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The present invention describes a series of substituted i mdazoles as TAFl a
i nhi bitoveQ ousegul in the treatnment of disease. Thronbi n BRcTr/irmEtadzse

Fi brinolysis Inhibitor, TAFI, is a 60k gl ycoprotein found in hunman
plasma. It is also known as procarboxypepti dase B, carboxypepti dase B,
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plays an intrinsic part in the blood coagul ati on process, during which it

is transforned into an activated form TAFla, whereupon it acts upon the
fibrin matrix which conprises a developing blood clot to prevent its

di ssolution. Inbalances in the blood coagul ation process are thought to be
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To maintain hemostasis in the blood, mammals have developed mechanisms to
repair the body in the event of vascular injury. The injured blood vessel will constrict
to reduce the blood flow to the area. Platelets will aggregate to reduce the loss of
blood from the area, followed by fibrinogen which will polymerise and form a fibrin
clot. This clot will cover the area of vascular damage, preventing blood loss. Once
the blood vessel has been repaired the clot will then dissolve. The coagulation
cascade is responsible for the forming of a clot; the fibrinolysis cascade is

responsibie for the dissolution of the ciot.

Studies have shown that these two processes are intrinsically linked through the
generation of a-thrombin. o-Thrombin is the final product of the blood coagulation
cascade and is responsible for the conversion of soluble plasma fibrinogen to an
insoluble fibrin matrix. Polymerised fibrin provides a haemostatic plug which prevents
blood loss from the site of vascular injury and provides a provisional matrix which
enhances the subsequent repair process. In addition to mediating coagulation, «-

thrombin also reduces the rate at which blood clots are broken down by the serine



2 protease plasmn. The anti-fibrinolytic activity of a-thronbin results
fromits activation of TAFI. TAFI circulates in normal plasm at a
concent r @ o485 about 75nMin an inactive form Thronbi PICTOBM®I42S t he

i nactive zynogen to the active TAFI (TAFla), a reaction that is augnented
about 1250-fold by thronbonodulin. Oncé activated, TAFia cleaves both
C-termnal arginine and |ysine residues fromthe developing fibrin clot.
The renoval of di-basic amno acids fromthe surface of the fibrin matrix
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TAFi a inhibitors have been identified. USA 5993815 feaches the use of a
pept i de plasminogensand fibrg anxkthis ynlhiés the canverisidmgl alasminegem teplasminT AF|

ol caved THEAIGRRnd U OsE PR EP SR cor der o are arthritis. “sepsis,
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peptide used is an antibody or_a functionally active fragnment. The peptide
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testing of
makes it more likely that the subject will develop one or more of the conditions in

which thrombus build up is implicated. By the use of a TAFla inhibitor, TAFla will not
be able to act upon a developing fibrin clot as described above to inhibit fibrinolysis
of the clot. Thus a TAFla inibitor should serve to enhance the fibrinolysis cascade.

The use of TAF!I inhibitors to treat certain conditions is known in the art. Whilst the
use of TAFla inhibitors to treat such conditions is unknown, certain weak, non-
specific TAFla inhibitors have been identified.

USA 5993815 teaches the use of a peptide that binds to the TAFI zymogen,
inhibiting activation of the TAFI zymogen, to treat those disorders where a C-terminal
lysine or arginine is cleaved from an intact peptide. Suitable disorders are arthritis,
sepsis, thrombosis, strokes, deep vein thrombosis and myocardial infarctions. The
peptide used is an antibody or a functionally active fragment. The peptide should be

used in an amount to promote fibrinolysis in vivo.



conmpounds as conpetitive inhibitors of bovine carboxypepti dase B of
pancreatic origin. Inhibition was neasured by the inhibitor's efficiency
i n proteosv®OnyiLBe active centre tyrosine and gl utam c acpdrasoiboszsne

car boxypepti dase B fromirreversible qikylation by bronoacetyl - D-ar gi ni ne
or bronpacet am dobutyl guanidine. It is ¥ suggested that such inhibitors
coul d act as bradykinin potentiators. Bovine enzynes of pancreatic origin

are very different to those found in human plasma, so one woul d not expect
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pCPB was™ responsi Wwo ~ control® reactions were run; ere the lysis
exper i neggested thpéatield inhibitdre copldesatrasebratlykitiPBpatadtiatocaar boxypept i dase
inhibitor, PCl, a second where the |ysis reaction was conducted in the
presence of plasma fromwhich pCPB was renoved. In both cases lysis

< plasm N
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and  pot@f&terdé BoxiANP hbdasshihg b PAFM inhliors of fgieutiitg | arge nunbers of
car boxypepti dases, characterised by cleaving the C termnal amno acid

froma peptide. They may be divided into acidic, neutral or basic,
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di scl osed above by Redlitz et al and Bof et al, are too ak,
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suggest i conttohabadiidiisa werbi hint @mre sderddhedysist experiment was repeated in the
presence of pCPB and a carboxypeptidase inhibitor, PCI, a second where the lysis
reaction was conducted in the presence of plasma from which pCPB was removed.

In both cases lysis proceeded uninhibited.

Boffa et al, J. Biol. Chem. 1998, 273, 2127, compares plasma and recombinant TAFI
and TAFla with respect to glycosylation, activation, thermal stability and enzymatic
properties. Inhibition constants for three competitive inhibitors were determined: e-
aminocaproic acid (s-ACA), 2-guanidinoethylmercaptosuccinic acid (GEMSA) and
potato carboxypeptidase inhibitor (PClI).

There are large numbers of carboxypeptidases, characterised by cleaving the C-
terminal amino acid from a peptide. They may be divided into acidic, neutral or basic,
depending on the type of amino acid they cleave. Basic carboxypeptidases cleave
arginine, lysine and histidine. TAFla is a specific subset of basic carboxypeptidases.
In terms of the present invention the inhibitors disclosed above by Redlitz et al and

Boffa et al, are too weak, non-specific or otherwise unsuitable to be considered as



treat di sease. WO00166550 di scusses a broad class of conpounds useful as

I nhi bitors of carboxypeptidase U. Inhibitors of carboxypeptidase U are
postul at adovwifsxilitate fibrinolysis and thus the conpor@isBEnes2saught as
useful in the treatnent of thrOHbOtIC‘FOHdItIOHS There is no data to
support this assertion, though details of a suitable assay are given.
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over a Trfatdisedaisbitor. TAFlI is activated to TAFla by reaction with
thronbin. A TAFI inhibitor nmust prevent these two |arge peptides com ng
together to react at the appropriate site. To date only | arge peptides
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bi oavai l ability and patients usually prefer oral fornul ations. Further

t here |§untablepﬁﬁsaytaralgwen peptide therapeutics to induce an inmune
response. This is unlikely to be an issue with a small nol ecule. Small
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The present invention discloses a class of TAFla inhibitors. There are very great
advantages in using a TAFla inhibitor over a TAFI inhibitor. TAFI is activated to
TAFla by reaction with thfombin. A TAFI inhibitor must prevent these two large
peptides coming together to react at the appropriate site. To date only large peptides
have been described which can interfere with this reaction (USA-5993815). However,
it has been discovered that the active site on TAFla, responsible for reacting with a
developing clot, is small, and thus can be blocked by a small molecule, one with a
molecular weight of below 1000, preferably below 500. It is a great advantage to
have a low molecular weight compound as the ‘active’ in a medicament. They are
associated with oral bioavailability and patients usually prefer oral formulations.
Further there is the potential for peptide therapeutics to induce an immune response.
This is unlikely to be an issue with a small molecule. Small molecules are also
generally more stable in plasma and thus have a greater duration of action. This is
unlikely to be the case with large molecules, particularly peptides. For these reasons
a TAFla inhibitor is preferred. The invention provides a potent class of TAFla

inhibitors.

The present invention provides as a preferred set of TAFla inhibitors, compounds of
formula (1)



(CH2)" AR NXR5 25RL 3 O0H X2R3Y0 (I) Where: Xis Nor CH nis O
to 3 RLis: a) C1L 6 alkyl, straight chain or branched chain, b) Cl1 6

al kenyl , wopaigB: chain or branched chain, «c¢) Cl.6 al kynpCT/IBtiroadé2ght chai n
or branched chain, d) Heterocycle, e) 5Arorratic heterocycle, f) Aryl; @)
hydr ogen; said groups (a), (b) and (c) optionally further substituted by:
C3.7 cycloal kyl, aryl, aromatic heterocycle, heterocycle, OR', NRL1R12,
S(O pR11, OC(O R11, CO2R11, CONR11R12, RO2NRLIR12, hal o and NHSO2R11,
where R1L may be attached at any positionjon the imdazole ring. R2 and R3

are each independently selected from hydgogen® C1_6 al kyl, optionally
further substituted by OR1l1, hal o; orR1Meh3Aer and R3 nay be joined to
R

forma link, said link is C2.6 al kyl ene. i s hydrogen, Cl1_6 al kyl,
optionally further substituted by C3_7 cy | kyl, aryl, OR11, halo and
R11; or WO 02/ 14285 PCT/ 1B01/ 01425 6 wherei'i R4 and R10 may be joined to
forma link, wherein said link is Cl.g alkyl eng, optionally further
substituted by ORL1, halo and R11 Rb afthy e selected from

2 5
Ri OH
Y4
2 Rg O

)

Where:

XisNor CH

nisOto3

R'is:

a) Cyealkyl, straight chain or branched chain,

b) Cisalkenyl, straight chain or branched chain,

c) Cysalkynyl, straight chain or branched chain,

d) Heterocycle,

e) Aromatic heterocycle,

f) Aryl

g) hydrogen;

said groups (a), (b) and (c) optionally further substituted by: Cs 7 cycloalkyl, aryl,
aromatic heterocycle, heterocycle, OR"', NR''R™?, S(O),R"", OC(O)R", COR",
CONR''R", SO,NR'"R", halo and NHSO,R'",

where R’ may be attached at any position on the imidazole ring.

R? and R® are each independently selected from hydrogen, Cis alkyl, optionally
further substituted by OR", halo; or
wherein R? and R® may be joined to form a link, said link is C2. alkylene.

R*is hydrogen, C1.s alkyl, optionally further substituted by Cs.7 cycloalkyl, aryl, OR",
halo and R""; or



hydrogen, aryl, Cl.6 alkyl, said alkyl optionally further substituted by
C3_7 cycioalkyl, aromatic heterocycle, heterocycle, aryl, ORl1l, Rll and
hal o; or wher/eizss RLO and either of R5 or R6 nay be joi nede¢cmiBaarom2a |ink,
wherein said link is a Cl1_3 al kyl ene, %gti onal ly further substituted by
OR11, halo, R11 and aryl; or wherein R5%nd R6 nmay be joined to forma
link, wherein said link is C2_6 alkylene. R7 and R8 are independently

sel ected from hxdrogen Cl.6 alkyl, optionally further substituted by
OR11, haIwhera'rryR and R%maprbe jnirezcbionfaRmn arlhkRSvhesginbsaigl dinkdd G-, 4lkylene,

i nk, V\,her ajd. link is C2.6 Ie e. s;and R10 are independently
sel ect edq‘p ééHbSt@t"ﬁgl% a@g_]% al kyl, said alkyl optionally
substituted by OR11, halo, aryl and R11 or wherein RO and R10 may be
joined to for l'ink, wherein said link is C2.6 al kyl ene. R11 and R12 are
each mdé’bambﬂgape selesieddornt om hydr ogen or C1 6 alkyl; or when forming a

NR11R12 f l V\/n i id
ik i s CIIEOGE A epaF%ﬁ 35, bR ob ey P LB el Y STy
nenber ed aaémaﬁblh@t@ra& Vi§tBro @tel @girl oww faﬁa haiethgt i t ut ed by R11, halo,
OR', NR11R12, NRl 1S02R12, CN, hal oal kyl, Qhal oaI kyl),

S( O) pR11 Wherein) l?ellanose)ﬁmquﬂzor B? @)quaed 1o foren @ inkewbetsiy said link is a

defi ned 1 11 eroat ons,
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opt i onal whetoipsiRT and RS iy BRjoind&Rtd Rirdh a@ﬂRR&ﬁeréNRéé@ORiRlna,Cz Rulkylérad.0, CN,
hal oal kyl , Q( hal oal kyl ), $( O) pR11 OC(O R11, NR11S02R12, SOZNRlngl

C(O NRL1R12. WD 02/ 14285 PCT/ 1B01/ 01425 7 Het erocycle is defined as a 3-8
menber ed g7 e Mol t atons, each independently sel ected
gaé]gj ﬁ 'aPélirgie:b%nEéﬁ@ LRl S

fromO, saturated or partlally saturated sald
het er ocyﬂydrc@g“am@1Qra1k3¢rcqjtioy1aﬁy1hathérlﬂuedtlﬂolye ,ORR] hal?

NR11CO2R1 hal hal oal k (O R R11,
NRllSOZRYé‘erg@%RIR?L'i‘T‘? may @ﬂ@mﬂé Qﬁﬁ% ‘ﬁdé!h%'?é"; 6@' f\% i @Bﬂ%‘ﬂ%ﬁe
zwitterions, pharmaceutically acceptable salts,

R® and R’ are independently selected from:

Hydrogen, C(NR')NR"'R', C alkyl, said alkyl optionally substituted by OR'", halo,

aryl and R": or

wherein R® and R'® may be joined to form a link, wherein said link is Co. alkylene.

R" and R'? are each independently selected from hydrogen or Cq; alkyl; or when
forming a NR''R"? moiety, R'" and R' may also be joined to form a link wherein

said link is C,. alkylene.
pis0,1or2

Wherein:

Aryl is defined as a 6-14 membered aromatic carbocycle, optionally further
substituted by R'', halo, OR", NR''R'™® NR''CO,R'™, CO,R'", NR''SO,R', CN,
haloalkyl, O(haloalkyl), S(0),R"", OC(O)R", SO,NR''R'?, C(O)NR''R™,

Aromatic heterocycle is defined as a 5 to 7 membered ring, containing from 1 to 3
heteroatoms, each independently selected from O, S and N, said heterocycle group
optionally substituted by OR'', NR'R'™, CO,R", NR"CO,R"™, R", halo, CN,
haloalkyl, O(haloalkyl), S(O),R"!, OC(O)R"', NR"'SO,R "™, SO,NR''R"?, C(O)NR''R'2.



prodrugs, solvates and pol ynorphs thereof. Halo includes fluoro, chloro,
bronmo and iodo groups. Al kyl includes straight chain and branched chain. A
6- 14 neniwoedi@asd®mati ¢ carbocycl e i ncl udes phenyl, napht hpCT/IBNMGEsRF] |
anthryl and phenanthryl. A pharmaceutically acceptable salt of a conpound
of the fornmula (1) may be readily preggred by m xi ng together sol utions of
a conpound of the fornmula (1) and the desired acid or base, as

appropriate. The salt may precipitate fromsolution and be collected by
filtration or may be recovered by evaporation of the solvent. The

el ude HAREREE REOGMEDRE 3-8 TnSlnblSy TRECEHERIR, ol 2o Ratorhs,
addi ti oaghlihgepsrtidrlyradedteqfron IGQSSVANACN, baiding Belrexsatusdtbt Sorguttially
exanpl es are the hydrochl oride, hydrobromnm de, B%@éo' odi de I

bi sul f asaturaiqd, rsgic hefargsyma soum piptiopaly subst by LRt ai‘@ wﬁgﬁg@@“,

f umar at 1 e, ptart e, ~Rjtr | u CChpat 811 S e,
benzoat ,R ngﬁ?gilésullqphon%ﬂ%’, Cg{’halﬂagg%?( Ihog{%?@@rgeﬁ% P%hbngc?g,t@yﬁn’
p-t ol ueNRUBMERIZISOMNR ' BRAGIOINRAIRY. WO 02/ 14285 PCT/ 1B01/ 01425 8

Suitabl e base salts are fornmed from bases which formnon-toxic salts and
exanples are the sodium potassium alumnium calcium nmagnesium zinc
and di |, &4d : ' S al,
3 phar OTROURES, BF oA () Ml est s e phbfita o} SRRpRBIORAS |

t he compoodriligspsolvatesfandpolymorphs theceeide t he hydrates thereof. Also

i ncluded within the present scope of the conpounds of the fornula (1) are
pol ynor phs thereof. It will also be appreciated that the conmpounds of the

i nvent i (p¥iindludeEfiverd, BrIofs, Uemd &yed Rfo gBips maceut i cal Iy acceptabl e
derivatives of (1) in which the functional groups explicitly recited above

have been derivatised to provide prodrugs which can be converted to the

par ent i j, ] r . di scussed in Drugs of Today,

ass, 1990 Jaer sl o A Bt oo G sty 1975, Vol

10, Ch 31, 306-326. Suitable prodrugs will include conpounds of formula
1) and

() A 6-14 membered aromatic carbocycle includes phenyl, naphthyl, indenyl, anthryl

and phenanthryl.

