.30 - 4.54 (m, 1



(m1H,5.16-5.28 66 (m 1 H, 7.12 - 7.20 (m 1 H), 7.25 - 7.33 (m 2
H, 7.36 - 7.42 (m 1 H), 7.94 (s, 1 H) [0117] (2) Synthesis of

2- et hyl -2-[(35)-3-
aninopyrﬁ&ﬁﬁébﬁg%ﬁél]-B-(4,5-dihydroinidazo[1,5-a]quinoPFﬁggyngT?%?%panoate
trihydrochl oride To a solution of 2-nethyl propyl
(28)-2-{(38)-3-[(tertbutoxycarbonyl)anigﬁ]pyrrolidin-l-yl)-(3-(4,5-

di hydrol m dazo[ 1, 5-a] qui nol i n-3-y1) propdroate (122 ng) in ethyl acetate (3
m), a 4 MHCL solution in ethyl acetate (3 m) was added and the m xture
was stirred).ol.4Mourts 9 (moorh tHnpet-Rure.7 Mk @l Vierlt) mabk. 22nmoveB3 n
vacuo and water was added to the resulting residue, which was subjected to
azeotropi c ({#-stZ Hlat i70P% d Sgi Ve Hhe titl ed conpound (conpound 9; 121 ng) as
a light brown anorphous mass. MS(ESI/APCI Dual) mz 383 [ MtHP NVR (600
Mz, DEUTER®M OxIDE) 8 ppm 0.70 (d, J=2.8 Hz, 3 H),0.71(d,J=2.8 Hz, 3

,1.68-1.77(m1 H),1,99- 2.08(m1 H .2 45-2,53(m1 H),2.90-3.10(m5 H),
;911 -3, 1(71?}(71 Y‘lﬁkge%l.%ﬂfs(%‘%ﬂ%'b%??ws&l&ﬂﬁ?{?ﬁm:ls}féé‘-gkészm 2

H, 3.98 ﬁé‘tr?ﬂﬂ ,zsl_gilzi'ré"]?oim:ZdaSgof{r} SQ)—a]quinolin-3-Yl)PrOpanOic acid

trihydrochloride

To a suspension of (2S)-2-{(3S)-3-[(tert-butoxycarbonyl)-
amino]pyrrolidin-1-yl}-3-(7-methyl-4,5-dihydroimidazo[1l,5-
algquinolin-3-yl)propanoic acid (140 mg) in ethyl acetate
(1.59 ml), a 4 M HC1 solutibn in ethyl acetate (1.59 ml) was
added and the mixture was stirred for 4 hours at room
temperature; thereafter, the solvent was removed in vacuo to
give the titled compound (compound 2; 110 mg) as a brown
powder.

MS(ESI/APCI Dual) m/z 341 [M+H]"

'H NMR (600 MHz, DEUTERIUM OXIDE) § ppm 2.23 - 2.33 (m,

1 H), 2.37 (s, 3 H), 2.67 - 2.77 (m, 1 H), 2.96 (s, 4 H),

3.30 - 3.38 (m, 1 H), 3.44 - 3.52 (m, 1 H), 3.61 - 3.69 (m,

1 H), 3.73 - 3.80 (m, 1 H), 3.82 - 3.90 (m, 1 H), 3.90 -

3.96 (m, 1 H), 3.96 - 4.02 (m, 1 H), 4.22 - 4.33 (m, 1 H),

7.26 - 7.35 (m, 2 H), 7.55 - 7.63 (m, 1 H), 9.21 (s, 1 H)
[0105] Example 3

Synthesis of (2S)-3-(4,5-dihydroimidazo[l,5-alJquinolin-3-

y1)-2-{(3S)-3-[({1-[(2-

methylpropanoyl)oxylethoxy}carbonyl)amino]pyrrolidin-1-

vll}propanoic acid

(1) sSynthesis of (2S)-2-[(3S)-3-aminopyrrolidin-1-y1]-(3-

(4,5-dihydroimidazof[l,5-alquinolin-3-yl)propanoic acid



H,7.68 7.73 (m1 H),9.32(s,1 H [ 0118] Exanpl e 10 Synt hesi s of
cycl ohexyl (28) 2-[(3S)-3-am nopyrrolidin-1-

y1] - 3- (4,\909b 1Y (ﬁgﬂknldazo[l 5-a] qui nol i n-3-yl) propanoat ¢ rhpbdi¥eéesn! ori de
(1) ntheS|s of cycl ohexyl

(29S) - 2 {(3S)-3-[(tertbutoxycarbonyl)am no] pyrrolidin-1-y1)-(3- 67

(4, 5-di hydroi m dazo[ 1, 5- a] qui nol i n- 3- yl%gropanoate To a sol ution of
(2S)-2-{(3S)-3-[(tertbutoxycarbonyl)am no] pyrrolidin-1-yl1)-3-(4,5-

di hydr oi m dazo[ 1, 5-a] qui nol i n-3-yl ) propanoic acid (150 ng) in

N, N-di met hyl f dForean glelybiom)of cé2s in2 chtBBanBel (1#8tny) and iodocycl ohexane
(147 ng) were added under cooling with ice and the m xture was stirred

over ni ghtb@torverrbenpel aninel pYbuotidinhtxghe-(2944nB) was further added
and the m xture was_stirred for 2 dag; at room tenperature. \Water mas added

to Lhe ré%k?%ﬁF?&&%?ﬁ%P[%o?T%h%ﬂl%Ql t?a%%?ﬂﬁ°&?? 1Etﬁ9Fda&éPQt%9 Q}Perh
Qﬁﬁyhi‘?ui Gof crvetr e Elovhly et ot I?{fﬂ abeFLefntn E6PTE BEPES %ff :“Eg
i1 ca ool Lot Elaf BiEEs Ml ehe mEutECHR Y, BPsFERH P RL g mBHEL: 4ET >
90: 10 :
nhexa%e?gg%&ﬁ a€H¥ate éﬁ%ocghgeé%%aégg t%gé?gﬂé? ga?€¥Y£§hggﬁ%%uﬁgt?£3 ny)
as a pal eaygld QU 200: PhA a1 A ERALEPT 3 Dy ) ersztﬁes)rgwﬂlag( A

(300 MHz, CHL ORMd) 8 ppm 1.18 - 53 (m 1.41(s,9 1.53-1.8
H, 2. 07- Zréﬁldue,7%&&,mii&ﬁréﬂwag-QﬂlrﬁealféﬂlQOF&lﬁuEQS3a97r66h9 H), 3. 67

-3.77 (m 1 H, 4.07 -4.22(m1 H,4.69 -4.82(m1 H, 5. 17 -
temperature. The reaction mixture was filtered and the
filtrate was concentrated under reduced pressure to give the
titled compound (288 mg) as a light brown powder.

MS(ESI) m/z 327 [M+H]"
'H NMR (600 MHz, DEUTERIUM OXIDE) § ppm 1.84 - 1.92 (m,
1 H), 2.30 - 2.37 (m, 1 H), 2.82 - 3.04 (m, 8 H), 3.16 -
3.28 (m, 2 H), 3.37 - 3.45 (m, 1 H), 3.80 - 3.88 (m, 1 H),
7.24 - 7.29 (m, 1 H), 7.35 - 7.43 (m, 2 H), 7.55 - 7.60 (m,
1 H), 8.17 (s, 1 H)
[0106] |
(2) Synthesis of (2S5)-(3-(4,5-dihydroimidazo[l,5-alquinolin-3-
y1)-2-{(3S)-3-[({1-[(2-
methylpropanoyl)oxyl]ethoxyl}carbonyl)amino]pyrrolidin-1-
yvl}propanoic acid
To a solution of (2S)-2-[(3S)-3-aminopyrrolidin-1-yl]-(3-
(4,5-dihydroimidazo[1,5-alquinolin-3-yl)propanoic acid
(140 mg) in N,N-dimethylformamide (5 ml), 1-{[(4-
nitrophenoxy)carbonyl]oxylethyl 2-methyl propanoate (155 mg)
was added and the mixture was stirred overnight at room

temperature. Water was added to the reaction mixture, which



5,30 (m1 H),7.12-7.19(m1 H),7.26-7.33 (m2 H), 7.36 -7.42 (m1H),7.95(s, 1
H) [0119] (2) Synthesis of cycl ohexyl (2S)-2-[(35)-3-

an nopyr b8l Mishz¥ 1] - 3- (4, 5- di hydroi m dazo[ 1, 5- a] qui no&h?/‘sﬁiom 637
yl ) propanoat e trl%ydr ochl ori de To a solution of cyclohexy

(2S)-2-{(3S)-3-[(tertbutoxycarbonyl)am no] pyrrolidin-1-yl1)-(3-(4, 5-

di hydrol m dazo[ 1, 5- a] qui nol i n-3-y1) propggoat e (43 ng) in ethyl acetate (2
m), a 4 MHCL solution in ethyl acetateé (2 m) was added and the m xture
was stirred for 4 hours at roomtenperature. The solvent was renoved in
vacuo andvamtehemawashie@dvithtdiethypll etingrr eBheuaquepushlapmerswdfect ed to
azeotropic distillation to give the titled conpound (conpound 10; 39 ny) as
a |ight eevwaeked phbth eRkerofexEsrndpthe EFFINHE z1aper [ Was] ATied\NRRET600
10 H,1.70 2.62(m1 MHz, DEUTERIUM OXIDE) -1.78(m 1 H), 2.08 .

H) , 2. 89- PR ITWS f‘p%’rT“ O%ulfit.%'l(ﬁ?ll%‘{'ﬁ%(w 1T Eroving F@)‘?B?’?é‘-’%’.‘?é(ﬁ?l -

vacuo. The resulting residue was purified by diol silica gel
column chromatography (eluent: chloroform/methanol = 100:0 to
80:20) and after adding diethyl ether, the recovered fractions
were reduced to a powder form, whcih was subjected to
decantation to give the titled compound (compound 3; 77 mg) as
a yellow powder.
MS(ESI/APCI Dual) m/z 485 [M+H]"

'H NMR (600 MHz, DMSO-dQ S ppm 1.04 - 1.09 (m, 6 H), 1.35 -

1.41 (m, 3 H), 1.57 - 1.65 (m, 1 H), 1.97 - 2.06 (m, 1 H),

2.57 - 2.63 (m, 1 H), 2.71 - 2.92 (m, 9 H), 3.02 - 3.07 (m,

1 H), 3.46 - 3.52 (m, 1 H), 3.88 - 3.97 (m, 1 H), 6.61 -

6.66 (m, 1 H), 7.15 - 7.19 (m, 1 H), 7.29 - 7.38 (m, 2 H),

7.63 - 7.68 (m, 1 H), 7.68 - 7.72 (m, 1 H), 8.27 (s, 1 H)
[0107] | Example 4

Synthesis of (2S)-3-(4,5-dihydroimidazo[l,5-alguinolin-3-

y1)-2-[(3S)-3-({[5-methyl-2-oxo-1,3-dioxol-4-

yl)methoxylcarbonyl}amino)pyrrolidin-1l-yl]propanoic acid

To a solution of (2S5)-2-[(3S)-3-aminopyrrolidin-1-yl]-(3-
(4,5-dihydroimidazo{l,5-alquinolin-3-yl)propanoic acid (148
mg) in N,N-dimethylformamide (5 ml), (5-methyl-2-oxo-1,3-
dioxol-4-yl)methyl 4-nitrophenyl carbonate (159 mg) was added
and the mixture was stirred overnight at room temperature.
Water was added to the reaction mixture, which was then washed
with diethyl ether. The aqueous layer was extracted with

chloroform and the organic layer was dried over anhydrous



H, 3.29 -3.38 (m2 H),3.45-3.54 (m2 H), 3.58 -3.67 (m 1 H), 4.07
-4.20(m2 H),7.43 -7.53 (m 3 H), 7.69 - 7.75 (m1 H),9.35(s, 1H

[ 0120] Exagpl2811l0b4215 Synthesis of 1-{[(cycl ohexyl oxypegfipsuivbécexy} et hyl
(2S)- 2-[(3S)-3-am nopyrrolidin-1-yl1]-3-(4,5-di hydrol m dazo[ 1, 5-
a] qui nol i n-3-yl ) propanoate trihydrochl oride

57
sodium sulfate, followed by removing the solvents in vacuo.
The resulting rsdidue was purified by diol silica gel column
chromatography (eluent: chloroform/methanol = 100:0 to 90:10)
and after adding diethyl ether, the fractions were reduced to
a powder form, whcih was subjected to decantation. After
adding water, azeotropic distillation was performed twice to
give the titled compound (compound 4; 55 mg) as a light brown
amorphous mass.

