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The invention relates to ini dazo[ 1, 5a] pyr| di ne derived serine protease 5
inhibitors, a process for the preparatlon t hereof a pharnmaceuti cal
corrposition MR PEI¥Thg t he same, as well as the use of thesePCI/EPI6/02298

i m dazo[ 1, 5a] pyridi ne derived serine protease inhibitors for nedical
therapy, and in particular for treating and preventl ng of thronbosis or

ot her t hrombi n associ at ed di seases.

| m dazo[ 1, 5a] pyri di ne ‘égw no-

6,7, 8, 8a-tetrahydro- 83&%‘%‘%&&{&? §%¢ﬁ§¢m&cﬁ%§€s des-
cri bed by Klein et al. (Liebigs Ann. RImBITORSE3- 1637, 1983). No

phar nmacol ogi cal activity i's disclosed for th| S corrpound 15 The

8-substituted 3, 8-di am no- inidazo[l 5a] pyri di n- 1(5FD one derivatives

of the present i ntion.are .C LCh selectlve reversibl e
inhibitors of ser e'%?@?@b§g ﬁét"ﬁ@%ﬁﬁq%i@%@ ﬁ%"%cpﬂnﬁggldue at

t he 5 Rhkibitdrsp Qs | grocess Gfor tthei prepfacion alhen&ot; a 2pharmaceutical he
invention relates to inidazo[l, 5a] pyridine derived serine prqtease

i nhi bitors conpr |%qﬂFR33’éP°BnPP“tFF&'98n§‘°c KMo B avell o3smihe, wse of these
[err] - ag{olg SaAW?ﬁfn@' BerRlel" 'sbrireS pRotdasRY ShibitoRV36r Sheétdidat O7 a0

acyl group;

therapy, and in particular for treating and preventing of thrombosis or other
thrombin associated diseases. |

10
Imidazo[1,5a]pyridine derivatives are known, for instance 3-amino-
6,7,8,8a-tetrahydro-8a-hydroxyimidazo[1,5a)pyridin-1(5H)-one is des-
cribed by Klein et al. (Liebigs Ann. Chem. .1623-1637, 1983). No
pharmacological activity is disclosed for this compound.

15 The 8-substituted 3,8-diamino-imidazof1,5a]pyridin-1(SH)-one derivatives
of the present invention are novel compounds which are selective reversible

inhibitors of serine proteases that require a basic amino acid residue at the .

P position of their substrates.

20 The invention relates to imidazo[l,5a]pyridine derived serine protease

inhibitors comprising a unit having the general formula I

25

z wherein R is hydrogen, lower alkyl or an acyl group; Ry is hydrogen or
lower alkyl; R3 and R4 are independently hydrogen, lower alkyl or together
30 form =CH-NRsRg, Rs and Rg being lower alkyl; or a pharmaceutically

acceptable salt thereof.



| 6wer al kyl; Rlerr] and Rlerr] are independently hydrogen, |ower alkyl or

t oget her 30 form=CHNRerr]Rerr], Rerr] and R err] being |ower
al kyl; or a pharnmaceutically accept abl e salt thereof
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In the definOi®MB4®F the conpounds of formula | the term mraww means
a branched or unbranched al kyl group havimng preferably 1-6 carbon atons,

| i ke hexyl, isobutyl, propyl, isopropyl, ethyl, and, nost preferred,

met hyl . 5 The termacyl group means a 1-oxoal kyl group derived
from carboxylic acid having froml to 6 carbon atons, |ike
hexanoyl , tert - buhaliodéfinition of the compoundsrof foramia I the einylbweralkyl ﬁfeai}sl The

preferred acyl group iis,the a The serine
proteases are a c‘?‘élg‘s"hﬁﬁ °b|"6ti é‘?ﬁ’ﬁ'g‘i ?lgyl &iﬂt@é"“ﬁl?&?fe@ﬁlb'a‘r?@?%ﬂ%
hydrol ysi's of -spakée g AERHubrindfopkshyDets e fried trhéth
Schechter and Berger (Bioché i"ophys é% 27, 157- 162

1967) have proposed a now often used norrencl ature for the |dent|f|cation

of am no gcr d resf‘h%"i%ﬁn'aggté'ﬁ sgtpstrgtles ltghr%ups &r)ote se 15

Substr at e?

.Plerr]...P[err]acid havidg Bfoni ri itb 6 rc]artheattbr}xs,Pﬁraer mkxaliihﬂr rtlnBﬁﬁﬁdy] .Plerr].

Enz
.S[err]...9Yerr ]Pfé{l@}}’,l [acelykand forgpd r"?‘FPS[f@qu] acyljgzoyn is theacetylgpen-r ] . . S[err]
. 20 - The am no acid residues of the subsites of the substrate
at the N-term nus of the scissile Plerr]-P[err] bond are

designated P[err |The[sering peotenseszare aselasp[of protesiytic efzymes thatcatalyze the t he

Ctermn Thes 0 0 the possible

subsi teslll?S[ err] q‘%f‘l“péi‘%??""yﬁ°f?@?‘r‘]eLl’léﬁé‘;'né’%‘gﬁ%“"vg%‘%“ﬁ&t‘%é bi ndi ng

i nteractions Schechter and Berger (Biochem. Biophys. Res. Commun. 27, 157-162, -
1967) have proposed a now often used nomenclature for the identification

of amino acid residues in the substrates of the serine proteases:

15 ~ Substrate: ~ = scissile bond
Pp..Pg-P3-Py-Py Py -Py'-P3'-Pq..Py..
Enzyme:

.8p..84-83-82-81-851'-87'-83'-84"...8,"..

20 The amino acid residues of the subsites of the substrate at the N-terminus
of the scissile P1-P1' bond are designated Py, P7 etc. and as Py’, Py’ etc. at
the C-terminus. These subsites of the substrate correspond to the possible
subsites (S, So, etc) on the enzyme with which the binding interactions
take place.

25 The compounds of the present invention are inhibitors of the serine
proteases that require a basic amino acid residue, like arginine or lysine, at
the P; position of their substrates. Representative examples of these serine
proteases are trypsin, plasmin, urokinase plasminogen activator, kallikreins,
calpain, acrosin, and thrombin.

30 The present invention provides analogues of peptide substrates, which

encompass residues from the P-region of substrates of the pertinent



t ake place. 25 The conpounds of the present invention are
i'nhibitors of the serine prot eases that require a basic am no
acid residue, like arginine or lysine, at the P[err] position
of their substrates. Representative exanples of these serine

proteases are trypsin, plasm n, urokinase plasm nogen activator
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proteases only, igrotases only)8n twiicH fhal teFhifAlr By-reSidhidl WerépfacéE By 3R€ G 80y t he

3, 8- (di am_no-i1m dazo[ 1, 5a] pyri dll n-1 &SH) -one unit of formula I.
It is a major goadiammomidazoldSalpyridinglé wnit offermulel- sel ective inhibitors
5 of certain serine proteases that formpart of the blood clotting
cascade. In this enzymatic cascade the activated form of one

clotting factor cat dkjsamajor goal of the preseritiidvension toprovide selectivecinhibitérsf act or , -
uItimateI%_Ieadi to the '
i

. id g of th
ar gi ni ne-i r ect eg&(wm%‘?‘g‘ggﬁ&%ﬁgmiogt%mblﬁﬂ‘b?’lﬂﬁt\%g)"a%cgi’?'r{ﬁ pr ot ease
thrombin (factor thisGhzfnidtie) dabcad® HRC AbtivaYed RS B SXHBu é\h%&rcﬂdl}zes-rhe

| atter 10 process is catal yzed by factor Xa, Ich I's also an
ar gi ni ne- di r ect eche aetivation of the next factoprultimately leading saitherrapidgeneration enzyne in

t he coagul ation « W e . he .solubl protein
I i b ][i nogen to gle?é?%i{.e;:rf%fg ﬁiﬁﬁ?ﬁ%‘,@ﬁﬁ%ﬁe 15 mgxgers;‘gi%}o%%ggs-l i nked
o form an insol uhiosl act th A1 pr&ufdr pbrotiaob tdr(1E). The latter
regulatiogn of its own rodijct' n_and activi Ey, thromhin i.s a potent
blatel et M5 procesyticatalyzed, By Ei59or ¥ rhichyS slsnga meaming divesced sesie
Activated pl atel §irstelsal Fhrombin, the last enkfif€ b e LDy mer
matri x and entragﬁégcei leéyt;w Og‘)’/t ees a%the e %@%Fﬁgydé%o?ﬂoﬁghronbus.
Thr onbi n pl ays a thegolutle plasma tpneteinr fihrinogencfo geaenatesfitain mpnarhers, whi
physi ol ogi cal pr m '|l . i f an i.nj ured vessel .
20 It aﬁg‘gé%r ays%gt‘?%#?%’?l'“?ﬁﬁ@gﬁglgf\ggr?g']ﬂfng%e"l[ysm ‘ﬁ‘e’“ﬁ'gﬁ ﬁgl ogi cal
condi tion regulationtofiits lopvn pragyctioprand taetivityj thvorhbin @ a pbenhpleselest at i C
mechani s[g' results in th ormation, of intr Vafa(t:eﬁll ar, t hronbi ,

which inYurn | e 28008, it&ﬁrgt}yr H'[Slf'fziﬂﬁ [gqtfelet aggregation. Activated platelets form
together with the fibrin polymer matrix and entrapped erythrocytes the

blood clot or thrombus. -

Thrombin plays a key role in the process of haemostasis, the
physiological process which arrests bleeding from an injured blood vessel.
20 It also plays a role in thrombosis, which is the pathological condition
whereby inappropriate activity of the haemostatic mechanism results in the
formation of intravascular thrombi, which in turn lead to interruption of

blood flow. Thrombaosis can occur in both arteries and veins.
To date two types of anticoagulants, i.e. heparins and vitamin K
25 antagonists, are in clinical use to prevent thrombosis. Both act indirectly by
reducing the activity of thrombin. Heparin mainly acts by accelerating the
inactivation of thrombin by its physiological inhibitors like antithrombin III
: and heparin cofactor II. Heparin only acts when given parenterally. The
vitamin K antagonists, of which the coumarin derivative warfarin is a well-
30 known example, are orally active and act by inhibiting the production in

functional form of a number of vitamin K dependent coagulation factors



bl ood flow. Thronbosis can occur in both arteries and veins.

To date two types of anticoagulants, i.e. heparins and vitamn K 25
-antagoni sts, are in clinical use to prevent thronbosis. Both act indirectly
by reduci ng the activity of thronbin. Heparin mainly acts by
accel erating the I nactivation of thronmbin by its physiol ogical

i nhi bitors [YREY3$t hronbin 111 and heparin co?gﬁ%fmp??
Heparin only acts when given parenterally, The . vitamn K

ant agoni sts, of which the coumarin derivative warfarin is a well- 30

‘known exanple, are orally active and act by inhibiting the production in
functional formof a nunber of vitam n K dependent coagul ation factors
WO 96/ 38470 (1, V11, IX and X). Because of their mechanism of action these latter
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(11, VIT, IX and 3fnts Baye,p slow,pnset,and, reyersyl of; actior, s Major clinicaf problems,; o

agents have a S| QuicRARR!with the G480 TRbariis A8!doBMariflPire'bleblihg afithe’ 0D ems

associated with-the use of heparins and counmarins are bleeding and their

smal | and unpr edismali padunpredictpliethetapeuticsafetymangin. 5 There is
a need therefore toqdevel op i op@rowed | ation i.nhibitors. ..
i oh oS | nst ance MMEEDP B nend BiethiFe o5 Piod bmeived RaglihpnSiiviors

It is found that whivkforinstanod ihkibit thestibih offakioe Xa. directlyam no- 8a-

hydr oxyi mi dazo[ &, 5- a] pyri di ne- 1(5H)-one unit of. the invention are 10
i nhibitors of serine proteases, that require a basic amno acid residue

(i.e. apdidigsighd thed! dfpotids! Whichl Edrhprise Ofk 13, £Biaftfidd1Sd-"
substrates. These conpounds are presunably capabl e of
interacting at t hydrpxyimidago[d Seajpyridiner }(SH)-pae Sphait r pf othet linvention are

st T Sne - ar -t Ifititbes oF L ratBSE, Hias FERirBCh b A S BIE LT Y 1
i m dazo[ 1, 5- a] pyasgfhiines lysin)Bit-the'B; position oFftieeirssubstiatds.Eidse bdipdundsisirg gr oup
which is capable to i rL eract. with the S;err] ... 9lerr], .subsites, .and
preferably a  Presuma Y%Heiqmtefgﬁ'&sp t the priment specificityotite 31006 the
Plerr]....Plerr] pfoiass. ! Sdectility Hetheir Bfddeadfeaction is further det&mided®byP@et | nent

enzyne or may be any derivative or mmc of lthe Plerr]....Plerr]
substrate sites Substitupatnpt the t$ramivot Sroupe of] dhe | 3,8-diagfing-83-hydie-t es of t he

abod mat of t rivralls ek UReTR g it Top substipent pay O B bBib ¢
which is capable to interact with the S,....So subsites, and preferably a
peptidyl group that is homologous to the Py,....P3 subsites of the substrate
of the pertinent enzyme or may be any derivative or mimic of the Py....P2
substrate sites that binds to the putative Sy,....S2 subsites of the active site
20 of the enzyme.
A preferred embodiment of ﬁe present invention relates to inhibitors of
serine prdteases. like thrombin and factor Xa, that are involved in the
process of thrombosis and haemostasis. The inhibitors according to a
preferred embodiment comprise the unit having formula I and a substituent
25 at the 8-amino group that is a homologue, a derivative or a mimic of the
P3-P; subsites of the substrate of the pertinent serine protease. A variety of
such P3-Py derivatives are already known in the art, for example as
described by Hauptmann and Markwardt (Seminars in Thrombosis and
Hemostasis, 18, 200-217, 1992), Jakubowski et.al. (Annual Reports in