A pharmaceutically acceptable salt of a compound of the formula (I) may be readily
prepared by mixing together solutions of a compound of the formula (I) and the
desired acid or base, as appropriate. The salt may precipitate from solution and be
collected by filtration or may be recovered by evaporation of the solvent.

The pharmaceutically acceptable salts of the compounds of the formula (I) include
the acid addition and the base salts thereof.

Suitable acid addition salts are formed from acids which form non-toxic salts and
examples are the hydrochloride, hydrobromide, hydroiodide, sulfate, bisulfate,
nitrate, phosphate, hydrogen phosphate, acetate, maleate, fumarate, lactate,
tartrate, citrate, gluconate, succinate, saccharate, benzoate, methanesulphonate,

ethanesulphonate, benzenesulphonate, p-toluenesulphonate and pamoate salts.



(rrr). R I R RI~.-NR7 (CH2) N RS R RA R R4 NXx RSB N5 tx (CH2 5 2)n
R ORLI3RB R NRLNN3434\R 2RZ02R3O(CII) (I'l) Werein R1,
R2, R3, MO RB28R6, R7, R8, X and Z are as descri bed abovECT/RD1AM5R10 are
as descri bed above or in addition one both groups may be a suitable
nitrogen protecting group and R13 is appropriate oxygen protecti ng
group. Suitable nitrogen protecting groups include carbamates,

particularly BOC and benzyl groups. WO 02/14285 PCT/1B01/01425 9

Appr opr &JIEbJB(tpge@ Spﬂ@ta&f@fﬁ@%ﬁ@%ba%ﬁsewhlﬁbvﬁﬁfmmqm@@ s®lfs ped exaMiiRs ar t

Cubst i By aporifl” RABSSTLY PTG, L UnaBhBURER BB 2,

as benz;d,ethgh@;@lnqﬁé@éuget hyl (POM and Cl1_6 alkyl. Reference is al so made
herein to "Protective Goups in Organic Synthesis", 2nd edition, T. W
Geene and P. G M Witz, Wley-Interscience (1991). Conpounds of fornula
(1) contgyn, v?ev%n%%t%b%ssvéﬁg"stefé@ rao, ftrﬂ{asrgﬁfﬁi? ‘r@??e{s@f? exists in
two or & e eol Soneric 1 oris. €re conpounds "fornb (I') contain
an al kenyl or al kenyl ene group, cis (E) and trans (2 |sorrer| sm may al so

occur. The present invention include he | ndi vi dual ere rs of the
conpoundehe cpﬂﬂarm@ﬁa%rsa((? Iy a‘é‘rﬁi’ta@\lﬁeﬁﬁﬁﬁ%ﬁr St) r{ﬂﬁt ‘éompﬂlén‘i% "'E"é}@t Qﬁmr i C
forms t m xtures thereof. Preferred corrpounds of

f or mul am(ijl:'lgalénc %%fshee% 11|Flch possess the stereochem stry shown bel ow.

Also included within the present scope of the compounds of the formula () are

polymorphs thereof.

It will also be appreciated that the compounds of the invention will include prodrugs
thereof: pharmaceutically acceptable derivatives of (I) in which the functional groups
explicitly recited above have been derivatised to provide prodrugs which can be
converted to the parent compound in vivo. Such prodrugs are discussed in Drugs of
Today, 1983, 19, 499-538 and Annual Reports in Medicinal Chemistry, 1975, Vol.
10, Ch 31, 306-326. Suitable prodrugs will include compounds of formula (II) and

(.
RQ
| re
N
RW/ \LR7
(CHy)y Rs R°
RS
, N (CHy),
KRB
"
N=
2 R3O

(I (1

Wherein R', R?, R®, R%, R%, R®, R”, R®, X and Z are as described above, R® and R"®
are as described above or in addition one or both groups may be a suitable nitrogen
protecting group and R™ is an appropriate oxygen protecting group. Suitable
nitrogen protecting groups include carbamates, particularly BOC and benzyl groups.



ROROR1R8I RB R RT RLRT (CH2)n (CH2)n R4 R R4 R6 5 X R5 2 Nx R5 2
OHOH RRLNRIN34342R302R 0 (IA (IB) Those conmpounds of
formul a W@p2/anes particularly preferred. Separation of di RET/EBEOILSTErS Or
cis and trans isonmers may be achieved conventional techniques, e.g. by
fractional crystallisation, chromatography or H P.L.C. of a stereoisoneric
m xture of a conpound of the formula (1A or (113) or a suitable salt or
derivative thereof. An individual enantionmer of a conpound of formnulae

(1A) or APBppriaie exygerbergiecting Gioups e keemneipolipse) skiedcial thg girand
et dnehe e g AR Aot Safth sl ol optiorily sIbHRCAHPAI BY,

of the dastywleikydoserote BPebifitaly BacRGroumdas Gem2il, pih&l@dd))twnéthyln(ﬂDM)'
reacti on of the corre@gondl ng racemate with a sulhtable 0 |callg Qactlve

aci d or ¥us&readlkepfrefrenace’s RIS e heteifaie NEGREHE SroRRs 1

R t

Racerat sy LB, W dREfshRCony, Bk iU stRoa kY,
Dekker, 1 SBN: 0-8247-1058-4. Preferred conpounds of fornula (1) incl ude

th th daz b t ed t t d at
2 or CHEBPURGHDL{PrTHER i) RONER (D1 25 HBRTS SEMTELT AP, AnEs et ar o
those coppmiBtseRbis’i HrtWé| & Mo}e Wé@lsa%ehé f8frh&C Wﬁei‘é)cé%pogﬁdé Bﬁfdrmm@zm e

noiety so as to give e (1,4)-disubstituted i mdazole and conpounds of
f or mul a ()l gorvaiaran Rikangl at alkehyleneqgroup otis ((Ep anditeans(2) isemessromgy\aiso
occur. The present invention includes the individual sterecisomers of the compounds
of formula (I) and, where appropriate, the individual tautomeric forms thereof,

together with mixtures thereof.

Preferred compounds of formula (1) include those which possess the stereochemistry
shown below.

R9

| R

N
R10/ \LW
(CH2)n

R4 Re
1
NG Sx7 ;Rs

2 5
R OH
3N 4
2 R3O

(A (@1B)
Those compounds of formula (IA) are particularly preferred.

Separation of diastereocisomers or cis and trans isomers may be achieved by
conventional techniques, e.g. by fractional crystallisation, chromatography or
H.P.L.C. of a stereoisomeric mixture of a compound of the formula (IA) or (IB) or a
suitable salt or derivative thereof. An individual enantiomer of a compound of
formulae (IA) or (IB) may also be prepared from a corresponding optically pure
intermediate or by resolution, such as by H.P.L.C. of the corresponding racemate

using a suitable chiral support or by fractional crystallisation of the diastereocisomeric



the (2,4)-disubstituted imdazole. Preferably RL is an aryl group, a C3_7
cycl oal kyl group, a Cl_6 al kenyl group or a C1 6 alkyl group, said alkyl
or al kenywogroups optionally substituted by one or nore groBI1/0$£5ect ed
from a C3_7 cycloal kyl group, heter oc;igl e, aromatic heterocycle, ORI11,
CO2R11, NR11SO02R12, NR11R12, C(O NR11R1 S2NR11R12, hal o, OC(O Rl1, aryl
or S(OpRLl1l, where pis 0-2. Mre preferably RL is an aryl group, Cl1-6
al kenyl group or a Cl1_6 alkyl group, wherein said alk roup i s

opt | onal§a|t§u inedt by repction ofr thep cergsrANsing saerinate i q ortiraly

aryl, t l g «

prefer ab 'Vél%g é{kéége u%ﬁ%??)pgg%lﬂ%e% % gsféﬁlﬁgvlﬁg%@l ﬁo s%/ﬁ t%@ﬁs' S
opt i onal Rycernagksi and Gdeé&‘yluﬁor@ J. oxcduesl bpdl Ar Olm}ﬂet aplabilshed e tWileg yNie,
OR17, CO2R11, NR11SQ02R12 or ar

optlonal15}13151?é'!§itl|1%ﬂ®9°5y°a bga%0895\llqe?g$w_’re rong 8r a’?‘QR%r I@?‘@Sé Bﬁgg‘?'yl

preferag 76&5;’86@ kyl R2 and R3 are preferably independently sel ected
f rom hydrogen and | kyl .  Mbst preferably R2 and R3 are hydrogen. WO

02/ 14285 PCT/ 1B01/ 01425 11 R4 is preferably |ndependently selected from

hyd d Cl.6 ti.t h I
wher oi n PéEtairRe romRRIC ST o obinchRi Bopehere e yele fs BaSeHlted
al kyl e A SodMichi By M0ldhd ¥t the ¢RdpRANRNS mﬁﬂh@émm& é(ﬁﬂ‘fﬁé)gﬁ{é?ﬂen and

Cl 3 alk rein R4 and R10 may | oi ned ormg nk, said |link
is C2_3 laanmmaﬂy preferredoane theeemmqanm qféornmde;ianubfm R mﬁqf@d torn

hydr ogen;, qr V\herel R4 an e K is
.5 a3 S eSS Pl r e Aar Shenc EaisRSEd sl a0

i ndependgsthpyuri® 6Efcrhulid ‘levm&éngié AAEhSY_16 G4 lof Ithe Smidhzoid kylasgoagive
optionally substituted by phenyl; or wherein RS and R10 nmay be joined to

form a |ihed2.Ddlisubstiitepdmiiazdles| kyl ene. More preferably R5 and R6 are
i ndependent|ly sel ected from hydrogen and C1_3 al kyl, said alkyl group
optionally substituted by phenyl; or wherein R5 and R10 nay be

Preferably R' is an aryl group, a Css cycloalkyl group, a C+.¢ alkenyl group or a Cqs
alkyl group, said alkyl or alkenyl groups optionally substituted by one or more groups
selected from: a Ca7 cycloalkyl group, heterocycle, aromatic heterocycle, OR",
COR', NR''SO;R™, NR''R™, C(O)NR''R"?, SO.NR"'R™, halo, OC(O)R", aryl or
S(0),R", where p is 0-2.

More preferably R is an aryl group, C1. alkenyl group or a Cy alkyl group, wherein
said alkyl is group is optionaly subsituted by one or more groups selected from
CO,R". OR™ aryl, Cs cycloalkyl, NHSO,R", halo, aromatic heterocycle.

Yet more preferably R' is a CF3 group or a Cy alkyl group, wherein said alkyl is
optionally substituted by a Cs.7 cycloalkyl group, aromatic heterocycle, OR", CO,R™,
NR'"'SO,R" or aryl.

Even more preferably R is C1. alkyl, optionally substituted by a Cs.4 cycloalkyl group
or aryl group.

Most preferably R'is Cysalkyl

R? and R® are preferably independently selected from hydrogen and Cq. alkyl.
Most preferably R? and R® are hydrogen.



joined to forma link, said link is C2 al kylene. Yet nore preferably R5 and
R6 are independently selected fromhydrogen and C1_3 al kyl. Mbst

pref erabiwORs1€2881 R6 are hydrogen. Preferably R7 and R8 apreT/iBu@pesdent!|y
sel ected from hydrogen and C1_6 al kyl, ,said alkyl optionally substituted
by phenyl. More preferably R7 and R8 a?i I ndependent|ly sel ected from
hydrogen and Cl.6 alkyl. Yet nore preferably R7 and R8 are independently
sel ected j(om hydrogen and C1_3 al ktyl. Even nore preferably R7 and @8 are
i ndepend®nis preferally dodependeniyr sgleateshfrooHbydrogen aphefes AKY. ReIdaAKYRS

hydr ogen. .. P I . i . :
Pyr operPPTaN Al Ry Baaf & indfeiy FETRERET Biapue Bified S farhPlink,
forma Idakiinieiai O AlRlgldne. C2_3 al kyl ene. More preferably RO and RLO are

i ndependent |y sel ected,from hydrogen and Cl1_3 al kq};l' or wherein E{l? and R4
my be jMpice@referakly nRa isi indepgndently selgctedtirom aiydrogaR . aRgCrap Ayl or

pr ef er ak n 0 ' : f and Cl1.3
Syt e o Hn B P bR ATASE ¥ T p ik e Bk i O R R 0 o
hydr ogenyetRnefeepraibrabRi R* ds ihdegiznaeatly sdleptetifrotm hydrebent edwhetsin IR/ darshen

1. | kyl , '
' om R ogedy adoord 15 75T & oFBRIBRYS Er S br ef orabl y 0'or 1. is
nost pr Yis # erably phenyl, optionally substituted by 1-3
gr oups BETordoly R ﬁlqyﬂrﬁgﬁ, OR'. NRI1R12, CCRRI1, NHSO2R11, CN or
hal oal kyl . Most preferably aryl is phenyl. Preferably Aromatic heterocycle

is definegd a 5to nmber ed ri,n o} I Nj f h - OB,
each i nggpéﬂaefﬁt n's g@?@&%@ﬁqu%gﬁng,eﬁ@ ﬁﬁggﬁdnggﬁdhyﬁggg&oéc@céée g?kgﬁ%%&
opt i onal élxylfqﬁé@ 'o"pﬂbﬁdlI)bléuﬂstﬁu%%&DFhé@I,e@rt RHefdinR® &Rl R'ARIEVRIL joitdPR1 1,
NR11CO2R12, 1, hal o, CN, hal oal Kyl hal oal kyl ), S(O pR11, OC(O R11,
form a link, said link is C4.3 alkylene.
More preferably R® and R® are independently selected from hydrogen and C.3 alkyl,
said alkyl group optionally substituted by phenyl; or wherein R® and R' may be
joined to form a link, said link is C; alkylene.
Yet more preferably R® and R® are independently selected from hydrogen and Ci.3
alkyl.

Most preferably R® and R® are hydrogen.

Preferably R’ and R® are independently selected from hydrogen and Ci. alkyl, said
alkyl optionally substituted by phenyl.

More preferably R” and R® are independently selected from hydrogen and C1.¢ alkyl.
Yet more preferably R’ and R® are independently selected from hydrogen and Ci.3
alkyl.

Even more preferably R’ and R® are independently selected from hydrogen and CHs.

Most preferably R’ and R® are hydrogen.

Preferably R® and R’ are independently selected from hydrogen, C(NH)NH, and C1.6
alkyl; or wherein R'® and R* may be joined to form a link, said link is Cz.3 alkylene.
More preferably R® and R'® are independently selected from hydrogen and C.3 alkyl;
or wherein R"® and R* may be joined to form a link, said link is C.3 alkylene.

Yet more preferably R® and R' are independently selected from hydrogen and Cy.3

alkyl.



NR11SO02R12, SO02NR11R12, C(O NR11R12. More preferably Aromatic heterocycle
is defined as a 5 to 6 nenbered ring, containing froml to 2 heteroatons,
each i ndepenzensiy selected fromO, S and N, said heteroRgTARI1IGILAP
optionally substituted by 1-3 groups sglected from OR11, NR11R12, CO2R1l1,
NR11CO2R12, R11, hal o, CN, hal oal kyl, hal oal kyl ), S(O pR11, OC(O R11,
NR11SO02R12, SO02NR11R12, C(O) NR11R12. Mpst preferably Aromatic heterocycle
is defined as a 5 to 6 rregﬁg:red ring, containing froml to 2 heteroatons,
each i nddesindeferally R and B] arediydiogenand N.  Preferably, Heterocycle is
defined as a 3-8 nenbered ring containing from1-2 heteroatons, each

i ndependently selected from0O, S and N, said ring being saturated or

parti al |Bfeﬁ#é%@%@ndsﬁ%br’eah@éWrﬂygemme@ﬂ‘bnohydiﬂogealdmitﬁ)uﬂlkyl by 1-3
WO 02/ 14285 PCT/ 1B01/ Q1425 groups selected fr

OR11, NR CO2R11,
NR" oozRMoremr@ferablon @ud R4 @f&rlﬂ%penmwl%%ﬂi ?m"sb vyioaen. af@gﬁé)
NRL11SC2R12, SO02NR11R12, C(O NR11R12. Mbre preferably, Heterocycle is
defined as a 5-6 nmenbered ri ng containing from1-2 heteroatons, each
i ndependeitreferablyatld from 0, S and N, said ring being saturated or
partially saturated, said heterocycle group optionally substituted by 1-3
groups selected from OR', NR11R12, CO2R11, NR11CO2R12, R1', hal o, CN,

hal oal ky] ; ), S(OpRL1, OC(O R11l, NR11SC2R12, SO02NR 1R12,
C(O)NRlﬁer;zDr%githjréﬁ‘%r ably, Heterocycle is defined as a 5-6 nenbered ring

cont ai nimig rﬁostrpréfé?abryeﬁ) eroat ons, each independently selected fromO, S and
N, said ring being saturated or partially saturated. Preferred conpounds
of the present invention include: ()-5-Am no-2-[(1-n-propyl-

H-i ni da t -2 lect d fi R",
(+) - (ZS)Zé?g %myﬂe‘cf)éf%bhb/ haﬁ%u?ﬁq?galﬁcfﬁq?ség%?nwyl )r%? ?\?/? ]s|§eenct(?31noﬁoéTl acid

( Exanpl ehefk) (DR31 G‘R{ - AR - NHED:R prgiyar-haloalkyl.
H- d d EXx le 7 +)-(2S)-5-An no-2-(1
i m aadtps BB AL BRI e o (Eampre o)) | (29 oA nonad

Preferably Aromatic heterocycle is defined as a 5 to 6 membered ring, containing
from 1 to 3 heteroatoms, each independently selected from O, S and N, said
heterocycle group optionally substituted by 1-3 groups selected from: OR"', NR''R™,
CO,R'"" NR'"CO,R™, R, halo, CN, haloalkyl, O(haloalkyl), S(O),R"", OC(O)R"",
NR''SO,R'?, SO.NR''R", C(O)NR"'R™.