MS(ESI/APCI Dual) m/z 483 [M+H]"

'H NMR (600 MHz, DMSO-d,) § ppm 1.56 - 1.66 (m, 1 H), 1.98 -
2.07 (m, 1 H), 2.15 (s, 3 H), 2.57 - 2.64 (m, 1 H), 2.72 -
2.93 (m, 8 H), 3.02 - 3.10 (m, 1 H), 3.46 - 3.53 (m, 1 H),
3.91 - 4.01 (m, 1 H), 4.79 - 4.91 (m, 2 H), 7.15 - 7.20 (m,
1 H), 7.30 - 7.38 (m, 2 H), 7.55 - 7.60 (m, 1 H), 7.68 -
7.72 (m, 1 H), 8.27 (s, 1 H)

[0108] Example 5

Synthesis of ethyl (2S)-2-[(3S)-3-aminopyrrolidin-1-yl]-

3-(4,5-dihydroimidazo[l,5-alquinolin-3-yl)propanoate

trihydrochloride

(1) Synthesis of ethyl (2S)-2-{(3S)-3-[(tert-
butoxycarbonyl )amino]pyrrolidin-1-y1}-(3-(4,5-
dihydroimidazo[l,5-alJquinolin-3-yl)propanoate
To a solution of (2S)-2-{(3S)-3-[(tert-
butoxycarbonyl )amino]pyrrolidin-1-yl}-(3-(4,5-
dihydroimidazo[l,5-aJquinolin-3-yl)propanoic acid (154 mg) in
N,N-dimethylformamide (2 ml), cesium carboante (178 mg) and |
ethyl iodide (45 pnl) were added under cooling with ice and the

mixture was stirred for an hour at the same temperature. Water



(1) Synthesis of 1-{[(cycl ohexyl oxy)carbonyl]oxy)ethyl (2S)-
2-{(3S)-3-[(tert-butoxycarbonyl)am no] pyrrolidin-I|-yl)-(3-

(4, 5-di h{\gg%gﬂ/% Q[ 1, 5-a] qui nolin-3-yl)propanoate Pfig},%m?@&%y on of

(2S)-2-{ tertbutoxycarbonyl)am no] pyrrolidin-1-

di hydr oi m dazo[ 1, 5- a] qui nol i n-3-yl ) propanoic acid (200 nmg) in

N, N- di net hyl f or mam' de (5 m), cesium caggoant e (231 ng) and 69 cycl ohexyl
1-i odoet hyl carbonate (222 ng) were addéd under cooling with ice and the
m xture was stirred for an hour at the same tenperature and for an

addi ti onafashadded toothe ergreieonrmixtarer fwlleoweddbycexhractbingowith

m xture, followed by extracting with ethyl acetate. After washing the
organi ¢ |RRrefermnRBeing \Wae addedi o Bhe nequerys nlevas . pEeplbeved Bt h
anhydrous sodium sul fate; thereafter,_ the desiccant was filtered off and

thle sol ve‘??f'ér?ﬁé‘%’élg é’ﬁ’o%odﬂ'P’?/%%‘EﬂE)‘“l 'I’Wét?’ésﬁﬂ’h% F%%lﬁﬁ'ﬁb%\ﬁlgdgﬁFg?Péﬁ by
Sé 10) /2 Foieh By Ry FRiE Radie i A DraF Sor EORy l%@?ﬁ%ﬁ?‘ was

%{ig@ R L and bk, o %S’e'??i NS Enbiea ' b, ﬁﬁﬁsﬁgzgﬂﬁﬂbﬂf?f)
4. 06 (m 1 13*%1% é‘ﬁg&‘z e%asg?rmm(fge E% %699"%65%17‘2 %é"“z .35 -3.08

4. 39 4. 7 0= 3
& 87%2 l%nz;%n{’a?tc( 1&%5}")9@112«%‘?1 x@flﬁé&alné‘?etﬂri}l addedt£0=(Mn4 ’c‘& 5 . P

chloroform/methanol = 9: 1) Slnce the recovered fractions
contained N,N-dimethylformamide, they were dissolved in ethyl
acetate and washed with brine three times. After drying the
organic layer with anhydrous magnesium sulfate, the desiccant
was filtered off and the solvents were removed in vacuo. The
resulting residue was purified by silica gel column
chromatography (eluent: n-hexane/ethyl acetate = 1:4 to 0:1 —
chloroform/methanol = 19:1) to give the titled compound (61
mg) as a colorless oil.
MS(ESi/APCI Dual) m/z 455 [M+H]"

'H NMR (300 MHz, CHLOROFORM—d) & ppm 1.18 (t, J=7.1 Hz,

3 H), 1.41 (s, 9 H), 1.61 - 1.72 (m, 1 H), 2.08 - 2.24 (m,

1 H), 2.58 - 2.68 (m, 1 H), 2.71 - 2.79 (m, 1 H), 2.82 -

3.06 (m, 8 H), 3.67 - 3.75 (m, 1 H), 4.10 (g, J=7.1 Hz, 2

H), 4.07 - 4.20 (m, 1 H), 5.15 - 5.26 (m, 1 H), 7.13 - 7.19

(m, 1 H), 7.25 - 7.33 (m, 2 H), 7.38 - 7.41 (m, 1 H), 7.95

(s, 1 H)
[0109]
(2) Synthesis of ethyl (2S)-2-[(3S)-3-aminopyrrolidin-1-yl]-3-
(4,5-dihydroimidazo[1l,5-alquinolin-3-yl)propanoate

trihydrochloride



(1) Synthesis of 1-{[(cycl ohexyl oxy)carbonyl]oxy)ethyl (2S)-
2-[(3S)-3-am nopyrrolidin-1-y1]-3-(4,5-di hydroi m dazo[ 1, 5-

To a $ehdbiRf&bs7

a] qui nol i¥ada ¥l panoate trihydrochl oride
1-{[(cycf@ﬂé§¥ﬂ%£§ car bonyl ] oxy} et hyl

(2S)-2-f(3S)-3-[(tert-butoxycarbonyl)am no] pyrrolidin-1-y1)-

(4, 5-di hydroi m dazo[ 1, 5- a] qui nol i n- 3-yl
(1 M), a4 MHCL solution in ethyl ace
m xture was stirred for two hours at ro

(3-
%gropanoate (80 ng) in ethyl acetate
te 70 (1 mM) was added and the

om tenperature. The sol vent was

renoved in vacAm aduekowrs csolticnidetl 4 MtEelr €3 unli nNgaviesy dethyhhi( 28) was

subjected to azeotropic distillation to

11; 77 md- 663 b olhint eFbT PRy ¢asRon

ive the titled conpound (conpound
mwipaeyreebiging -udy-(RaH 1H

NVR (600
H), 1. 89-
3.90 -3.
0.5 H), 6
H, 9. 12,

MHz, DEUTERI UM OXI DE) 8 P”‘1-01.' 1.25.(m 5 H),1.37-1.72(m 8
1{5gy i hygrointdazgl, (?ﬁg qyinobin 33 3pl |RrepaRgate 7653 B9  m 1 H),

97.  A4.13 -4.21 0,5 ,4.38-4.47 0.5H), 6.56-6.61(m
Gt Gierejn B Rtisrad for S5 hodracht 7£goh 1
E%éﬁgé%étégre. The solvent was removed in vacuo to give the
titled compound (compound 5; 58 mg) as a light brown amorphous
mass.

MS(ESI/APCI Dual) m/z 355 [M+H]®

'H NMR (600 MHz, DEUTERIUM OXIDE) § ppm 1.11 (t, J=7.1 Hz,

3 H), 2.11 - 2.21 (m, 1 H), 2.56 - 2.64 (m, 1 H), 2.92 -
3.09 (m, 4 H), 3.32 - 3.45 (m, 3 H), 3.50 - 3.60 (m, 2 H),
3.68 - 3.74 (m, 1 H), 4.12 - 4.18 (m, 1 H), 4.20 (gq, J=7.1
Hz, 2 H),'4.24 - 4.30 (m, 1 H), 7.44 - 7.52 (m, 3 H), 7.70 -
7.74 (m, 1 H), 9.33 (s, 1 H)

[0110] Example 6

Synthesis of butyl (2S)-2-[(3S)-3-aminopyrrolidin-1-yl]-

3-(4,5-dihydroimidazo[1l,5-alquinolin-3-yl)propanoate

trihydrochloride

(1) Synthesis of butyl (2S)-2-{(3S)-3-[(tert-
butoxycarbonyl )amino]pyrrolidin-1-yl}-(3-(4,5-
dihydroimidazo[l,5-a]quinolih-3-yl)propanoate
To a solution of (2S)-2-{(3S)-3-[(tert-
butoxycarbonyl)amino]lpyrrolidin-1-yl1}-(3-(4,5-
dihydroimidazo[l,5-alJquinolin-3-yl)propanoic acid (150 mg) in
N,N-dimethylformamide (5 ml), cesium carboante (173 mg) and 1-
iodobutane (129 mg) were added under cooling with ice and the

mixture was stirred for two hours at room temperature. Water

was added to the reacion mixture under cooling with ice,



[0122] Exanpl e 12 Synt hesis of 1-{[(cycl ohexyl oxy)carbonyl ] oxy}- 2-
met hyl propyl (2S)-2-[(3S)-3-am nopyrrolidin-1-y1]-3-(4,5-

di hydr oi ng za] qui nol i n-3-yl ) propanoate tri hydroc |
Synt hesi ;W%?ﬁ%@%fz?gycl ohexyl oxy) car bonyl ] oxy) - 2- et hyl %Fgg%b%/ﬁé&”
(2S)-2-f(3S)-3-[(tertbutoxycarbonyl)am no] pyrrolidin-1-yl1)-(3-(4, 5-

di hydroi m dazo[ 1, 5- a] qui nol i n- 3-yl )propﬁgoat e To a solution of
(2S)-2-f(3S)-3-[(tertbutoxycarbonyl)am noj] pyrrolidin-1-yl1)-(3-(4, 5-

di hydr ol m dazo[ 1, 5-a] qui nol i n-3-y1) propanoic acid (150 ng) in ,

N, N- di netfol YaovedirnbyleeXBracting wijth obblxyl dcebaibe medAfivéprepshingr bbeat e
(172 ng) and cesium carboante (172 ) were added under cooling with ice
and the MXIAREC WY ST | Wi W@?e%rﬁl{*zu‘?rh@er odwy tegpenat peEfopaedr wikh
added to the reacion mxture 71 followed by extracting with ethyl acetate
three ti RARDYIFRES GRIMWY Sifatei nehemeatteq, vty 49e16FaRbi ¥afayer with
anhydrous_sodium sul fate, the desiccant was filtered, off and the sol vents
wer e renuﬁ/’e]dt?ﬁara/a%’%]%.a%etq%sﬁ? YIRS TR TBVEr 7 BACHY - sTRFca gel

col um chl[o o%gaph ( IéJenétls: clpll_,offégrrdrrg{ anol = 100, 0 10 97:3) to give
the titl efTo thd (X ng"f aspanrovm%Yl. %S??]AP?? 'ﬂﬂ%l) mz 625

e, A0 A, LTS o OO o a8y 10 88216120
(M 10 H) ghdlerkddf MH sidicd §O1 -do 2O dnFBmét8raghP /(81 dehd : 5nl8
hexane/ethyl acetate = 100:0 to 80:20) to give the titled
compound (130 mg) as a yellow gum.
MS(ESI/APCI Dual) m/z 4834[M+H]+
'H NMR (300 MHz, CHLOROFORM-d) & ppm 0.79 - 0.86 (m, 3 H),
1.16 - 1.32 (m, 2 H), 1.41 (s, 9 H), 1.45‘- 1.58 (m, 2 H),
2.09 - 2.26 (m, 1 H), 2.55 - 2.70 (m, 1 H), 2.72 - 2.80 (m,
1 H), 2.81 - 3.07 (m, 9 H), 3.68 - 3.81 (m, 1 H), 3.98 -
4.08 (m, 2 H), 4.10 - 4.22 (m, 1'H), 5.15 - 5.29 (m, 1 H),
7.12 - 7.20 (m, 1 H,, 7.26 - 7.34 (m, 2 H), 7.37 - 7.43 (m,
1 H), 7.95 (s, 1 H)
[0111]
(2) Synthesis of butyl (25)-2—[(3S)—3—aminopyrrolidin;1-y1]-
3-(4,5-dihydroimidazo[1l,5-alquinolin-3-yl)propanoate
trihydrochloride
To a solution of butyl (25)-2-{(3S)-3-[(tert-
butoxycarbonyl )amino]pyrrolidin-1-yl1l}-(3-(4,5-
dihydroimidazo[1l,5-alquinolin-3-yl)propanoate (130 mg) in
ethyl acetate (4 ml), a 4 M HC1l solution in ethyl acetate
(4 ml) was added and the mixture was stirred for 3 hours at

room temperature. The solvent was removed in vacuo and water

was added to the resulting residue, which was subjected to



- 5,38 (m1 H),6.44-6.51 (m1 H),7.12-7.20(m1 H), 7.27 -7.34 (m2 H),7.35
-7.43 (m1 H),7.94(s,1 H [0123] (2) Synthesis of

1-{[ (cycl I car bonyl ] oxy) - 2- et hyl propyl
(29)-2-] (.‘gg)%gl-/dézrfnﬁ%opyr rol i din-1-y1] - 3- (4, 5- PCTIIP2010/066637
di hydr oi m dazo[ 1, 5- a] qui nol i n-3-yl ) propanoate tri hydrochl oride To a

solution of 1-{[(cycl ohexyl oxy)carbonyl lL.gxy}-2- nethyl propyl
(2S)-2-f(3S)-3-[(tertbutoxycarbonyl)am no] pyrrolidin-l-yl)-(3-(4, 5-

di hydr oi m dazo[ 1, 5-a] qui nol i n-3-yl ) propanoate (127 ng) in ethyl acetate (1
m), a 4 aeirepictdontihlathgh teegive thent)thad adupdundd(cbwpaiurdure
was stirred for two hours at roomtenperature. The solvent was renoved in
vacuo an®; whl2rmghsagdeetight t BEOYR sNPTPROUESIABE,. whi ch was subjected to

azeotropic distillation to give the titled coppound (conmpound 12; 110 ng)
as a |ight br dm(ESHIPROLsPIFD) A% 3RE(BStHEAPC Dual) nfz 525 [MrH' 1H

NVR (800 Wi, BEVTER O BEb B BB 848823 8- S5m (516 [, 507-3-a4(m S
3 H), 1.01 - 1.12 (m, 2 H), 1.33 - 1.49 (m, 2 H), 1.98 -
2.06 m, 1 H), 2.44 - 2.52 (m, 1 H), 2.91 - 3.15 (m, 6 H),
3.25 - 3.44 (m, 4 H), 3.93 —_3.98 (m, 1 H), 3.99 - 4.15 (m,
3 H), 7.43 - 7.52 (m, 3 H), 7.69 - 7.74 (m, 1 H), 9.33 (s, 1
H)
[0112] Example 7

Synthesis of heptyl (2S)-2-[{(3S)-3-aminopyrrolidin-1-yl]-

3-(4,5-dihydroimidazo[l,5-alJquinolin-3-yl)propanoate

trihydrochloride

(1) Synthesis of heptyl (25)—2—{(3S)-3-[(tertf
butoxycarbonyl)amino]pyrrolidin-1-yl1}-(3-(4,5-
dihydroimidazo[1l,5-alquinolin-3-yl)propanoate