LI

30 Medicinal Chemistry, 27, 99-108, 1992) and Shuman et.al. (J. Med. Chem.

—

36, 314-319, 1993), which are incorporated herein by reference.



serine proteases, like thronbin and factor Xa, that are involved in the
process of thronbosis and haenostasis. The inhibitors according to a
preferred enbodi nent conprise the unit having fornmula | and a substituent
25 at the 8-amno group that is a honol ogue, a derivative or a
mmc of the P3-P2 subsites of the substrate of the pertinent
serine prot eXEXI38IPariety of such P3-P2 deri vatl'lq}'@?g?i

al ready known in the art, for exanple as 4 descri bed by Haupt mann
and Markwardt (Sem nars in Thronmbosis and Henostasi s, 18,
200- 217, 1992), Jakubowski et.al. (Annual Reports in 30 Medi ci nal
Chem stry, 27, 99-108, 1992) and Shuman et.al. (J. Med. Chem

\3&65 92 }géj %g 1993 prefitfidCtorifctinds"RRbRIMA S the RVEtiOn e (heT308-8iaffno-8a-

PCT/ EP96/ 02298 hydroxyimidazo{1,5a]pyridin-1[5H]}-one derivatives of formula I whefein

Pref érred conpoungs gccor di to,the invention are the 3, 8-di am no- 8a-
hydr oxyi m dazo[ 1, g{l]%@’ﬁ? 'ﬁﬂ%gﬁf REYerivatives of formula | wherein
Rlerr], Rlerr], R el h mork plefeired efmbodimeslt ticpresent invention relatésntoaserinee
preferred enbodi nent the present invention relates to serine 5

prot ease ©nhi bi t oPEOteRse inhibitershaying formula I1, [err]
wherein Rerr],Rerr],Rerr] and R err] e hydrogen; X is hydrogen,
Rlerr], Rerr]-0C(O) -, X<Prem erR. {C( -, Rerr]-sgerr]-, _
-(CHR[err])[err]COOR err], oP3af2 gr oup, wherein
Rlerr] is (1-12Q al kyl or (2-12C)al ch groups may optionally 15
be substituted with (3-8C)cycl oal kyl koxy, or hal ogen, or R7
is (3-8C)cycloal kyl, (4-10C) heteroc 14C) aryl, (7-15C) aral kyl and
(8-160) arl%l kenyl , which groups may optTonal I'{yy be substituted with

~R
R4)‘ 3

A

wherein R}, Ry, R3 and R4 are hydrogen; X is hydrogen, R7, R7-0-C(O)-,
R7-C(0)-, R7-803-, -(CHRg),,COORg, or an N-protecting group,
wherein R7 is (1-12C)alkyl or (2-12C)alkenyl, which groups may optionally
15 be substituted with (3-8C)cycloalkyl, (1-6C)alkoxy, OH or halogen, or Ry
is (3-8C)cycloalkyl, (4-10C)heterocyclyl, (4-14C)aryl, (7-15C)aralkyl and
(8-16C)aralkenyl, which groups may optionally be substituted ~with
(1-6C)alkyl, (3-8C)cycloalkyl, (1-6C)alkoxy, OH or halogen, and the aryl
groups of which may optionally comprise a heteroatom; each group Rg is
20 independently hydrogen or has the same meaning as R7; mis 1, 2 or 3; P3
is a bond, an amino-acid of the formula -NH-CH[(CHg)pC(O)OH]-C(O)-
or an ester derivative thereof and p being 0, 1, 2 or 3, -N(benzyl)-CH2-CO-
, D-Tiq, Atc, 3-Piq, 1-Piq or a D-amino acid having a hydrophobic side
chain; Py is Pro or Pec, optionally substituted with (1-4C)alkyl, halogen,
25 hydroxy or oxo, or an amino acid selected from Gly, Val, Ile, 2,4-MePro,
3,3-Dmp, Iic, Thz, Hyp, 2,2-Dmt, 5,5-Dmt, Lac, Apy, Acsc, 1-Nal and 2-
Nal, or P is an amino acid of the formula -N{(3-8C)cycloalkyl]-CH;-
C(O)-, the ring of which may optionally be substituted with (1-6C)alkyl,
halogen, hydroxy or oxo; or P7 is a bond in which case P is also a bond
30 and X is R7-SO»-; or P; and P3 together represent a dipeptide mimicking

structure having formula III



(1~BC) al kyl, (3-8C)cycloal kyl, (1-6C)al koxy, OH or hal ogen, and the aryl
groups of which nmay optionally conprise a heteroatom each group Rerr] is

20 = i ndependent |y hydrogen or has the same neaning as R err]; mis 1,
2 °or 3; P3 is a bond, an am no-acid of the fornula
-NI—l-CJ—l[(CJ—l[era]dW,,hC(O)O—I]-C(O)- or an ester derivative

t hereof and p being 0, 1, 2 or 3, -N(benyl)-CH err]-CO PCT/EP96/02298

DTiqg, Atc, 3-Piq, 1-Pig or a D-ami no aci8 having a hydrophobic side
chain; P2 is Pro or Pec, optionally substituted with-(1-4C)al kyl, hal ogen,
25 hydroxy or oxo, or an amno acid selected fromQ@y, Val, Ile,

2, 4- MePr o, 3, 3- Dnp, Ilg, ‘QZ, Hyp, 2,2-Dm, 5,5-Dm, Lac, Apy,

Ac[err]c, 1-Nal and 2- M or P2 is an i no acid of the

formula - N (3-8C)cycl oal kyl]-CH e 0 G the ring of which
' qC) al ! , hal ogen,
NPT TSEP3 is al so a bond 30

may optionally be substituted wt
gnd FRerr] together represent a

hydr oxy or oxo; or P2 is a behN
and X is Rerr]-SOerr]-; or Plerr]

di peptide m m cki ng structure¥having formula |11
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[err] which at the, pesitions indicated ovith am asterisk say d¢ fisedwith mst er i sk

may be fused W t hyeRzene ri | N ein RO is hydrogen or
| ower al kyl . wene nng anq_ﬂvger gﬁ%@gﬁr%%rﬁoup as ‘defined in the

definition of moiety X is any N~ 10 protecting group as conmonly

used in peptide stry for the tection .. . .an rr]-am no
oroup. 1 ke the ¢ DIENRIRE gt Qe i g dfiiton, pfmoiety X iSahy

benzyl oxyear bonylprétéhi@rgua%as Estnulordly 162 G eptide chathiSrry for thOphitectidn 0C)

group or the pht hz}l oyl (Phth) groqE. Suitabl'e N-protecting groups can
further be found 93 cnpmizoegioupn dike.tie Nert-butyloxyareanyBoele g@upu the i n

benzyloxycarbonyl (Z) group, the 9-fluorenyl-methyloxycarbonyl (Fmoc)
group or the phthaloyl (Phth) group. Suitable N-protecting groups can
further be found in T.W. Green and P.GM. Wauts: Protective Groups in

15 Organic Synthesis, Second Edition (Wiley, NY, 1991) and in The Peptides,
Analysis, Synthesis, Biology, Vol. 3 E. Gross and J. Meienhofer, Eds.,
(Academic Press, New York, 1981).

. The term (1-12C)atkyl means a branched or unbranched alkyl group having:
20 1 to 12 carbon atoms, such as methyl, ethyl, 1-butyl, isopentyl, heptyl,
. dodecyl, and the like. Preferred alkyt groups are (1-6C)alkyl groups, having
1-6 carbon atoms. Most preferred are (1-4C)alkyl groups, having 1-4
carbon atoms, such as methyl, ethyl, isopropyl, n-butyl and t-butyl.
A (2-12C)alkenyl group is a branched or unbranched unsaturated
25 hydrocarbon group having 2 to. 12 carbon atoms. Examples are ethenyl,
propenyl, allyl, and the like.
The term (1-6C)alkoxy means an alkoxy group having 1-6 carbon atoms,
the alkyl moiety of which having the meaning as previously defined.
The term (3-8C)cycloaikyl means a cycloalkyl group having 3-8 carbon
30 atoms, being cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl
or cyclo-octyl. Cyclopentyl and cyclohexyl are preferred cycloalkyl groups.



15 - Organic Synthesis, Second Edition (Wley, NY, 1991) and in The
Pept i des, Anal ysis, Synthesis, Biology, Vol. 3 EE Goss and J.
Mei enhof er, Eds., (Academ c Press, New York, 1981).

The term (1-12C) al kyl nmeans a branched or unbranched al kyl group having 20

1 to 12 carbon atons, such as nethyl, ethyl, t-butyl, |sopentw @tgsl,
dodecyl, and WRBE® Ppreferred al kyI groups are (1-60C)al kyl g

havi ng 1-6 carbon atonms. Mst preferred are (1-4C)al kyl groups,
having 1-4 carbon atons, such as nethyl, ethyl, isopropyl,
n-butyl and t-butyl. A (2-12C)al kenyl group is a branched or
unbranched unsat urated 25 hydr ocarbon group having 2 to 12 carbon

atoms. Exanpl es ar &hetémni#10C)heterocyclyl megnop subystituted blymsubstimtedleydlibke.

The term (1-6C) al koxy means_an al koxy UE 1-6 carbon ato

the al kyl noiety o?‘ %%?P%%ﬁ?}'h Ve ‘h&aﬁ#ﬁ atﬁﬁﬁv?‘ﬁ?lg?vmﬂ'@ﬁ%&?r

The term (3-8C) cychwal HeYdrodtBms Sselectell Cirem! Ky 09 A PS,hiike o -gaspen 30
atoms, being cycl opropyl, cyclobutyl yclopentyl cycl ohexy cycloheptyl

or cyc]o-octyl. Cy op Substisipts an dhé, heteggoyelic FAUPMRYPE gr oups.

WD 96/ 3847 3 ..
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The term (4-10C) hetinlkylamirioyor lowen aikgl. Thi sernt divlkylaminoumesmb at dislkyladiney cl i ¢
hydr ocar bon group, havi t 0 carbon atons 0_cont ai,ni ne or
two het er oat ons seBEUP éa‘%fef ﬂ\%‘ll}" % 8??8“"350&??@'@{9?@?3??"%1 d%ﬁ‘ﬁs

t et rahydr o- 8- qui nolai @yj4C; §9P§x‘obbl|§9£ﬁ &oﬁiﬂtxéhﬁ&n bﬂ%hﬁ'daﬁ:oﬁra%!ﬁs.m be 5

sel ected from groups such as (1-6C) al koxy, hal ogen, nitro, am no,
di al kyl ami no or | o@®} gupymay ﬂqréhqreoqmn anwretmn%/mreaatgma an a!'%ylbarri no
group whergi n al ky l:Et?tﬁ he a g AQf r f| ned.
A (4-140 a‘r%yl grou%)uls athi ar genatu':ng rglsg)awﬁ'f ?%ﬁ&é@{ The

aryl group may furhydrox)cmnt@mmnmdmikylammo Ioeﬂmlbgetatﬁxamphsmf mﬂ gbmpso
Py oxy, i tr o, ~anbitoPeaV) SpHERIR. RS by NaBbhr R s
are phenyl, dinet hBﬁ&ﬂMW'(lsomﬂJ&lﬂDYf!—meﬁlyb&ﬁﬁ]ﬁwﬂyl indanyBZAdolyl, arldntheny!
benzt hi enyl, (iso) qllél g?elfgrlred a?-ylgéu%la;eph%g;lr;gcli hﬁ%thyl i ndanyl , 1 ndolyl and t he
15 (7-15C)aralkyl and (8-16C)aralkenyl groups are alkyl and alkenyl groups

respectively, substi_tutt_ad by one or more aryl groups, the total number of

carbén atoms being7 to 15 and 8 to 16, respectively.

The term halogen means fluorine, chlorine, bromine or iodine.

The term ester derivative means any appropriate ester derivative, preferably
20 (1-4C)alkyl-esters, such as methyl-, ethyl- or t-butyl-esters.

The term hydrophobic side chain means a (1-12C)alkyl, optionally

substituted with a (3-8C)¢ycloalkyl group or aromatic group (which may

contain a heteroatom, e.g. nitrogen) such as cyclohexyl, cyclo-octyl, -

phenyl, pyridinyl, naphthyl, tetrahydronaphthyl, and the like, which
25 hydrophobic side chain may optionally be substituted with substituents such

as halogen, nitro, trifluoromethyl, lower alkyl (for instance methyl or ethyl),

(1-6C)alkoxy (for instance methoxy), phenyloxy, benzyloxy, and the like.

In the compounds according to formula III, the meaning of lower alkyl in

the definition of Rg is as previously defined. .
30



|ike. Preferred aryl groups are phenyl and naphthyl. 15

(7-15C) aral kyl and (8-16C)aral kenyl groups are al kyl and al kenyl groups
respectively, substituted by one or nore aryl groups, the total nunber of
carbon atons being 7 to 15 and 8 to 16, respectively. The term
hal ogen neans ge., chlorine, bromne or iodine. erm
ester deri vatl“@e%rreans any appropriate ester derivative, prngF’%B’fy ZZB
(1-4C) al kyl -esters, such as nethyl-, ethylg or t-butyl-esters.