More preferably Aromatic heterocycle is defined as a 5 to 6 membered ring,
containing from 1 to 2 heteroatoms, each independently selected from O, S and N,
said heterocycle group optionally substituted by 1-3 groups selected from: OR",
NR''R™2, CO,R"", NR"'CO,R™, R, halo, CN, haloalkyl, O(haloalkyl), S(O),R",
OC(O)R"", NR"'SO,R™?, SO,NR''R"?, C(O)NR''R"™.

Most preferably Aromatic heterocycle is defined as a 5 to 6 membered ring,

containing from 1 to 2 heteroatoms, each independently selected from O, S and N.

Preferably, Heterocycle is defined as a 3-8 membered ring containing from 1-2
heteroatoms, each independently selected from O, S and N, said ring being

saturated or partially saturated, said heterocycle group optionally substituted by 1-3



(2S)-2-[(2- Am noet hyl )ami no]-3-(1 -n-propyl-1 Himdazol -4-yl)propanoic
acid (Exanple 25) (2S)-2-[(2-Am noethyl)am no]-3-(1-n-butyl -

H i m dazove 4z2/yd23pr opanoi ¢ acid (Exanple 26) PCT/IB01/01425
(2S)-2-[(2- Ami noet hyl )am no] - 3-(1-n-ispbutyl-1 H i m dazol -4-yl)propanoic
acid (Exanple 29) (2S5)-2-[(2-Anm noethyt)ani no]-3-(1-n-isopentyl -

H-i m dazol - 4-yl) propanoi ¢ acid (Exanple 30) V\D 02/ 14285 PCT/ 1B01/ 01425 14

Par t | arl f d 5- A
J1) et hyghuirseincied (ot ORANB & ) COng pNR a0ty 8h: Bloa bt Haleiblo

ro N R REIITROIR OBORE IR SR (SO K OBING Tner e ra,. 23, R“

R5, R6, R7, R8 and R10 are as descri bed above R4 is hydrogen, nis O,

ar oup. R mssrat P oo A ot 2B BRE A5 B e B gt
t I | arl

particu yé%?er ma’gg%th |Raeét¥|llclj]<ﬂ{t@ ?cﬁcg@?r%‘?n @@QH&‘@F ggfcg?ﬁ?bblrfgu ar y

usef ul €si s of 'conpoun ormila (1) The
I nvent i gaturatadher partialty dammbtihsmjd Heterochelegrepauoptionallycsulistituted iyoldds  of

}D?:palr géﬁg}ﬁésogggp’qegrﬁom &.\,desﬁéhlhaﬁi 88' QW W bB hm@%ﬁgeéNaﬂaloalkyl
O(haloalkyl), S(O),R"", OC(O)R"", NR"'SO;R"?, SO,NR''R"?, C(O)NR''R™.

Most preferably, Heterocycle is defined as a 5-6 membered ring containing from 1-2
heteroatoms, each independently selected from O, S and N, said ring being

saturated or partially saturated.

Preferred compounds of the present invention include:

(+)-5-Amino-2-[(1-n-propyl-1H-imidazol-4-yl)methyl]pentanoic acid

(Example 2)

(+)-(2S)-5-Amino-2-[(1-n-butyl-1H-imidazol-4-yl)methyl]pentanoic acid

(Example 5)

(+)-(2S)-5-Amino-2-[(1-n-propyl-1H-imidazol-4-yl)methyl]pentanoic acid

(Example 7)

(+)-(2S)-5-Amino-2-(1H-imidazol-4-ylmethyl)pentanoic acid

(Example 9)

(2S)-2-[(2-Aminoethyl)amino}-3-(1-n-propyl-1H-imidazol-4-yl)propanoic acid
(Example 25)

(2S)-2-[(2-Aminoethyl)amino]-3-(1-n-butyl-1H-imidazol-4-yl)propanoic acid (Example
26)

(2S)-2-[(2-Aminoethyl)amino}-3-(1-n-isobutyl-1H-imidazol-4-yl)propanoic acid
(Example 29)
(2S)-2-[(2-Aminoethylyamino]-3-(1-n-isopentyl-1H-imidazol-4-yl)propanoic acid

(Example 30)



The skilled man will appreciate that the conpounds of the invention could
be made by nethods other than those herein described, by adaptation of the
met hods edet/n283lescri bed and/ or adaptation of a pl et hor apof/iBrtoneds known
inthe art. It is to be wunderstood thgy the synthetic transformation

met hods specifically nentioned herein may be carried out in various
different sequences in order that the desired substances can be

ffici | y nmbl ed. Th idy! hery ] ci.se hi j ud t d
kil 1 adaofRay RieBren TrElre eehinge Tl akmy FERMARAEL, nes 307 o "
gi ven t g@edth§nsitanse adid (Mdrpleg)apparent to those skilled in the art

that sensitive functional groups may need to be protected and deprotected
during synthesis of a substance of the invention. This nay be achi eved by

conventi-gnal techni r. | [ Ly ' WO
02/ 14285 /eféﬁgi"t‘/%ﬁgén a%g’ '&8%5@%2 C:BH?F%(U&?%%@ f@@‘g’f'hg)s(uxgi)%b@c’cw G eene
and P. G M Wits, John Wley and Sons Inc, 1991. Conpounds of fornula (I)
may be prepared by reacting a conpound of formula (L)) RO |1 Ra R~~N R7
(CH2)n RA R NXR5 Z- YORI3 RI N2 R3 p (11) erein Rl, R2, R3, R4,
R5, R6, R7, R8 and X are assdescribed above, R9, R1Q, ar s descri bed
above, additionally one or |bot h may be a suitablgAmt R7 protecting
group and R13 is an approprNate Bxygen protecting, grou with a suitable
N 6 ﬁ 4 . 3

reagent to renove sal gen ‘ecting group. oxygen
protecting groups udg allyl g@soups and al ps, Raid al kyl groups
optionally subski «ﬁ NgROUPS. OH
R1
R3 il“ XX (XXIV)

Where R', R%, R®, R®, R7, R® and R’ are as described above, R* is hydrogen, n is 0,
X is CH and R® is as described above or is an appropriate nitrogen protecting group.
Appropriate nitrogen protecting groups include carbamates, particularly BOC and
benzyl groups. These compounds are particularly useful as intermediates in the

synthesis of compounds of formula (1)

The invention further provides Methods for the preparation of the compounds of the
invention, which are described below and in the Examples and Preparations section.
The skilled man will appreciate that the compounds of the invention could be made by
methods other than those herein described, by adaptation of the methods herein
described and/or adaptation of a plethora of methods known in the art. It is to be
understood that the synthetic transformation methods specifically mentioned herein
may be carried out in various different sequences in order that the desired
substances can be efficiently assembled. The skilled chemist will exercise his
judgement and skill as to the most efficient sequence of reactions for synthesis of a

given target substance.

It will be apparent to those skilled in the art that sensitive functional groups may need
to be protected and deprotected during synthesis of a substance of the invention. This
may be achieved by conventional techniques, for example as described in “Protective



Sui tabl e reagents and conditions to renove said groups are well known to
those skilled in the art and may include hydrol ysis and hydrogenati on.
Where ROve@dz/on8R10 is a nitrogen protecting group, it mapCh8Bmetessary to
remove said nitrogen protecting group gfter reaction of (Il) with a
suitabl e reagent to renove said oxygeﬂ protecting group. Suitable nitrogen
protecting groups are well known to those skilled in the art, as are.
suitable conditions for their renoval. Conpounds of forrmula (I1), where Ri,
R3, R4, Gwupmen GrmaniesSymbesigi by R1W. Lpgereand PaS. ds¥utsedohibdVileyaned R
S hydrc%gmrﬁgy,@% prepared from conpounds of fornula (V) and (VI) in
accordan i Th € follow ng reaction schene WO 02/ 14285 PCT/ 1B01/ 01425
16 R91 RB RILR7T (CH2D) h RA R XR5 R3IEt OORI3 R NEOP OMIOO

VI a) RO | Rl R7 (CH2)h R4 R6. . N X R5 ~ OR13 R~ 3 O (I b
(Vi) ())ompounds of formula (I§ may) be prepared by reacting a compound owformulg (}G (b)
R®
| e
N
i ~r
(CHa),
R4 R6
N \X/Yés
OR13
R N
2 g O

(1
Wherein R, R?, R®, R*, R®, R®, R”, R® and X are as described above, R®, R are as
described above, additionally one or both may be a suitable nitrogen protecting
group and R"™ is an appropriate oxygen protecting group,
with a suitable reagent to remove said oxygen protecting group.

Appropriate oxygen protecting groups include allyl groups and alkyl groups, said alkyl
groups optionally substituted by aryl groups.

Suitable reagents and conditions to remove said groups are well known to those
skilled in the art and may include hydrolysis and hydrogenation.

Where R® and/or R is a nitrogen protecting group, it may be necessary to remove
said nitrogen protecting group after reaction of () with a suitable reagent to remove
said oxygen protecting group. Suitable nitrogen protecting groups are well known to
those skilled in the art, as are suitable conditions for their removal.

Compounds of formula (Il), where R', R®, R*, R®, R®, R”, R?, R%, R'®, R™® and X are
as described above and R’ is hydrogen may be prepared from compounds of
formula (V) and (VI) in accordance with the following reaction scheme



RO I RB RLR7T (CH2)h RA R6 N XR5 ORL3 RL N"12 RY3O (I1) WD 02/14285
PCT/ 1B01/ 01425 17 Conpounds of formula (1V) nay be fornmed by process step
(a), a Wdewoi£Bs Emons reaction between conpounds of foraniB1(0¥25and
(M). This may be conducted under staggard condi tions, such as described
in Og. Synth. Coll. Vol., 1988, 6, 353 and 1993, 8, 265. Suitable
conditions include formation of the phosphonate anion with a suitable base
such as NaH at O0C, then reacting with 1 ¢y of the appropriate al dehyde at
roomtenperature for 18 hours. A sui tablel sol vent woul d be

tetrahydrof uran. Conpounds of forrmula (I be fornmed by process step
(b), a hydrogenation. This nay be ca%;,i/e rby a nethod such as

catal yti c hydrogenation, e.g. 10% Pd/C at 4| atnospheres, in an al coholic
sol vent (methanol or ethanol) at room tenpegature to 60C for between 4 and
72 hours; or by activated netal hydride redycCtion, e.g. 30 eq NaBH4, 1.5
to 2.5 eq CuCl, in nethanol, at room renperaturg for 2 hours. The process
may al so be conducted NQ give an asymmeb¥y Fézrgogenati on of the al kene
bond. Such nethods a Il known toegkdose skilled in the art and are

di scussed’'in "Asy ynt het i cEt®k} | o chapter 9, Eds D. Ager and
M East, CRC Press, 1996} | SBN: 0-849 |-849 -9. Conpounds of formula (V)
are commercially availabl® o may be prepargéd by a (vihumber of literature
met hods well known to a man skilled in the art. Reference is nade to the
preparations described herein and E?o G Shapiro et al, Heterocycles, 1995,

41, 215; L. A Reiter, J. Og. Cheme 1987, 52, 2714; B. H Lipshutz et al,
Tetrahedron Lett. 1986, 27, 4095; Al debbagh et al, Tetrahedron Left.,
1997, 38
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7937; and S. M Abdelaal, J. Het. Chem 1995, 32, 903. Conpounds of fornula
(VI) where R4, R5, R6, R7, R8, R9, R10 and R13 are as described above and
X is CH way2besprepared in accordance with the foll ow ngpCraBaeR425\WO

02/ 14285 PCT/1B01/01425 18 R9 RB Rlo4 HH (CH). OEO EO-! ! P
RamR6 - 111 OORI3 X R5 (VII) Y (MII) (¢) ROI RB NRIO R/ (CH),,
RA RE R EtOOCRLI3 EtO- P11 0 O (VI) Conmpounds of fornmula (VI) may be
prepared fromthe conpounds of formula (VII) and (VIII) where Y is halo,
under the conditions of process step (c), an alkylation reaction. This may
be carried out under standard conditions, typically 1 eq of (V1) is
treated with 1.1 eq of NaH, before reaction with (VIIl1), 18-crown-6 (cat)
at refl uofmpounds of formula (IV) may be formed by process step (a), a Wadsworth-

Emmons reaction between compounds of formula (V) and (VI). This may be
conducted under standard conditions, such as described in Org. Synth. Coll. Vol,,
1988, 6, 358 and 1993, 8, 265. Suitable conditions include formation of the
phosphonate anion with a suitable base such as NaH at 0°C, then reacting with 1 eq
of the appropriate aldehyde at room temperature for 18 hours. A suitable solvent

would be tetrahydrofuran.

Compounds of formula (ll) may be formed by process step (b), a hydrogenation. This
may be carried out by a method such as catalytic hydrogenation, e.g. 10% Pd/C at 4
atmospheres, in an alcoholic solvent (methanol or ethanol) at room temperature to
60°C for between 4 and 72 hours; or by activated metal hydride reduction, e.g. 30 eq
NaBH,, 1.5 to 2.5 eq CuCl, in methanol, at room temperature for 2 hours. The
process may also be conducted to give an asymmetric hydrogenation of the alkene
bond. Such methods are well known to those skilled in the art and are discussed in
“Asymmetric Synthetic Methodology” chapter 9, Eds D. Ager and M. East, CRC
Press, 1996, ISBN: 0-8493-8492-9.

Compounds of formula (V) are commercially available or may be prepared by a
number of literature methods well known to a man skilled in the art. Reference is
made to the preparations described herein and to G. Shapiro et al, Heterocycles,
1995, 41, 215; L. A. Reiter, J. Org. Chem., 1987, 52, 2714; B. H. Lipshutz et al,
Tetrahedron Lett. 1986, 27, 4095; F. Aldebbagh et al, Tetrahedron Lett., 1997, 38
7937; and S. M. Abdelaal, J. Het. Chem. 1995, 32, 903.

Compounds of formula (VI) where R*, R®, R®, R’, R%, R’, R' and R™ are as
described above and X is CH, may be prepared in accordance with the following

scheme.



18 hours. Conpounds of formula (VI) where R5, R6, R7, R8, R9, R10 and R13
are as described above, R4 is a suitable nitrogen protecting group and X
is N, mawoezpnepared using the reaction schene descri beBCHBM®142€0npounds
of formula (1) may al so be prepared by1hreating a conmpound of formula
(I'1'1) under the conditions of a |actamhydrolysis reaction. Suitable
conditions include those of process step (d), a |actam hydrolysis. This
may be conduct ed under WO 02/ 14285 PCT/1801/01425 19 standard conditions,
typically basic conditions, e.g. aqueous Li OHy in tetrahydrofuran at room
tenperature for 4-18 hours. Conpounds of fo;gﬂéa PI) where Rl, R3, R4,
R5, R6, R7, R8, R9, R13, X and Z are as ghove and R2 is

hydr ogen, may be prepared by the follomnn proce S R5 /IR6 R4 N\X ~('CHz

R7 RBEEORa RL NEtO~ P |OORS(X) R5R6 RA N- (CH2)/R7
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Eto>ﬁ Ri_
© OR?3 )|< R5
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Compounds of formula (VI) may be prepared from the compounds of formula (VIi)
and (VIll) where Y is halo, under the conditions of process step (c), an alkylation
reaction. This may be carried out under standard conditions, typically 1 eq of (VIl) is
treated with 1.1 eq of NaH, before reaction with (VIil), 18-crown-6 (cat) at reflux for

18 hours.