To a solution of (2S)-2-{(3S)-3-[(tert-
butoxycarbonyl)amino]pyrrolidin-1-y1}-(3-(4,5-
dihydroimidazo[l,5-a]Jquinolin-3-yl)propanoic acid (208 mg) in
N,N-dimethylformamide (5 ml), cesium carboante (241 mg) and 1-
iodoheptane (167 mg) were added under cooling with ice and the
mixture was stirred for 1.5 hours at the same temperature and.
for an additional two hours at room temperature. Water was
added to the reacion mixture under cooling with ice, followed
by extracting with ethyl acetate. After washing the organic
layer with water twice and with brine, drying was performed
with anhydrous sodium sulfate; thereafter, the desiccant was

filtered off and the solvents were removed in vacuo. The



H,2.42-2.59 (m1 H),2.83-3.14 (m5 H), 3.20 -3.51 (m4 H),3.99 -4.09(m 1.5
H,4.13-4.19 (mO0.5 H), 4.22 -4.30(m 0.5 H),4.45-4.53 (mO0.5 H), 6.39
-6.44 (MgofosdAs=7-54(M3 H), 7.72 -7.75 (m 1 H), 9. 3éq820300ée8s7 M

62

resulting residue was purified by silica gel column
chromatography (eluent: chloroform/methanol = 100:0 to 90:10)
and then by NH silica gel column chromatography‘(eluent: n-
hexane/ethyl acetate = 100:0 to 80:20) to give the titled
compound (233 mg) as a colorless amorphous mass.
MS(ESI/APCI Dual) m/z 525 [M+H]"
'H NMR (300 MHz, CHLOROFORM-d) § ppm 0.79 - 0.88 (m, 3 H),
1.10 - 1.28 (m, 8 H), 1.41 (s, 9 H), 1.36 - 1.70 (m, 3 H),
2.07 - 2.23 (m, 1 H), 2.56 - 2.68 (m, 1 H), 2.70 - 2.79 (m,
1 H), 2.81 - 3.07 (m, 7 H), 3.67 - 3.76 (m, 1 H), 3.97 -
4.05 (m, 2 H), 4.08 - 4.22 (m, 1 H), 5.15 - 5.27 (m, 1 H),
7.12 - 7.19 (m, 1 H), 7.24 - 7.33 (m, 2 H), 7.37 - 7.42 (m,
1 H), 7.94 (s, 1 H)
[0113]
(2) Synthesis of heptyl (2S)-2-[(3S)-3-aminopyrrolidin-1-yl]-
3-(4,5-dihydroimidazo[1l,5-alquinolin-3-yl)propanoate
trihydrochloride
To a solution of heptyl (2S5)-2-{(3S)-3-[(tert-
butoxycarbonyl)amino]lpyrrolidin-1-yl1}-(3-(4,5-
dihydroimidazo{1l,5-alquinolin-3-yl)propanoate (233 mg) in
éthyl acetate (5 ml), a 4 M HC1l solution in ethyl acetate
(5 ml).was added and the mixture was stirred for two
hours at room temperature. The solvent was removed in vacuo
and water was added to the resulting residue, which was
subjected to azeotropic distillation to give the titled
compound (compound 7; 195 mg) as a light brown amdrphous mass.
MS(ESI/APCI Dual) m/z 425 [M+H]*

'H NMR (600 MHz, DEUTERIUM OXIDE) & ppm 0.71 (t, J=7.3 Hz,



[ 0124] Exanpl e 13 Synt hesi s of (5-nethyl-2-o0xo0-1, 3-di oxol -4-yl) et hyl
(2S)- 2-[(35)-3-am nopyrrolidin-I-yl]-3-(4,5-di hydrol m dazo[ 1, 5-

a] qui nol i panoate trihydrochloride (1) Synthe

(5-met hyl V3 %8?6&3?2’1% di oxol - 4-yl Ymet hyl (2S) - petuBhotonsessT
2-f(3S)-3-[(tert-butoxycarbonyl)am no] pyrrolidin-21-y1)-(3-

(4, 5-di hydroi m dazo[ 1, 5- a] qui nol i n- 3-yl L pgr opanoat e To a solution of
(2S)-2-{(3S)-3-[(tertbutoxycarbonyl)am no] pyrrolidin-1-yl)-(3-

(4, 5-di hydrol m dazo[ 1, 5-a] qui nol i n-3-y1) propanoic acid (300 ng) in

N, N- di met hyd fibr.mehd He -(71 A8 (medt dh cak bvhant el (B42(my)2 A, 1.90 -

4-chl oronet hyl- 5- net hyl - 1, 3- di oxol - 2-one (156 ngy 2 wer e added under cooling
with ice arfd 3™ Lﬂf)e vks-"fst‘l %t 1@ ah a9 thed skhe(®enbrihl ure

and for an additiaonal 6 hours at roomterrpera re. Water was added Eo t he

reaci on mixxu% unttel® d® ihdthi thr 9% 4913 o %katﬁa%?l hot w2 hb'%t hyl
Af
ryi ng s lt)g)forn*e T S Lt Sod i s THE ek difr e e T

desi ccant filtered off and 73 the solvents were renoved in vacuo. The

resulting r S|due was purified by silica gel colum chromatography (el uent:

chl or of or ipanol xaﬁg% Ogto 90:10) to give the titled conpound (285 ny)
E

as a ligh ovvn gum SI/APC1 Dual) mz 539 [ MH 1H NWR (300 MHz,
I(—:Ii)_ILZO?lO;(O?Ngd?—i) mélé%fspﬁoﬁamlz 11 5@)(@1@(!}% 23089m2nd £‘%ildln-3 73
S : - :

-3.81 (nlﬂ-iﬂ]430?4 gwéﬂhfd&élmﬂdézgﬁl4588§@h1n011n 3- yl)p?opanoate

trihydrochloride

(1) Synthesis of propan-2-yl (2S)-2-{(3S)-3-[(tert-
butoxycarbonyl)amino]pyrrolidin-1-y1}-(3-(4,5-
dihydroimidazo[l,5-alquinolin-3-yl)propanoate

To a solution of (2S)-2-{(3S)-3-[(tert-
butoxycarbonyl)aminolpyrrolidin-1-y1}-(3-(4,5-
dihydroimidazo[1l,5-alquinolin-3-yl)propanoic acid (300 mg) in
N,N-dimethylformamide (7 ml), cesium carboante (342 mg) and 2-
iodopropane (178 mg) were added under cooling with ice and the
mixture was stirred for an hour at the same temperature and
for an additional six hours at room temperature. Water was
added td the reacion mixture under cooling with ice, followed
by extracting with ethyl acetate. After washing the organic
layer with water twice and with brine, drying was performed
with anhydrous sodium sulfate; thereafter, the desiccant was
filtered off and the solvents were removed in vacuo. The
resulting residue was purified by silica gel column
chromatography (eluent: chloroform/methanol = 100:0 to'90:10)
to give the titled compound (290 mg) as a light brown gum.

MS(ESI/APCI Dual) m/z 469 [M+H]"



2 H, 5,11 -5.21(m1 H), 7.13 -7.20(m1 H),7.25- 7.34 (m2 H),7.39-7.44
(m1H,7.93(s,1 H [0125] (2) Synthesis of

(5-net hyl - 2- - -di oxol -4-yl ) et hyl (2S)-
2-1(39)- 3W§r%18ﬁ8"83%??o| i di n-1-y1]-3-(4,5-di hydrol ni dazo[ 1F§TF2010/066637
a] qui nol i n-3-yl ) propanoate trihydrochl oride To a sol ution of

(5- et hyl - 2- oxo- 1, 3-di oxol - 4-yl ) net hyl

(2S)-2-{(3S)-3-[(tert-butoxycarbonyl )amGﬁ‘o] pyrrolidin-1-yl)-

(3-(4, 5-di hydrol m dazo[ 1, 5- a] qui nol i n- 3-y1) propanoate (285 ng) in ethyl
acetate (5 'Hl NMRa(a0M ME%, SOHLOROFORM-d)hy| ppmel a08 (8., nU¥6wasHadded and
the m xture was stirred for two hours at roomtenperature. The sol vent was
removed i n vdDuo la?d Wt .erd=sfa2 dtkled tH) + e 4leslB t ihd )Y esl e, - whith was
subj ected to azeotropic distillation to give the titled conpound (conpound

13; 247 ng)(mas la Browh Whor pghdds hsst WS B5157APC12 DR {m & B39 2 MHP- 1H

NVR (600 Mz, DEUTERI UM OX DE) 8 ppm1.92 - 2.00 (m 1 H,_ 2 06 (s,3
H), 2. 37- 2. 8 &m-Hl 3623 &4 (m3 @) (m3 8 H) 3 3¢ (m, ).
4.07 - 4.22 (m, 1 H), 4.90 - 5.03 (m, 1 H), 5.16 - 5.30 (m,
1 H), 7.11 - 7.20 (m, 1 H), 7.26 - 7.34 (m, 2 H), 7.36 -
7.43 (m, 1 H), 7.95 (s, 1 H)
[0115]

(2) Synthesis of propan-2-yl (2S)-2-[(3S)-3-aminopyrrolidin-
1—y1]—3-(4,5—dihydroimidazo[l,5-a]quinolin—3—yl)propanoate
trihydrochloride
To a solution of propan-2-yl (2S)-2-{(3S)-3-[(tert-
butoxycarbonyl)amino]pyrrolidin-1-y1}-(3-(4,5-
dihydroimidazo[l,5-alquinolin-3-yl)propanoate (290 mg) in
ethyl acetate (5 ml), a 4 M HCl solution in ethyl acetate
(5 ml) was added and the mixture was stirred for two
hours at room temperature. The solvent was removed in vacuo
and water was added to the resulting residue, which was
subjected to azeotropic distillation to give the titled
compound (compound 8; 261 mg) as a brown amorphous mass.
MS(ESI/APCI Dual) m/z 369 [M+H]"
'H NMR (600 MHz, DEUTERIUM OXIDE) d ppm 1.01 (d, J=6.4 Hz,
3 H), 1.19 (4, J=6.4 Hz, 3 H), 1.99 - 2.07 (m, 1 H), 2.45 -
2.52 (m, 1 H), 2.93 - 3.08 (m, 5 H), 3.10 - 3.14 (m, 1 H),
3.25 - 3.33 (m, 2 H), 3.36 - 3.44 (m, 2 H), 3.91 - 3.96 (m,
1 H), 4.00 - 4.06 (m, 1 H), 4.92 - 4.99 (m, 1 H), 7.43 -
7.51 (m, 3 H), 7.70 - 7.73 (m, 1 H), 9.30 (s, 1 H)

[0116]  Example 9



(m1H,3.20 -3.28 (m2 H,3.31- 74 3.37 (m1 H,3.88-4.02 (m2 H), 4.89(d,

J:14 2 Hz, 1 H, 5.05(d,J=14.2 Hz,1 H),7.43-7.52(m 3 H), 7.69 - 7.74 (m1
, 9. 28( [ 0126] Exanpl e 14 Synt hesi s of

(5 tert- E‘ﬁg’fmlﬁ%% 1, 3- di 0x01- 4- yl ) met hy! PCT/IP2010/066637

(2S5)-2-[(35)-3-am nopyrrol i di n-1-y1]-3-(4, 5-

di hydroi m dazo[ 1, 5- a] qui nol i n- 3-yl )propggoat e trihydrochloride (1)

Synt hesis of (5-tert-butyl-2-o0xo-1, 3-di Xol-4-yl) net hyl

(25)-2-{(3S)-3-[(tert-butoxycarbonyl)am no] pyrrolidin-1-yl)-

(3- (4, 5-di hydreymilkegiog 106-2dmpimol prepy Y| § 2% bpanba3e) -3- A portion (132

ng) of the 4-(brononethyl)-5-tert-butyl 1, 3-di oxol-2-one synthesized in

Ref er enc eanEaopy erdl igdin dl sebl v&d( 4 5 N Mhyiineihidase bhnd deldaginelint 3-t he

resul ting solution, ]

(2S) - 2- { (BYRINPIRQS HH® no] pyrrolidin-1-y1)-(3-(4,5-

di hydr oi m dazo[ 1, 5- a] qU| noI yI anoj c acid 52 ng) . and cesium
car boant el ¥h7 %‘5 &t %d%d“%‘h‘ﬂ’éi&é } n2M T%‘fé%sbn%i EﬁEeFrﬁ(ture was

t df t h th t t at dded t
fhgr;gamtg‘% %M%Tﬁ%gonX e arre ]g at\ll ﬁ}bﬁ’ ngi Cge:effjl if \tNgf gr_yieng ?he
organi c I%%e%d%en%ggpgﬁe%Z eéiﬂ(“ §&.{ﬂﬁ.§%pélbga€ si ccant was filtered

of f and t I'nvac resulting residue was

purified by sid g?wjgffgﬁj@fcm@mp?m py ([ewgg{ et hyl acetate -*

chl or f or M net han to give ed conmpound (99 ng) as a pale
yel l ow guia+ dBR(ERIHARA ) dhild 1 p¥2rSBilaidtly1}-(3- (4, 5-

dihydroimidazo[l,5-alquinolin-3-yl)propanoic acid (150 mg) in

N,N-dimethylformamide (5 ml), cesium carboante (173 mg) and 1-
iodo-2-methylpropane (129 mg) were added under cooling with
ice and the mixture was stirred for 6 hours at room
temperature. Water was added to the reacion mixture under
cooling with ice, followed by extracting with ethyl acetate.
After washing the organic layer with water and brine, drying
was performed with anhydrous sodium sulfate; thereafter, the
desiccant was filtered off and the solvents were removed in
vacuo. The resulting residue was purified by silica gel column
chromatography (eluent: thoroform/methanol = 97:3 to 90:10)
and then by NH silica gel column chromatography (eluent: n-
hexane/ethyl acetate= 100:0 to 80:20) to give the titled
compound (122 mg) as a pale yellow brown gum.
MS(ESI/APCI Dual) m/z 483 [M+H]"