The term hydr ophob| c side chain neans a (1 12C) al kyl, optionally
substituted with a (3-8C)cycl oal kyl group or aromatic group (which may
contain a heteroatom e.g. nitrogen) such as cycl ohexyl, cyclo-octyl,
phenyl, pyridinyl ,panﬁataﬂwmfeﬁ&i iawdﬁ@ﬁ@péawmmbnaﬁ%ﬂfbﬁndm ewhdinch 25
hydr ophob| c side chain nay optionally be substituted with substituents such
as hal ogen, nitroRn &% R rare hydiogen; %|ikhydrogen. lpwen alkde amaeylyl or

hyl ), | k
gtenélyl) oxy, and t hg?uﬁg%ggér’ %x\érem RI:’I"fL'lqt ﬂg%ﬁ%ﬁ@r%gééowh% formul a

111, the nmeaning afyl gmups may soitain a'heteroatom, or X istanN-groeécting proapyP; i err] is
as previously defi 6/,38
PCT/p EPO6/ 62208 a'bond in which case ’ﬁéﬁ‘%‘l‘(?E’Barqf 345 &¢ Zi%‘?‘?"e@'aﬂ%%%% pr ot ease

i nhibitors of forpmib 'b-M%PB@'D- Tig, D-Cyk, D- pﬁgeib". ic, @%-m]n-ﬁharr] and

Rl err] are hydrogen; IS gﬁ fower al kyl, an acy

group, R7-SJerr] D-Z-*Rh’eDsChg.I@é }-Nas, ﬂlsl-‘@@yhétf@ﬂbﬁml’w Gly, Vel A, ar y | |
whi ch ¢ t er, n
N-protecting gr oup4algié%rr°?]30y%pmi%’ ‘iﬂQ, ﬁgﬂb%%' |th caSe@ nd

Rlerr]-SOerr]-, dacsdoePylisabond ircwhiehl cisedy iDalkba, bdiiei theX is R7-802-;
D Dpa, D MePhe, D-l Ti

D2-Pal, B cng, aha ¥4 g’l\lgﬁ}{;[ é%"ﬁl’asr‘l'ﬁ's ﬂgeﬁ-{lggﬁt'élg'ét‘l“g‘mq%r fzf“‘%g{é'é hayipg 5

I'le, fotmtaVHEY the positioh¥Minditdtéd withZan ld¥terisk? beindFasedSwith D, Lac,
Apy, and rr]jc;, .or Plerr] is a bond in which case P[err] S
al so a bond and Xbengeng e’*ﬁej arguptic amino acid residues in[ thedefigitign feP3 jint oget her

represent the di papilar f eskiidfiedd Lk Wiield8 Yishbhors, eg Phe. Dpa, TLO" M @

11, the positions iIndicat asteri sk belng fu
; benzene. The ar onBhg, Nahnand Nag; ndy lbesulmmsed at thérpertindnit nrdmaun ring(sPBy i n

B - U e N s T

aromatic ring(s) phen¥alanine (Phe) oﬂphﬁ@)gaglromel (PhE)lddrvativek BXye a Bhlbgena hydr oxy
or nitro. Preferred
nitro substituent at the para-positions of the. phenyl group.

In a most preferred embodiment of the invention the serine protease

inhibitor is in the form of the acetate.

20
The compounds according to the general formula II can be prepared by
condensation of X-P3-P2-OH with a 3,8-diamino-8a-hydroxyimidazo-
[1,5a)pyridin-1{5H)-one derivative having formula IV
25
IV

30 in which Rj, Ry, R3, R4, Pp, P3 and X have the meanings as previously
defined. '



phenyl al ani ne (Phe) or phenyl gl ycine (Phg) derivatives have a chloro or a

nitro substituent at the para-positions of the phenyl group. I n
a most preferred enbodi ment of the invention the serine protease
inhibitor is in the formof the acetate. 20 The conpounds

according to ral formula Il can be prepared by
condensati on Jvaggékﬁ?og”] -Plerr]-OHwith a 3, 8-di am no- 8a- hydmgmo%f&o-
[ 1, 5a] pyri di n-1(5H) -one derivative havingsforrmula IV

[err] 30 in which Rerr], Rerr], Rerr], Rerr], Plerr],
Pl[err] and X have the neani ngs as previously defi ned.
WD 96/ 38470

PCT/ EP96/ 02298 --In those instances where X-P3-P2-OH represents a dipeptidyl group) or -

Rlerr] - S0l or 11 - PSR 7 OB orsaman S diBs i il et o088 L e of
formul a II1, ithé conidBssatiemciprtrahiried odfiby hativatisn ofttle eatborylic acidi vat i on
of the carboxylic ac;, d functi |ﬁn on the otherw se suitably

protected struct JMBCHAR, Offethfo @therwise suitably profietady stuctre; J mthods
condensat son of NgMh6lly LEAHSF MeScontéiatioh S‘B’péghﬂe fragments such as®f e et hod,

m xed anhydri de nethod,” activated ester preferably,
by the carbodii miatidensetind, wmixpd cichydridenimethodh cactivieted | ester oethod o,

cuci ni m deand TERPDY PH-RECRARRDNINE RARDE, Bty B ol Bidties of
condensat i on net hatgyticvhingh rﬁdeﬁuiaﬁaimﬁppiﬁsiﬁgphbﬂﬁoﬁﬂ&niikérthyidﬁoxgiven in
The Peptides, Analysis,, K Synthesjs,, Biolog f¥1 VoI Rn i bid,, k‘ I"h I s included

by reference. succinimide ~ and N-hydroxybenzo overview o
10 condensation methods, which are common in peptide chemistry, is given in
The Peptides, Analysis, Synthesis, Biology, Vol 3, ibid., which is included
by reference.

In those instances where X rcpresehts R7-SO2 and P and P3 are a bond,
15 the condensation can be carried out by using an activated sulfonylhalide

derivhtive, such as R7-SO,Cl, wherein R7 has the meaning as previously

defined.

The compounds of formula IV can be prepared from 3-amino-6-guanidino-

2-oxohexanoic acid derivatives of the general formula V

20 Rig—NH
NH
Ryg—N
0 RyNH 2 oH
v VI
0 /
25 Re
RyNH Ri2 N,
0

wherein Ry has the meaning as defined for formula I, and wherein Ry and
Rjj represent a N-protecting group that is common in peptide chemistry
30 and Rj2 represents lower alkyl, as previously defined, by removal of the
guanidino protecting groups Rjg, after which the compound VI obtained,



In"those instances where X represents Rerr]-SJerr] and P[err] and P[err]
are a bond, 15 t he condensation can be carried out by using an
activated sul fonyl halide derivative, such as Rerr]-SOerr]d,
wherein R err] has the neaning as previously defi ned.

The conpoundsyghed Jg{;nr_ll a |V can be prepared from 3-am no- 6- gﬁ@l%ﬂk/&%s[ orr]

2- oxohexanoi ¢ ac| ivatives of the general formula V 20

wherein R err] has the nmeaning as definedwfor formula I, and wherein R err]
and Rlerr] represent a N-protecting group that is conmon in
pepti de chem stry 30 and Rlerr] represents |ower alkyl, as
previously defined, by renoval of the guani di no protecting
groups Rlerr], af whereishRg randhBj ¢ dways thed meaningst asi defthed for formula V, is WO

20 38 T y2sqg  Optionally alkylated, acylated or converted to the 8-{(amino)methylege]-
wherein Rl err] angmigbdefivativesEcdniipuli® ¥ by éfethads Ritfwn i ¢thd @, afier whitk vV, s

optionally al kyl ated, acylated or converted to the 8-[(am no)nethyl ene]-
anmi no derivative Bi1isdemonedd VI by methods known in the art, after which

B L 2
i ntroduci ng pr ot eformulg Vocanlbiepréiarddiby imtradiicing protecting groups at the a-amino
group and at the guanidino group of the amino acid arginine or of a 2-alkyl
substituted arginine, and subsequent conversion of the carboxylic acid
function into an a-keto ester function by methods known in the art.
10
The compounds of the invention can be used in the manufacture of
medicaments for the treatment and prophylaxis of thrombin mediated and
thrombin-associated diseases. Such diseases include pulmionary embolism,
thrombophlebitis, arterial occlusion from thrombosis or embolism, arterial
15 reocclusion during or after angioplasty or thrombolysis, deep vein .
thrombosis, restenosis following arterial injury or invasive cardiological
procedures, postoperative. “enous thrombosis or- embolism, acute or
chronic atherosclerosis, stroke, myocardial infarction, cancer and
metastasis, and neurodegenerative diseases. '

20 The compounds of the invention can also be used as anticoagulants in vitro.

The novel compounds of formula I or II, which can occur in the form of a
free base, may be isolated from the reaction mixture in the form of a
pharmaceutically acceptable salt. The pharmaceutically acceptable salts may
25 also be obtained by treating the free base of formula I or II with an organic
acid, such as acetic acid, propionic acid, glycolic acid, maleic acid, malonic
acid, methanesulphonic acid, fumaric acid, succinic acid, tartaric acid, citric

acid, benzoic acid, and ascorbic acid.

30 The compounds of this invention may possess one or more chiral carbon

atoms, and may therefore be obtained as a pure enantiomer, or as a mixture



group and at the guani dino group of the amno acid arginine or of a 2-al kyl
substituted arginine, and subsequent conversion of the carboxylic acid
function into an [err]-keto ester function by nmethods known in the art. 10
The conpounds of the invention can be used in the manufacture of

medi cament s f owoidgss4zpeat nent and prophyl axis of thronbin nedi ated and

t hr ombi n- associ at ed di seases. Such di seases incl ude pul nonar y PEREBIG3208

t hronbophl ebitis, arterial occlusion from,thronbosis or enbolism arterial

15 reocclusion during or after angioplasty or thronbolysis, deep
vein t hronbosis, restenosis following arterial injury or
I nvasi ve car di ol ogi cal procedures, postoperative venous

thrombosis or enb J;,,%E}io,ﬁ&y}& £a mixture cog:asnsngcaaaaiesisaﬁé}srmmbag g5 S,

stroke, nyocardi a arcti’on, cancer an nmetastasis, and
neur odegener at i veoltainings ¢he gife enantiomdrs careo wellukdewnf in (the | ater8.on can

al so be used as anticqaqul ants,.in..vitro. . . . novel ._gonmpounds
of fornmula | or IW’W&#’F@W“C ﬁ%‘é&h‘"‘ﬂ ﬂetqlfgufegrfmnbpptécaﬂym?ve atids m?r ee base,
may be isol ated f@madeic mBkds) ¥ehfbnstopirSptyusing ehita eolumihs. 2

pharmaceutically acceptable salt. The pharnmaceutically acceptable salts may
25 Sal so be obtained by treating the free base of formula | or I

wi th an organic aci ng& ty ' OLs QL4 cid,
gl ycolic acid, malel c°°é"é’i°‘d',“'“rréfg‘ﬁfc tion gy ﬁecaa?ﬁﬁdfémﬁg{ hgirtlée}gnﬁfpﬁoni o
acid, fumaric aciparemtesatly,rand foechuinars qrefemably inai dhjly dosage of 0,001-10 mg  aci d,
benzoi ¢ acid, and_ascoy bj Hmds of. this

id, . 30, Th .
i nventi on may posB¥. C\g&é%%xeéhwléphwgalﬁ%%%eauxnlla&e%r&gy. and may

therefore be obt agqdscibed HMRUMHR SAAMMrE Ofdférence] Génndroetdlyr Remington's
WO 96/ 38470

PCT/ EP96/182208  Pharmaceutical Scienegs (3Bthrrd., ek Pullishing Company, A980c%6t ai ni ng

di ast er eoi somers. e%‘ﬁéeimgfrj]?u{ g:rléhannaceutical Prepgﬂgaﬁ?;rﬂqu\éipmufa&u Offfei OITET S

are well known in rystallization of salts which
are obtai ned froncampaunds Imayabe icompmessed sininsolid dosage units, such asapillsyi ¢

mxture, or chr OnBBI%&E aoq,hge lf)%c@%eg r}in{oalcé;%gﬂeg ng?'SSuppositories. By means of
pharmaceutically suitable liquids the compounds can also be applied as an
15 injection preparation in the form of a solution, suspension, emulsion, or as a
spray, e.g. a nasal spray.
For making dosage units, e.g. tablets, the use of conventional additives
such as fillers, colorants, polymeric binders and the like is contemplated. In
general any pharmaceutical acceptable additive which does not interfere
20 with the function of the active compounds can be used. Suitable carriers
with wﬁich the compositions can be administered include lactose, starch,
cellulose derivatives and the like, or mixtures thereof, used in suitable

amounts.
25 The invention is further illustrated by the following examples.

The following abbreviations of the amino acids have been used throughout

this specification and in the claims:

30 Aic = 2-aminoindan-2-carboxylic acid

Acsc aminocyclopentane-2-carboxylic acid



5° The conpounds of the invention nmay be adm nistered enterally
or parenterally, and for humans preferably in a daily dosage of
0,001-10 ny : per kg body weight. M xed with pharmaceutically
suitable auxiliaries, e.g. as described in the standard
reference, G t.al., Remngton's 10 Phar maceut p&atpogid 8§ CeS
(18th ed.,-thk.éﬁg i shi ng Conpany, 1990, see egpeC|aIP§Epart
8: Pharnmaceutical Preparations and theiri%bnufacture), t he
conpounds may be conpressed into solid dosage units, such as pills,
tablets, or be processed into capsules or suppositories. By nmeans of
pharmaceutically guitable liquids th dconpounds can al so be applied as an
15 injectio yprepar—ati ofPRAPHIPEOPH: m of a sol ution, suspensi on,

emul sion, or as aArg = argiindy, €. 9. a nasal -spray. For
maki ng dosage units, e.g. tablets, the use of conventional additives

such as fillers, 4%l oranfs, p¥ppnetatalinreaehoxyliengid he | i ke i s contenpl at ed.

In geygy al agy ph %ﬁr\mnﬁi’él acceptabl e addi tive which does
not interfere 20 “with %@ nction of the active conpounds can be
used. Sui% able c&hg ers = cyclohexylglydrie whi ch t he conpositions can be

adm ni stered i ncl¢1y(|i|(e | act ose, st ar CQ . cellul ose derivatives and
the like, or nixt@es thereof¥ciooeialaping i ¢ ap) e amounts. 25
The invention is3fBupmper=il| usidmiethyiprsliiere f ol | owi ng exanpl es.