Compounds of formula (V1) where R®, R®, R”, R?, R®, R'® and R" are as described
above, R* is a suitable nitrogen protecting group and X is N, may be prepared using
the reaction scheme described above.

Compodnds of formula (l) may also be prepared by treating a compound of formula
(I1) under the conditions of a lactam hydrolysis reaction. Suitable conditions include

those of process step (d), a lactam hydrolysis. This may be conducted under



RA N\X (CHZ)" R R8 RL ZN N\RO 2 R3O0 (IIl) Conpounds of formula
(I'X) may be prepared by reacting conpounds of fornmula (V) and (X) under

t he condiw®ornss286§ process step (a) descri bed above. ConporausBmfo1426or mul a
(I'11) may be prepared by reacting conpggnds of fornula (IX) under the
conditions of process step (b) described above. WO 02/14285 PCT/ 1B01/ 01425
20 Compounds of fornula (X) where R4, R5, R6, R7, R38, RO, R10 and Rl3 are

d b R9 R X i
o mS§°L%aeé’%rgavoiﬁfﬂmwaecalivnﬁrﬁﬁ'&%ﬁﬁltlpa%@é%&t%?%%%t%@%éﬂﬂgﬂﬂgn N
accor danﬁqowtérﬁﬂ;@rat@blf@mnm hégaction scheme. RS R6 R4 (CHZ)~ Y EtO Ra
EtEO\P NIIl ~RO 0 (XI) (c) R R R4 \X (CHz)n R7 EtO )< R8 EtOP N

10 O R9 (X
Compounds of formula (lll) where R, R, R*, R%, R®, R”, R, R®, R™®, X and Z are as

described above and R? is hydrogen, may be prepared by the following process
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Compounds of formula (IX) may be prepared by reacting compounds of formula (V)
and (X) under the conditions of process step (a) described above. Compounds of
formula (1ll) may be prepared by reacting compounds of formula (IX) under the
conditions of process step (b) described above.



Compounds of fornula (X) may be prepared from conmpounds of fornula (XI)
under the conditions of process step (c) described above. Conpounds of
formula Woy2wizese R, R2, R3, R4, R6, R7, R8, R1O0 and RIBCHIEN1A3425

descri bed above, R9 is as above or is 2 suitabl e nitrogen protecting group,
Xis Nand R6 is hydrogen nay be prep Ped froma conpounds of fornula
(XI1) and (XII'l1), in accordance with the follow ng reaction schene. WO

02/ 14285 PCT/1B01/01425 21 RO R8 R4 0O/ NRL N~NHR7 OR13 (CGH#2)n Rl N
(XIl) 2 R30OR5 (X111) (e) (k) RO1 R8 R1IO/ NR7 (CH2)n R4 R N X R5

Y OR13 RL ! 81 :
reacti ng‘} %rgﬁ%%&%énlﬁm}u% @E’IO‘QH% [lgz;’ éa;vggyk;l I%I’)ﬁgﬂﬁgra H?hgﬁgg%g?ﬁ%ﬁgb%
process giowe, (vith.the previsotRRVandRRY hedyi wot e tickedand Xpis Chirmegt hendespared

standard conditions known to those skilled in the art. Suitgble ndi ti ons
woul d i rfeEand ceemeund T frrmylanit) where )Y jshakge "blasg‘éw@@%fw'gbél?% ﬁ&%&f\@'ﬂ%t e

reaction scheme.
rs RE

Compounds of formula (X) may be prepared from compounds of formula (XI) under

the conditions of process step (c) described above.

Compounds of formula (Il) where R', R, R, R*, R®, R’, R®, R' and R"™ are as
described above, R%is as above or is a suitable nitrogen protecting group, X is N and
R® is hydrogen may be prepared from a compounds of formula (XII) and (XIlf), in

accordance with the following reaction scheme.



and sodi um cyanobor ohydri de. Conmpounds of fornula (I11) wherein RO is H may
be obtai ned from conpounds of fornulae (I1) where RO is a suitable

ni t rogen woor/ersi ng group by optional process step (k), pemraloles a
nitrogen protecting group; appropri atezclonditi ons for the renoval of
nitrogen protecting groups Pl are described in "Protective Goups in
Organic Synthesis", 2nd edition, T. W Geene and P. G M Wit z,
Wley-Interscience (1991). Appropriate conditiops include: BOC
deprotection: 6N aqueous hydrochloric acid at rogmtenperature to refl ux
tenp, for between 1 and 3 hours; WO 02/14285 PCJ{ 1B %?01425 22 Benzyl

deprotection: dissolving rﬁé‘r\al reduction, e.gyefa, RNH3, -78C. Conpounds
of formula (XI1l) are compercNel |y avail abl e or nmay| be prepared by nethods
wel I known to a man sk in the gid. Conpounds @ty formula (XI1) above
are comercially ava IS\’

. atively where )"RB, R4 and R13 are as
descri bed above, and en, they may be % by the route
disclosed in Hely. i m te, 01994, 77, 1395 ornp@ds\di.scl@med bel ow. WO
02/ 14285 PCT/1B01/01425 23 0 HNOPh N R3 EtOOR13 EO- P RL 'N- Ar
--1Y MOO O(XIV) (a) O HNACPh Nlly OR13

(e)
(k)

Re
| e

Rm/N\LR?

(CHo),

R4 R6
N \X/ :Rs
OR?
R N

2 Rz O

(n

Compounds of formula () may be prepared by reacting compounds of formula (XIi)
and (XIIl) under the conditions of process step (e), a reductive alkylation reaction,
performed under standard conditions known to those skilled in the art. Suitable
conditions would include reacting (XIl) and (XIli) in the presence of sodium acetate

and sodium cyanoborohydride.

Compounds of formula (Il) wherein R® is H may be obtained from compounds of
formulae (Il) where R® is a suitable nitrogen protecting group by optional process
step (k), removal of a nitrogen protecting group; appropriate conditions for the
removal of nitrogen protecting groups P! are described in "Protective Groups in
Organic Synthesis”, 2™ edition, T. W. Greene and P. G. M. Wutz, Wiley-Interscience
(1991). Appropriate conditions include:

BOC deprotection: 6N aqueous hydrochloric acid at room temperature to reflux temp,

for between 1 and 3 hours;



RlL ZN R3 O (X111) (b) NNH2 OR13 RL N2 R3O0 (XlIla) (e) R4 N NH OR13
RL N2 R3 O(XlI) Conmpounds of forrmula (XII) nmay be prepared by reacting
conmpoundwobziasiula (V) and (XIV) under the conditions PET/BOOEES Step
(a), described above. Conpounds of fozgula, (XI'l'a) may be prepared by
reacting conpounds of fornula (XI11) ufiler the conditions of process step
(b) described above. If a conpound of fornmula (XIlI) is required where R4
i s not hydrogen, then conpounds of fornula (XI1) may be WD 02/ 14285

PCT/ 1B01Be@rzy} depmiegtion disseMiyg medak redycliamscaiide, lisf NHor A8°&- (X1 1 a) under
the conditions of process step (e), described above. Conpounds of formula
(XI'la) where Rl, R2 and R3, are as described above, with the proviso R2
and R3 atsmpelinds ifebrmtth RLRI)i sremebhivhercialy @laiablee oprswaytid iptapdred by
prepared froma conpound of fornula (XVI), where Y is halo, in accordance
wi t h t henethsidsovglhignowade asnars skied N e v R1L "ON N O (XVI) 2 R3 (XVI1)
(1

Compounds of formula (XIl) above are commercially available. Alternatively where
R' R® R*and R' are as described above, and R? is hydrogen, they may be made
by the route disclosed in Helv. Chim. Acta., 1994, 77, 1395 or as disclosed below.



N NOXNXORL 2 3 (XV) (g NNH2 ORI3 RL NY X32R 0 (XIla) Conpounds of
formula (XV) may be prepared by reacting conpounds of forrmula (XVIl) and
(XVI) unoeo ovhestonditi ons of process step (f) a Schol | kopET/amremesr i ¢

al kyl ati on reaction, conprising reacti of a halide with a suitable
deprotonated Scholl kopf chiral auxiliary (Angew. Chem Int. Ed. Engl.,
1981, 20, 798). Suitable conditions are treating the Scholl kopf auxiliary
in tetrahydrofuran at -78C with BuLi, VE)02/14385 PCT/ 1B01/ 01425 25

foll owed by addition of (XVlI) then 24 hours atjjroomtenperature. Conpounds
of formula (Xlla) may be prepared by reactinglco unds of formula (XV)
under the conditions of prqgeess step (g), EWNhydi®l ysiP8 reacti on, described
in Angew. Chem Int. Ed. EAgN), 1881, e, 7P8. Sgkbabl e conditions are 5eq
of 0. 25N aqueous hydrochke el d atgd t erature for 2 hours.
Conpounds of fornul a (XIIQ may Qpe obtai ned| by fethods well known to those
skilled in the art or as' xenpl Of i ed in te ex&npl esX™t shoul d be noted
that conpounds of forrmula (XII) and ipternediates thereto wherein RL is
not H may be produced by coupling conpgynds of fornmula (XII) and

internedi ates thereto where Rl is H W th an appropriate reagent
containing Rl, where Rl is as disclosed above. Conpounds of fornula (I1)
where R1, R2, R3, R4, R5, R6, R, R8, RI9, ®R10 and R13 are as described
above and X is nitrogen may al so be preparjgd from conpounds of fornula
(XIX) and (XVI11) where Y is halo t e ped™dgscribed in the following
reaction scheme. WO 02/14285 PCT/ /01425

OR13

R
Rs 0 (X1
la»

N NH,
OR13

R N
2 R3O (Xlia)

(e)
R4
AN
N NH
OR13

R N

2 R3 O X1

Compounds of formula (XIl) may be prepared by reacting compounds of formula (V)
and (XIV) under the conditions of process step (a), described above. Compounds of
formula (Xlla) may be prepared by reacting compounds of formula (XIIl) under the
conditions of process step (b) described above. If a compound of formula (XIl) is

required where R* is not hydrogen, then compounds of formula (XIl) may be



26 R9 1 Re RIOI~R/ NYORIBR(CH2)Nn RLNRARs | 2 R3O (XVIl) MX
RS (XIX) (h) RO | Re RI~-NR7 (CH2)n RamR6 NX R5 OR13 RIL N2 R3O
(I'1) Conpoonzsi2ed forrmula (I1) nay be prepared by reacti npCraBmpoweds of
formula (XVII1) and (XI X) under the copditions of process step (h) an
al kyl ati on reaction, reacting an excess of the amne wth the halide.
Suitable conditions are 6eq of (XIX) and leq of (XVIIIl) in acetonitrile at

roomtenperature for 2 hours followed by 1 hour refl yx. Coppounds of

formul a PrePRYedRy reaciiissampeusds Lfforpeia &Hal)i Lﬂ"éqse:{t%ii‘ﬁecc?’lfﬁ{%, Oﬂqucesﬁnown

to a man [ | , as well as being commercially avail abl e.
s8] Shtobdgypit; : y

Conpounds ere Rl, R2, R3 and R13 are as descri bed above,
with the proviso R2 and R3 are not |inked, may be prepared by the nethod

descri begolmrr])oumg o];‘?cl)rll'r(1)L\JIYI r&llrafev%telrg %1?&5%%'R¥\%rgza{sl ezsgc?ibg éb%%%l@%%ﬁ%g 27
proviso R? and R® are not linked and R'™ is methyl, may also be asymmetrically
prepared from a compound of formula (XVI1), where Y is halo, in accordance with the

following reaction scheme.
. b
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Compounds of formula (XV) may be prepared by reacting compounds of formula
(XVIl) and (XV1) under the conditions of process step (f) a Schollkopf asymmetric
alkylation reaction, comprising reaction of a halide with a suitable deprotonated
Schollkopf chiral auxiliary (Angew. Chem. Int. Ed. Engl., 1981, 20, 798). Suitable

conditions are treating the Schollkopf auxiliary in tetrahydrofuran at —78°C with Buli,



NNH2 '~ YORI3S RE N2R3O(XIla) I (0) NYORla R N2 Ra O (XX
Compounds of fornula (XX) may be prepared by reacting conpounds of fornula

(XI'l'a) umwd@n2/14285 condi ti ons of process step (i) a PCT/IB01/01425
di azoti sati on/ hal ogenati on reacti on, ri sing conversion of the am ne
group to a diazo group, followed by re lon with a suitable halide,

typically in situ. Suitable conditions are treating 1 eq of amne with 3.3

eq of NaNO2 in concentrated drochloric acid:water (30:5) at -5C, then 17
hour s at followgs t Rymeddiion: ef (@iﬁpﬁ\@ﬁd% diours rahiogen (tempesaiare.| @pmpeends Faf,

R3, R5, 7 b

R i o asooul PRI TRyRS oPopar Bl 1B oo tfids, SF M (yR il hROCC
0 and X eendiivrisyf pocess BiE )l emydr@lyﬁipaaadmmfde‘s@nbydim i Dhém)tlhtthe
E and Z isoners in accor dance with the follow ng_schene. 02/ 14285

PCT/ 1B01kFd1kpgl., THBIRZO, | %Stldahiel@ndﬂ@nswezﬁ@q of 025k apeous hydnochlorich)

R9 acid at room temperature for 2 hours.

Compounds of formula (XIl) may be obtained by methods well known to those
skilled in the art or as exemplified in the examples. It should be noted that
compounds of formula (XII) and intermediates thereto wherein R’ is not H may
be produced by coupling compounds of formula (XIl) and intermediates thereto
where R1 is H, with an appropriate reagent containing R', where R’ is as

disclosed above.

Compounds of formula (Il) where R', R%, R®, R*, R, R®, R, R®, R%, R"’ and R" are
as described above and X is nitrogen may also be prepared from compounds of
formula (XIX) and (XVIll) where Y is halo by the method described in the following

reaction scheme.



| RB ONNR7 CR6 R NRR R R3la (XXIl) (d R ( RBR RLNR/ R4 R6
NXRS NOH R 2RBRO(XXI) G, (k) R R | RBI R8 RO R7T Rlo/ R7 R4
R6 RA REWOIX128 N X R5S OHOH R NR N2 R30 (IA) 2 R3POT/(BIBN1AS

02/ 14285 PCT/ 1B01/ 01425 29 Conpounds formula (XXI1) may be prepared
from conpounds of formula (XXII11), wun@ér the conditions of process step
(b), as described above. Appropriate nitrogen protecting groups include

carbamates, particularly BOC and benzyl groups. Process step (b) may al so
be conducted asymmetrically, using techniques kn to those
R8
N
i ~ e
N Y
OR?"? (CHy),
R N
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XVl N Nrs X
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OR13
R N
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Compounds of formula (Il) may be prepared by reacting compounds of formula
(XVII) and (XIX) under the conditions of process step (h) an alkylation reaction,
reacting an excess of the amine with the halide. Suitable conditions are 6eq of (XIX)
and 1eq of (XVIII) in acetonitrile at room temperature for 2 hours followed by 18

hours at reflux.

Compounds of formula (XIX) may be prepared by a number of literature routes, well

known to a man skilled in the art, as well as being commercially available.