'H NMR (300 MHz, CHLOROFORM-d) & ppm 0.81 (d, J=3.6 Hz,

3 H), 0.83 (4, J=3.6 Hz, 3 H), 1.41 (s, 9 H), 1.73 - 1.92

(m, 1 H); 2.07 - 2.24 (m, 1 H), 2.56 - 2.69 (m, 1 H), 2.72 -

2.80 (m, 1 H), 2.81 - 3.08 (m, 9 H), 3.72 - 3.78 (m, 1 H),

3.81 (d, J=6.7 Hz, 2 H), 4.08 - 4.22 (m, 1 H), 5.16 - 5.28



1H NVR (600 MHz, CHLOROFORM:d) 8 ppm 1.24 (s, 9 H), 1.41 (s, 9 H), 1.61 -
171(m1|—|),211-222(m1|—|),258-75268(m1H) 2.69-2.79
1 5 2.93 -3.06 3 3.79 -3 4,12
(m H) ‘%?%.3_51%’322713("‘ H) 5 1 5, 14 £ 2(1m(m H)H) e 28430 5h0/866657
66

(m, 1 H), 7.12 - 7.20 (m, 1 H), 7.25 - 7.33 (m, 2 H), 7.36 -

7.42 (m, 1 H), 7.94 (s, 1 H)
[0117]
(2) Synthesis of 2-methylpropyl (2S)-2-[(3S)-3-
aminopyrrolidin-1-y1]1-3-(4,5-dihydroimidazo[l,5-alquinolin-3-
vl)propanoate trihydrochloride

To a solution of 2-methylpropyl (2S)-2-{(3S)-3-[(tert-
butoxycarbonyl )amino]lpyrrolidin-1-y1}-(3-(4,5-
dihydroimidazo[1l,5-alquinolin-3-yl)propanoate (122 mg) in
ethyl acetate (3 ml), a 4 M HC1 sblution in ethyl acetate
(3 ml) was added and the mixture was stirred for 4 hours at
room temperature. The solvent was removed in vacuo and water
was added to the resulting residue, which was subjected to
azeotropic distillation to give the titled compound (compound
9:; 121 mg) as a light brown amorphous mass.
MS(ESI/APCI Dual) m/z 383 [M+H]"

'H NMR (600 MHz, DEUTERIUM OXIDE) § ppm 0.70 (d, J=2.8 Hz,

3 H), 0.71 (4, J=2.8 Hz, 3 H), 1.68 - 1.77 (m, 1 H), 1.99 -

2.08 (m, 1 H), 2.45 - 2.53 (m, 1 H), 2.90 - 3.10 (m, 5 H),

3.11 - 3.17 (m, 1 H), 3.27 - 3.36 (m, 2 H), 3.38 - 3.46 (m,

2 H), 3.83 - 3.92 (m, 2 H), 3.98 - 4.07 (m, 2 H), 7.43 -

7.53 (m, 3 H), 7.68 - 7.73 (m, 1 H), 9.32 (s, 1 H)
[0118] Example 10

Synthesis of cyclohexyl (2S)-2-[(3S)-3-aminopyrrolidin-1-

yl]-3-(4,5-dihydroimidazo[l,5-alquinolin-3-yl)propanoate

trihydrochloride

(1) Synthesis of cyclohexyl (2S)-2-{(3S)-3-[(tert-

butoxycarbonyl)amino]pyrrolidin-1-y1}-(3-



-7.18 (m1 H), 7.27 - 7.33 (m 2 H), 7.40 - 7.43 (m 1 H), 7.94 (s, 1 H)
[0127] (2) Synthesis of (5-tert-butyl-2-o0xo0-1, 3-di oxol-4-yl)nethyl

(29) - 2- [ (35), 3@ eopyrrol i din-1-y11- 3- (4, 5-
dihydro'Qﬁgéggvﬁggga]qUin0|in-3-y1)propanoate trihydrocfl;fjg/rJlee10/066637

aqueous solution of 4 MHCL (3 m) having
(5-tertbuty1-2-oxo-1,3-dioxol-4-y|)neth§é
(25)-2-{(3S)-3-[(tertbutoxycarbonyl)am no] pyrrolidin-1-yl)-(3-(4; 5-

di hydr oi m dazo[ 1, 5- a] qui nol i n-3-yl ) propanoate (96 ng) dissolved therein was
stirred fot,3-&ditypidreimidazohl t 2ndpbaainebinTBeyidpvepanoater enoved i n vacuo
to give the titled conmpound (conpound 14; 90 ) as a light brown anorphous
mass. MS(ESI/ Awia melytien a81( 28 k+f4{ mumr?sgerw, DEUTERI UM OXI DE) 8

1.14 (s, 9 H), 2.06 2.14(m 1 2.50-2.59(m 1 2.88-2.95(m1 H), 2.96
b g.mm(m éfw¥@%9b9@&mqéﬂ3¥%r%@mh¥l %$‘|{2>,$34-3.40(m( 1 H),H)

e (I ORR W NN EE N ENSIEN S L0 P T
(n]1FD’91§3£§dfméghylformamide (5 ml), cesium carboante (173 mg) and
iodocyclohexane (147 mg) were added under cooling with ice and
the mixture was stirred overnight at room temperature.
Iodocyclohexane (294 mg) was further added and the mixture was
stirred for 2 days at room temperature. Water was added to the
reacion mixture, followed by extracting with ethyl acetate.
After washing the organic layer with water and brine, drying
was performed with anhydrous sodium sulfate; thereafter, the
desiccant was filtered off and the solvents were removed in
vacuo. The resulting residue was purified by silica gel column
‘chromatography (eluent: chloroform/methanol = 97:3 to 90:10)
and then by NH silica gel column chromatography (eluent: n-
hexane/ethyl acetate= 100:0 to 80:20) to give the titled
compound (43 mg) as a pale yellow amorphous mass.
MS(ESI/APCI Dual) m/z 509 [M+H]"
'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.18 - 1.53 (m, 7 H),
1.41 (s, 9 H), 1.53 - 1.86 (m, 4 H), 2.07 - 2.24 (m, 1 H),
2.60 - 2.71 (m, 1 H), 2.72 - 3.07 (m, 9 H), 3.67 - 3.77 (m,
1 H), 4.07 - 4.22 (m, 1 H), 4.69 - 4.82 (m, 1 H), 5.17 -
5.30 (m, 1 H), 7.12 - 7.19 (m, 1 H), 7.26 - 7.33 (m, 2 H),
7.36 - 7.42 (m, 1 H), 7.95 (s, 1 H)
[0119]
(2) Syhthesis of cyclohexyl (2S)-2-[(3S)-3-

aminopyrrolidin-1-yl]-3-(4,5-dihydroimidazo[1l,5-alquinolin-3-



Optical purity:>99%e r.t. : 34.37mn [0128] Exanple 15 76 Synt hesi s
of [5-(2-nethyl propyl)-2-o0xo-1, 3-di oxol-4- vyl ]nethyl

(25)-2-[(39)...3-am.popyrrolidin-1-y1]-3-(4,5-

di hydr oi rﬁ;égﬁiéfﬂ%%ga] qui nol i n-3-yl ) propanoate tri hydr ocHFEE’r‘F%Pé“’?ﬁﬁf”

Synt hesi s of [5-(2-nethyl propyl)-2-oxo-1, 3-di oxol-4- yl]nethyl
(2S)-2-{(3S)-3-[(tertbutoxycarbonyl)am ng] pyrrolidin-1-y1)-(3-(4,5-

di hydr ol m dazo[ 1, 5- a] qui nol i n- 3-yl )propgﬁoat e A portion (127 ng) of
t he 4-(brononet hyl)-5-(2- nethyl propyl)-1, 3-di oxol -2-one synthesized in
Ref er enc ey IB@mgpanda tvea st xli tspdt el oride N- di met hyl formam de (2 m); to the
resulting sol ution,

(2S) - 2-{(39) - 3rq (a exadoutt oy ceff bewnglokexnb] P33 o2 + (IS L-J4) (t8rt4, 5-

di hydr ol m dazo[ 1, 5-a] qui nol i n- 3-yl ){)_r opanoi ¢ acid (150 ng) and cesium

car boant @Yoz erpbaRsfk) rel Ry L@ T hyvy Wt 37 €%.- 2nd the mi xture was
stirred for three hours at the same tenperature. Ethyl acetate was added to

the reaciGh¥ATRIREIaZ } ohedil FHRRLHR 1 Vi IPEORIRRALG €43 @) obn BTRYY t he
ic | it d [ | fate, the desi t ilt d
of P 0ne (3RS ok Ty o BBV Pao TRt e 1 Eh S A Faef AR hees€' ©

purified by.silic el colum chromat ograph el uent: ethyl acetate) to
bive t he TAS 5 38 ATt TS TR EEER 29k T it a0 o 8E Bs ) AP

) T e A o SRR Vel A R,

2.31 (d, abided & thddresuPting bedilive Huwrid? wad SéBidctda to

azeotropic distillation to give the titled compound (compound
10; 39 mg) as a light brown amorphous mass.
MS(ESI/APCI Dual) m/z 409 [M+H]®
'H NMR (600 MHz, DEUTERIUM OXIDE) d ppm 1.05 - 1.61 (m,
10 H), 1.70 - 1.78 (m, 1 H), 2.08 - 2.16 (m, 1 H), 2.53 -
2.62 (m, 1 H), 2.89 - 3.08 (m, 4 H), 3.22 - 3.28 (m, 1 H),
3.29 - 3.38 (m, 2 H), 3.45 - 3.54 (m, 2 H), 3.58 - 3.67 (m,
1 H), 4.07 - 4.20 (m, 2 H), 7.43 - 7.53 (m, 3 H), 7.69 -
7.75 (m, 1 H), 9.35 (s, 1 H)
[0120] Example 11

Synthesis of 1-{[(cyclohexyloxy)carbonyll]oxy}ethyl (2S)-

2-[(3S)-3-aminopyrrolidin-1-yl]-3-(4,5-dihydroimidazo[1l,5-

alquinolin-3-yl)propanoate trihydrochloride

(1) Synthesis of 1-{[(cyclohexyloxy)carbonyl]oxyl}ethyl (2S)-
2-{(3S)-3-[(tert-butoxycarbonyl)amino]pyrrolidin-1-yl}-(3-
(4,5-dihydroimidazo[1l,5-alquinolin-3-yl)propanoate

To a solution of (2S5)-2-{(3S)-3-[(tert-
butoxycarbonyl)amino Jpyrrolidin-1-y1}-(3-(4,5-
dihydroimidazo[1l,5-alquinolin-3-yl)propanoic acid (200 mg) in

N,N-dimethylformamide (5 ml), cesium carboante (231 mg) and



2.80-3.06(m 8 H), 3.74 -3.84 (m1 H),4.07 -4.22 (m1H),4.80(s, 2 H), 77
5.10 -5.24 (m1 H), 7.13 -7.21 (m 1 H),7.27-7.34(m 2H), 7.39 -7.45 (m

0. 7. 9365y duddars PCT/JP2010/066637

69

cyclohexyl 1-iodoethyl carbonate (222 mg) were added under
cooling with ice and the mixture was stirred for an hour at
the same temperature and for an additional hour at room
temperature. Water was added to the reacion mixture, followed
bj extracting with ethyl acetate. After washing the organic
layer with water twice and with brine, drying was performed
with anhydrous sodium'sulfate; thereafter, the desiccant was
filtered off and the solvents were removed in vacuo. The
resulting residue was purified by silica gel column
chromatography (eluent: chloroform/methanol = 100:0 to 90:10)
and then by NH silica gel column chromatography (eluent: n-
hexane/ethyl acetate= 100:0 to 80:20) to give the titled
compound (81 mg) as a colorless gum.
MS(ESI/APCI Dual) m/z 597 [M+H]"

'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.16 - 1.95 (m, 24 H),

2.06 - 2.21 (m, 1 H), 2.60 - 3.08 (m, 10 H), 3.74 - 3.87 (m,

1 H), 4.06 - 4.20 (m, 1 H), 4.39 - 4.66 (m, 1 H), 5.20 -

5.3 (m, 1 H), 6.66 - 6.76 (m, 1 H), 7.11 - 7.20 (m, 1 H),

7.25 - 7.33 (m, 2 H), 7.35 - 7.42 (m, 1 H), 7.93, 7.94 (s, 1

H)
[0121]
(1) Synthesis of 1-{[(cyclohexyloxy)carbonyl]oxy}ethyl (2S)-
2—[(3S)-3-aminopyrrolidin-1-yl]—3—(4,5—dihydroimidazo[1,5-
alquinolin-3-yl)propanoate trihydrochloride

| To a solution of 1-{[(cyclohexyloxy)carbonyl]oxyl}ethyl
(2S5)-2-{(3S)-3-[(tert-butoxycarbonyl)amino]pyrrolidin-1-yl}-
(3- (4,5-dihydroimidazo[1l,5-a]Jquinolin-3-yl)propanocate (80 mg)

in ethyl acetate (1 ml), a 4 M HC1l solution in ethyl acetate



[0129] (2) Synthesis of [5-(2-nethylpropyl)-2-oxo0-1, 3-di oxol-4- yl]nethyl
(2S5)-2-[(35)-3-am nopyrrolidin-1-y1]-3-(4,5-

di hydr oi a] qui nol i n-3-yl) propanoate trihydroc An
agueous B3Rtz I 1) (1.5 m) having [5-(2- PeflibSioaes?

met hyl propyl) - 2- oxo- 1, 3-di oxol-4-yl ] et hyl (28) 2-{(3S) - 3-

[ (tert-butoxycarbonyl )am' no] pyrrolidin- ]7 yl) -

(4, 5-di hydroi m dazo[ 1, 5-a] qui nol i n- 3-yl )Bropanoate (137 ny) dissolved
therein was stirred for an hour at roomtenperature. The sol vent was
renoved i 6lvetlovas gidedtamdtthéerixbupeuwds (sbiapoeddfds; t¥81 ny) as a
| i ght brown anor phous mass. MS(ESI/APCI Dual) mz 481 [ MtH 1H NWVR (600
MHz, DEUTHERILH X IE)mSt‘pfpm?OaVQr€d The Hyodventdwaserempeyed in vacuo
H)174183(m1J69Hz 2.02- 2.13 (m1 H),2.24-2.31 (m?2