The follow ng abbreviations of the am no acids have been used throughout

this specificati 842t in t he2.2{imethylthiazoligline-4-carboxyligacid =
2- am noi ndan- 2- caihgy! i £ aC!SjS-dimeéhylthiazoﬁdineﬁﬁLﬂ&%%q 238470

am nocycl opent ane- 2- car boxyl i ¢ acl

PCT/ EP96002298 Dpa = 3,3-diphenylalanine 12
Apy = zﬁ}ipnopyr;ol i dﬂﬂ)%mxyproline Arg = ar gi ni ne
Ilc = (S)-indoline-2-carboxylic acid
Lac = 3-amino-2-oxo-1-piperidine (*5-lactam')
MePhe = o-methyiphenylalanine
15 2-Nag =  2-naphthylglycine
1-Nal = 1-naphthylalanine -
2-Nal = 2-naphthylalanine
Nle = norleucine
2-Pal = 2-pyridylalanine
20 Pec = pipecolic acid
Phg = phenylglycine
1-Piq ~ = l-carboxyperhydroisoquinoline
3-Piq = 3-carboxyperhydroisoquinoline
Pro = proline
25 Thz = thiazolidine-4-carboxylic acid
Tic = 1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid
1-Tiq = 1-carboxy-1,2,3,4-tetrahydroisoquinoline

Other abbreviations used are:
Ac = acetyl |
30 Pmc = 2,2,5,7,8-pentamethylchroman-6-sulphonyl



Atc = 2-am notetralin-2-carboxylic acid Cha =

cycl ohexyl alanine 5 Chg = cycl ohexyl gl yci ne

Cyk - = cycl ooct yl al ani ne 3,3-Dnp =

3, 3-di et hyl prol i ne 2,2-Dmt =

2, 2- d|nethylth“MEmb&dhne-4-carboxylic aci d 5, 5- =

5, 5-di met hyl t hi azol i di ne-4-carboxylic acid 10 Dpa DWECTEE“MH”W
3, 3- dlphenylalanlne Hyp 3 4- hydr oxyproline

I'lc = (S)-indoline-2-carboxylic acid Lac =
3-am no- 2- oxo- 1-piperidine ('[err]-lactam) MePhe =
[err] - nethylphenylalanlne 15 2- Nag = 2- naphthylglycine
1-Nal = h N are wiitt ding to

2- napht hyl al ani ne Pﬁgplil)lé ?JqﬁEHcﬁfmentuoned int eap%xgrl et}(r;el ne e according 2- Pal

2- pyr i dyl aI ale gemetilly accepted convéstion wherem:the N-telpmm aminiocacitbis dn

Phg -
1- car boxyper hydr oit %gﬂéwtemmal amino ac:d§ 95 tge nght If no configuration of
3- car bdxyper hy dr OigfihinG atid B been stated, all amifié ficids, both-the naturallyf Gdcufting25

Thz t hi azol i di ne-4- carboxyllc acid Tic =
1,2,3, 4-tet r ahydr @nd $heuinporprotein’zaring eids; | referred tajin this application arzmhq o=
1- carboxy 1,2, 3, if&ﬁ&rahydr0|squ|noI|ne Q her abbreviations
used are: = acetyl 30 Prc

2,2,5,7, 8- pentanethylchronan 6- sul phonyl . WO 96/38470

PCT/ EP96/ 02298
Al'l peptide sequerﬂ?@%“dﬁnt‘#‘ﬁnléﬁr ghromatogrphy (LG nwas saftied; euh ‘ﬁi‘,‘gor ding to

the generally acc dtesgnuaeﬂhbﬂmwe\erﬁsmlhhﬁemmhgwénltayaem acid is on

the left and the C-term nal am no acid on the ri no configuration
of 10

System A: dichloromethane - ethyl acetate = 9:1 (viv)
System B: n-butanol-pyridine-acetic acid-water = 10:1:1:2 (viv/v/v)
System C: ethyl acetate-pyridine-acetic acid-water = 63:20:6:11 (v/v/viv)
System D: n-butanol-pyridine-acetic acid-water = 6:1:1:2 (v/v/iv/v)

15 System E: toluene:ethanol = 8:2 (v/v) _
System F: ethyl acetate-pyridine-acetic acid-water = 63:10:3:5.5 (v/v/v/v)
System G: dichloromethane: ethyl acetate = 95:5 (v/v)
System H: ethyl acetate-pyridine-acetic acid-water = 6:2:2:1 (v/v/v/v)

Example 1. (scheme I)

25
A: N N® N-tri-benzyloxycarbonyl-L-Arginine methyl ester
(Z-Arg(Z2)-OMe; 1).

N*N°® N-tri-benzyloxycarbonyl-L-Arginine (40 g), prepared as described
30 (Jetten et.al. Tetrahedron Lett. 1991, 32, 6025-6028), was dissolved in a
mixture of dichloromethane (1080 ml) and methanol (120 ml).



the-am no acid has been stated, all am no acids, both the naturally

occurring 5 and the "non-protein" amno acids, referred to in
this application are in the L-form Ascendi ng
thih | ayer chromatography (TLC) was carried out using pr ecoat ed

silica plates r Flerr]) in the follow ng sol vent systeng; &QE’“
System A: di ch%ggﬁéf’ ane - ethyl acetate = 9:1 (v/v) " y%’tgsem B:
n- but anol - pyri di ne-acetic acid-water = 10: 1}1:2 (v/v/v/v)

System C. ethyl acetate-pyridine-acetic acid-water = 63:20:6:11 (v/v/v/v)
System D. n-butanol - pyridi ne-acetic acid-water = 6:1:1:2 (v/v/v/v) 15

Syst E: tol : | = 8:2 Syst F: et hyl

et ot e oyt i s neeR P bemmioral LD k3 pepramegindurpiiiy ¢\ fptrafdoroborate

System G di chl or ongtBPUL22.£1g) Yas Ad@ddedocthe sgﬁtiﬁé,(v\{ﬂe\‘&l})on triethylamine w@y St em H.
: Vv

et hyl acetate-pyridine-acetic acid-water = 6:2:2; v/ v/ v) 20
Exanpl e 1. (schene #dded to the solution until an apparent pH of 8. The mixture was stirred at

ono(6) 25 1 PR KGNS 71 B4 AT Bl BN eI e

met hyl esters washed with wa(er- Arsgfidinbicartbpndtd/Bolitjion and water, dried and

Nerr],Nerr],Ntri-benzyloxycarbonyl-L-Arginine (40 q)., ,prepared 3as
descri bed 30 RO et SolLieRdtRe HGRY e Grysclisd Hrom mefignd). 6025
was di ssolved in a yield:35g. Rfo.sof%tdﬂs of dichl oronet hane (1080 m) and

met hanol (120 ). 96/ 38470
PCT/ EP96/ 02298 14
B: NN’ N-tri-benzyloxycarbonyl-L-Arginal
10 (Z-Arg(Z2)-H; 2)

A solution of diisobutylaluminumhydride in hexane (180 ml; 1 M) was
added drépwise at -78 °C to a stirred solution of Z-Arg(Z5)-OMe (90 g) in
dry dichloromethane (700 ml). The mixture was stirred for 1 hour at
15 -78 °C, after which a 20% (v/v) solution of concentrated hydrochloric acid
in ethanol was added untii pH 2. The mixture was extracted with
dichloromethane. The extracts were washed with water, a sodium-
bicarbonate solution, and water, dried (sodium sulfate) and evaporated to
give a crude product (25 g), which was processed without further
20 purification. R 0.48 (system A).

C: 2-acetoxy-3-(benzyloxycarbonylamino)-6-(dibenzyloxy-carbonyl-
guanidinc)hexanenitrile (3)

25 A solution 6f sodium cyanide (28 g) and triethylbenzylammoniumchloride
(35 g) in water (700 ml) and acetic anhydride (14 ml) were simultaneously
added with stirring to a precooled solution of Z-Arg(Zp)-H (30 g) in
dichloromethane (700 ml).. The mixture was stirred for 30 minutes at
0-5 °C. The organic layer was separated and subsequently washed with

30 water and iqueous brine, dried (sodium sulfate) and evaporated to give a

residue, which was chromatographed on silica. Elution with dichloro-



2-{1H benzotriazol -1-yl)- 1,1, 3, 3-tetranethyl uroni um tetrafl uoroborate
(TBTU; 22.4 g) was added to the solution, whereupon triethylam ne was
added to the solution until an apparent pH of 8. The m xture was stirred at
roomtenperature for 1 hour, after which the solution was successively 5
washed with er3adreS 0di unbi carbonate solution and water, drj and
evapor at ed tg@g‘?\%e aosol I d residue, which was crystallized fr%ﬁ?’%f'm%l .
Yield: 35 g. Rf 0.60 (system@. 15 B:
Nlerr],Nerr],Ntri-benzyl oxycarbonyl -L-Arginal 10

(Z-Arg(Z[err])-H 2) A sol ution of diisobutylal um numhydri de
in hexane (180 m; I M was added dropwi se at -78[err]Cto a
stirred sol ution Qfetimélettylhedtsk)(©@SHEVRY Bhvé & solid product (17 F)YRs 0.76

di chl oronet hane (700 m ). "The m xture was stirred for 1 hour at 15

-78 [err] C, after (steBhAR 20% (v/v) sol ution of concentrated hydrochloric

acid I n ethanol was added until pH 2. The m xture was extracted
W th di chl oronet hane. The extracts were washed with water, a
sodi um D: BHbeizplvrpdarbonglaninio)-6-(dibenkylexieatbongl padidimep-ai um sul f at e)

and evaporated to ] ve a crude product (25 g), which was
processed it hout WWac%meth%m(ﬁ) cation. Rlerr]0.48 (systemA).

C. 2-acet oxy- 3- (benzyl oxycar bonyl am no) - 6- (di benzyl oxy- car bonyl -
guani di no) hexanenitrile (3 25 A sol ution of sodium cyanide (28 g)
and tri et hyl benzyReacetony-3 loxykarbonylamino)-6-(dib¢r@plogy-cathondt er (700 ml ) and

e Sy ot e AR BSRREAEIT S 4B Bl . i A"

di chl or omet hane ( g nigthanofT (21 Kiv{t 140emi)a At ST8 °PCeRldréden dhidtide Ujae avast
O-5[err]C. The organic¢ Iaqyﬂir was separ.at ed and, subsequent|y washed with 30
wat er andi®queous PEspirough; the; soluting unti a3 M selutionwas %ib‘iﬁﬂif’é&“’f‘%"egi ve a

residue, which wagag BirdPhoP 96 ROUIE dt 9°C, SitletetBon fHe'thikfiRe Whe Sefdbfed WithO-
dichloromethane. The combined extracts were washed with water, a
sodiumbicarbonate solution and water, dried (sodium sulfate) and
evaporated to give a gum (6.1 g). Rr0.48 (system A).
15
E: 3-(benzyloxycarbonylamino)-6-(dibenzyloxycarbonyl  guanidino)-2-

oxo-hexanoic acid methylester (5)

Chromic acid (1.3 ml of a 8N solution in aqueous sulfuric acid) was slowly

20 added to a precooled solution of 3-(benzyloxycarbonylamino)-6-(dibenzyl-
oxycarbonyl guanidino)-2-hydroxyhexanoic acid methylester (1.3 g) in
acetone (.130 ml). The mixture was stirred for 1 hour at 0 °C and then
poured into ice water. The precipitate was filtered off, washed with water
and dried in vacuo to give a white solid (1.15 g). R 0.80 (system A).

25 |

- F: 3,8-diamino-6,7,8,8a-tetrahydro-8a-hydroxyimidazo [1,5a}pyridin-

1(5H)-one (§)

Hydrochloric acid (1.04 ml of a IM aqueous solution) and palladium on
30 activated carbon (Pd/C 10%; 64 mg) were added to a solution of 3~(benzyl-
oxycarbonylamino)-6-(dibenzyloxycarbonyl guanidino)-2-oxo-hexanoic



WD 96/ 38470

PCT/ EP96/ 02298 15

nmet hane/ et hyl acetate (95 5 v/v) gave a solid product (17 g). Rf 0.76
¢(system A)

3- (benzyl oxy, am no) 6- (di benzyl oxycar bonyl guani di no
hydroxyhexan‘%ﬁ@p’glg%d nmet hyl ester (4) }cﬁxmsﬁzzss

2- acet oxy- 3- (benzyl oxycar bonyl anm no) - 6- (8 benzyl oxy- car bonyl -

guani di no) hexanenitrile (6.0 g) was dissolved in a mxture of diethylether
and methanol (3:1 v/v; 140 nl). At -78[err]C hydrogen chloride gas was 10
passed t hrough the soI ution until a 3 Msolution was obtained. The m xture

was stirred for Hwh!deséﬂf @ﬂémq)on dimethyfosmamide (20md). jiydrogen g88t r act ed
ith d th
WIWater, a {J@%J@ar ona é&ggpig[‘%h éﬁJ a\%/gtqemlm}g(esom um

sul fate) and momtored by dunﬂnyeaclwdnatoggph)e The gemmﬁrﬁmi:mg}z wasffiltered8 (system

S?Jénilgi o) - 2- to remove&l?eo%ﬁl Oxiﬁ%f]@ L am n ‘%@ﬁ"'gédl bengtyl oveycar bonyl

Chrom ¢ acid (1. 320mg) fR 8Dl eH:tB)O” |n aqueous sul furic acid) was slowy
20 added to a precoole sol ution of

3- (benzyl oxycar bonyl am no) - 6- (di benzyl - oxycar bonyl

guani di no) - 2- hydr oxyhexanoic acid nethylester (1.3 g) in

acetone (130 m). The m xture was stirred for 1 hour at O[err]C and then
poured into ice Eminple 2 {echemed}yi pitate was filtered off, washed wth water
and dried in vacuo to give a white solid (1.15 g). Rerr]0.80 (systemA).