Compounds of formula (XX) where R', R%, R® and R" are as described above, with
the proviso R? and R® are not linked, may be prepared by the method described in

the following reaction scheme.



skilled in the art. Compounds of fornula (XXI) nmay be prepared from
conpounds of formula (XXI1) under the conditions of process step (d), a

| act am hydo ot/ye8% reacti on which nay be conducted under BCT/@B/0O425basi c
conditions as appropriate. Conpounds ;; formulae (1A and (IB) nay be
prepared from conpounds of forrmula ( ?) under the conditions of process
step (j), resolution of the enantionmers, followed by optional process step
(k), renoval of the nitrogen progfctlnﬁngoup when RO is a nitrogen
protecting group. In process st ), tindi vi dual enantioners of a conpound
of the formulae (1A or (IB) ‘by resolution, such as by

H P.L.C. of the correspondi nd® ing a suitable chiral support or
by fractional crystallisation of t j a ere0|§iger|c salts formed by
reacti on of the corresponding race with a suitable optlcally active
acid or base, as appropriate. Reference is nade herein to "Enanti oners,
Racemat es and Resol utions” J. Jacques ang A Col I et, published by VVIey,

NY, 1981; and "Handbook of Chiral Chericals" chapter 8, Eds D. Ager and M
Dekker, | SBN:. 0-8247-1058-4. Conpound$ of fornulae (1A or (1B) wherein R9
is Hmy be obtained from conpounds of formulae (1A or (IB) where RO is a
sui tabl e nitrogen protecting grou by optlonal process step (k), renoval

of a nitrogen protecting group; op Yi at e condltlons for the renoval of
nitrogen protecting groups RO a ibed-?R* "Protective Groups in
Organic Synthesis", 2"d editi®nNTF GTeene and P. G M Wit z,

Wl ey-Interscience (1991). Appropri ditiopgyinclude: BOC
deprotection: 6N aqueous hydrochloric acid at roomtenperature to refl ux
tenmp, for betmeen 1 and 3 hours; Benzyl deprotection: dissolving netal
reduction, e.g lig NH3, ~78C. WD 02/ 14285 PCT/1B01/ 01425 30 Conpounds
of for mﬁ@mppumls aqfdfO(mB)a R%) may1 bepreprred Ry, regetingaosmreyndsy ef fermula
describ

above ort ] Uhielle Zonafibns Hibribchs on WER RACRAN0MalcheParafTeatis,

asymret rg¢apapriging fcbﬂﬂé@mmommésamhefgrbup lta o ik lgroumHoll@vé Xy Ireaction withher

the E or Z i sone accordance wth the action sche sho bel o
a suitable hahde typically in situ. Suitable con |t§|aons are treattrl'1gm1e eq O%Nn amine WV¥h

3.3 eq of NaNO; in concentrated hydrochloric acid:water (30:5) at —-5°C, then 17

hours at room temperature.

Compounds of formulae (IA) and (IB) where R', R%, R®, R®, R” and R® are as
described above, R%, R* and R'® are hydrogen, R® is as described above or is a
suitable nitrogen protecting group, n is 0 and X is CH may be prepared from
compounds of formula (XXIIl), both the E and Z isomers in accordance with the

following scheme.



1
NXRS OH R ZN-J a O(XXIV) (b)), §, (k) RO RO RS R7 R10/ N R
R4 R8 RAVRBOMI4EBRS N trR5 OHOH R NRL N2 R3 O (1A 2PKRBIED1(0L8F
Compounds of fornula (XXIV) may be pre ed from conpounds of fornmula (=If)
under the conditions of process step (d), as described above. WO 02/ 14285
PCT/ 1B01/ 01425 31 Conpounds of formula (1A or (IB) may be prepared from
conpounds of formula (XXI'V) under the conrgitions of process steps (b), a
hydr ogenation, (j), resolution of | Re
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enantiomers and optionally, (k), renoval of the nitrogen protecting group
P1 when RO is a nitrogen protecting group. Process steps (b), (j) and (k)
are descwoeriebdve. In an alternative enbodi nent, conpounduIBifi/Ofi4snul a
(I'A) where R1, R3, R5, R6, R, R8, RlLmuand X are as descri bed above, R2 and
R4 are hydrogen and RO is as described above or may be an appropriate
nitrogen protecting group, nay also be prepared asymetrically from -

ocbr darceTRoURdB it TobalE O RaR S Riskre i Catpobifis of orfia; 0D s
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Conpoundgrotéctingr gnouge n(n¢lmle @art(almtampaﬁmuiﬂrwpaogdam m&sh@r@un&s Pggcess

hycr ogerSEPa) THY 2109 becpaffibhea BRombhePERtt dhund Ehiddes Raf ke

renoval s&Killddg thietarpgen protecting group when RO is a nitrogen protecting
group. Process step (j) is optional and is WO 02/ 14285 PCT/ 1B01/ 01425 32

Compounds of formula (XXI) may be prepared from compounds of formula (XXII)
under the conditions of process step (d), a lactam hydrolysis reaction which may be
conducted under acidic or basic conditions as appropriate.

Compounds of formulae (IA) and (IB) may be prepared from compounds of formula
(XXI) under the conditions of process step (j), resolution of the enantiomers, followed
by optional process step (k), removal of the nitrogen protecting group when R%is a

nitrogen protecting group.

In process step (j), individual enantiomers of a compound of the formulae (I1A) or (1B)
may be prepared by resolution, such as by H.P.L.C. of the corresponding racemate
using a suitable chiral support or by fractional crystallisation of the diastereoisomeric
salts formed by reaction of the corresponding racemate with a suitable optically
active acid or base, as appropriate. Reference is made herein to “Enantiomers,
Racemates and Resolutions” J. Jacques and A. Collet, published by Wiley, NY,
1981:; and “Handbook of Chiral Chemicals” chapter 8, Eds D. Ager and M. Dekker,
ISBN:0-8247-1058-4. |

Compounds of formulae (IA) or (IB) wherein R® is H may be obtained from
compounds of formulae (lA) or (IB) where R® is a suitable nitrogen protecting group
by optional process step (k), removal of a nitrogen protecting group; appropriate
conditions for the removal of nitrogen protecting groups R® are described in
"Protective Groups in Organic Synthesis”, 2" edition, T. W. Greene and P. G. M.
Wutz, Wiley-Interscience (1991). Appropriate conditions include:

BOC deprotection: 6N agueous hydrochloric acid at room temperature to reflux temp,
for between 1 and 3 hours;

Benzyl deprotection: dissolving metal reduction, e.g. Na, liq NH3, -78°C.



dependent upon the degree of enantioneric selectivity obtained in step (1).
Process step Q may also be conducted in situ during process step (1).
Process svepy142p) and (k) are descri bed above and are furCcheBoiexesplified
in the exanples. The nmethods used to cojygluct process step (I) are well
known to those skilled in the art and are discussed in "Asymetric

Synt heti ¢ Met hodol ogy" chapter 9, Eds D. Ager and M East, CRC Press,
1996, |1 SBN:. 0-8493-8492-9, as well as being further exenplified in the
exanpl es. Conpounds of fornmula (XXI11) where Rl, R3, R5, R6, R7, R$ and X
are as described above and RO is as described above or a suitable nitrogen
protecting group may be prepared from corrpogimd of f(grrl%l a (\/) and ( XXVl)
i n accor Ganyeoundshoft fwmtm:t(iﬁdnand;c(lﬁénwh@a Bw. R§29 R°FNRX are asN Re

0 (V) | E@séq@ed gbove an& WQZ ﬁB and %M are hyngOQen and ﬁi’ lslé@ desc%eg\gbovgnar

| @]
is an appropriate nitrogen protecting group may also be prepared asymmetrically

from compounds of formula (XXIil), where (XXIll) is either the E or Z isomer, in

accordance with the reaction scheme shown below.
RQ

RS
N © N\L R?

Re
N

R3 4 X

. o 0y

(1A 2 R3 O (1B)

Compounds of formula (XXIV) may be prepared from compounds of formula (XXII)

under the conditions of process step (d), as described above.



R RLNi RS 3 R4 (XXII1) WO 02/ 14285 PCT/ 1B01/ 01425 33 Conpounds of
formula (XXV) nmay be prepared from conpounds of formula (V) and (XXVI)
under thava@ondizsi ons of process step (n), an Al dol type reparAaBwmi42Sui t abl e
conditions for such a reaction are wellgknown to a man skilled in the art.
Reference is also nmade herein to "Advanced Organic Chem stry" (4th
Edition) by Jerry March, John WIley and Sons Inc. Conpounds of fornula
(XXI'11) may be prepared from conpounds of formula (XXV) under the
conditions of process step (n), an elimnation reaction. (XXV) may be

treated éagilpotuihtag rgmm QR &F ABY rhay ml@?ﬁr&l (festh! dorhPoandieloy domkingn

reacti on, e el imnated havi Irst being transfornmed into a

good | eaQOfly) gindep theichnditiona afqypresse stapsnibya dydregenaiionChkpesatigioprof

f la (XXI1) wh R1.. R4 R5 RY : ' d

hoove. - renauidmd SuerEy, . BindVa) g BfradRh @feel ol miiEh K°5
| soj i Proe | i

e or danse O oo o Torg 7 1 8 Cr o NS o

(XXX) X R5 (XXVI) R4 (m) WO 02/14285 PCT/1B01/01425 34 R9 | Rs

In an alternative embodiment, compounds of formula (IA) where R', R?, R®, R®, R/,
R®, R' and X are as described above, R? and R* are hydrogen and R® is as
described above or may be an appropriate nitrogen protecting group, may also be
prepared asymmetrically from compounds of formula (XXIV), where (XXIV) is either

the E or Z isomer, in accordance with the reaction scheme shown below.

. 0 oXIV)

(1A) 2 R8s O (1B)

Compounds of formulae (IA) or (IB) may be prepared from compounds of formula
(XXIV) under the conditions of process steps (I), an asymmetric hydrogenation, (j),
resolution of the enantiomers and optionally (k), removal of the nitrogen protecting

group when R® is a nitrogen protecting group. Process step (j) is optional and is



O N AN R7
R4 (XXXI1) (b)

(k)

R6 X R5 P HO R3 R4 (XXXI)

RO RB ONNR7Y

(n)
Rs

RO RS ONNR7 Rs
NXRs R R3 14 (XXIIa)

RS P2 3
(r) R9

RB ON RVOORsi2sR' N X R5 R2 R3 J4 (XX 1) Conpounds of foP@DiBOI(0XX|) may

be prepared from conpounds of fornula (36XVI)

and formula (XXX),

I s as descri bed above and P2 is a suitable nitrogen

wherein R3

dependent upon the degree of enantiomeric selectivity obtained in step (I). Process

step (j) may also be conducted in situ during process step (I). Process steps (j) and

(k) are described above and are further exemplified in the examples.

The methods used to conduct process step (I) are well known to those skilled in the

art and are discussed in “Asymmetric Synthetic Methodology” chapter 9, Eds D. Ager
and M. East, CRC Press, 1996, ISBN: 0-8493-8492-9, as well as being further

exemplified in the examples.

Compounds of formula (XXIIl) where R', R, R%, R®, R’, R® and X are as described

above and R® is as described above or a suitable nitrogen protecting group may be

prepared from compounds of formula (V) and (XXVI) in accordance with the reaction

scheme below.

R8
O\]\:N\Z_ R
RS

N ks

Re

|

(XXVI1)

(XX



protecting group, under the conditions of process step (m as described
above. WD 02/ 14285 PCT/ 1B01/ 01425 35 Conpounds of formula (XXXII) nmay be
pr epar ed Woomaesipounds of forrmula (XXXI) under the condpPCT/oBE/00f25pr ocess
step (n) as described above. Compounds of fornmula (XXIla) where R2, R3 R4
R5, R6, R7, R and X are as disclosed above, R9 is as disclosed above or a
nitrogen protecting group, nis 0 and RL is hydrogen nay be prepared-from
conmpounds of formula (XXXI'l1) under the conditions of process step (b),
foll owed by process step (k), both as described above. Conpounds of formula
(XXI'l') where Rl is not hydrogen may be obtained from conpounds of fornula
(XXI'l'a) under the conditions of process step (r), a coupling reaction.

Sui t abl eCompdivnie rof fbrmmad(é()(\msaydlmym'epbaﬂ frnrrpcom@srsnds ef forryla ¢¥) apyl

di | | t t
ARl T PolS Hariter Sfet SRt of Brotaes SRn b e Ao RBe. BaRedt sy taReD oo
(eg CSZC&@M,@&% ﬂer%@%ﬁ é’?ea@hbﬁ'a@éw&l I to é ﬁ%rﬁéﬁﬂéd lri fhe[&‘l: I-‘Qéfe?élﬁe igor 3

hours. Suit arylation conditions nmay I nclude: 2e R1-B(OH) 2, 1.5eq
of Cu(! | plsoematie hateuwet%owaeqe@fOr@,aniqerh@mmtrDCM tlcm) by erryuldiaeeh.a
stream of,_co esse(f ai Lo P.Y.S. Lamet al, Tetrahedron Left. 39; 2941,
1998) cm#%h SPREINC-(1), where R1, R2, R3, R5, R6, R, R8, R9 and
R10 are as described above, R4 is hydrogen and X is nitrogen, with the
proviso one of R9 and RI10 is not hydrogen and R is attached to an

i m dazol EoNRAUBAS Gfefprmsiay CEEBD saay %em@ewﬁoﬁﬁ%cwmn%p& Tz OP%Y)

acoor dangGd 1k LBRARBAS AP BicREE Bh 9 an "Refiialid? RaBlcH. LB P HRP be0

treated such that the hydroxy group is removed directly in a dehydration reaction, or
it may be eliminated having first being transformed into a good leaving group such as

a tosylate or mesylate group.

Compounds of formula (XXI) where R', R?, R® R* R®, R®, R’, R® and X are as
disclosed above, R® is as disclosed above or a nitrogen protecting group and n is 0
may also be prepared from compounds of formula (XXX) and (XXVI) in accordance

with the scheme below.
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Compounds of formula (XXXI) may be prepared from compounds of formula (XXVI)
and formula (XXX), wherein R® is as described above and P? is a suitable nitrogen

protecting group, under the conditions of process step (m) as described above.



NR 2 R3 O(l) Conpounds of forrmula (XXVII1) may be prepared from
conpounds of formula (XXIX), where R4 is hydrogen and one of RO or R10 is
not hydr og@nz/14295 process step (0), a carbonyl ation react PONIBiIhe425eact i on
may be perforned under standard condithizons, such as described in
Tetrahedron 1996, 52, 5363. Appropriate conditions include reacting leq of
(XXIX) with leq of carbonyldiimdazole in N, N dinethylfornmam de at 60C for

For mul a CORRIMS objopmuB sk by bs braparerdyita ceampasis PR BORKY. e
conduct gehfiqRE conbiftioHa A g?&?élélstéit@@ﬁnglé‘s desdrielagtiel XXVI 1) with an

al kyl ati ng agent such as an al ky Ide, optionally in the presence of a
catalyst, in a suitable solvent. Suitable conditions include treating leq

of (XXVILI) with 2 of Rl in acetonis ril b Lefldx 18 hours,
Com()ounoéo%‘f’opaaﬁﬂ?gormlilaiéghﬁiewﬂ?'@pgr'g% F{rgﬁ O’n%o d@n‘i)?(r ?fSr%HEC@% 1)
under t hehfrNet iR AEcIBEES ebovEL@Pa (fiirogén Mreteetitg i grodePhokegtdrnR’ is
reaction. The starting naterial is treated with an aqueous acid,

Er ef er amwéo%em @%ay beiptepared frdn compaitidg. ofderpula 1) unstenihe coRrstitivns may
. ' : . R
"hst ead ShiIPEYEnoR @Y Plofied By BT EasbP R, bARTHPRESIIAEBES of novel

starting materials used in the preceding nmethods are conventional and
appropriate reagents and reaction WO,02/ 14285 PCT/ 1B01/ 01425 ?8 condi tions
for thei Copporbisehfamyila gXEHhwheraR isnqidhydragen mayvde petainegd froeh| at i ng

th desj A - ; ek | } ith
e QoA R bR Fder 400 Bniobd 8Pt Ligh ) B
her et 0. rEaetipm.cSeitdblé moaditions inpiwde thesefdescribed do promesd stegs fromfpr (1) and

harmaceutically acceptable salts, solvates and prodr t hereof for uyse as
D rodi TRGBHING P ATeieRchos a5 el A iAtRadeagtons wel kaowr tg thoeRljed

o vons BENEPUARETARAERA oo BChBBEr (o1 (e Lreatrent o
1.5eq of base (eg Cs,CO3) and 1.25eq of alkylating agent, (eg R'Br), in DMF at 70°C
for 3 hours.