H), 2. 47- 2ang ‘mqr mas ?@@edztfg?tl(l?n yesplding respduen whighswas - 3. 18 (m
1 H, 3.19 -3.27(m I—gzeS 29 -3.53(m 4

subJected to otropic di tlllgglon tg give the titled
compound (compound 11; 77 mg) as a brown amorphous mass.
MS(ESI/APCI Dual) m/z 497 [M+H]"

'H NMR (600 MHz, DEUTERIUM OXIDE) 6 ppm 1.01 - 1.25 (m,
5 H), 1.37 - 1.72 (m, 8 H), 1.89 - 1.98 (m, 1 H), 2.35 -
2.44 (m, 1 H), 2.76 - 3.30 (m, 10 H), 3.77 - 3.82 (m, 1 H),
3.90 - 3.97 (m, 1 H), 4.13 - 4.21 (m, 0.5 H), 4.38 - 4.47
(m, 0.5 H), 6.56 - 6.61 (m, 0.5 H), 6.64 - 6.69 (m, 0.5 H),
7.37 - 7.52 (m, 3 H), 7.69 - 7.74 (m, 1 H), 9.12, 9.15 (s, 1
H)

[0122] Example 12

Synthesis of 1-{[(cyclohexyloxy)carbonyll]oxy}-2-

methylpropyl (2S)-2-[(3S)-3-aminopyrrolidin-1-yl1]-3-(4,5-

dihydroimidazo[1l,5-aJquinolin-3-yl)propanoate trihydrochloride

(1) Synthesis of 1-{[(cyclohexyloxy)carbonylloxy}-2-
methylpropyl (2S)-2-{(3S)-3-[(tert-
butoxycarbonyl)aminolpyrrolidin-1-y1l}-(3-(4,5-
dihydroimidazo[l,5—a]quinolin-3-yl)propanoate

To a solution of (2S)-2-{(3S)-3-[(tert-
butoxycarbonyl )amino]pyrrolidin-1-yl}-(3-(4,5-
dihydroimidazo[l,5-alJquinolin-3-yl)propanoic acid (150 mg) in
N,N-dimethylformamide (3.5 ml), cyclohexyl 1l-iodo-methylpropyl
carbonate (172 mg) and cesium carboante (172 mg) were added
under cooling with ice and the mixture was stirred for an hour

at room temperature. Water was added to the reacion mixture,



- 4.10 (ml H),4. 12-4.21 (m1 H),4.95(d, J=14.2 Hz, 1 H), 5.10(d, J=14.2

H,1 H), 7.53(m 3 H), 7.69 - 7.73 (m1 H),9.34(s, 1 H
[ 0130] Exayg 4215 Synthesi s of PCT/JP2010/066637
(5- cyclohexy? %ﬁoxo 1, 3-di oxol - 4-yl ) net hyl CTAP20107

(25)-2-[(39)-3- an1nopyrroI|d|n 1-y1]-3-(4, 5-

di hydroi m dazo[ 1, 5- a] qui nol i n- 3- yI)prongoate trihydrochloride (1)

Synt hesi s of (5-cycl ohexyl-2-oxo-1 0l-4-y1) et hyl
(25)-2-{(3S)-3-[(tert-butoxycarbonyl)am no]pyrrolidin-1-yl1l)- 78

(3-(4, 5- dfdytewedi dyizextractingai wbothneBhyl) pcepabeatbree tim@aspoktheon (106
mg) of the 4-(brononet hyl)-5-cycl ohexyl 1, 3-di oxol-2-one synthesized in

Ref er encew&Eshipg eWwBthabBringsohbteri Arringdthet Aygapidabader(wikh); to the
resul ting solution,

(2S) - 2-{ (BWyydroys e??ﬁﬁ%x?%éf%%ﬁyl}'%% %fb???BFuUPﬁ fiftpred. pifsand
dlhydrol dazﬁé |noI|n 3- %é)g anoi c Cld i ngé and, cesi um

car boant e ?33 ﬁﬁ eﬁﬁdﬁﬁmﬁﬁ BobPFNG- MF fi FEEUAhINPhECHLREG ¥akas
stirred for hgy t the aggltegpe aLur e, thM g gtatg_mas added to
t he reaci%% x?% y magﬁlnﬁ WEA™BPT AR Y w B fer drying the
organi ¢ | ByfLy Vﬁm@%ﬁaa&f mﬂas%%swésreto fevdeshecpitiugs f11tered

of f and t SO S Were renoved I n vacuo he resul'ting residue was
purified @um§§&ﬁ&a(9§+ ﬁ%;ugy shppophogsaphy (el uent: chlorof ornf net hanol =

100: 0 to 97: to give the titled conpound (144 ng) as a pale yell ow gum
MS( ESI / APCI Dtm;bEgi,ZAﬁ@f Dbt dm/z 625 [M+H]?
'H NMR (300 MHz, CHLOROFORM-d) § ppm 0.82 (d, J=6.7 Hz,
3 H), 0.95 (dd, J=6.7, 3.0 Hz, 3 H), 1.15 - 2.18 (m, 13 H),
1.40, 1.41 (s, 9 H), 2.61 - 3.10 (m, 10 H), 3.81 - 3.92 (m,
1 H), 4.06 - 4.20 (m, 1 H), 4.40 - 4.67 (m, 1 H), 5.18 -
5.38 (m, 1 H), 6.44 - 6.51 (m, 1 H), 7.12 - 7.20 (m, 1 H),
7.27 - 7.34 (m, 2 H), 7.35 - 7.43 (m, 1 H), 7.94 (s, 1 H)
[0123]
(2) Synthesis of 1-{[(cyclohexyloxy)carbonyl]loxyl}-2-
methylpropyl (2S)-2-[(3S)-3-aminopyrrolidin-1-yl]-3-(4,5-
dihydroimidazo[l,5-aJquinolin-3-yl)propanocate trihydrochloride
To a solution of 1-{[(cyclohexyloxy)carbonyl]oxy}-2-
methylpropyl (2S)-2-{(3S)-3-[(tert-
butoxycarbonyl)amino]pyrrolidin-1-yl1}-(3-(4,5-
dihydroimidazo[l,5-alquinolin-3-yl)propanoate (127 mg) in
ethyl acetate (1 ml), a 4 M HC1l solution in ethyl acetate
(1 ml) was added and the mixture was stirred for two
hours at room temperature. The solvent was removed in vacuo
. and water was added to the resulting residue, which was
subjected to azeotropic distillation to give the titled

compound (compound 12; 110 mg) as a light brown amorphous



1H

|_|)
H),
(

NVR
, 1. 42
2.51
8 H)

(600 MHz, CHLOROFORMd) 8 ppm1.15 - 1.23 (m 1 H), 1.25 -1.34 (m?2
(s,9 H).1.42-1.48 (m1 H, 1.62 -1.83 (m7 H),2.10 -2.20 (m1
\205311003&21%"‘) 2.58 -2.66(m1 H), 2.71 -2.77(m pcidyp20d0/86s637 3- 05

. 76-3.82 (m1 H,4.12-4.19 (m 1
72

mass.
MS(ESI/APCI Dual) m/z 525 [M+H]"

'H NMR (600 MHz, DEUTERIUM OXIDE) § ppm 0.80 - 0.89 (m,

6 H), 1.03 - 1.31 (m, 5 H), 1.37 - 1.75 (m, 5 H), 1.96 -
2.11 (m, 2 H), 2.42 - 2.59 (m, 1 H), 2.83 - 3.14 (m, 5 H),
3.20 - 3.51 (m, 4 H), 3.99 - 4.09 (m, 1.5 H), 4.13 - 4.19
(m, 0.5 H), 4.22 - 4.30 (m, 0.5 H), 4.45 - 4.53 (m, 0.5 H),
6.39 - 6.44 (m, 1 H), 7.46 - 7.54 (m, 3 H), 7.72 - 7.75 (m,
1 H), 9.37, 9.39 (s, 1 H)

[0124] Example 13

Synthesis of (5-methyl-2-oxo0-1,3-dioxol-4-yl)methyl (2S)-

2-[(3S)-3-aminopyrrolidin-1-y1]-3-(4,5-dihydroimidazo[1l,5-

alquinolin-3-yl)propanocate trihydrochloride

(1) Synthesis of (5-methyl-2-oxo0-1,3-dioxol-4-yl)methyl (2S)-

2-{(3S)-3-[(tert-butoxycarbonyl)amino]lpyrrolidin-1-yl}-(3-
(4,5-dihydroimidazo[1l,5-alJquinolin-3-yl)propanoate

To a solution of (2S)-2-{(3S)-3-[(tert-
butoxycarbonyl)amino]pyrrolidin-1-yl}-(3-
(4,5-dihydroimidazo[l,5-alquinolin-3-yl)propanoic acid

(300 mg) in N,N-dimethylformamide (7 ml), cesium carboante

(342 mg) and 4-chloromethyl-5-methyl-1,3-dioxol-2-one (156 mg)

were added under cooling with ice and the mixture was stirred

for an hour at the same temperature and for an additional
6 hours at room temperature. Water was added to the reacion
mixture under cooling with ice, followed by extracting with
ethyl acetate. After washing the organic layer with water

twice and with brine, drying was performed with anhydrous

sodium sulfate; thereafter, the desiccant was filtered off and



H, 4.83 (s,2 H,5.12-5.20 (m1 H,7.14-7.19 (m1 H, 7.27 -7.32 (m2
H,7.40 -7.43 (m1 H),7.93(s,1 H [0131] (2) Synthesis of

(5-cyclo 1, 3-di oxol- 4-y1) et hyl
(29)-2-[( ?bag'an1nopyrrolld|n 1-y1]-3-(4,5- PCTHP2010/066637
di hydr oi m dazo[ 1, 5- a] qui nol i n-3-yl ) propanoate tri hydrochloride 79 An

aqueous solution of 4 MHCL (3 nml) haV|9g (5-

cycl ohexyl- 2-oxo0-1, 3-di oxol-4-y1l) et hyl
(2S)-2-{(3S)-3-[(tertbutoxycarbonyl)am no] pyrrolidin-1-yl)-(3-(4, 5-

di hydr oi nthazepliventsg qgiere| remaved ) br oyaeeat eTiig 4reay} tiihgspesbdue heagi n
was stirred for an hour at roomtenperature. The sol vent was renoved in

vacuo to RpxAfied BY (st edngdhinee %%mﬁmﬁkﬁﬁméBogﬁéghﬁgfeége%tFight br own
anor phous mass. NS ESI/APCI Dua m z 507 [ M+ P 1H NWVR 600 VHz, . DEUTERI UM
OXI DE) 8 Pphee f(‘h} 1 H§ 040 1%0 19%3% 4t 93ve t 11362%1%}%%) 1. 64

1.70 (m 2 o|_rplpoun<§ (22&56 r&g} adla 11&1’1@ BPown gum.

MS(ESI/APCI Dual) m/z 539 [M+H]"
'H NMR (300 MHz, CHLOROFORM-d) § ppm 1.42 (s, 9 H), 1.58 -
1.72 (m, 1 H), 2.09 - 2.24 (m, 1 H), 2.13 (s, 3 H), 2.55 -
2.68 (m, 1 H), 2.69 - 2.78 (m, 1 H), 2.80 - 3.07 (m, 8 H),
3.73 - 3.81 (m, 1 H), 4.07 - 4.21 (m, 1 H), 4.73 - 4.88 (m,
2 H), 5.11 - 5.21 (m, 1 H), 7.13 - 7.20 (m, 1 H), 7.25 -
7.34 (m, 2 H), 7.39 - 7.44 (m, 1 H), 7.93 (s, 1 H)
[0125]
(2) Synthesis of (5-methyl-2-o0oxo0-1,3-dioxol-4-yl)methyl (2S)-
2-[(3S)-3-aminopyrrolidin-1-yl]1-3-(4,5-dihydroimidazo{1l,5- |
alquinolin-3-yl)propanoate trihydrochloride
To a solution of (5-methyl-2-oxo-1,3-dioxol-4-yl)methyl
(2S8)-2-{(3S)-3-[(tert-butoxycarbonyl)aminolpyrrolidin-1-yl}-
(3-(4,5-dihydroimidazo[l,5-alquinolin-3-yl)propanoate (285 mg)
in ethyl acetate (5 ml), a 4 M HCl solution in ethyl acetate
(5 ml) was added and the mixture was stirred for two
hours at room temperature.'Thé solvent was removed in vacuo
and water was added to the resulting residue, which was
subjected to azeotropic distillation to give the titled
compound (compound 13; 247 mg) as a brown amorphous mass.
MS(ESI/APCI Dual) m/z 439 [M+H]' ‘ .
'H NMR (600 MHz, DEUTERIUM OXIDE) d ppm 1.92 - 2.00 (m,
1 H), 2.06 (s, 3 H), 2.37 - 2.46 (m, 1 H), 2.86 - 3.04 (m,

6 H), 3.12 - 3.18 (m, 1 H), 3.20 - 3.28 (m, 2 H), 3.31 -



2.87 -2.94 (m 1 H),2.98 -3.07 (m3 H),3.20 -3.27(m 1 H), 3.29

-3.40(m2 H), 3.45 -3.53(m2 H), 3.56- 3.62 (m1 H, 4.08-4.15 (m1
H, 4. 25- %é}]zoﬁzﬂ%zdgi), 4.96 (d,J=14.2 Hz,1 H), 5. 14(d, I=14c2,50dobds7 - 44-

53 (m3 , . -7.73 (m1 H,9.35(s,1 H)
74
3.37 (m, 1 H), 3.88 - 4.02 (m, 2 H), 4.89 (4, J=14.2 Hz, 1
H), 5.05 (4, J=14.2 Hz, 1 H), 7.43 - 7.52 (m, 3 H), 7.69 -
7.74 (m, 1 H), 9.28 (s, 1 H)
[0126] Example 14