25 F. 3, 8-diam no-6, 7, 8, 8a-t etrahydro-8a- hydr oxyi m dazo

[ 1, 5a] pywi di n-  N8(D-phenylala ‘ fani a-tetrah dro|:84:dr0(3hI oric acid
(1.04 m of a IMaqueous soO ut | on. pal 'adi um on activated
carbon (Pd/ C 109%ydsoxyigidazg RN sé8ut i on of 3 (benzyl -

oxycar bonyl am no) - 6- (d| benzyl oxycar bonyl guani di no) - 2- oxo- hexanoi ¢

1-Hydroxy-benzotriazole (233 mg) and dicyclohexylcarbodiimide (261 mg)
were successively added to a solution of Boc-D-Phe-Pro-OH (0.41 g) in
15 dimethylformamide (10 ml), keeping the temperature at 0-5 °C. The
reaction mixture was stirred for 15 minutes, after which ﬁ solution of 3,8-
diamino-6,7,8,8a-tetrahydro-8a-hydroxyimidazo [1,5a]pyridin-1(5H)-one
(192 mg) in dimethylformamide (10 ml), the pH of which had previously
been adjusted to 7 by addition of triethylamine, was added. The solution
20 was stirred for 16 hours at room temperature, after which the preéipitated
dicyclohexylurea was filtered off. The filtrate was evaporated to a small
volumé. n-Butanol was added, whereupon the solution was washed with a
sodiumbicarbonate solution and water, dried (sodium sulfate) and
evaporated to give the N®-Boc-protected compound 7 (0.89 g). Rf 0.50
25 (system C).
The crude product was dissolved at 0 °C in 90% aqueous trifluoroacetic
acid (15 ml), also containing anisole (0.43 m!). The mixture was stirred for
2 hours at room temperature and subsequently evaporated in vacuo. The
residue was dissolved in tért-buianol-water (1:1 v/v) and Dowex-2 (X-8,
30 acetate form) was added in portions until the pH of the solution was raised

to 5-6. The ion exchange resin was filtered off, after which the filtrate was
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acid nethylester (644 ng) in dinmethylformam de (20 m ). Hydrogen gas

was passed through the solution until conpletion of the reaction as
nonitored by thin | ayer chromat ography. The reaction m xture V(\%l$ gég

to renove the WRPHPSS The filtrate was evaporated in vacuo X ’549 0|I
5 (320 nm). R[err]0.50 (system B). 7 Exanpl e 2.
(schene 1) 10

N err] (D phenyl al anyl - prol yl) -3, 8-di am no-6, 7, 8, 8a-t et rahydr o- 8a-

hydr oxyi m dazo[ 1, 5a] pyri di n- 1( 5H) - one( 8)

1- Hydr oxy- benzot r i papHikzed2fe pdiucnsasicteymatoBaishedcod bitich. iBltida Wwitlo h- NT)
were successively add og-pto .a sol.uti,on of Baoc-D Phe-Pro-Q0H ( in 15

di met hyl f or mani de ¥ yridinesaastic, aci Wﬁ’éﬁ’ﬂe’r%ﬂ@&aﬁ"‘etgem!“w@%)

i ari nor 6, 7. 8, Ba- traf%dkgdSaWo@yM%ge&{%aggw Lt gt on? Y

(192 ng) in dinet mbsmmwmngﬂﬁwhk-chﬁgpmloﬁ whi ch had previously

been adjusted to 7 by addition of triethylamne, was added. The solution 20
was stirred for 16 hours at roomtenperature, after which the precipitated
di cycl ohexylurea was filtered off. The filtrate was evaporated to a snall
vol une. n-Butanol was added, whereupon the solution was washed with a

sodi unbi car bonate sol ution and water, dried (sodiumsulfate) and

evaporated to give the N err]-Boc-protected conpound 7 (0.89 g). R err]

0.50 25 (system Q). The crude product was dissolved at 0
[err]C in 90% aqueous trifluoroacetic acid (15 m), also
containing anisole (0.43 m). The m xture was stirred for 2

hours at roomtenperature and subsequently evaporated in vacuo. The

resi due was dissolved in tert-butanol-water (1:1 v/v) and Dowex-2 (X-8, 30
acetate form was added in portions until the pH of the solution was raised
to 5-6. The ion exchange resin was filtered off, after which the filtrate
was



WD 96/ 38470

PCT/ EP96/ 02298 17

| yophilized. The product was chronmat ographed on silica. Elution with n-

but anol - pyri di ne-acetic acid-water (8:1:1:2 v/v) gave the title conmpound 8

(120 ng). Rlerr] 0.70 (system D). NVR spectral data were i npegpogessst W th
the structurwobeéessd™y t he 8S, 8aR-configuration.

PCT/ EP96/ 02298 WD 96/ 38470 18 18 Schene | [Ierr] [err][err
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Exanpl e 3.

N[err](N[err](rrethyI) D- phenyal anyl - prol yl ) - 3, 8-di am no-6, 7, 8, 8a- tetrahydro
- 8a- dr oxyi m dazo[ 1, 5a] pyri di n-1(5H) - one

Z- N( Me) - D- Phe""&%“’:"’;‘/1 Car bobenzoxychl ori de (6. 4 nﬁ%T’ﬁ?f’oWﬁ

added to a solution of H N(Ma9 - D- Phe-CH (4.0 mmol es) and

sodi um hydroxide (4.0 mmol es) in di oxane-water (1;1, v/v). The

solution was stirred for 24 hours, while 10 keeping the pH at 12 by

addi tion of sodi um hydroxide (4N solution in wat er). The

reaction m xture xemplet3 acted with diethylether to renove the
excess of carbobenzoxychl oride. Aqueous hydrochloric acid was added to

the solution until pH 2. The preC| pltat ed product was extracted with ethyl
acetate. The or gan‘eNHaawP-phekyiaBdl-profy]). 38-tis segivi. gl fate) 15
and evaporated in _vacuog tdo gl ve a syrug 0 / system

B: Z- N( Me) - D- Phe- Eﬂﬁ\l(l\/b) D- Phe-OH (3 nmol es),

H Pro-Owve. HCO (3 mmol es) and N- hydr oxybenzotri azol e (6 nmol es)
wer e di ssolved in dinethylformam de (20 20 m ). 4-Ethyl norpholine
was added to the ol Z-NQOe)DiRhe-QHH 6. 5, after which t he

ol ution was cool ed err I tiop of digycl ohe Qarb m de
?3.3 ol es)S in di rrek’ﬁih"?’%ﬂ’ﬁﬁ#gh’ﬁ u I way IBW‘V' B8 S0 “E'B"Pﬁg* col d
sol ution. The ni xwm)-mphesm; (40 ;ﬁ;ﬁaes) 4@ Wodiin ﬁ&:ﬁbﬁh@(ﬁb%ﬁbﬁﬁ) inor 16

hour s roomtenperature. Precipitated dicycl ohexyl'urea was
filtered off and ﬂma@swater (1;1, ¥V The solutien weastirred dar 24 hawes,ovhils gi ve a

stbsequent®y viash ePEah JECHEL B 12 by addiion ofsOyn BEBAIE (N forienciy’ O3 "¢
sodi unbi sul f at e sofater). The sendtidin mixture dvas ekricsaddvitindiethylether to remoseitheat e) and
E;/apg(r)at ed in vacuo Lo o clza\{t?ob%n;o?&r:nlénd% AqueoﬁL ?ly&rl)clgonc ac(ig Xvsag gg&ed to

the solution until pH 2. The precipitated product was extracted with ethyl

acetate. The organic layer was washed with brine, dried (sodium sulfate)

15 and evaporated in vacuo to give a syrup (76%). Rg0.45 (system E).

B: Z-N(Me)-D-Phe-Pro-OMe
Z-N(Me)-D-Phe-OH (3 mmoles), H-Pro-OMe.HCl (3 mmoles) and N-
hydroxybenzotriazole (6 mmoles) were dissolved in dimethylformamide (20
20 ml). 4-Ethylmorpholine was added to the solution until pH 6.5, after which
the solution was cooled to 0 °C. A solution of dicyclohexylcarbodiimide
(3.3 mmoles) in dimethylformamide ( 5 ml) was slowly added to the cold
solution. The mixture was stirred for 1 hour at 0 °C and then for 16 hours
at room temperature. Precipitated dicyclohexylurea was filtered off and the
25 filtrate was evaporated in vacuo to give a syrup, which was dissolved in
ethyl acetate. The solution was subsequently washed with a sodium
bicarbonate solution, a sodiumbisulfate solution and brine, dried (sodium
sulfate) and evaporated in vacuo to give a foam (96 %). R 0.47 (system
E).
30
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C. Z-N(Me) - D- Phe- Pr o- CH _ Sodi um hydroxi de (6 nmol es; 4N
aglieous sol ution) was added to a sol ution of

Z- N( Me) - D- Phe-, (3 mmol es) in dioxane-water (1:1, v/ V)
while stirri n(jE %Dol uti on was kept at room tenperature forPCTEPIE2298

hours. The solution was diluted with watengand extracted with diethylether.
Hydrochl oric acid was added to the aqueous solution until pH 2. The

preci pitated product was extracted with ethyl acetate. The conbi ned
extracts were washed with brine, dried (sodiumsulfate) and evaporated to
give a foam (0. 94 @; ZN@Ae)BEEher-Hro@HZ (system E). 10 D: The

titl d | di 8a;
Lot 1 Shyar e hydr onySdms pultaSe f motdes 4N, SuuBits SRlbady s Rided o 3
Phe- Pro- OH usi ng tdaﬁnfaﬁtallz- e)abtmfé-ma-oqu 'nhﬁ‘ded?'in HioxARE-Rater (1:1,

fol |l oned by renoval of benzyloxycar onyl protecting group by 15
catal ytic dehydr oge V)awh&h stumgoT lutien. aves (kept at room temperatuseofop| k6

Ner] (D o pheny | g ayai J,.%@ﬁu&u@mmmmw%%w ‘20

hydr oxyi m dazo[ 1, pyr| di n-
A sol ution of I\l-(tﬁydrqdmnqccmd)myladigd toitle aqueode sghaticaNGntil pH 2. The

mol es) in dioxane (15 m sIo il.e st|rr| to sol ution of
25 D- di pher@'é%?%%&r %@F‘"g ‘vaﬁ'ﬂ\y % % %aqueous
solution of sodi urkirgas W&hﬁﬁﬁh%ﬁé ,Wridd \(@diird kdlfaﬁﬁaﬁd)éva%oﬁ?édsto after

which the mxture was washed wi th di ethyl ether. The aqueous sol ution was
acidified to pH 1-EiveRfoamd09% gnTB4). Re@23dmistem E). aci d. The preci pi t at ed
pr oduct extracted with ethyl acetate. The conbined extracts were 30
washed wi brine, dried (sodiumsulfate) and evaporated to give an oil
(0.74 g; 100% . R[I®r IMheCitlé7copgppand: mak)prepared by coupling 3,8-diamino-6,7,8,8a-

tetrahydro-8a-hydroxyimidazo [1,5a)pyridin-1(5H)-one and Z-N(Me)-D-

Phe-Pro-OH using the coupling method as described in Example 2,

followed by removal of the N®-benzyloxycarbonyl protecting group by
15 catalytic dehydrogenation'. Rf0.60 (system C)

Example 4

N8( D-diphenylalany!-prolyl)-3.8-diamino-6,7,8,8a-tetrahydro-8a-
20 hydroxyimid 1,5alpyridin-1(5H)-one

A: Z-D-Dpa-OH
A solution of N-(benzyloxycarbonyloxy)succinimide (Z-ONSu; 2.0
mmoles) in dioxane (15 ml) was slowly added while stirring to a solution of
25 D-diphenylalanine (H-D-Dpa-OH; 2.0 mmoles) in 10% (w/v) aqueous
solution of sodiumbicarbonate. The mixture was stirred for 2 days, after
which the mixture was washed with diethylether. The aqueous solution was
acidified to pH 1-2 by addition of hydrochloric acid. The precipitated
product was extracted with ethyl acetate. The combined extracts were
30 washed with brine, dried (sodium sulfate) and evaporated to give an oil
(0.74 g; 100%). Rg0.77 (system E).
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B: Z-D- Dpa- Pro-Q Bu Z-D-Dpa-OH (2.0 nmmol es), H Pro-Q Bu. HCI
(2.0 nmol es) and N hydr oxybenzotri azol e (4 nmol es) were

di ssolved in d| rret | f or mam de (15 m ). 4-Ethyl | was
added to t he™& F‘Qﬁ solution until pH 6.5, after 5 Wgﬁdzﬁhe

solution was cooled to O J[err]C. Asolution of

di cycl ohexyl carbodiimde (2.2 mmles) in dinethylformamde (4 nm) was
slowy added to the cold reaction m xture, which was then stirred for 1
hour at O [err]Cand a further_ 16 hours at roomtenperature. Precipitated
di cycl ohexyl ur ea RiasZf}Dparksa-¥Bp and t he fi Itrate was evaporated in vacuo

Sof it arve "ZD-Dpl: %%hﬂp?’f“ B ed W|t IE& M&% car The

sol ution was subseque onat e
sol ut’i on, a sodi Lm;talraqnb‘émmazole “ mmoles)wtﬁdlssoMandinbﬂiylfmnadldee(dS(sodl um

sul fate) and evapop.a Ko to 8 83%) .