Suitable arylation conditions may include:
2eq of R'-B(OH)s, 1.5eq of Cu(ll)acetate catalyst, 2 eq of pyridine in DCM, for 2
days, under a stream of compressed air. (P.Y.S. Lam et al, Tetrahedron Lett. 39;

2941: 1998)

Compounds of formula (I), where R', R% R? R° R% R’, R®, R® and R are as
described above, R* is hydrogen and X is nitrogen, with the proviso one of R® and
R'" is not hydrogen and R' is attached to an imidazole N atom, may be prepared

from compounds of formula (XXIX) in accordance with the reaction scheme below.



at heroscl erosi s, adhesions, dermal scarring, cancer, fibrotic conditions,
inflammatory di seases and those conditions which benefit from maintaining
or enhanovegz/brszlykinin levels in the body. Preferably theCcTgdiai425hi bitor
is a conpound of fornmula (1) as descri herein. Accordingly the present
i nvention provides for the use of a conpound of fornula (1) or a

phar maceutically acceptable salt, solvate or prodrug thereof in the
preparation of a nedicanment for the Ly eat ment or prevention of a condition
sel ected fromthronbosis, atheroscler SIS adhesi ons, dermal scarring,
cancer, fibrotic conditions, |nfla RYi seases and those conditions
whi ch benefit from maintaining or @y bradykinin levels in the body.
Addi tionally the invention providé% a method of treating or preventing

t hronbosi s, atherosclerosis, adheS|on pernal scarring, cancer, fibrotic
conditions, inflammatory dlseases and rhése condi tions which benefit from
mai ntai ni ng or enhancing bradykingn |evels gn t he body whi ch conpri ses
adm ni stering a therapeutically ,ef nDunt of a TAFla inhiitor and
pharmaceutical |y acceptable sa SO vate§ and prodrugs thereof to a
patient in need of such treat R the TAFla inhibitor is a
conpound of formula (1) as des . Accordingly the present

i nvention provides a nethod of tr r preX%R}ing t hr onbosi s,

at heroscl erosi s, adhesions, dermal scarring, cancer, fibrotic conditions,
WO 02/ 14285 PCT/ 1B01/ 01425 39 inflamptory di seases and those conditions
whi ch benefit from maintaining or enhpan®ing bradykinin levels in the body
whi ch conprises adm nistering a therapeutically effective anount of a
conmpound of forrmula (I) and pharmaceutlically acceptable salts, solvates
and prodrugs thereof to a patient ingeed of such treatnent. Thronbotic
condi tions are anongst the nost connqn cayse of death in the devel oped
world. There are |arge nunbers of anty onbotic agents available to
treat these conditions. Mst agenme/ho R7reduci ng t hronbus formation.
Al'l these agents are associated with varying degrees of adverse
henorrhagi c side effects. AccordlngIXCHyatlents being treated in this

manner will require regular nonitoKi ng order to avoi d adverse bl eedi ng
events.
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There is a need for an antithronbotic that is efficacious but does not
cause bl eeding. However this would seeminpossible given the inherent
cont radi ov® oni142e3 ween stopping clot formati on to prevent PCHVIRNTOOL25C

di sease, and allowing clot formation s as to prevent the patient
henorrhagi ng. Surprisingly this has been sol ved by the conmpounds of the
present invention which are a class of TAFla inhibitors. Mst conventional
t herapies act to inhibit coagul ation r platelet activation. TAFla
inhibitors work by enhancing fibrinolysis and therefore the rate at which
the clot is dissolved. This has the effect Bf shifting the equilibrium

bet ween coagul ation and fi brinol ysige"1 ur of fibrinolysis. Mst
clinically relevant thronbus are sub acute, that is they formslowy over
time. The effect of shifting the equilﬁpblun1in favour of fibrinolysis is
that these clots are dissolved before thgy becone clinically significant.
In the case of vascular injury, theeequillibrgum noves back in favour of
coagul ation. The body's first g < ot yasoconstriction and pl atel et
agglutination remain uninpaire use of TAFla inhibitors. The body
then rapidly activates the coa de. The effect of this is to
tenporarily shift the equilibrjumt coagul ation and all ow formati on
of a henpstatic plug using fihrin. gn he vascullar injury is sealed the
body will revert to its pre-injury equilibrium WO 02/14285 PCT/ 1B01/ 01425
40 The present invention also provides for the use of TAFla inhibitors in

thr onbosronsadsCaf JpicterpRIY; et 58 phGHE Yo, o0 B domute
stroke, YXNY, WherkR! ipaydyenaind vas ofiRirordk Yaaset hgogigem, dydrotéss stepr ns

of acute coronary syndrones, . dissem nated intravascul ar coagul ati on,
sepsi s, (Ul mdbrathoryiaion sieactiamolline &eastion mayc by deyforgedauidge standard

arr hyt hnj ; t i Of i - O A
"t o vene o8l sEnEEUERHR, ' TARRT 1906 152 BYRS. ApgiDpht! hditians
| ess thaimchild rezctiggt Mecpsehy (XKBQr iviitid bet owf Raebhemddimideacke TiaFl &, N-
inhibitor, should have a selectivity for TAFla over carboxypepti dase N of
>50: 1, pAEpeihyiipymamitden): 60°Cufer 1d S assay described bel ow. Preferably
said TAFla inhibitors are non- peptidic. Preferably the TAFla inhibitor is
a conmpound of forrmula (1) as disclosed herein.

Compounds of formula (XXVII) may be prepared from compounds of formula

(XXVIIl) by process step (p), an alkylation reaction. This may be conducted under
standard conditions, e.g. reacting (XXVIII) with an alkylating agent such as an alkyl
halide, optionally in the presence of a catalyst, in a suitable solvent. Suitable
conditions include treating 1eq of (XXVIIl) with 2eq of R'-Cl in acetonitrile at reflux for
18 hours.

Compounds of formula (I) may be prepared from compounds of formula (XXVII)
under the conditions of process step (g), a hydrolytic deprotection reaction. The
starting material is treated with an aqueous acid, preferably hydrochloric or sulfuric
acid.

Compounds of formula (XXIX) may be prepared by the routes disclosed in this

document, wherein R'is instead hydrogen.

All of the above reactions and the preparations of novel starting materials used in the
preceding methods are conventional and appropriate reagents and reaction



Accordingly the present invention provides for the use of a conmpound of
formula (1) 1in the preparation of a nmedicanent for the treatnent of a
t hr onbot iwooondBi i on sel ected from myocardi al i nfarcti onpCTOER/0¥4£5N

t hronbosi s, stroke, young stroke, cerqﬁ{al i nfarction, cerebral

t hronbosis, cerebral enbolism peripheral vascular disease, angina and
other fornms of acute coronary syndrones, dissenm nated intravascular

| at nbol nbol t t
car di ac. GHGeTo el BOTRE G BF DIEPRTUIOras Wel AeuararUERant BANEdheng
sur gi cal dﬁélfﬁﬁg?%ﬁlﬂfté Sl 19@ \A?éu-kﬂé\ﬁﬁ\/t%ni o%e sliir@u iRABt HANWh SefdteAY: d8S

for a net treating or preventing t nbosis, particularly nyocardi al
i nf ar ct i lilvratdeeprecedeantshandhthesksamptesce P;a]nmngﬁlmalaﬁ(eto cer ebr al
infarction, cerebral thronbosis, cerebral enbolism peripheral vascul ar

na and other fornms _of acute c di ssem nat ed

:jlntS (ra:\s;:sa]?%’emgﬁ?{e&wf’ﬂrpmﬁ'g%|f%r thﬁlﬂor%?%rwoeﬁtfémﬁ\%d&)e%‘il ic events
secondar ¥nkitnadiBaRF aBtditAbREAS, 8atedurif GiaRIdOMepborRf dsouasrul ar

events f oW ng tion surgery whi conprises admnistering a

t her apeummediddmnjerdf f ecti ve anmpunt of a conpound of formula (1) and

phar maceutically acceptable salts, solvates and prodrugs thereof to a
patient in need of such treatnment. WO 02/14285 PCT/1B01/01425 41 Subjects

with thr Wﬂbq&wequ@ﬁrfdﬁhép;g@vmscfer Heuse!ot aliaFIh Qﬁhlbﬁ@{ﬁhrfﬁétpr@plarbﬂén Ff @sent
i nvention include those having conditions associated with

hy per coa@digarnentyfor Mtg@atnmum preveniies efticenditien selesiedflomgthrembesis, v
dot o1 enIELbqoBE EkpanS el atiming ehGy gbrf bl sy figmmatory

exhi bi ti a&eas@@aherm@s@bmmm whioh Hsmmm}'mhemmmtammg beephaseing i nvention
al so includes_as a thronbotic indication the inprovenent of organ function
seen aftbFaQYkHH&lﬂVé*&'QtthSrbo ¥y reducing blood clotting and thus preserving
function. Cardiovascul ar events followi ng intervention surgery include
conditions such as restenosis or reocclusion follow ng interventions such
as per cuPsafecaksdy theaTﬁAFtaﬁnh\ébitord@ammmpomdgcbfdptraalay(]) ap déscnipd sereint.

revaseal ACPRisingn s PreseBr FuRETOn FrovdeR ke bR oF ARStEPOH o EEBA ca
| nt r avasghb3jhARaeslifddighdcBptaiie sar! éolvate or prodrug thereof in the preparation
of a medicament for the treatment or prevention of a condition selected from
thrombosis, atherosclerosis, adhesions, dermal scarring, cancer, fibrotic conditions,
inflammatory diseases and those conditions which benefit from maintaining or

enhancing bradykinin levels in the body.

Additionally the invention provides a method of treating or preventing thrombosis,
atherosclerosis, adhesions, dermal scarring, cancer, fibrotic conditions, inflammatory
diseases and those conditions which benefit from maintaining or enhancing
bradykinin levels in the body which comprises administering a therapeutically
effective amount of a TAFla inhiitor and pharmaceutically acceptable salts, solvates
and prodrugs thereof to a patient in need of such treatment.

Preferably the TAFla inhibitor is a compound of formula (I) as described herein.
Accordingly the present invention provides a method of treating or preventing
thrombosis, atherosclerosis, adhesions, dermal scarring, cancer, fibrotic conditions,



conditions resulting fromintravascul ar activation of the coagul ation
process. This mght occur acutely through the rel ease of procoagul ant
subst ance®0 (pgi28Dbstetri c  emergenci es, snakebite, crush PaTABO/01425

mal i gnancy), by abnormal contact of th | ood (eg.infections, burns,
extracorporeal circulation, grafts) or though generation of procoagul ants
in the blood (transfusion reactions, |eukema); or chronically, (eg.

L b onbosnGRERoB SRSAS 809 ihate SaMqRHWHEh RSt o ey B one:
wher e C'@Erﬁr{ncg{d*waaymm RAeRs ﬁ%@%a&%&%bﬁm eigémiﬁ@mmg gns for a

period o .- such as those sitting 1n cra econony class seats on a
pl ane. Thherapeasieally effeetive amoahtof @ comipdendfaffommadayfearst ptraswmacsiutinalby t or s

and/or TAFI inhibjtors as a coating on intravascul ar devices such as
i ndwel | | AFP %F@h% ?@Ygteaiaeﬂ ng@eﬁpﬂﬁ%ﬁtpﬁ@ﬁfn D&rd & SH?I%Iarteri al
stents; nfshtd coating on extra corporeal blood circulation devices such

as heart, lung and kidney dialysis machi nes, WD 02/ 14285 PCT/ 1B01/ 01425 42
to prevent thronbosis, particularly myocardial infarction, deep vein

t hr onbosi st.roke. .young_strok epebr I nf o] erab .

t hr onbosT'i"P”&%?tl&bF8Pd®HB8| ?5% amﬁ%ﬁ’? pﬁnﬁ' a{ﬁ!’%gé?ﬁfrﬁ{?'l‘ d{:]%%s%s eo(,fr aa%tlhnz'in atrqg
ot her f of&PelGpeWHrR. CPidraakie fargeraumbers of sptithrshbetid rigeatsaaeailable to
coagul ation, sepsis, pulnmonary enbolis enbolic events seconda%k%o

cardi ac teatiiereiceadifians: Mosiragesis Work &y redreinghEQUbys fereaal: filkiesgs

[ est enosh gerdi@! R hdhcidtb ! W ahfing dtitbds B Cab RS HHbAREGH il Ao nal
coronary angioplFasty, grafting, n n-placenent, coronary bypass surgery
or any Atéwdingly, ratiehts befig treateevimsthig arainser ivih requiratregulanimanitoring in
Particularly preferred as coating are conpounds of forrmula (I) and

phar mceﬁﬁdﬁégﬁﬁwlgtﬁ%ﬁ%ﬂ)bé@mg%Yenq%ol vates and prodrugs thereof.
Accordingly the present invention provides for the use of TAFla inhibitors
and/or TAFI inhibitors as a coating on intravascular devices. Further the
present Therernisisomeed foriateantithrombeticihat i efficaciops imd doesfrot galise bleeding.a

Gevi coo, FBmelRt B8 REUR, Seem dbiosP bl Ve he "inbBtetly SRniAGRIAR - REn
i nhi bi t Oétoaﬁmggélotafomatioh RBigheiént; thiskbSid dides8s, e allowingasiot formatibaisoon

devi ces suc heart, |lung and ki dney dial ysis nmachi nes, where the
as to prevent the patient hemorrhaging.

Surprisingly this has been solved by the compounds of the present invention which
are a class of TAFla inhibitors. Most conventional therapies act to inhibit coagulation
or platelet activation. TAFla inhibitors work by enhancing fibrinolysis and therefore
the rate at which the clot is dissolved. This has the effect of shifting the equilibrium
between coagulation and fibrinolysis, in favour of fibrinolysis. Most clinically relevant
thrombus are sub acute, that is they form slowly over time. The effect of shifting the
equilibrium in favour of fibrinolysis is that these clots are dissolved before they

become clinically significant.

In the case of vascular injury, the equilibrium moves back in favour of coagulation.
The body’s first responses of vasoconstriction and platelet agglutination remain
unimpaired by the use of TAFla inhibitors. The body then rapidly activates the
coagulation cascade. The effect of this is to temporarily shift the equilibrium towards
coagulation and allow formation of a hemostatic plug using fibrin. Once the vascular

injury is sealed the body will revert to its pre-injury equilibrium.



portion comng into contact with the subjects blood are coated with a TAFl a
i nhibitor and/or a TAFI inhibitor. Particularly preferred are those
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conmpounds of formula (1) and pharnaceuty cally acceptable salts, solvates
and prodrugs thereof. Preferably said AFl a i nhibitor should have a Ki of

| ess than 20M using the assay described below. Preferably said TAFla

i nhi bitor should have a selectivity for TAFia over carboxypeptidase N of
>50: 1, preferably >1000: 1, using the assay described below. Preferably
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another int For "exanpl e insulin resistance is associated with
hi gh |i ppdpfidieel s, hypertension and obesity. The di sease then cascades,
with the devel opment of each additional condition increasing the risk of
devel opi ng nore serious diseases. This can progress to the devel opnent of
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selected from myocardial infarction, deep vein thrombosis, stroke, young stroke,
cerebral infarction, cerebral thrombosis, cerebral embolism, peripheral vascular
disease, angina and other forms of acute coronary syndromes, disseminated
intravascular coagulation, sepsis, pulmonary embolism, embolic events secondary to
cardiac arrhythmias and the prevention of cardiovascular events following surgical

revascularisation or intervention.

The invention also provides for a method of treating or preventing thrombosis,
particularly myocardial infarction, deep vein thrombosis, stroke, young stroke,
cerebral infarction, cerebral thrombosis, cerebral embolism, peripheral vascular
disease, angina and other forms of acute coronary syndromes, disseminated
intravascular coagulation, sepsis, pulmonary embolism, embolic events secondary to
cardiac arrhythmias and the prevention of cardiovascular events following
intervention surgery which comprises administering a therapeutically effective
amount of a compound of formula (I) and pharmaceutically acceptable salts, solvates
and prodrugs thereof to a patient in need of such treatment.



fl ow. Such approaches clearly reduce nyocardial ischaem a thus increasing
quality of life. However, these strategies have |little effect on the
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i ndependent groups. The formation of non- occlusive thronmbi not only
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In the present invention, disseminated intravascular coagulation includes all

conditions resulting from intravascular activation of the coagulation process. This
might occur acutely through the release of procoagulant substances (eg. obstetric
emergencies, snakebite, crush injury malignancy), by abnormal contact of the blood
(eg.infections, burns, extracorporeal circulation, grafts) or though generation of
procoagulants in the blood (transfusion reactions, leukemia); or chronically, (eg.

toxemia, malignant hypertension, severe liver cirrhosis).

Deep vein thrombosis also encompasses what is known as ‘economy class
syndrome’, where clots form in subjects forced to endure cramped conditions for a

period of time, such as those sitting in cramped economy class seats on a plane.