Synthesis of (5-tert-butyl-2-oxo0-1,3-dioxol-4-yl)methyl

(28)-2-[(3S)-3-aminopyrrolidin-1-yl]-3-(4,5-

dihydroimidazo[l,5-alquinolin-3-yl)propanocate trihydrochloride

(1) Synthesis of (5-tert-butyl-2-oxo-1,3-dioxol-4-yl)methyl
(28)-2-{(3S)-3-[(tert-butoxycarbonyl)amino}pyrrolidin-1-yl}-
(3-(4,5-dihydroimidazo[1,5-alquinolin-3-yl)propanoate
A portion (132 mg) of the 4-(bromomethyl)-5-tert-butyl-
1,3-dioxol-2-one synthesized in Reference Example 1 was
dissolved in N,N-dimethylformamide (3 ml); to the resulting
solution, (2S)-2-{(3S)-3-[(tert-
butoxycarbonyl)aminolpyrrolidin-1-yl1}-(3-(4,5-
dihydroimidazo[1l,5-alquinolin-3-yl)propanoic acid (152 mg) and
cesium carboante (175 mg) were added under cooling with ice
and the mixture was stirred for two hours at the same
temperature. Ethyl acetate was added to the reacion mixture,
followed by washing with brine twice. After drying the organic
layer with anhydrous magnesium sulfate, the desiccant was
filtered off and the solvents were removed in vacuo. The
resulting residue was purified by silica gel column
chromatography (eluent: ethyl acetate — chlorform/methanol =
9:1) to give the titled compound (99 mg) as a pale yellow gum.
MS(ESI/APCI Dual) m/z 581 [M+H]"
'H NMR (600 MHz, CHLOROFORM-d) 6 ppm 1.24 (s, 9 H), 1.41 (s,

9 H), 1.61 - 1.71 (m, 1 H), 2.11 - 2.22 (m, 1 H), 2.58 -



[ 0132] Exanpl e 17 Synt hesi s of (5-benzyl-2-oxo0-1, 3-di oxol-4-yl)nethyl
(2S)- 2-[(3S)-3-am nopyrrolidin-1-y1]-3-(4,5-di hydroi m dazo[ 1, 5-

a] qui nol i¥ada ¥l panoate trihydrochloride (1) Synthegj
(5- benzyl‘s}g-%giléqs%lg- di oxol-4-y1) met hyl (2S)- peduhoonscss?
2-{(3S)-3-[(tert-butoxycarbonyl)am no] pyrrolidin-1-y1)-(3-

(4, 5-di hydrol m dazo[ 1, 5- a] qui nol i n- 3-yl ésropanoat e A portion (92 ny)
of the 4-benzyl-5-(brononethyl)-1, 3- di 6Xol -2-one synthesized in Reference
Exanple 4 was dissolved in N, N-dinethylformamde (2 m); to the resulting
sol ution, (2%8 Znf,( ISH)3- [At6 t~ AT Vawr Do) ) & 8] py2 +2 | G n-3L-HL) -
(3-(4, 5-di hydroi m dazo[ 1, 5-a] qui nol i n-3-yl ) propanoic acid 80 (146 ny) and
cesi um car Po&% e GLP® . viier'g addet? undbrS‘gdd‘H ng Bt ik ard- Yhe(®a xt ure
was stirred for three hours at the sane tenperature. Eth acet ate was

I
added to tHe Headi-F? fiset & &) 31 1fwed 2 i nly B ¢ 17 0¥ e Tk & elmart er
drying the _aqrgani g | ayer. . w th anhydrqus magnesjum sul fate, the, desiccant
was fil teré’ﬁ 'of7f'2§nd %h@%o‘l“\/e??t gy)we% 4r°erﬁ)\r}7g'0‘k? rr?“('/'ac]ug’b 'Th—}e' Sf“esq(}f't i]ng
resi due vva%)puri fied by silica gel colum chromat ography (el uent: ethyl
acet at echl or'of ormf met hanol = 97:3) to give the titled conpound (125 ng) as

a pale yeM gum 'MS(ESI/ APClI Dual) mz 615 [ MMFH NMR (600 VHz,
CHLOROF %M ppm1.42 (s,9 H,1.59 - 1.69 (m1 H),2.10-2.21(m 1 H),

Eij 57-2. 654N dyfdne<i $%s 2 It &£t Jotiby 2- 71680 0P, § 001 8xbll - 8- ¥ métBg1 (M 3
, (2S)-2-[(3S)-3-aminopyrrolidin-1-yl]1-3-(4,5-
dihydroimidazo[1l,5-alquinolin-3-yl)propanoate trihydrochloride
An aqueous solution of 4 M HC1 (3 ml) having (5-tert-
butyl-2-oxo0-1,3-dioxol-4-yl)methyl (2S)-2-{(3S)-3-[(tert-
butoxycarbonyl)amino]pyrrolidin-1-yl1}-(3-(4,5-
dihydroimidazo[l,5-alquinolin-3-yl)propanocate (96 mg)
dissolved therein was stirred for 1.5 hours at room
temperature. The solvént was removed in vacuo to give thé
titled compound (compound 14; 90 mg) as a light brown
amorphous mass.
MS(ESI/APCI Dual) m/z 481 [M+H]"

'H NMR (600 MHz, DEUTERIUM OXIDE) 06 ppm 1.14 (s, 9 H), 2.06 -

2.14 (m, 1 H), 2.50 - 2.59 (m, 1 H), 2.88 - 2.95 (m, 1 H),

2.96 - 3.07 (m, 3 H), 3.17 - 3.23 (m, 1 H), 3.26 - 3.31 (m,

1 H), 3.34 - 3.40 (m, 1 H), 3.41 - 3.51 (m, 2 H), 3.53 -

3.58 (m, 1 H), 4.06 - 4.13 (m, 1 H), 4.21 - 4.26 (m, 1 H),

5.03 (d, J=14.2 Hz, 1 H), 5.18 (d, J=14.2 Hz, 1 H), 7.44 -

7.52 (m, 3 H), 7.69 - 7.73 (m, 1 H), 9.37 (s, 1 H)

Optical purity: >99%ee

r.t.: 34.37min

[0128] Example 15



4.10 -4.18(m1 H,4.78 (s, 2 H,5.10 -5.20 (m1 H), (m (s, 7.14 1 H),

H)

7.22 1 H)WO-2311?0§4;1590 [0133] PCT/JP2010/066637
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Synthesis of [5-(2-methylpropyl)-2-oxo-1,3-dioxol-4-

yllmethyl (2S)-2-[(3S)-3-aminopyrrolidin-1-y1]-3-(4,5-

dihydroimidazo[l,5-ajquinolin-3-yl)propanoate trihydrochloride .

(1) Synthesis of [5-(2-methylpropyl)-2-oxo-1,3-dioxol-4-
yllmethyl (2S)-2-{(3S)-3-[(tert-
butoxycarbonyl)amino]pyrrolidin-1-yl}-(3-(4,5-
dihydroimidazo[1l,5-alquinolin-3-yl)propanoate
A portion (127 mg) of the 4-(bromomethyl)-5-(2-
methylpropyl)-1,3-dioxol-2-one synthesized in Reference
Example 2 was dissolved in N,N-dimethylformamide (2 ml); to
the resulting solution, (2S5)-2-{(3S)-3-[(tert-
butoxycarbonyl)amino]pyrrolidin—l—yl}—(3—(4,5—
dihydroimidazo[l,5-alquinolin-3-yl)propanoic acid (150 mg) and
cesium carboante (176 mg) were added under cooling with ice
and the mixture was stirred for three hours at the same
temperature. Ethyl acetate was added to the reacion mixture,
followed by washing with brine twice. After drying the organic
layer with anhydrous magnesium sulfate, the desiccant was
filtered off and the solvents were removed in vacuo. The
resulting residue was purified by silica gel column
chromatography (eluent: ethyl acetate) to give the titled
compound (139 mg) as a pale yellow gum.
MS(ESI/APCI Dual) m/z 581 [M+H]*

'H NMR (300 MHz, CHLOROFORM-d) & ppm 0.92 (4, J=6.7 Hz,

6 H), 1.42 (s, 9 H), 1.59 - 1.74 (m, 1 H), 1.83 - 1.99 (m,

1 H), 2.07 - 2.25 (m, 1 H), 2.31 (4, J=7.1 Hz, 2 H), 2.54 -

2.68 (m, 1 H), 2.69 - 2.79 (m, 1 H), 2.80 - 3.06 (m, 8 H),

3.74 - 3.84 (m, 1 H), 4.07 - 4.22 (m, 1 H), 4.80 (s, 2 H),

1

-7.18 7.27 (m1 -7.32 H), (m 7.19 4 H), -7.22 7.37 (m2 -7.40 H), (m



(2) Synthesis of (5-benzyl-2-o0xo0-1, 3-di oxol-4-yl)nethyl (2S)-
2-[(3S)-3-am nopyrrolidin-1-y1]-3-(4, 5-di hydroi m dazo[ 1, 5-

a] qui nol i¥ada ¥l panoate trihydrochl oride An aq p-on of 4
M HC1 (3‘&?%"%&%?%3 (5-benzyl-2- oxo-1,3-dioxol-4-y|)ma}tllﬁi;’lﬁz‘ﬁ%é&g&70
(2S)-2-{(3S)-3-[(tertbutoxycarbonyl)am no]pyrrolidin-l-yl)-(3-(4, 5-
dihydroinidazo[1,5-a]quinolin-3-y|)propggoate (124 ng) dissolved therein
was stirred for an hour at roomtenperature. The solvent was renoved in
vacuo to give the titled compound 81 (conpound 17; 114 ng) as a |ight
brown anor phd®s nds24 NB(.ES| HARCI7 -Bfal-) T2d 516 [IvEH]. TH 2R (BG* My,
DEUTERI UM OXIDE) 8 ppm 2.04 - 2 2.49 -2.56(m1 H), 2.67

22.79(m 2 B H)2. 8639 2. g1 46m(m.4 11,231.()2?0-73.1913;0(@19; 1 #) 3.22-3.26 (m1 H), 3.28
- 3.34 (ni&15313.36 -3.45 (m2 H),3.47 -3.53 (m
(2) Synthesis of [5-(2-methylpropyl)-2-oxo-1,3-dioxol-4-
yllmethyl (2S)-2-[(3S)-3-aminopyrrolidin-1-yl]-3-(4,5-
dihydroimidazo[l,5-alquinolin-3-yl)propanoate trihydrochloride
An aqueous solution of 4 M HC1 (1.5 ml) having»[5—(2—
methylpropyl)-2-0xo0-1,3-dioxol-4-yllmethyl (2S)-2-{(3S)-3-
[ (tert-butoxycarbonyl)amino]pyrrolidin-1-yl1l}-(3-
(4,5-dihydroimidazo[1l,5-algquinolin-3-yl)propanoate (137 mg)
dissolved therein was stirred for an hour at room temperature.
The solvent was removed in vacuo to give the titled compound
(compound 15; 131 mg) as a light brown amorphous mass.
MS(ESI/APCI Dual) m/z 481 [M+H]"
'H NMR (600 MHz, DEUTERIUM OXIDE) 6 ppm 0.79 (4, J=6.9 Hz,
3 H), 0.80 (4, J=6.9 Hz, 3 H), 1.74 - 1.83 (m, 1 H), 2.02 -
2.13 (m, 1 H), 2.24 - 2.31 (m, 2 H), 2.47 - 2.56 (m, 1 H),
2.88 - 2.97 (m, 1 H), 2.97 —-3.07 (m, 3 H), 3.09 - 3.18 (m,b
1 H), 3;19 - 3.27 (m, 1 H), 3.29 - 3.53 (m, 4 H), 4.03 -
4.10 (m, 1 H), 4.12 - 4.21 (m, 1 H), 4.95 (4, J=14.2 Hz, 1
H), 5.10 (4, J=14.2 Hz, 1 H), 7.43 - 7.53 (m, 3 H), 7.69 -
7.73 (m, 1 H), 9.34 (s, 1 H)
[0130] Example 16

Synthesis of (5-cyclohexyl-2-oxo-1,3-dioxol-4-yl)methyl

(28)-2-[(38)-3-aminopyrrolidin-1-y1]-3-(4,5-

dihydroimidazo[1l,5-alquinolin-3-yl)propanocate trihydrochloride

(1) Synthesis of (5-cyclohexyl-2-oxo-1,3-dioxol-4-yl)methyl

(28)-2-{(38)-3-[(tert-butoxycarbonyl)amino]pyrrolidin-1-yl}-



1 H, 3.74 -3.83(m2 H), 4.05 -4.10(m1 H), 4.14 - 4.18 (m 1
H),4.93(d,J=14.2 Hz,1 H),5.11(d, J=14.2 Hz, 1 H), 7.22 -7.25(m2 H), 7.28

:;:gé(?]mwwl—zi)‘)l,lg‘)ﬁ%sis?i?)? (M2 H,7.40-7.43(m 1 H), 7. 43pfafibrfiligsssd - 7- 48