Rlerr] 0.69 (syst i‘%dh lm‘.’L@’ "ew”"%@ftfakb‘?w&"m“ﬂpﬁgs ahed

Z- D- Dpa- Pso- Ot Bu yflicR 7 thET| Rfutionaswal Sesdlved tat @ [°€rr]AC isolufiello of

aqueous trifluoroacetic aci g{_lS m), also_containing anisole (0.43 m).
i

The ndigyclohexylearbediimide: (2.2 mmales) in dimethylformamide (¢ anfhavast ur e and
b tl ted
subsequent 1y slowlg addet?\f@%%lsq'eicﬂoﬂw y\g?yg/ﬁé %ﬁ/()s‘.ﬁﬁ'éd 6 ur. ate

with diethyl ether t
Rlerr] 0.53 (systieurka:. 0 FOBinNG: finthedd 18 hours at room tempeBaturéhBreipitated conpound

d b ing 3, 8-d
et ahydr o- 8a- hydiEIRRdEss W Hlapg ot and fle s wan vpprated vagye 1y 5. 25
OH usi ng jphe coupgivd@ SRUPOWhRR »dﬁsaiasdma innethylaadekdte. 2Thd ebllivredvaby

renoval of the Nerr]- benzyl oxycar bon protecting (t;roup by catal ytic
dehydr ogenat i on. RPWFU yawashed, with g lum bicarbppate solution, a sodiumbisulfate

solution and brine, dried (sodium sulfate) and evaporated in vacuo to give a
oil (0.88 g; 83%). Rg0.69 (system E).

15 C: Z-D-Dpa-Pro-OH
Z-D-Dpa-Pro-OtBu .(1.67 mmoles) was dissolved at 0 °C in 90%
aqueous trifluoroacetic acid (15 ml), also containing anisole (0.43 ml). The
mixture was stirred for 30 minutes at room temperature and subsequently
evaporated in vacuo. The residue was triturated with diethyl ether to give a
20 solid (0.33 g; 42%).
Rf0.53 (system E). FAB-MS: mm 472

D: The title compound was prepared by coupling 3,8-diamino-6,7,8,8a-
tetrahydro-8a-hydroxyimidazo [1,5a]pyridin-1(SH)-one and Z-D-Dpa-Pro-

25 OH using the coupling method as described in Example 2, followed by
removal of the NC-benzyloxycarbonyl protecting group by catalytic
dehydrogenation. R 0.40 (system C).

30



WD. 96/ 38470

PCT/ EP96/ 02298 22

Exanpl e 5.°

Nl err] (H D Phe-11c)-3, 8-diam no-6, 7, 8, 8a-tetrahydro- 8a- hydroxy-

I m dazo[ 1, 5a]pr|d|n 1(5H) - one A. Z-D-Phe-11c-

4- Et hyl nor phol 7% mol e) was added to a solution of (S)-i nMWémz”

2- carboxylic aci d ( 1 mmole; 163 ng) and #he N carboxyanhydride of Z-D-
Phe-OH (4 mmoles; 1.3 g) in dry tetrahydrofuran (10 m ). The m xture was 10
stirred at roomtenperature for 16 hours, after which the solvent was
evaporated in vactgx. TF"\GP crude product was purified by counter current
distribution in t 8BS ent syst em di-chl or oret hane- net hanol =t ol uene- wat er
(5:8:5:3; v/vlivlv) to give Z-D Phe- IIc OHin quantltatlve yi eId (0.45 g).

Rf 0. 60,

N[ err] (Z- Phe- 11| c) -S38x YAS0-B AN c y-

i m dazo[ 1, 5a] pyri gty : 4- EthyI m)rphollne (0. 67
mol es) was added TO 0 ' 1 de . (12 m) solution of
Z-D-Phe-118&-0H (0.67 rrrmles 300 ng) and 3,8- 20

di am no-6, 7, 8, 8a-t lyﬂ'ﬁ -hydr oxyi m dazo [1, 5a] pyridi n-1(5H)-one
(0.71 mmol es; 320 ‘ﬁg)ﬁﬂ 3 benzotriazole (1.1 mmol es; 150 ny)

and di cycl ohexyl car badh mﬂhﬁ%ﬁng(]l miBley Was ddiiéd 60k s¥Bfioh & el v
added to the sol ution, | e keeping the ten&ierature at 0-2°[err]C. The

m xture was stirr @dcaghoxylif acid & hinmole; 162 med an thn@{:parb@mrﬂurdndn -16 hours
i oh (1 oy CHEOH (Finiofes; £Y Y Il anRT10 bt T Bislrerond U0

which the filtrate ue was
di ssol ved1® n n- butstimed at T temperature for Hohairs, caftenashicln theesbivént fwas sodi um

bi carbonat e sol ution and, brine um sul fate) and
evaporated in vacﬁgapf’ﬁatfﬂ 1B vaguo. g’?ﬁ f@é%pﬁ’é’“"t?'ﬁ% p“r@gq’y counter d
distribution in the solvent system dichloromethane-methanol-toluene-water
(5:8:5:3; v/iviviv) to give Z-D-Phe-Tic-OH in quantitative yield (0.45 g). R¢
0.60 (system F). FAB-MS: mm 444,

15
B: N8(Z-Phe-llc)—3,8—diamino-6,7,8,8a—tetrahydro—83—hydroxy—
imidazo[1,5a]pyridin-1(5H)-one -

4-Ethylmorpholine (0.67 mmoles) was added to a dimethylformamide

(12 mi) solution of Z-D-Phe-lic-OH (0.67 mmoles; 300 mg) and 3,8-

20 diamino-6,7,8,8a-tetrahydro-8a-hydroxyimidazo  ;1,5a]pyridin~-1(5H)-one
(0.71 mmoles; 320 mg). N-hydroxybenzotriazole (1.1 mmoles; 150 mg)
and dicyclohexylcarbodiimide (0.71 mmoles; 147 mg) were successively
added to the solution, while keeping the temperature at 0-2 °C. The
mixture was stirred at this temperature for 1 hour, and a further 16 hours at

25 room temperature. Dicylohexylurea was filtered off, after which the filtrate
was evaporated in vacuo. The residue was dissolved in n-butanol. The
solution was washed with a sodium bicarbonate solution and brine, dried
(sodium sulfate) and evaporated in vacuo to give a foam (322 mg; 70%). R¢
0.37 (system C).

30
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C. Palladiumon activated coal (Pd/C 10% 30 ng) was added to a
soltution of the product of Exanple 5B (0.43 mmol es; 300 ngy) in nethanol

(10 m ). Hydrogen gas was passed through the solution, while LLLI for
Qesdighy opigke,

16 hours. The was renoved by filtration, after whic te
was 5 evaporated in vacuo. The resisdue was chronmat ographed on

al um nunoxi de (Lichroprep Al oxT; 25-30 [err]m). Elution with
et hyl acetate-pyridine-acetic aci d-water (63:20:6:11; v/v/v/v)
gave the title conpound (135 ny; 45%. Rl err]0.35 (systemC).
10 Exanpl e €: Palladium on activatéd ceals@PdiC d0%;edth eng) awasdeddedi toeal- i n
Examples 1-5 were

N[ er r] ( H- D- MePhe- P?‘{Bﬂetpg“%%?ﬁ RIpiyes of Example SB(Q43 mmeles, 300 mg) ip wgthanc] 5

i m dazo[ 1, 5a] pyr i di10-nh) F1)dr6Eh gas was passed through the solution, while stirring, for
N[ err](H D 1-Tiqg- P(r o&- g&? di am'gno- 6, '?,88, 8a-t egt r ahydr o- 8a- hydr oxy-
i m dazo[ 1, 5a] pyri dithhours e gatalyst was removed by filtration, after which the fltrate was .-

M err](H DsN e Pr Oéfaﬁcf?%gi)iﬁ%&}: ne refitfié whs LirBRMBEApRET S dbfimoxide

I m dazo[ 1, 5a] pyri di n® - one

N err] (Pnt- G y) - 3, @ichraprepn Alox Ty 2836 ani) cElutitny ath ethyl-dogtetecpyyidine-acetic
acid-water (63:20:6:11; v/v/viv) gave the title compound (135 mg; 45%).

Rf0.35 (system C).
10 Example 6.
In a similar manner as described in Examples 1-5 were prepared:

Ns(H-D-MePhe-Pro)-3,8-diamino-6,7,8,8a—tetrahydro-Sa-hydroxy—
15 imidazof 1,5a]pyridin-1(SH)-one

N8(H-D-1-Tiq-Pro)-3,8-diamino-6,7,8,8a-tetrahydro-8a-hydroxy-
imidazof1,5a]pyridin-1(SH)-one

20 N8(H-D-Nle-Pro)-3,8-diamino-6,7,8,8a-tetrahydro-8a-hydroxy-
imidazo[ 1,5a]pyridin-1(5H)-one

N3(Pmc-Gly)-3,8-diamino-6,7,8,8a-tetrahydro-8a-hydroxy-
imidazo[ 1,5a)pyridin-1{5H)-one

25 '
N8(Phth-Gly)-3,8-diamino-6,7,8,8a-tetrahydro-83—hydroxy—
imidazof{1,5a)pyridin-1{SH)-one

N8(H-D-Atc-Pro)-3,8-diamino-6,7,8, 8a-tetrahydro-8a-hydroxy-
30 imidazo[ 1,5a]pyridin-1{SH)-one



i m.dazo[ 1, 5a] pyri di n-1(5H) -one 25

N err] (Phth-dy)-3,8-diam no-6, 7, 8, 8a-tetrahydro-8a-hydr oxy-

i m dazo[ 1, 5a] pyri din- 1(5H)-one

Nl err] (H D-Atc-Pro)-3, 8-diam no-6, 7, 8, 8a-t et rahydro-8a- hydroxy- 30

I m dazo[ 1, 5a] pyridin- 1(5H)-one WO 96/ 38470

PCT/ EP96/ 022980 9638470 PCH/EPIG/02298
N[ err] (Ac- D- Phe- Pro) - 3, 8-di ani no- 6, 7, 8, 8a- et r ahydr o- 8a- hydr oxy-

i m dazo[ 1, 5a] pyri di n- 1( 5H one

N[err](H—D2 Nag- Pro) - 3, 8-di am no-6, 7, 8, 8a-t et rahydr o- 8a- hydroxy- 5
I m dazo[ 1, 5a] pyri di n- 1(5H) one

N[ err] (H D- Phe-3, 3 &-H%P&-Hb}msm‘ialﬁma-@Z,&&a&amhydrm-my&axﬁydr OXY-

i m dazo[ 1, 5a] pyri din-
N[err](H—DPhe 2, 41yd F‘é"i 5& ‘B‘P‘i&'ﬂﬁ"@ 7, 8, 8a- tetrahydro 8a- hydr oxy-

I m dazo[ 1, 5a] pyri di n- 1(5H) one
N err] (H D- Phe-2, ZN?m , 8- di am no- 8a-tet rahJ/dro 8a- hydr oxy-
i mi dazo[ 1, 5a] pyri dN?(H: ag—Rfo)_-g,s-dxannno-678 8a-tetrahydro-8a-hydroxy-

N err](H §§]h§y:—5| glwgﬁgﬁgﬂ*mﬁmz 8, 8a-t et rahydr o- 8a- hydr oxy-

I m dazo[ 1,

N8(H-D-Phe-3,3-Dmp)-3,8-diamino-6,7,8,8a-tetrahydro-8a-hydroxy-
imidazo{ 1,5a]pyridin-1(5H)-one

10 N8(H-D-Phe-2,4-MePro)-3,8-diamino-6,7,8, 8a-tetrahydro-8a-hydroxy-
imidazo[ 1, 5a}pyridin-1(SH)-one '

Ns(H-D-Phe-2,2-Dmt)-3,8-diamino-6,7,8,8a-tetrahydro-8a—hydroxy—
imidazo[ 1,5a)pyridin-1(5H)-one

15 .
NS(H-D-Phe-S,S-Dmt)-3,8-diamino-6,7,8,8a-tetrahydro-8a-hydroxy-
imidazof1,5a]pyridin-1{5H)-cne

N8(H-D-Phe-Thz)-3,8-diamino-6,7,8,8a-tetrahydro-8a-hydroxy-
20 imidazo{1,5a}pyridin-1(5H)-one

N8(H-D-Phe-Hyp)-3,8-diamino-6,7,8,8a-tetrahydro-8a-hydroxy-
imidazo[ 1,5a}pyridin-1(SH)-one

25 Example 7.

N8[2-(S)4(R)-(1,3-Dihydro-1,3-dioxo-2H-isoindol-2-y1)-1.3.4.5-
tetrahydro-3-oxo-2H-2-benzazepin-2-vi ropyl]-3.8-diamino-~
6.7.8.8a-tetrahydro-8a-hydroxyimidazo[ 1, Sa}pyridin-1(SH)-on

30 .
A: N—Phthaloyl-D—phenylalgnyl-L-alanine methyl ester



N8(-H D- Phe- Thz) - 3, 8- di am no-6, 7, 8, 8a- t et r ahydr o- 8a- hydr oxy- 20
i m dazo[ 1, 5a] pyri di n-1(5H) - one
N8( H- D- Phe- Hyp) - 3, 8-di am no-6, 7, 8,8a-tetrahydro- 8a- hydr oxy-

I ni dazo[ 1, 5a] pyri di n 1(5H) - one 25 Exanpl e 7.