The present invention also provides for the use of TAFla inhibitors and/or TAFI
inhibitors as a coating on intravascular devices such as indwelling catheters for
dialysis, replacement heart valves or arterial stents; and as a coating on extra
corporeal blood circulation devices such as heart, lung and kidney dialysis machines,



artery di sease but who have one or nore risk factors. Secondary prevention
of coronary artery di sease neans preventing ischem c conplications in
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The invention includes intravascular devices, of which the intravascular portion is
coated with a TAFla inhibitor and/or a TAF! inhibitor; and extra corporeal blood
circulation devices such as heart, lung and kidney dialysis machines, where the
portion coming into contact with the subjects blood are coated with a TAFla inhibitor
and/or a TAFI| inhibitor. Particularly preferred are those intravascular or extra
corporeal blood circulation devices coated with compounds of formula (l) and
pharmaceutically acceptabie salts, solvates and prodrugs thereof. Preferably said
TAFla inhibitor should have a Ki of less than 20uM, using the assay described below.
Preferably said TAFla inhibitor should have a selectivity for TAFla over
carboxypeptidase N of >50:1, preferably >1000:1, using the assay described below.
Preferably said TAFla inhibitors are non-peptidic.

Accordingly the present invention provides an intravascular device coated with a
TAFIla inhibitor.



down a collagen rich extracellular matrix which strengthens the adhesi on of
the tissues producing a firm bond which nmay then restrict novenent.
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| ead to vari ous, outcones £.4d....ac .and_pains", "tw n " Q .

i1 armet e 8 bRV EYEFIEBR BB ItPavaelith nies o8 Wit af

sonet i ”%rh[ﬁbﬁﬁtfoﬂ’fbﬁmﬁ&(/lwe cases death. In the case of gynaecol ogi cal

surgery, infertility may result. Additionally <clots formng fibrin rich

thronbi are inplicated in dermal scarring and restenosis. Wthout being

bound by. Lo LS | £ A ' f '

enhanc edT%éoh@%yﬁgf (Ji)ft:ﬁhg n%'?g%’ﬂﬁtel)ﬁ?gpﬁér}ghﬁlg g ggljg glr} Pté)hggﬁérll Cag n%%%ﬁ %rF]eJy

mai nt ai negerfakioh UsingE efethdd esitifenttowttidt deSokibled byhiMi BorRpter iet aindl.or

post-surgical intervention nay enhanc;ﬂéi brinolysis of _the fibrin rich

t hronbi ‘af -t 6P r , , lisation and
wigasce Phafmacel.« KI9nBo, 204r3rd Were fated- o gfficapioys

therefore inhibit adhesion formation. A TAFla inhibitor given either

system - . ' L.Cat Of

enet 1t o ipElhitoRE A eBusRrina i lsafentd dfiosRtosiE Aol 8y 4

TAFl a i aBblink& conditiba is eabjets sutfsingdddragicvipheral vaktilag dfsease oinkalin f or ms

of non surgical physical trauma where this has ca fﬁ?d iégtqe;{rnal | eedi ng.

Exanpl esresiStagenand HgEroun ¢firondiiansconamenty fﬁgeﬁf‘?éj AR Oy hing el se

resul ting,,l , ' Myl | ; e present

i nventi Oﬁylgcﬂg@éprﬁg%? eg&]fogtrérnt %%u@egrS?ngﬁ%@Eﬁﬁg“@?b‘%@%ﬁﬁ%gﬁﬁt aand

phar mac ediseased. \T heciirsp staEgeefsyhtdsome A earsists arf ihgquliodesigianckeeakodrmal t he

preparatio of a nmedicanent for the treatnent or prevention adhesi ons

b “Hor meblestBrol a5t aRGeT s Sel 02e Ly SR UPELETP BN, ATHOTRETBISSR; cat | ng

or preveéﬁr{d?ﬁ&dﬁr%?'t%‘ﬁséﬂto SiaHBse BIASEHEE SYHITOMEOXDI TIREdisadse Maf ering a

therapeutically effective amount of a conpound of formulae (1) an

phar mac ethenqabgsessorilip baslcondilion deadiog Ja the davelopmend ofigaothiee incthre groua.

Phe oo bor SxpRinBff a8 ansonladd Wit b MEREVAR AR ARG e
t r eat N"engp&NityP "R HiseaBe Berhaaide’swith the dertlopafintiofigach Bideitnabl y sai d

TAFl a inhi bitor should have a Ki of |ess than 20M using the assay
condition increasing the risk of developing more serious diseases. This can progress

to the development of diabetes, kidney disease and heart disease. These diseases

may lead to stroke, myocardial infarction and organ failure.

Conventional treatment of myocardial ischaemia in clinically stable coronary artery
disease is predominately designed to reduce cardiac workload and enhance blood
flow. Such approaches clearly reduce myocardial ischaemia thus increasing quality
of life. However, these strategies have little effect on the pathogenesis of coronary
atherosclerosis which is a chronic process of continuous remodeling of the vascular

trée in response to varying degrees of vascular injury.

A role for thrombus formation in the pathophysiology of stable angina pectoris has
recently been highlighted by several independent groups. The formation of non-
occlusive thrombi not only restrict blood flow, but due to incomplete endogenous
lysis may be incorporated by the arterial wall as solidified plaque material enhancing

the atherosclerotic process. Long term administration of a TAFla inhibitor prevents



descri bed below. Preferably said TAFl a inhibitor should have a selectivity
for TAFla over carboxypeptidase N of >50:1, preferably >1000:1, using the
assay dewobbedss bel ow. Preferably said TAFl a inhibitors RC®IBOM4Epti dic.
WO 02/ 14285 PCT/ 1B01/ 01425 47 TAFl a bi Qlds to and breaks down bradyki nin
(Tan et al. Biochem stry 1995, 34, 58114). There are many conditions which
are known to benefit from maintaining or enhancing | evels of bradykinin.
Accordingly the present invention also provides for the_use of conpounds
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sol vates and prodrugs thereof to a patient in need of such treatnent.

Condi t i ofise koresentt invbrtiar ialsd poovides riomthe nge of esrhpogndsy obfadywian{ih andvel s

i ncl ude:  di . h ' [ h t fai.l , I
nyper { crRAGHISRURRRIY RaPTRBICCsRIso SgA e And raour e herd it myBHaBRIGR" ¥
ef fi caci Qug mdlicdrRghTR thdt eaﬂ?feﬁ%]hcﬂrbi/&ﬁtidmoﬂﬁthéméciém@i%i sis a

I
contributing factor. Accordingly the present invention also provides for
the use of TAFia inhibitors in the preparation of a nedicanent for the
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Parti cul d are conpounds of formula (1) and pharmaceutically
accept abﬁ%éé’o?frgéﬁﬁé@[ vates and prodrugs thereof. Suitable fibrotic

conditions include cystic fibrosis, pulnonary fibrotic diseases eg chronic
obstructive pul nonary di sease (| ,,,adult respiratory.distress s %gr one
(ARDS) . FBRBhRGOIVaR Ty S50 aPUIcs b B 159 aht T8 dSub Y B TRPHERGS: ¢ s
in the eyea medicament for the treatment or prevention of atherosclerosis. Preferably said
TAFIla inhibitor should have a Ki of less than 20uM, using the assay described below.
Preferably said TAFla inhibitor should have a selectivity for TAFla over
carboxypeptidase N of >50:1, preferably >1000:1, using the assay described below.

Preferably said TAFla inhibitors are non-peptidic.

Atherosclerosis is taken to include both primary and secondary coronary artery
disease, in which atherosclerosis restricts the blood supply to the heart. Primary
prevention of coronary artery disease means preventing the onset of ischemic
complications such as myocardial infarction in patients with no history of coronary
artery disease but who have one or more risk factors. Secondary prevention of
coronary artery disease means preventing ischemic complications in patients with
established coronary artery disease, such as patients who have had a previous

myocardial infarction.

TAFIa inhibitors are also effective in inhibiting tumour maturation and progression.
Metastasis is a complex and multifactorial process which is not yet fully understood.
Accordingly, whilst not wishing to be bound by any theory, it is believed that the



during opthal mc surgery. WO 02/14285 PCT/ 1B01/ 01425 48 Accordingly the
present invention provides for the use of a conpound of formula (lI) as
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i nflanmati on. Accordingly the present invention also provides for the use
of TAFla inhibitors in the preparation of a nedicanent for the treatnent
or prevention of inflanmmtion. Preferably said TAFla inhibitor should have
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are conpounds of fornmula (1) and pharnaceutically acceptable salts,
solvates and prodrugs thereof. In particular the invention may be used for
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Further the invention also provides for the use of a TAFla inhibitor in the preparation
of a medicament for the treatment or prevention of cancer. Preferably said TAFla
inhibitor should have a Ki of less than 20uM, using the assay described below.
Preferably said TAFla inhibitor should have a selectivity for TAFla over
carboxypeptidase N of >50:1, preferably >1000:1, using the assay described below.
Preferably said TAFla inhibitors are non-peptidic.

TAFIla inhibitors are also effective in preventing the formation of adhesions in the
body. Most surgical procedures and physical trauma result in bleeding into the cavity
between tissues. The blood which collects at these sites then clots forming fibrin rich
thrombi. These thrombi bridge the gaps between adjacent tissues and act as a foci
for the accumulation of inflammatory cells and fibroblasts. Invading fibroblasts lay
down a collagen rich extracellular matrix which strengthens the adhesion of the
tissues producing a firm bond which may then restrict movement. Adhesions have
been characterised according to their location and may result following any surgery
e.g. abdominal, orthopaedic, neurological, cardiovascular and ocular. This,
inappropriate, adhesion of tissues post surgery or trauma is a major issue which can
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nunber oinhifor éﬁ@mbecﬁe&n totreab adhpsions seswiting dipia athemiaras ofehen sHegcalp.

To 20l physical trauma where this has caused internal bleeding. Examples of such trauma

might include sporting injuries, or anything else resulting in a tear, cut, bruise or
induaration of the body.

The present invention also provides for the use of compounds of formula (I) and
pharmaceutically acceptable salts, solvates and prodrugs thereof in the preparation
of a medicament for the treatment or prevention of adhesions or dermal scarring.

The invention also provides for a method of treating or preventing adhesions or
dermal scarring which comprises administering a therapeutically effective amount of
a compound of formulae () and pharmaceutically acceptable salts, solvates and

prodrugs thereof to a patient in need of such treatment.

Further the invention also provides for the use of a TAFla inhibitor in the preparation
of a medicament for the treatment or prevention of adhesions or dermal scarring.
Preferably said TAFla inhibitor should have a Ki of less than 20uM, using the assay
describeéd below. Preferably said TAFla inhibitor should have a selectivity for TAFla
over carboxypeptidase N of >50:1, preferably >1000:1, using the assay described
below. Preferably said TAFla inhibitors are non-peptidic.



of each dilution was added 1501 of HEPES buffer and 10l of TAFla, which was
then pre-incubated for 15 mnutes at 24'C. To each dilution was then added
201  furwaovy2s8yl - al anyl -1 ysi ne (FAAL) at a standard conP€MBELILS.
Substrate turn over was neasured by r i ng the absorbance of the reaction
m xture at 330nm every 15 seconds for 30 m nutes. Reaction was perforned
at 24C and sanples were mxed for 3 seconds prior to each absor bance-

han o7 oTREM Bhdsfe anhiRaks dovm aRulan (AR o BB oGRemthy o, 2. PR 1oy
then be T’ﬁér%%r@trﬁgntﬁbﬁ&itlb% wh%l?é& KRR Ed eI mdi WEhlﬁlﬂQtdrO' s,

positive and negati were used to check the accuracy of the results I n
each casenhdfming levels afsbrad;mnrm IAccordingly sy prassenp émviention dilse pesyides, fobut

th 20l ' f t t Thi howed
i el s 6 Gmpoufs o SRl fihatd pbanactyiBal 2epSRRBR B, pRbER
above, byhg Wrdd?u@é\tt?érésﬁm e préﬁaw%nca‘f PmBakaRRAH 6! thetPeMmarmept | dase
i nhibitor rather“than a dilution of the test conpound. This showed maxi nal

i nhi biti plrevesh@rm bﬂcmmtlomwlfmh benefit fiom matdiediingoe erhaNGAD levrls AExi nal
|nh|b|t| E Fectlvely then the results were discounted and the test
conpound M sed. Usi ng the above assay the conpounds of the present
i nvention were found to be potent and selective inhibitors of TAFIa Al l
conmpounds had a Ki value [ess than 20M_The specific Ki vajy ertain
conpoundEhaﬂryeﬂ\apauaIseupmdﬁ@ for @ methed ¢fdreatingerrgveping ¢ondi o which

H-| m daz :)n;rgli

-(29) 8% 4Ft3f - %%@'ﬂﬁg%%ﬂ%aﬁewl \%ggﬁ) Afﬁé/(friﬂ]newmaﬁl}?pe an0| c acid
( Exarrpl eadmm{steﬂng& thisrdpsjticaty (aﬁeéhmembhm ofaamonipo&ndjof formula (1) and
H | 11 = 2/
p&rlggigqu@%ce@% yaggclzecptggle saltg sglngtes an proldrugs ‘f%'nerecl)\{‘] toa Sa(neln‘ﬁ.? %eed
(2S) - 2[6]2 ﬁ?gﬁﬂaﬂ)amno] 3-[1-(1,3-thiazol -5-yl methyl)-1
H i m dazol -4-y ?pr opanoic acid (Exanple 45) Ki = 197 nM The sel ectivity of
the conpounds of the present invention for TAFia over carboxypeptidase N
has al SOC%?\ Elogg ?\E)Wﬂ %q)'en-tre?i't ?ro\f\n’arsnanﬂg%mb of glkr?éjrllczliﬁé Bgac}yrl}?niﬁllevels include:

diseases such as hypertension, angina, heart failure, pulmonary hypertension, renal

failure and organ failure.

TAFIla inhibitors are efficacious in treatment of any condition in which fibrosis is a
contributing factor. Accordingly the present invention also provides for the use of
TAFla inhibitors in the preparation of a medicament for the treatment or prevention
of fibrotic disease. Preferably said TAFla inhibitor should have a Ki of less than
20uM, using the assay described below. Preferably said TAFla inhibitor should have
a selectivity for TAFla over carboxypeptidase N of >50:1, preferably >1000:1, using
the assay described below. Preferably said TAFla inhibitors are non-peptidic.
Particularly preferred are compounds of formula (I) and pharmaceutically acceptable
salts, solvates and prodrugs thereof.

Suitable fibrotic conditions include cystic fibrosis, pulmonary fibrotic diseases eg
chronic obstructive pulmonary disease (COPD), adult respiratory distress syndrome
(ARDS), fibromuscular dysplasia, fibrotic lung disease and fibrin deposits in the eye
during opthalmic surgery.



of the conmpounds of the present invention for carboxypeptidase N, then
conparing it to the Ki for TAFia. The Ki was cal cul ated using the assay
for the owbouiess on of TAFla Ki, but substituting 101 of PODIRI/01425

car boxypepti dase N for 10l of TAFla. Thg conpounds of the present invention
exhibit a strong selectivity for TAFia over carboxypeptidase N of the
order of >50:1. The conpounds of the present invention are TAFl a

chvel opy BRCoHBREE BissolnbaR B3t Pro BOLGR Y T o Btchnb ST Al U T
present hHeyRiddseq 1REr8irtinStPeGRepMNaBioRlof athBdicBehdr? @tﬁéﬁieafmeﬁt:we, at the

f
site inplicated in the reacti on between TAFia and the devel oping clot. The
use of Tpriventiomobatfibretiasondition sblegtatbbbom ¢yistic Sibnesiafpulgonpey retiati1ity,
i ncl udes ,such TAFi a .
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i ncl udi ngyritbird! @IRDS). .fikROmusedar gsplasiabotie luky dizebyé a@d.fibhivi depdstts
antithronmbotics include: aspirin, Plavi XTM ticlopidine, warfarin

(coumar i HTibE eyerduring eRivairele s\MegeIYi n, hi rudi n (Lepi rudi nTM, strept oki nase,
ur oki nase, reconbi nant tissue plasm nogen activator (tPA), dipyridanole,
ReoproTM AggrastatTM and IntegrilinTM The conpounds of the fornula (I)

can al soThe im@ntiohstiss providesefdrer methidd ofaréatingymepsregesiirvga fibrstionddriditigent s
to treat dyslipidaem a sigch,as tati ns,eS,Li g torTM Further suyitable drug
cl asses polecteddpmnysiie ipresis.intimananHikiptic digeasss rhrapis Cg?ﬁﬁ‘uc ve

antiarrh ] ' g il navention
o ovi deoPHEBrty BB CORAEURR B IrfioR isfiess STndOARERDBION.
medi canefibronmuscotdyidysplasia, Vibrotialungrdisedsecarbfibrin flepositseint the astyesdutringf

t hronbosi s 02/ 14285, PCT/ 1B01/ 01425 . 52. The present. i.nventi.on provides
for the gBthalTio S g TSR s nanistaring 8 She Epetioa TR dtie aRisunt

pr epar at | ' ' j ' ' [ ' t he
P et et B e A o o o &
prof i bri thergefito.a patientiomeegrafftegat@gnbnbodi ment the antithronbotic is

reconbi nant tissue plasm nogen activator (tPA). The present invention
provi des a nmethod of treating or preventing thronbosis, which conprises

adm ni st FAFNY inhibitees ape efficaidus iaftfetinene ofiflafimatio Ad¥drdinglyitheigresentn
invention also provides for the use of TAFla inhibitors in the preparation of a
medicament for the treatment or prevention of inflammation. Preferably said TAFla
inhibitor should have a Ki of less than 20uM, using the assay described below.
Preferably said TAFla inhibitor should have a selectivity for TAFla over
carboxypeptidase N of >50:1, preferably >1000:1, using the assay described below.
Preferably said TAFla inhibitors are non-peptidic. Particularly preferred are
compounds of formula () and pharmaceutically acceptable salts, solvates and
prodrugs thereof.