78

(3-(4,5-dihydroimidazo[1l,5-a]Jquinolin-3-yl)propanoate
A portion (106 mg) of the 4-(bromomethyl)-5-cyclohexyl-
1,3-dioxol-2-one synthesized in Reference Example 3 was
dissolved in N,N-dimethylformamide (2 ml); to the resulting
solution, (2S)-2-{(3S)-3-[(tert-
butoxycarbonyl )amino]pyrrolidin-1-yl1}-(3-(4,5-
dihydroimidazo{l,5-alJquinolin-3-yl)propanoic acid (155 mg) and
cesium carboante (132 mg) were added under cooling with ice
and the mixture was stirred for five hours at the same
temperature. Ethyl acetate was added to the reacion mixture,
followed by washing with brine twice. After drying the organic
layer with anhydrous magnesium sulfate, the desiccant was
filtered off and the solvents were removed in vacuo. The
resulting residue was purified by silica gel column
chromatography (eluent: chloroform/methanol = 100:0 to 97:3)
to give the titled compound (144 mg) as a pale yellow gum.
MS(ESI/APCI Dual) m/z 607 [M+H]"
'H NMR (600 MHz, CHLOROFORM-d) 6 ppm 1.15 - 1.23 (m, 1 H),
1.25 - 1.34 (m, 2 H), 1.42 (s, 9 H), 1.42 - 1.48 (m, 1 H),
1.62 - 1.83 (m, 7 H), 2.10 - 2.20 (m, 1 H), 2.51 - 2.57 (m,
1 H), 2.58 - 2.66 (m, 1 H), 2.71 - 2.77 (m, 1 H), 2.82 -
3.05 (m, 8 H), 3.76 - 3.82 (m, 1 H), 4.12 - 4.19 (m, 1 H),
4.83 (s, 2 H), 5.12 - 5.20 (m, 1 H), 7.14 - 7.19 (m, 1 H),
7.27 - 7.32 (m, 2 H), 7.40 - 7.43 (m, 1 H), 7.93 (s, 1 H)
[0131] |
(2) Synthesis of (5-cyclohexyl-2-oxo-1,3-dioxol-4-yl)methyl
(28)-2-[(3S)-3-aminopyrrolidin-1-y1]-3-(4,5-

dihydroimidazo[l,5-alquinolin-3-yl)propanocate trihydrochloride



H) [ 0134] Exanpl e 18 Synt hesi s of

(5-tert-butyl -2-o0xo-1, 3-di oxol-4-yl) net hyl

(2S)-3-( i m dazo[ 1, 5-a] qui nolin-3-yl)-2-f(39)

[ ({1- [(2ﬂﬁétﬁyﬁé?%ganoyl)oxy]ethoxylcarbonyl)an1no]pyrrB?Fﬂrﬁnﬂma%ﬁﬁ

pr opanoat e A portion (153 ng) of the (5-tert-butyl-2-o0xo0-1, 3-di oxol-
4-yl)ymethyl (2S)-2-[(3S)-3-am nopyrrolidin-1-y1]-3-(4,5-
dihydroinidazo[l,S-a]quinoIin-3-y|)propgﬁoate tri hydrochl ori de synt hesi zed
in Exanpl e 14 was dissolved in N, Ndi nethylformamde (3 m); to the
resul ti ng sol uan caqudeys$ 4sohutiophefioxyMcHCbo($| hdkyhetvihng P5Aet hyl
propanoate (90 ng) and triethylam ne (110 Rl) were added dropw se under
cool i ng vwYdlokexwnhd?2t ol x3 uidtonpl-4tviimethplt (2Sholr§(38)rdob(tert-
tenperature. Ethyl acetate was added to the reacion m xture, followed by
washi ng WWetoRYcRELeRY Lramine lpYHFQlH@ivht-Bidakdc(fafer with anhydrous
magnesi um sul fate, the desiccant was filtered off and the solvents were

renoved | HLREIERIMigazo b, ?e%hq?}%%l+%s?dﬁ%)Rﬁgpﬁﬁ?PF?eﬁlﬁ} Bg)j ca gel
R S U % %%ﬁ‘ﬁ%s STLRESA S TR IRRRE o2t oneou Pemberptidef Arc
D“f’") o f?g’ s A EHE BE 00 M LTS 6% nd BRPLGa Conpdyhd (M ©
5 i‘g 2‘5@5‘5‘5‘3“1%2 §%1(2"slgg(€% % flont glom JbEb4Gus), “‘5%‘;8 -3 8eimd
MS(ESI/APCI Dual) m/z 507 [M+H]"

'H NMR (600 MHz, DEUTERIUM OXIDE) & ppm 1.05 - 1.15 (m,

1 H), 1.15 - 1.33 (m, 4 H), 1.54 - 1.64 (m, 3 H), 1.64 -

1.70 (m, 2 H), 2.08 - 2.16 (m, 1 H), 2.51 - 2.60 (m, 2 H),

2.87 - 2.94 (m, 1 H), 2.98 - 3.07 (m, 3 H), 3.20 - 3.27 (m,

1 H), 3.29 - 3.40 (m, 2 H), 3.45 - 3.53 (m, 2 H), 3.56 -

3.62 (m, 1 H), 4.08 - 4.15 (m, 1 H), 4.25 - 4.31 (m, 1 H),

4.96 (d, J=14.2 Hz, 1 H), 5.14 (d, J=14.2 Hz, 1 H), 7.44 -

7.53 (m, 3 H), 7.69 - 7.73 (m, 1 H), 9.35 (s, 1 H)

[0132] Example 17

Synthesis of (5-benzyl-2-oxo-1,3-dioxol-4-yl)methyl (2S)-

2-[(3S)-3-aminopyrrolidin-1-y1]-3-(4,5-dihydroimidazo[1l,5-

alquinolin-3-yl)propanoate trihydrochloride

(1) Synthesis of (5-benzyl-2-oxo-1,3-dioxol-4-yl)methyl (2S)-
2-{(3S8)-3-[(tert-butoxycarbonyl)amino]lpyrrolidin-1-y1}-(3-
(4,5-dihydroimidazo[1l,5-alJguinolin-3-yl)propanoate

A portion (92 mg) of the 4-benzyl-5-(bromomethyl)-1,3-
dioxol-2-one synthesized in Reference Example 4 was dissolved
in N,N-dimethylformamide (2 ml); to the resulting solution,
(28)—2—{(38)-3-[(tert—butoxycarbonyl)amino]pyrrolidin-l-yl}—

(3-(4,5-dihydroimidazo[1l,5-a]Jgquinolin-3-~-yl)propanoic acid



(m1H)),7.13-7.20(m 1 H), 7.27-7.35(m 2 H),

[ 0135] The structural fornulas of conpounds 1-4 prepared in the Reference

Exanpl es in the following Table 1-1. The stru as of

conpoundgﬁéiféﬂgxﬂéhe Exanpl es of the invention are sho&#*@ﬁhyhg&gg%lomﬁng

Table 1-2. [0136] [ Table 1-1] Ref. No. Structure 1 HCH CH Br 2 3

30r ‘
80

(146 mg) and cesium carboante (110 mg) were added under

cooling with ice and the mixture was stirred for three hours

~at the same temperature. Ethyl acetate was added to the

reacion mixture, followed by washing with brine twice. After
drying the organic layer with anhydrous magnesium sulfate, the
desiccant was filtered off and the solvents were removed in
vacuo. The resulting residue was purified by silica gel column
chromatography (eluent: ethyl acetate — chloroform/methanol =
97:3) to give the titled compound (125 mg) as a pale yellow
gum.
MS(ESI/APCI Dual) m/z 615 [M+H]"
'H NMR (600 MHz, CHLOROFORM-d) 8 ppm 1.42 (s, 9 H), 1.59 -
1.69 (m, 1 H), 2.10 - 2.21 (m, 1 H), 2.57 - 2.65 (m, 1 H),
2.69 - 2.76 (m, 1 H), 2.77 - 3.05 (m, 8 H), 3.74 - 3.82 (m,
3 H), 4.10 - 4.18 (m, 1 H), 4.78 (s, 2 H), 5.10 - 5.20 (m, 1
H), 7.14 - 7.18'(m, 1 H), 7.19 - 7.22 (m, 2 H), 7.22 - 7.26
(m, 1H), 7.27 - 7.32 (m, 4 H), 7.37 - 7.40 (m, 1 H), 7.90
(s, 1 H)
[0133]
(2) Synthesis of (5-benzyl-2-oxo0-1,3-dioxol-4-yl)methyl (2S)-
2—[(BS)—3-aminopyrrolidin-1-yl]-3-(4,5-dihydroimidazo[l,5-
alquinolin-3-yl)propanoate trihydrochloride
An aqueous solution of 4 M HC1 (3 ml) having (5-benzyl-2-
oxo0-1,3-dioxol-4-yl)methyl (2S)-2-{(3S)-3-[(tert-
butoxycarbonyl)amino]pyrrolidin-1-y1}-(3-(4,5-
dihydroimidazo[l,5-alquinolin-3-yl)propanocate (124 mg)
dissolved therein was stirred for an hour at room temperature.

The solvent was removed in vacuo to give the titled compound

7.39 -7.45 (m1 H),7.94(s,1 H

r
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(compound 17; 114 mg) as a light brown amorphous mass.
MS(ESI/APCI Dual) m/z 515 [M+H]"

'H NMR (600 MHz, DEUTERIUM OXIDE) 6 ppm 2.04 - 2.12 (m,
1 H), 2.49 - 2.56 (m, 1 H), 2.67 - 2.79 (m, 2 H), 2.80 -
2.9 (m, 2 H), 3.10 - 3.17 (m, 1 H), 3.22 - 3.26 (m, 1 H),
3.28 - 3.34 (m, 1 H), 3.36 - 3.45 (m, 2 H), 3.47 - 3.53 (m,
1 H), 3.74 - 3.83 (m, 2 H), 4.05 - 4.10 (m, 1 H), 4.14 -
4.18 (m, 1 H), 4.93 (4, J=14.2 Hz, 1 H), 5.11 (4, J=l4ﬂ2 Hz,
1 H), 7.22 - 7.25 (m, 2 H), 7.28 - 7.31 (m, 1 H), 7.33 -
7.37 (m, 2 H), 7.40 - 7.43 (m, 1 H), 7.43 - 7.47 (m, 2 H),
7.48 - 7.52 (m, 1 H), 9.10 (s, 1 H)

[0134] Example 18

Synthesis of'(5—tert—butyl—2—oxo-1,3-dioxol-4-yl)methyl

(28)-3-(4,5-dihydroimidazo[1l,5-alquinolin-3-yl1)-2-{(3S)-3-

[ ({1-[(2-methylpropanoyl)oxylethoxy}carbonyl)amino]pyrrolidin-1-

yl} propanoate

A portion (153 mg) of the (5-tert-butyl-2-oxo-1,3-dioxol-
4-yl)methyl (2S)-2-[(3S)-3-aminopyrrolidin-1-yl1]1-3-(4,5-
dihydroimidazo[1l,5-alquinolin-3-yl)propanoate trihydrochloride
synthesized in Example 14 was dissolved in N,N-
dimethylformamide (3 ml); to the resulting solution, 1-{[4-
nitrophenoxy)carbonyl]oxy}ethyl 2-methyl propanoate (90 mg) and
triethylamine (110 pl) were added dropwise under cooling with
ice and the mixture was stirred for 11 hours at room
temperature. Ethyl acetate was added to the reacion mixture,
followed by washing with brine twice. After drying the organic
layer with anhydrous maghesium sulfate, the desiccant was

filtered off and the solvents were removed in vacuo. The
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resulting residue was purified by silica gel column
chromatography (eluent: chloroform/methanol = 99:1 to 95:5) to
give the titled compound (compound 18; 112 mg) as a colorless
solid.
MS(ESI/APCI Dual) m/z 639 [M+H]"
'H NMR (600 MHz, CHLOROFORM-d) § ppm 1.12 - 1.18 (m, 6 H),
1.25 (s, 9 H), 1.38 - 1.52 (m, 3 H), 1.65 - 1.76 (m, 1 H),
2.08 - 2.23 (m, 1 H), 2.45 - 2.58 (m, 1 H), 2.59 - 2.70 (m,
1 H), 2.79 - 3.06 (m, 10 H), 3.78 - 3.86 (m, 1 H), 4.13 -
4.21 (m, 1 H), 4.91 (s, 2 H), 5.63 - 5.77 (m, 1 H), 6.74 -
6.83 (m, 1 H), 7.13 - 7.20 (m, 1 H), 7.27 - 7.35 (m, 2 H),
7.39 - 7.45 (m, 1 H), 7.94 (s, 1 H) |
[0135] The structural formulas of compounds 1-4 prepared in
the Reference Examples are shown in the following Table 1-1.
The structural formulas of compounds 1-18 in the Examples of
the invention are shown in the following Table 1-2.

[0136]
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[0138] Test 1 [TAFIa Inhibition Test]

Compounds of the present invention were measured for

their TAFIa inhibitory activity as follows based on the method

SUBSTITUTE SHEET (RULE 26)



Compounds of the present invention were neasured for their TAFla inhibitory
activity as follows based on the nethod WD 2011/034215PCT/JP2010/ 066637 86

descri be Haenost. 79, 371-377 (1998). [0139} tion of
TAFI a soﬁﬁ??glrllm3m To 450 111 of TAEl (the product of &%ﬁgﬁ/ﬁ@ggegrch

Laboratori es whose concentration was adjusted to 18 ig/mL with buffer A
100 MM Tris-HCL, pH 7.4), 45 Rl of a thronmbonodulin solution (a rabbit |ung
derived thronbonodul i n produced by Anerican Di agnostica whose concentration
was adjusted to 1 Rg/nl with buffer B: 50 mM Tris-HCL, pH 7.5, containing
0.15 M Ne@gcmiked5in | Thigmb. tHaemdsh. s ut3oh-3371 (2228} dri ed human plasma
derived thronbin produced by Signa and dissolved in water to have a
concent r at@H bf 30 RU nml) were added and the mixture was left to stand at
roomterrperature for 25 mnutes. [0140] (b) Method of neasuring TAFl a

i nhi bi t or(@hctfrgR3Fation of, TARTL KA vel | nicropl ate, the

b - T | t.est d d b trat | ut
?Hﬁv)eAfrgeB?ESS"c%ﬁf%@ 5 gt TR i 5% SRR ok (RS AR T | 5 HC, pH
L Ao A MR

d I t e f t
Teﬁger;\?ué e% A fS(ﬁgsequenitl?sﬂé:ﬁr2I$ %rngé @%%nﬁ?’f%ﬁ% rFOI’I &in
1, 4-di oxafSdutEsh a@%ﬁﬂh@ﬁ&@%rﬂfe&%ﬁfoxﬁ@orﬁ@&ﬁ%'ﬂ)r@(ﬁ‘&'céc‘i'eb late was

Ieft to stand for 3 mnutes at Toomtenperature, then absorbance at 405 nm

was neas sk ddd Bidlghlodflidiat wheade lconRedirativh MasOfadfRisa@d alo Devi ces) .
Wth the WD 2011/ 034215PCT/JP2010/ 066637 87 absorbance in the absence of a

test conpowy/ il wistH e a0 rBAarse mM Tihies HGENGEH 0 . ) @évuydEniweg ng t aken
as 100% the concentration of the conpound that inhibited 50% of the

reacti on Q1o Nel kol 48 qdl fofora ttlereiision beobetion t (e freszamcdrédt he
test compound m nus the absorbance in the absence of the enzyne. For
two conpduman dilasma glexisred | theombion proeducegd ey t Sbgmaaang obtsee bdednd on
the basis of the results of neasurenents, TAFla inhibitory activity was

cal cul at e WRHRT &Q Mave | FANCaRiFR T e OF 39, 1Y i) |Werzd| 20ded Bnd No.

| C50 (nh@ 1 36 2 23
mixture was left to stand at room temperature for 25

minutes.
[0140]
(b) Method of measuring TAFIa inhibitory aCtivity
To wells on a 96-well microplate, the above-prepared
TAFIa solution, a test compound, and a substrate solution
(Hip-Arg produced by Sigma and dissolved in buffer C of 100 mM
Tris-HC1l, pH 8.3, to have a concentration of 3.6 mM) were
added in respective amounts of 20 pl/well, 10 ul/well, and
70 pul/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
1,4-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,
then absorbance at 405 nm was measured with a microplate

reader (Spectramax M2 of Molecular Devices). With the



[0142] Test 2 [Measurenent of in vivo exposure based on plasma |level in

rat sj To determne the in vivo exposure, conpound 14 as an exenpl ary
prodrug GRBBIHNA4 % the present invention and conpound %C?‘)%Pﬁ §/O@§7ent
conpound were orally adm nistered to g.ats and the plasma Teve conpound
1 was neasured as descri bed bel ow for conparative purposes.