N[err][2(S)[4 R) - (1, 3- D hydro-1, 3-di oxo-2H-i soi ndol -2-yl)-1,3 4. 5- :
t et r ahydr o- 3- o%& benzazepi n- 2-yl ] 1- oxo- propyl ] -3, 8-di am RSTEP’“(’””
6, 7, 8, 8a-t et rahydr o- 8a- hydr oxyi m dazo[ 1, 5a3spyri di n- 1( 5H) - one 30

A. N Pht hal oyl - D- phenyl al anyl - L-al ani ne nmet hyl ester WO
96/ 38470 '

PCT/ EP96/ 02298 25

To a solution of Lal among solaiity bf Esilatind yethgL bstér hylitodhloritie (9158 383
mol ) in dichl oromathanlnh&ZO m) was dded trleth¥l am:ne (1

ol ), fol | owed by mmgth E%ﬂ Dawasrad e ¢l hm,)ﬁand
N—h d b t lmgéé }iFEﬁal Stahio til

Y roxycfaggcr) ;Ie? ow éo%lutlon vvasp}‘ For ‘?'p fgpon §g Coopeﬁdun e
0[ err]C, and |- N-hydroxybenzp@iagole ({£:2Tg) % brinmwf). Fhepyturd vesistiired eatid Bodi i mi de
1.74 g, 9.1 | . dd Af t t t
gerrpergturesfg?DGZWﬁ?’SFHBW%‘“HPFW?&{E‘%g%sQ tion 2k qu'%%g ad 1-
di chl or onet hane (5@ {dihethfiamie)-propyHs-eii] Yaitodivhide (174 g, 591 Theholyadas

added and the resul'ting suspensSion” was |Itered The Ia ers were separat ed

10 and t he eddednABensitising atxoomsernperatugetfor %é&l@lﬂmmm e aci d
1IN, 15
( g Wit dichiot b e 30 iy ‘gﬂglﬁg?\fs%‘}h}éﬁh%& g&pr{/}@t B 4%

water (50 m), ., “Successive e’organic
extract was dried @dduliandrﬂmuleilﬂm@suspenmon was filtered The\layecs weére deplatated, ve 2. 50

809 f tall t A
drystal 1 2B 17 om 8wl e Sheebic e eabed it Savooys hypehors RN 18°°

ml), saturated aqueous sodium bicarbonate (50 mi), water (50 ml), and
brine (50 ml), successively. The organic extract was dried (sodium sulfate)
and evaporated to give 2.50 g (80%) of crystalline material. An analytical
sample was crystallized from ethyl acetate/heptane, m.p. 118-120 °C.
15 _ ' |
B: N-Phthaloyl-D-phenylalanyi-L-alanine
To a solution of N-phthaloyl-D-phenylalanyl-L-alanine methyl ester
(1.46 g, 3.8 mmol) in acetone (20 ml) was added, water (11 ml) and
concentrated HCl (6 ml). The mixture was refluxed for 3.5 h. After cooling
20 to room temperature, 0.80 g (2.1 mmol) of the title compound was isolated
by filtration. The mother liquor was concentrated to remove the acetone,
and the aqueous solution was extracted with ethyl acetaté (3 x 20 ml). The
organic layers were extracted with saturated aqueous sodium bicarbonate
(3 x 25 ml). The combined aqueous extracts were washed with efhyl
25 acetate {25 ml), and adjusted to pH 1 with concentrated hydrochloric acid.
Ethyl acetate was added (50 ml), the layers were separated, and the
aqueous was extracted with ethyl acetate (2 x 25 ml). The combined ethyl
s acetate extracts were washed with brine (2 x 50 ml), dried (sodium sulfate)
and evaporated to give 0.50 g of the title acid. Total yield 1.30 g (3.6
30 mmol, 92%). Crystals from methanof, m.p. 241-242 °C.



B: N-Pht hal oyl - D- phenyl al anyl - L-al ani ne To a sol ution of

N- pht hal oyl - D- phenyl al anyl - L- al ani ne nmet hyl ester (1.46 g, 3.8
mmol) in acetone (20 m) was added, water (11 nl) and

concentrated HC (6 m ). The m xture was refluxed for 3.5 h. After cooling

20 to roomtenperature, 0.80 g (2.1 mml) of the title conpound was
i sol at ed WO096/3847¢ by filtration. The nother |iquor was MR?’F’&?% to
renove the acetone, and the agueous solution was extracted with
ethyl acetate (3 x 20 m). The organic |l ayers were extracted

wi th saturated aqueous sodi um bi carbonate (3 x 25 mM). The
conbi ned aqueous extracts were washed with ethyl 25 . acetate (25 m),
and adj usted to [ B-[ARRP(l:HPiydio-hBwlipxoy2H-isointelr3-y)-4(S)cmethyl-1- Et hyl

acet ate was added 0 m t | ayer.s.. were separated, and the
aqueous was extra?é‘g"gdplbﬁ"%hm@?'hﬁ?rmé@{dﬁ%ge(z x 25 m). The combined et hyl
acetate extracts werg woshifidn Véft R-phitialdgl-Dphenyidlanyl-)-alatlinec®.50s gdil 4m sul f at e)

and evaporated to give 0.50 of the title, acid. Total yield, 1 g (3.6 30
mmol , 929 . Crystrmel)fin dy dichloramethang,as . gwgis@#q?@#ﬂdeehyde 0% %)

96/ 38470 i i tirred for 30 min at
PCT/ EP96/ H2208 2) and mol. sieve 4 A (2.5 g). The suspension was stirr ot

C: 3-[2(R) - (1, 3- Pobxpdempératitred Teiflic- @fd (120i pldbh -nimgl) wasi adsied and sifring-
- 3- phenyl |]-5- i d] . LWL f
N pht hal oy] - D. phaFAs Coptnis Tor 24 B T i solytion was filtered, W“I'(‘)"'da“’ﬁﬂ)sm“lrf'?%? in dry

di chl or omet hane gecid d88iumEbicebonaft(2ok 25 il dad pege (23. m). The organic g) and
nol. sieve 4 A (2.5

g). The suspensj.on s stirred for 30,.0in a
room t enper at ur e .Phaye Was dried (sodiym suifate), Ie,"a&‘?’ﬂteﬁﬂﬂldfy%é% %Jﬁﬂé‘ﬁnd
stirring ALY W TS (SiEEE eft9l atetatémhepdnel1:3)t 1 ed, -
washed vmn{h satur“z’a?ep&lmédw%h aqlue%%gpﬂgo(gi um g?car bonate (2 x) 25 m)
and brine (25 m)to gine 490gmgi (.1 mmol, 80%) of ks ditlopompoped; RE(efh¥im sul f at e)
and evaporated till dryness, ,Jhe.residue 10 was purified by colum
chr omat ogr aphy (W?Q?ép‘é‘f‘%frﬂ)g%%t at e/ hept ane 1:2) to give 400
mg (1.1 mmol, 80% of the title conpound, Rf (ethyl
acet at e/ hept ane 2

4(R)- (1, 3-Di hydr di'ii?%lghi%cpimq'é’éfq%mzfég?i')ds"r%‘?"?ﬂ%'-“F?é‘!"ﬁbt"’-‘f,’ 3,4,5- 15
tet rahydgp- 3- 0X0+&FhigaResL6R6- Pl AbdizRbepin- Sadhit deid. |
The oxazolidinone (250 mg, 0.7 mmol), obtained as described above,
was dissolved in dry dichloromethane (1 ml) and added to.triflic acid (1
ml). The mixture -was vigorously stirred for 2h. After dilution of the
reaction mixture with dichloromethane (10 ml), water (15 ml) was added .
20 cautiously with continued vigorous stirring. The layers were separated and
the aqueous phase was extracted with dichloromethane (2 x 10 mi). The
combined organic layers were washed with brine (25 ml), dried (sodium
sulfate), and evaporated. The residue was crystallized from ethanol/diethyl

ether to give 150 mg (0.4 mmol, 60%) of the title compound, m.p. 209-210
25 °C.

E: N8[2-(S)[4(R)-(l,3-Dihydro-l,3-dioxo-ZH-iséindol-Z-yl)-l,3,4,5-
tetrahydro-3-oxo-2H-2-benzazepin-2-yl}1-oxo-propyl]-3 ,8-diamino-
6,78, 8a—tetraﬁydro-8a-hydroxyimidazo[ 1,5a]pyridin-1(5H)-one

30 To a solution of 3,8-diamino-6,7,8,8a-tetrahydro-8a-hydroxyimidazo
[1,5a]pyridin-1(5H)-one.2HCI (90 mg, 57% pure, 0.19 mmol) in dry



o
The oxazolidinone (250 ng, 0.7 nmol ), obtained as described above,
was di ssolved in dry dichloronethane (1 m) and added to triflic acid (1
m). The m xture was vigorously stirred for 2h. After dilution of the
feaction mxture with dichloronethane (10 m), water (15 m) was added 20
cautiously with continued vigorous stirring. The layers mer ?%gd and
t he aqueous %aﬂ‘@“%s extracted with dichloronethane (2 x 1 cﬁﬁﬁb
conbi ned organic |layers were washed withsprine (25 nm), dried (sodium
sul fate), and evaporated. The residue was crystallized from ethanol /di et hyl
ether to give 150 ng (0.4 mmol, 60% of the title conpound, mp. 209-210 25
[err] C. E:
N err][2-(S)[4( R)mnﬁ&hﬁfdanbmmqmmxy waemiealthe soid dedaribed uptior-D (78mg, 5-

t et rahydr o- 3- oxo- 2H- 2- benzaze 1 0X0- pr, di..am

6, 7, 8, 8a- t et r ahy d 1 @anohy & Yﬁwqﬁmhxmryh%% “S@N‘
To & sol ution of ﬁ%@?"’?‘ 3 I @m{dém mdago
[ 1, 5a] pyri di n- 1(5!&5’ xﬂﬁ 9%45%@ 53‘%)“09[’}?%&% nmol ) g

WO 96/ 38470 dicyclohexyl carbodiimide (42 mg, 0.2 mmol) was. added and the resultmg
PCT/ EP96/ 02298

di net hyl £dr mani d&olutign way stirged. for 3 hat ﬁea“gcﬁ%m&eégglhl%é%f”ﬁﬁ?é’remgrhS ny,

0.19 mml ). The ﬂ‘ﬂe%ﬁatlaﬁlmbﬁdgfe@apb&ed’\ﬂahﬂ adewe drops o watee vereaddedd N-
hydr oxybenzotri azol e (45 : was added. After cocl{ F"é(g?to O[err]C,

di cycl ohexyl car Hichgi soltiga V(“&E“ngd for. t%“’b@dﬂ@ﬂ“‘%ﬁ"d ¥sulting 5
sol ution was stirgeg fdh @hﬁolﬂfnlno lﬁﬁﬁlt\%ﬁﬁﬂf}' !?anfd?x? oxids; Blufibn rvﬂﬂ{“

t enper at ur e. evaporated, and a few
drops of water wethyl acktatet. pyndme acetic acid: Wamrs%WZIbw/\VMs)sweﬂﬁ@Bo%r 30

mn., filtered an r ne Purification by

col um cMf omat ogr‘gepﬂ%e%ﬂ %#frdé&(jﬁ%emﬁut ion Wth et hyl

acetate: pyridine: acetic acid: water =:6/2/2/1, v/v/iv/iv) gave 75 ng of 10

the title conmpound. R{ err] 0.65 (systemH) : Exanpl e 8.
Example 8.

3-[[(dimethylamino)methylene]amino]-N 8( 2-naphthylsulfonyl)-8-amino-

15 6,7.8.8a-tetrahydro-8a-hvdroxyvimidazo-[1,5ajpyridin-1 -one

Triethylamine. was - added to a solution of 3,8-diamino<6,7,8,8a-
tetrahydro-8a-hydroxyimidazo[1,5a]pyridin-1(5H)-one (100 mg) in
dimethylformamide (10 ml) until an apparent pH of 8. 2-Naphthyl-

20 sulfonylchloride (135.5 mg) and an equimolar amount of triethylamine were
successively added to the solution while stirring. The mixture was stirred
for 16 hours at room temperature, after which the volatiles were removed.
The residue was purified by column chromatography (silica, ethyl acetate-
pyridine-acetic acid-water = 5:2:2:1; v/v/v/v) to give the title compound

25 (12.6 mg). Rg0.45 (system C).

Example 9.

N8(2-naphthyisulfonyl)-3,8-diamino-6,7,8,8a-tetrahydro-8a-hydroxy-
30 imidazo[1,5a]pyridin-1(5H)-one



3" =[[ (di met hyl am no) met hyl enel anmi no] - N[ err ] (2- napht hyl sul fonyl ) - 8- am no- 15
6 7 8, 8a-t et rahydr o- 8a- hydr oxyi m dazo-[1, 5a] pyri di n-1(5H) - one

Trlethyl am ne was added to a solution of 3,8-diam no-6, 7, 8, 8a-

t €t r ahydr o- 8a- hydr oxyi m dazo[ 1, 5a] pyri di n- 1(5H) - one (100 ng) in

di rethyl formam de (10 m ) until an apparent pH of 8. 2-Naphthyl- 20

sul fonyl chl orTAR®FY5 5 hg) and an equinol ar anount of tri etHGERANRBer e
successively added to the solution while sgirring. The m xture was stirred
for 16 hours at roomtenperature, after which the volatiles were renoved.
The residue .was purified by columm chromatography (silica, ethyl acetate-
pyri di ne-acetic acid-water = 5:2:2:1;, v/v/v/iv) to give the title conpound
25 (12.6 ng). Tﬁ[ethylaimr{é Nis (amided eton @) solution of 3,8-diamind=6 (g Bae O.

N err] (2- napht hyl sul di a 6,7, t r ahydr.o- 8a- hydr ox 30
|£nda]zg)[1 52] py)r/d ‘%)8) ﬂw&f midazb] SalPY“g(Rda(é'téf yg mg) in

PCT/ EP96/ 02298 dimethylformamide (10 until an apparent pH of 8. 2-N Rihyl-
Tri et hyl am ne was addylfto a soﬁ utllngn of 3 pgl am rll,o E‘S, 7, ap y

tetr aﬂyld][ 0- 8a- hy dsulfopylehlaride;(227 3ng)apd MMWE(QBH)&'TMQ (’mﬁhmlgyunerwere -
ghﬁgn% c%lr g?lmdgef%%s%l}agﬂ%hlg eqﬁ’?ﬁlﬁ:"@ﬂgg@ﬁ& “‘gf"?’i‘?'\%%ﬁ‘%?ﬂ fr‘% were 5

successi vel y addelismurkheromimmperatuvdﬁaﬁa'wmhmemlahhewew@bﬁw%dv\ﬂ‘ﬁeﬁI rred

for 16 ours at r tenperature, after |chthe vol atil es
were renoved. Thest o was P““ gﬁ%ghrﬁﬂﬁ"ﬁagﬁ' §5licaq ethyh ’Eﬁ?@h‘at ogr aphy
(silica, ethyl ac fé-acetic acld-water = §¢3: 1 BRAASaD Z%Véiﬂiecht L2020 1
v/ivlivliv) to give the title conmpound tP]O 30(system
C. 10 (26 mg). Rp0.30 (system C). .

10

Example 10.
-naphthylsulfonylglycyl]-3,8-diamino-6,7.8.8a-t, dro-8a-
droxyimidazo[ 1, 5a]pyridin-1{5H)-on
15

N"‘(2—naphthylsulfonyl)glycin;-..-(-2-Nas-Gly-0H; 1.0 mmole) - prepared by

condensation of 2-naphthylsulfonylchloride and methylglycinate, followed

by saponiﬁchtion of the methyl ester in aqueous sodium hydroxide -,

3,8-diamino-6,7,8,8a-tetrahydro-8a-hydroxyimidazo  {1,5a]pyridin-1(5H)-

20 one.2HCI (1.0 mmole) and N-hydroxybenzotriazole (2.0 mmoles) were

dissolved in dimethylformamide. (15 ml). The pH of the solution was

adjusted to0 6.5 by the addition of 4-ethylmorpholine, whereupon the

solution was cooled to 0 °C and dicyclohexylcarbodiimide (1.1 mmoles)

~ was added. The mixture was stirred for 1 hour at 0 °C and a further 17

25 hours at room temperature. The precipitated dicyclohexylurea was filtered

off and the filtrate was evaporated to leave a residue, which was dissolved

in butanol. The organic solution was washed with 5% (w/v) sodium

bicarbonate solution and with brine, whereupon the butanol was removed in

vacuo. The crude product was subsequently purified by chromatography on

30 aluminiumoxide (Alox T; 25-40 um) to give the title compound (70 mg).
Rf0.40 (system H).



.

Exanpl e 10.

N err][ N err](2-naphthyl sul f onyl i.am no-6, 7,8, 8a-tetrahydro-8
a- hydr oxyi m dazol 1, m i H .ﬁgne Y
y- 8-

N[ €rr] (2- napht hyl sul f onyl ) gl yci ne {2-®Nag- .0 mol e) - prepared by
condensati on of 2-naphthyl sul fonyl chl oride and net hyl gl yci nat d
by saponi fi cat V@ NS?BPhe nmet hyl ester in agueous sodi um hydro?ﬁéﬂém%

3, 8-di am no-6, 7, 8, 8a-t et rahydro- 8a- hydr oxyh¢ri dazo [1, 5a] pyridin-1(5H)- 20
one. 2HClI (1.0 nmol e) and N hydroxybenzotri azole (2.0 mmol es) were

di ssolved in dinethylformam de (15 m ). The pH of the solution was
adjusted to 6.5 by the addition of 4-ethyl norpholine, whereupon the
solution was cool e€ldimsO [err] C and di cycl ohexyl carbodiimde (1.1 mmol es)
was added. The m xture was stirred for 1 hour at O [err]C and a further 17
25 hours at roomtenperature. The precipitated dicycl ohexyl urea was

filtered f'nﬂ&% e efveitseri EM s b&ﬁﬁfﬁing

resi due, which was ldi gsnoll ve ofl',‘ﬁ]ﬁy'nhf:ﬁ% In butﬁéell ol . Tﬁﬁehbz)t?rgam c sOlution
was washed with 5% ( wawhit badigithe general formulaI bi car bonat e sol ution and with
brine, V\,herseupon t he butanol was removedRyn : vacuo. The crude
product was subsequently purifi ed._fgoc 2oNat @gr aphy on 30

al um ni unoxi de (Alox T, 25-40 [err the title conmpound (70 ng).
Rf 0.40 (systemH).

PCT/ EP96/ 02298

C ai ns. 1. An imda

I 29
i dine derived serine protease

i nhi bitor conprising a unit having the general fornula I
[err] N—R;
10 Rs
wherein R is hydrogen, lower alkyl or an acyl group;
Ry is hydrogen or lower alkyl;
R3 and R4 are independently hydrogen, lower alkyl or together form
=CH-NR5Rg, Rs5 and Rg being lower alkyl;
15 or a pharmaceutically acceptable salt thereof.
2. The serine protease inhibitor of claim 1, wherein Ry, Ry, R3 and Ry
are hydrogen.
20 3. The serine protease inhibitor of claim 2 having the formula II
II
25

wherein Ry, Ry, R3 and R4 are hydrogen;
' X is hydrogen, R7, R7-0-C(0)-, R7-C(0)-, R7-502-,
-(CHRg),COORg, or an N-protecting group,
30 wherein R7 is (1-12C)alkyl or (2-12C)alkenyl, which groups may
' optionally be substituted with (3-8C)cycloalkyl, (1-6C)alkoxy, OH



wherein R err] is hydrogen, IomWroup,

Rierr] is hydrogen or |ower alKkyl; Rlerr] and Rlerr] are

[enendently pydrogen, | over, a1 !mummﬂﬂﬂﬂ Kyl 15 or

a pharmaceutically acceptable salt t her eof . e The rine
pr ot ease th&ﬁ‘Gg‘ﬁf claimi1, wherein Rerr], Rerr], R[er?f”&?? gﬁgrr]
are hydrogen. 20 3. The serine ggotease inhi bitor of claim 2
having the forrmula I [err]

wherein R err], Rerr], Rerr] . and R[err] are hydrogen; X
I's hydrogen, Rerr], Rerr]-OCC(O-, Rerr]- C(O) Rerr]-SOerr]-
-(CHR{err])[err] COOR| ebfﬂalo%ﬁ &rk-,Ns }%?élbil onw)héé}ocycn

wherein Rerr] is (1-12 L‘ yl or al ken whi ch groups nmay

optional |y be subst it utetnGmh (715 wa@mﬁvcmucem)wmwpm

WO 96/ 38470
PCT/ EP96/ 02298 may optlonall_y be substituted with (1-6C)alkyl, (3-8C)cycloalkyl b0
(1-6C)alkoxy, OH or halogen and the aryl groups of which may
5 optionally comprise a heteroatom;

each group Rg is independently hydrogen or has the same meaning
asRy;
mis1,2o0r3;
P3 is a bond, an amino-acid of the formula
10 -NH-CH[(CHz)pC(O)OH]-C(O)- or an ester derivative thereof and p
being 0, 1, 2 or 3, -N(benzyl)-CHp-CO-, D-Tiq, Atc, 3-Pig, 1-Piqora
D-amino acid having a hydrophobic side chain;
P, is Pro or Pec, optionally substituted with (1-4C)alkyl, halogen,
hydroxy or oxo, or an amino acid selected from Gly, Val, Ile, 2’4.'
I5 MePro, 3,3-Dmp, Iic, Thz, Hyp, 2,2-Dmt, 5,5-Dmt, Lac, Apy, Acsc, .
1-Nal and 2-Nal, or Py is an amino acid of the formula
' -N[(3-8C)cyclcalkyi]-CH2-C(O)-, the ring of which may optionally be
substituted with (1-6C)alkyl, halogen, hydroxy or oxo; or P5 is a bond
in which case P3 is also a bond and X is R7-S053-; or

20 P, and P3 together represent a dipeptide miniicking structure having
formula IIT
. .
III
0
~HN ﬁ/u\
25 . o] Ry

which at the positions indicated with an asterisk may be fused with a

benzene ring and wherein Rg is hydrogen or lower alkyl.

30 4. The serine protease inhibitor of claim 3 wherein

X is hydrogen, lower alkyl, an acyl group, R7-802-,



or halogen, or Rlerr] is (3-8Ccycloal kyl, (4-10C) heterocyclyl,
(-4-14Q aryl, (7-15C)aral kyl and (8-16C)aral kenyl, which groups

63l kony, i or - ogen-and | INUAFIMIBAR 26 vy 4

optionally conprise a heteroatom * ¢ each ;%[z%r] S
i ndependent | WA3@#8¥8en or has the sane neaning Rl as

Rlerr]; ms 1, 2 or 3 Plerr] is a
bond, an am no-acid of the fornula 10

-NH-CH (CH err])[err]C(OOH -C(O- or.an ester derivative thereof and p
being 0, 1, 2 or 3, -N(benzyl)-CHerr]-CO, DTiq, Atc, 3-Piqg, 1-Piq or a
D-am no acid having § ' ' i 4 ; [err] is Pro
or Pec, optionally sﬁgg}:"{lﬁt teghsmag)ﬁét(@%cg@éﬁ] I(,:)arﬁléllw(%cgr?,w ' groupl’

hydr oxy or oxo, or ama:ammﬁnabetdromrmaé@sanbﬁvmeﬁinmup;l|e, 2,4- 15

TNl and 2o Nai , or B & pyBoRg n S e 2% if RorS 0y B s Bselectin ront ©
-N[ (3- 80) cycl cal ky! | D@ee D-NieC(IDpa, DiMePhé)oDA-TighiD-0ykeD-Rhigl DoTw, | y be

substituted with (1-6C) al kyl, hal ogen, hydro or. oxo; or Plerr] Is a bond
in which fase P3 is B %H‘%ﬂ@%ﬁ%@i’@&iﬁdﬁﬁ'@ﬁierr]-; or 20

P2 and P3 together rgpiEgfbledZroft PRD PedSGIy! %Ehk,“ﬂ,4§»ﬁéﬂ[ég,§#?-‘i‘)$ﬁ‘ﬂc[‘9

formula |11
whi ch at the positi ofiz, Hypj 2,2:Rmit, & -PDm,Lacs Apy, e Argy, drdPf wadwndiin h a

benzene ring and whergi re] is r | ower al kyl . 30 4.
The serine protease Wﬁ'ﬁf’lﬁﬁ a'%%'”&@’ﬁ’gﬁ‘sgé% or Xis
hydrogen, [ower al kyb, aiPafogkther RpiesenthiRy dipeptidt firhicking structure having :

10 formula III, the positions indicated with an asterisk being fused with

benzene.

5. The serine protease inhibitor of any one of claims 1-4 wherein the

inhibitor is in the form of the acetate.

15
6. A pharmaceutical composition comprising the serine. protease inhibitor
of any one of claims 1-5 ‘n admixture with pharmaceutically acceptable
auxiliaries.
20 7. The serine protease inhibitor of any one of claims 1-5 for use in
therapy.

8. A use of the serine protease inhibitor of any one of claims 1-5 for the
manufacture of a medicament for treating or preventing of thrombosis

25 or other thrombin associated diseases.
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,_Wherel n Rlerr] is (4-10C)heterocyclyl, (6-14Caryl, which aryl groups
\-may contain a heteroatom or X is an N-pr otecting group; AT

P3 is a bond in which case Xis Rerr]-SOerr]-, or Plerr] is

D-Phe, D-Ne, D BCTD MePhe, mmmwmgwmmm c, 5

D-Atc, D 2-Nal D2 PaI D- Ch and D-
sel ect ed_f MYREIBIATT APELICA #@P@TEPQPEWEON“EATY(PCD
Thz, Hyﬁb(smptaumiﬁalrﬁn&mmﬁoﬁaﬁ Apy, ang (ﬂﬂhﬁﬁﬂmmﬂm& is a wvld&lssm

whi ch cqse ¢l §42, (07D D04 AsPRB18638,S| Rigrr]-Sqerr]-; or
P2 and EDS tsaystsr{gzr represent the di peptsi- cr@smmwwpmresmmgwwum

formul a[TTT, tThe positions rndicated wth pn asterlsklfe Tused vvltﬁJPICRMX
‘e | (21) International Appli N
benzepe | @D nal Applicatiog Numtees ser%a@@lnm B ot (AT BE.

RIMP coPy

X 3 ed from

claing S-zﬁ,ﬂm;.ﬁﬁ,msm 29 May 1996 (29,0550 ['i D fdi" , MC, NL,
acetgfe : phar maceut wca| conposibiion comprising t
seri%pggeaelnhlbltor of any one. of clalms15|n
adm xt uf rnacetit,hg@gj(y,“oags;.épt ablgf| published - auxiliaries.
20 (34) Coltries o iniashdvigh@se | nhi bi t pr of wanyemmeirclobmns 1-5 for "
i 0 ame
use in international applicatiqn wagfled: AT et al. foreAhe '(9? 2% % pin sty of the 'rflc:fpt' of

proteas¢ inhibitor of any one of clainms 1-p for ,,
manuf act pmyappifcant (R Gaivesides éxéep US)E Mt NOBED) preventing of thronmbosis 25 .
or ot hel thré)fﬁleL‘S’m@d“dF%@M?miNUg .
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(54) Title: IMIDAZO{1,5a]JPYRIDINE DERIVED SERINE PROTEASE INHIBITORS
(57) Abstract

The invention relates to an imidazo{1,5a]pyridine derived
serine protease inhibitor comprising a wiit having general
formula (I) wherein R; is hydrogen, lower alkyl or an acyl group;
R2 is hydrogen or lower alkyl; R3 and R4 are independently
hydrogen, lower alkyl or together form =CH-NRsRs, Rs and Rg
being lower alkyl. The compounds are serine protease inhibitors
and can be used for the treatment and prophylaxis of thrombosis
and thrombin-associated diseases.