Seven-week old rats (220-280 g; nmale; lineage; C|:CD (SD)) purchased from
Charl es River Laboratories Japan Inc. were acclimatized for at |east two
days before they were WD 2011/034215PCT/JP2010/ 066637 88 admi nistered with
conpoundsabgoxtbange eventhe misenom. oCCompoesit ddmpeendissoisethén a sol vent
of adm nistration at a concentration equivalent to 2 ng/nL as cal cul ated
for the pHrseEbanggoindthe aksenceaf (3 renzifiei Betredtaken| §si H0&h. anount
equi val ent to 10 ng/ kg of that parent conpound. Half an hour and four hours
| ater, i RRCeidER ¥ R h'éh% LFRRd okhat cknhihited ob@h 2f bFed

col | ectl t ube T r eat ed und 1 bot h EDTA .treatnent and

i chi or v ARk o Genbr Wéﬁnﬁﬁ FRLaf oA EraR ﬁﬁedﬁaﬁsr apERt APt §B8G (12, 000
t A4C f 2 d 1 d 14

?egoeer ;ﬁraésjsr&n m n# &Se r?ouonm%o%r% o;“éamfsf oézhen a ]g%?fulg%\f e%g?%avvl ng the

pl asma sayl r Od n ice, a solution of each internal standard
subst ance m%?cél(f};F tk&p by deproteini zation and centrifugation (3639

x g at 4C for gdg niyyli&sp oﬁ'}ﬂfs CONCatd I\%@é%h@&ﬁ%@f&ﬁ”ttﬁér@@m lin

the supernatant was rreasur ed by LC M5/ he foll owing Table 3

summari zasest MaaWBdiEd ted | £ n tee BOSH 4100 € 0RO Urels @1 t 4 hee present
i nventi on showed hi gher plasma | evels of the parent conpound, indicating

hi gher i nnedsifremeioiss)) eFART a tiveh {5 0ty CORPDEy waeredDéelatyd to give
adm ni stering the prodrug conpound of the present invention, the

physi ol oditealresilits sHowrheimpdfamte chnpound wi || be exhi bited nore
effectively than the parent conpound. [0143] WO

2011/ 0342931V JP20IRWB668)7 89 [ Tabl e 3] Conpari son Between Pl asna
Level s of Conpound 1 (Parent Conpound) and Conpound 14 According to the
Present lnvention Conpound (10 ng/kg p.o.) Plasma Level of Conpound
Conpound)E}({ngI{]gL) 1 (Pa;l\eqr)lt 0.5 hr later 4 hrs l|ater

Cso
1 36
2 23
[0142]

Test 2 [Measurement of in vivo exposure based on plasma level
in rats]

To determine the in vivo exposure, compound 14 as an
exemplary prodrug compound of the present invention and
compound 1 as its parent compound were orally administered to
rats and the plasma level of compound 1 was measured as
described beldw for comparative purposes.

Seven-week old rats (220-280 g; male; lineage; Crl:CD
(SD)) purchased from Charles River Laboratories Japan Inc.

were acclimatized for at least two days before they were



Compound 1 (parent conpound) 93 47 Compound 14 1200 584
Adm ni stration sol vent for conpound 1. physiological saline Adm nistration

sol vent f\Wp 6pmBeyed 14: 0.01 M HCL in water Internal Spapdasdosast ance
for conpound 1. conpound A (MeCN MeOhg(9/ 1)) Internal Standard Substance

for conpound 14: conpound B (10% TCA) [0144] Compound A [ 0145] Conpounds
A and B used as the internal standard substances were synthesized by the
nmet hods descri bed in PCT/JP2009/ 068526 (see Exanples 24 and 32,
respectively). Industrial Applicabili t%/ 0146] The present invention

provi des %‘hﬁf‘?ﬁaﬁs@ﬁq‘%a\?&th RAMPRRAS 0% | ERe RY§SeR§invERBienhi GenReynd

activity to be WO 2011/034215PCT/JP2010/ 066637, 90
14 was dissolved in a solvent of administration at a -

concentration equivalent to 2 mg/mL as calculated for the
parent compound 1 and it was then édministered orally in an
amount equivalent to 10 mg/kg of that parent compound. Half an
hour and four hours later, blood was taken from the tail wvein
of each rat through a blood collecting tube (EDTA treated (for
compound 1) or both EDTA treatment and dichlorvos addition
(for compound 14)) and immediately centrifuged (12,000 x g at
4°C for 2 minutes (compound 1) or 3 minutes (compound 14)), to
recover plasma samples, which were stored frozen at -30°C.
After thawing the plasma samples under cooling on ice, a
solution of each internal standard substance was added,
followed by deproteinization and centrifugation (3639 x g at
4°C for 10 minutes). The concentration of the parent compound
1 in the supernatant was measured by LC/MS/MS.

As the following Table 3 summarizes, the administration
of the prodrug compound of the present invention showed higher
plasma levels of the parent compound, indicating higher in
vivo exposures of the parent compound. Therefore, by
.administering the prodrug compound of the present invention,
the physiological action of the parent compound will be
exhibited more effectively than the parent compound.

.

[0143]



effective for preventing or treating thronbus-derived di seases and the
like, and it is therefore expected to relieve the burden on patients and
cont ri butgnt rogress of the pharmaceutical i ndust

So11) 0342 LRI RER ] 00 ee a0 o1 " A NG [ O ai m 1] gemapftbiosses?

di hydr oi m dazoqui nol i ne conpound represented by the followng fornula (1),
or a pharmaceutically acceptable salt thereof: wherein Ris a hydrogen
atomor a Cl1_10 al kyl group; Rl is a hydrogen atom a Cl1_10 al kyl group, a
C3-8 cycl oal kyl group or a substituent having the structure represented by
the foll obMialglé c3hula la or Ib: a0 R3 0,0)1, (la) 0 )\-0tCk (I b) R4
where R3 is a Cl-6 alkyl group; R4 is a Cl-6 al kyl group, a C3 8 cycl oal kyl
group, or a beépupapkseip;Betiwesr Phagmaybevebs of cpempoundybsf{Papent havi ng
the structure Hgfresented by the following fornmula Ic or 1d:_ 0 cH3 9 H3

CH3 0 0 _C/'q_mgqu )an.@§qmpo%pd014 According to the Present Invention
Compound ' Plasma Level of Compound 1 (Parent
Compound)

(10 mg/kg p.o.) (ng/mL)

0.5 hr later 4 hrs later
Compound 1 93 47
(parent compound)
Compound 14 1200 584

Administration solvent for compound 1: physiological saline
Administration solvent for compound 14: 0.01 M HCL in water
Internal Standard Substance for compound 1: compound A
(MeCN/MeOH (9/1))

Internal Standard Substance for compound 14: compound B (10%

TCA)

[0144]

Compound A Compound B

[0145] Compounds A and B used as the internal standard
substances were synthesized by the methods described in
PCT/JP2009/068526 (see Examples 24 and 32, respectively).
Industrial Applicability

[0146] The present invention provides pharmaceuticals that

have sufficiently high TAFIa inhibitory activity to be



WO 2011/ 034215PCT/ JP2010/ 066637 92 [C ai m 2] The conpound of claim1,
whi ch is a di hydroi m dazogui nol i ne conpound represented by the foll ow ng
formul a (\h) pharmaceutically acceptable salt the . erein
R 121 ool PNaT TRCeLt Cal Y gel. [C ai m 3] Pe ﬁle)zﬁﬂr)r%g%mnd of
claim2, which is a di hydrol m dazogui noli ne conpound represented by the
followng formula (111), or a pharmaceutically acceptable salt thereof: R2
R (Ill') wherein RR Rl and R2 are as defined in claim2. [C aim4]

The conpound of claim 3, which is a di hydroi m dazogui nol i ne conpound
representefifegtive for|preventbrgudn tregting thpombunacderivaf| ¢iseaspsabl e
salt thereof: WO 2011/034215PCT/JP2010/066637 93 wherein R and Rl are as
defined cigdntize }ikeinmmd it is theretepeupdrertedate Belipventhe a

di hydr oi mi dazoqui nol i ne conpound re€r esent ed b%/ht he followng formula (V),

or a phar PREEICR | 22 PFELERED 3T CUREFIPREP b the DRRIELRSRPENERR are as
defined i nhcl aim 3. .(I:qai n&64
pharmaceutical industry.



The conmpound of claim11, which is a conpound represented by the foll ow ng
formula (VI), or a pharnaceutically acceptable salt thereof: wherein R
is as defypsfiiBspkaiml. [Caim7] The conpound QF ﬁ%ﬁﬁ&%é%thiCh is
a di hydr ol m dazoqui nol i ne conpound refresented by the fo Fomnng ormul a
(M), or a pharmaceutically acceptable salt thereof: WO

2011/ 034215PCT/ JP2010/ 066637 94 wherein Ris as defined in claim6. [Caim

8] The conpound of claim 7, which is a di hydroi m dazoqui nol i ne
conmpound represented by the followng fornula (M11), or a pharmaceutically
acceptabl e salt thereof: wherei n RCLAIMS defined in claim7. [Caim9]

A TAFl a i nhi bitor conprising the conpound or the pharnmaceutically

acceptabl e salt thereof defined in any one of clains 1 to 8, as an active

ingredient. [Caim10] An agent for preventing or treating a

cl ot - der i kPR sehise, t hat conpri ses the conpound or the pharnmaceutically

acceptabl e sall A s Eld £S5 o Pile WDSnS0utd ¥ BrdsiReda 5 BReaCtIVe
following formula (I), or a pharmaceutically acceptable salt

thereof:

R1

|

0 ()N:NN =
RZ

wherein R is a hydrogen atom or a C;.;o alkyl group;
R! is a hydrogen atom, a C;. o alkyl group, a Ci.s cycloalkyl
group or a substituent having the structure represented by the

following formula Ia or Ib:
0]
oo (Ta) Rfk’f (Ib)

where R® is a C;.¢ alkyl group;

R* is a C;.¢ alkyl group, a C;.g cycloalkyl group, or a benzyl
group; and

R? is a hydrogen atom or a substituent having the structure

represented by the following formula Ic or Id:
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[Claim 2]
The compound of claim 1, which is a
dihydroimidazoquinoline compound represented by the following

formula (II), or a pharmaceutically acceptable salt thereof:

wherein R, R' and R? are as defined in claim 1.
[Claim 3]

The‘compound of claim 2, which is a
dihydroimidazoquinoline compound represented by the following

formula (III), or a pharmaceutically acceptable salt thereof:

<N R (I

wherein R, R' and R? are as defined in claim 2.
[Claim 4]

The compound of claim 3, which is a
dihydroimidazoquinoline compound represented by the following
formula (IV), or a pharmaceutically acceptable sélt thereof:

Rl
|
00 N\
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wherein R and R' are as defined claim 3.
[Claim 5]

The compound of claim 3, which is a
dihydroimidazoquinoline compound represented by the following

formula (V), or a pharmaceutically acceptable salt thereof:

HO- 2O n=\
: N

wherein R and R? are as defined in claim 3.
[Claim 6]

The compound of claim 1, which is a compound represented
by the following formula (VI), or a pharmaceutically

acceptable salt thereof:

H 2N o, C/N

wherein R is as defined in claim 1.
[Claim 7]

The compound of claim 6, which is a
dihydroimidazoquinoline compound represented by the following

formula (VII), or a pharmaceutically acceptable salt thereof:
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wherein R is as defined in claim 6.
[Claim 8]

The compound of claim 7, which is a
dihydroimidazoquinoline compound represented by the following

formula (VIII), or a pharmaceutically acceptable salt thereof:

HO- 20 y=\
N
HzN”m<i::T

wherein R is as defined in claim 7.

R (V)

[Claim 9]

A TAFIa inhibitor comprising the compound or the
pharmaceutically acceptable salt thereof defined in any one of
claims 1 to 8, as an active ingredient.

[Claim 10]

An agent for preventing or treating a clot-derived
disease, that comprises the compound or the pharmaceutically
acceptable salt thereof defined in any one of claims 1 to 8,

as an active ingredient.