In particular the invention may be used for the treatment or prevention of
inflammatory diseases such as asthma, arthritis, endometriosis, inflammatory bowel
diseases, psoriasis and atopic dermatitis and for neurodegenerative diseases such
as Alzheimers and Parkinsons.

Accordingly the present invention provides for the use of a compound of formula (1)
and pharmaceutically acceptable salts, solvates and prodrugs thereof in the
preparation of a medicament for the treatment of an inflammatory disease selected



conmbination wth an antifibrinolytic to a patient in need of such
treatnent. The present invention also provides for a nethod of treating or
prevent i mgO ovhnefbosi s, whi ch conprises adnini stering a therapaoiizsal |y
effective anount of a conpound of fornmyla (1) and pharnmaceutically
acceptabl e salts, solvates and prodru thereof in conbination with an
profibrinolytic to a patient in need of such treatnent. In a preferred
enbodi ment the antithronbotic is an profibrinolytic. In a nore preferred
enbodi nefiomt asthenat arthriisbendametsiosiscmfiammatiory bewekbdispasesripsogasisand vat or

(tPA). The present.invention provides for a ki Qnpri Si N

conposi t%\tgnijccig{mqtgﬁs@ n%lérﬂg%gﬁaergﬁv?gllsmﬂsgs(q;\szﬁggﬁﬁs Gg'é’a@f}?g’ﬁér n and a
pharmaceutically acceptable diluent or carrier; b) a conposition conprising
an antithronbotic and a pharmaceutically acceptable diluent or carrier;

and c) aTheinvention aise peaMigemianasmethodfdreatingreipreventing an §iferypatory

The-abi | Pigagy S AAr B dotBina, PRAHES < lomsytiey PR AN RO o He e o
to lyse pédHzpidandatopio dedinafitd add neungicyengtative disoasady Adzhetnaid andt o

those outlined in J. Cardiovasc., Pharmacol. 1994 Feb; 23(2)194-202 and
203- 211. Pafidnsansayhighcomiispsadministeringa dugyapestierilysfaciive pmoyntiot &5 pi rj n
ore-trea . et ors (i ' . : >
(1) mocSRbE RS forfole b heirabe D CaroopRiiE aai B erbutlb ther |
TAFI a i ntd dphtient invigdwoof tAsatmenh. pre-treat nent was 325ng daily for 3 days.
TAFl a i nhi bitor (conmpound of Ex 7) was given as a | oading dose foll owed by
a continuous infusion with the aimof achieving a steady state free plasna

concent r atisop, ¢ ﬂ\gﬁﬁﬁ%t@az%ﬂ 5P QefePenced hrein! b Ydai@bnt Théltdey dlrBtes

after inrtrating v cl e or conmpound I nfusion a continuous
palliative and prophylactic treatment.

The compounds of the present invention have been tested using the following assay.
To determine the degree of TAFla inhibition, compounds were incubated with
activated TAFI, and the amount of inhibition expressed in terms of Ki. This assay is
based on that disclosed in Boffa et al, J. Biol. Chem., 1998, 273, 2127.

Assay for TAFla inhibition.

i)  TAFI! activation

Human TAFI (recombinant or purified) was activated by incubating 20u! of stock
solution (360ug/ml) with 10ul of human thrombin (10NIH units/ml), 10ul of rabbit
thrombomodulin (30ug/ml), 6ul calcium chloride (50mM) in 50uL of 20mM HEPES
(N-[2-hydroxyethyl]piperazine-N-[2-ethanesulfonic acid]) buffer containing 150mM
sodium chloride and 0.01% TWEEN 80 (polyoxyethylene-sorbitan monooleate) pH
7.6 for 20 minutes at 22°C. At the end of the incubation period, thrombin was
neutralised by the addition of 10ulL of PPACK (D-Phe-Pro-Arg chloromethyl
ketone)(100nM). TAFla solution was stored on ice for 5 minutes and finally diluted
with 175ul of HEPES buffer.

i) KiDetermination (TAFla)
Calculated Ki



electrical current was delivered to the lunmen of the left circunflex (LCX)
coronary artery to cause endothelial damage and stimul ate the production
of a thr owdoz14285Thr onbi were allowed to mature for 1 hour POT/ARIN/ 01425
attenpting to |lyse the thronbus and cagse vessel reperfusion with t-PA A
total of 4 bolus injections of t-PA (each 0.45 ng/kg i.v.) were given
sequentially at 15 mnute intervals. Blood flow through the coronary-
artery was then nonitored for a further 2 hours,so as to assess v sé

pat ency.A number ofdiderent dlulions ¢rthe dast Q%B‘P‘F'Efi I"bWa%‘éth‘eerﬁé'Q@a? & j‘sﬁ’df He
guantity_,. an l. i of bl I S r§ M0 In
addi ti ono,f ??1%' gﬁ&é‘%’i Wﬂs a&?%@ﬂé@}%ﬁ WBE@LE’%?%# qb ”edéﬁlﬁﬁg%’f g?\ﬁé\;’a\{vggﬂhc?’gts ting
tine, cuhapgResnBlSRUNGr aH miRlte ete24’agar e eath Ailufish \eas ehas Seisiedd20p
Results Data is described in Fig 1. FromFig 1 it can be seen that: WO

02/ 14285uBda¢ryByatmyRlysires (AAATPAt & standasd ppeentsation, BHbskIRLIURLOWH of

t PA and aspirin. 2), The conhinati f I a_LAabi bi LSy F
superi Orw?gn}qg&ugp It?é(_reg 'nréﬂbeiaﬁ?ﬁgghfg}!ﬁgﬂ?ﬂﬁ% r%%é@a%hg{eo%gg?qlﬁﬁvée%ﬂ%gg by
TAFl a i ndideintiarfona® mirites aReactionowat lperidheled atf 2490 and paniples werpanixed
(165 mnutes) with significantly greater flow conpared to respective

cont r ol sfor &segongs priarte enahabsedancsirgadindeant | y i ncreased the proportion

of animals in which flow was >75% of baseline at the end of the protocol.

At the end of the experinent only 2/8 dogs in the no pre-treatnent/vehicle
group and gkaBh &35 inhibition against tespcempburdtoacentratiore vasghenploited; fpement .
In contrast, the injured vessels vverﬁ&g%'enh‘efi n 8,8 g}%ss in th TAFltﬁg

i nhi bi t ovhichaMasrealcuiated she ACsoyale yaluer may then be clrulpiRd Peg NEnt s

on surgi ) | neous bleeding tinme, activated clotting tinme or

ADP i ndugg%nglﬁggﬁ)@tgqgégé@gat lon either pre- or post t-PA treatnent.

Conmbi nation (iv) is not considered here. The present invention provides for
a conposjtion conprising a conpound of for a %%)and r LAl |y
accept abl \goé%Pé\%'i&Tgrﬂqs‘W% a@ﬁif‘gg?“\é%r‘?'?f@r F‘SGKEELO 8'8_ : Hﬁdé@’?‘%é’ﬁﬁf@v‘%‘ﬁg@n
be adm ”i;nsé Hedadd aBS: PPetfirdt bontRsiNelcrhddhPRas PéMoiinst eseabbve, aivathineuW t h
a suitabl e pharnaceutical excipient, dildent or carrier o L

of water rather than a dilution of the test compound. This showed minimal inhibition.

For the second control, the assay was performed as.above, but with an effective

amount of a non specific carboxypeptidase inhibitor rather than a dilution of the test

compound. This showed maximal inhibition.

Should the two controls not demonstrate minimal and maximal inhibition respectively

then the results were discounted and the test compound reanalysed.

Using the above assay the compounds of the present invention were found to be
potent and selective inhibitors of TAFla. All compounds had a Ki value less than

20pM. The specific Ki value of certain compounds are detailed below:
(£)-6-Amino-2-[(1-n-propyl-1H-imidazol-4-yl)methyllhexanoic acid
(Example 3) Ki=310nM

(+)-(28)-5-Amino-2-{(1-n-propyl-1H-imidazol-4-yl)methyljpentanoic acid
(Example 7)  Ki=13 nM

(2S)-2-[(2-Aminoethyl)amino}-3-(1H-imidazol-4-yl)propanoic acid
(Example 11) Ki= 344 nM



selected with regard to the intended route of adm nistration and standard
phar maceuti cal practice. For exanple, the conpounds of fornula (1) can be
adm ni st aved2/onsd | y, buccally or sublingually in the forprcDiBtiabist s,
capsul es, ovules, elixirs, solutions orggsuspensions, which may contain
flavouring or colouring agents, for imediate-, delayed-, nodified- ,

sust ai ned-, pul sed- or controlled-rel ease applications. Such tablets may

tai | pi . h m talli | 1yl . l.act , '
cont el 1 B kBB My T A SN DT el B
di si nt egrif(Example 43) stBrTA9( PMferably corn, potato or tapioca starch),
sodi um WO 02/ 14285 PCT/ 1B01/ 01425 55 starch glycollate, croscarnell ose

di N I ha , L ,
ol yi nyl P PorCHUNG. Ohy/Ee, ShulsERbES, of nthe, BBt e R 9B AT 8%er
hydr oxy psarBpkgséptidaeseN (HA2Qlso Heencsatergitleal Thisawds alome by calddidtingrihkl i,
lubricating agents such as magnesium stearate, stearic aci 31 gﬁl#cer}zl .
behenat eotihg carapeunds obibe piepertdaverinn @T@@MP?PBQ%S%&, & 'T“HF"_'F?;’)te
may al so b Loply %ﬁﬁ Thb! & %ak el léféo”usﬁppﬁél §§sa¥3 r f ®le’ 881cGHEbRI &Mt S
in this regard include 1actose, starch, a celFul ose, sugar or high

mol ecul aTARR Bhtbupeupstitdlihg oubbiieahan caasoxgpeptidases NsfpendjoofsTAldliad/ or
elixirs, the conpounds of the formula (1) may be conbi ned with vari ous
sweetening or flavouring agents, colouring matter or dyes, with emul sifying

and/ or ' k&R i iP UC ivityCEParRE

pr opyl en?%ﬁ%@%? &g}%g SSF@ECQ%%EM g@ﬁ%‘éﬂbﬁ%@%‘?%n%@e%? f‘“‘?’ﬁe corrpt%‘uﬁ\(ljesr of
fornul a ¢drborpyeptidaseid odidme oiderefed0ith the formof a liquid or suspension
filled soft or hard gelatin capsule. Such capsules are generally nade of

gelatin, glycerin, water and sorbitol. Hard capsul es are distinguished from

soft  capp Lﬁ%fnﬂﬁ’uA Nbedndl YsbREHVEREGH afd o AHM MHIBIOBIwhoSEUtRBPRSHseal Y

stronger s Itional exclpients suitable for use in such capsul es
i ncl ude ppappreventiggytbelreactmrHaetalecnaadeyelogingdbrasnbusanddiAfila. oils. The
conpounds of formula (1) can also be adm nistered parenterally, for
exanple, intravenously, intra-arterially, intraperitoneally,

i ntrat hegadsybebM 6 @VE Midt thl! hhpoundsNbf Bl pidzent inventioh raetfsdabpyble of
intracranially, intranmuscularly or subcutaneously, or .
binding to a TAFI molecule, at the site implicated in the reaction between TAFla and
the developing clot. The use of TAFla inhibitors as described above in terms of

scope and utility, includes such TAFla inhibitors which bind to TAFI.

The compounds of the formula () can also be administered together with other
antithrombotics, including antiplatelet, anticoagulants and profibrinolytics. Suitable
antithrombotics include: aspirin, Plavix™, ticlopidine, warfarin (coumarin'™),
unfractionated heparin, hirudin (LepirudinTM), streptokinase, urokinase, recombinant
tissue plasminogen activator (tPA), dipyridamole, ReoproTM, AggrastatTM, and
Integrilin™. The compounds of the formula (I) can also be administered together with
antihypertensives and with agents to treat dyslipidaemia such as statins eg LipitorTM.
Further suitable drug classes for coadministration include Factor X inhibitors and

antiarrhythmics such as amiodarone or digoxin.

The present invention provides for the use of a TAFla inhibitor in the preparation of a
medicament in combination with an antithrombotic for the treatment of thrombosis.



they may be adm ni stered by infusion techniques. For such parenteral
admnistration they are best used in the formof a sterile aqueous

sol uti onwdbzh2emy contain other substances, for exanpl epCEmRu@gM28al ts or
gl ucose to make the solution isotonic woth blood. The aqueous sol utions
shoul d be suitably buffered (preferably to a pHof from 3 to 9), if
necessary. The preparation of suitable parenteral formulations under

chn ouEAS Prate isor o veS B s BaBPY s TB g déciibea
PCT/ 150%%%2#1 théﬁ Egh ArAfIPOLA Heditafr@hiid Bofibindiidh Wit ArPanRAMMbSiEiRd

i ntranas alation and are conveniently delivered in the form
of a drythpdvmﬁmeimlmétlmmhosm aerosol spray presentation froma
pressurised container, punp, spray, atom ser or nebuliser, wth or wthout
the use of a suitable propellant, e.g. dichlorodifl uoronethane,

trichloriafa B%féﬂ@&%ﬁ@odrﬁie‘hhhﬁ@ﬁtﬁhfcﬁﬁbm BeihprAibrifiolytier of | uor oal kane such
as 1,1,1,2-tetrafl uoroet hane (HFA 134ATM or

1,1,1,2.18 :-BBrﬂﬂEpt arelgsiespresphediment A the 2 ppithpmbetie bém tacorikiean); tissHer
swtabl e ggﬁw# ﬂQA a pressurised aerosol, the dosage unit nay be
5\ PGV

determ n%l a va ve to deliver a rretered anount. The
pressurised container, punp, spray, atomser or nebuliser nmay contain a

sol ution_or suspension of the active c und, usi n tyre of

et hanol B warﬁﬂ'b\t%lt!oﬁrﬂm&@eﬁr?e”?éh‘?fgn??reﬁﬂn%F?rE’ﬁ%‘)’ ttF‘lEﬂﬁg‘PVS’c‘Uh'@Ql n a
| ubrica t
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f or mul at e@mbimationtveittmam aptiierémolyticdocd patlemtarrmmedcbfcsfuchhrea‘tmemhl a (1) and a

sui tabl e powder base such as |actose or starch. Alternatively, the
conpounds of the fornmula (I) can be admnistered in the formof a

supposi tpry fes%%%sméntl&ﬁ 4188Y pfeWiddx fBPPhi Rtbthedi 68! thaatiny tdre p?@\féﬁtiﬂ%
gel, hydrog | otion, solution, cream ointnment or dusting

cgrrpoundthmf(;mboas, wmlmmmquspsmynm@@mm% adﬁwefapwlqallyteféaoiluerampu?t of a
aan ni ot &rano)e: o BTG )2b “prstpla Bl SRRl e g R  BPaRs" and®

adnmi ni st gicRiiudy thdreop i tambirttiod. wﬁnrarppfﬁﬂm@hmy@cusa pakient rorpedvissushn be
formul ated as m croni sed suspensions in isotonic, pH adjusted, sterile

sal i ne, eatmemiferably, as solutions in isotonic, pH adjusted, sterile
sal i ne,

In a preferred embodiment the antithrombotic is an profibrinolytic.
in a more preferred embodiment the antithrombotic is recombinant tissue

plasminogen activator (tPA).

The present invention provides for a kit comprising:
a) a composition comprising a compound of formula (l) as disclosed herein
and a pharmaceutically acceptable diluent or carrier;
b) a composition comprising an antithrombotic and a pharmaceutically
acceptable diluent or carrier; and
c) a container
The components of this kit may be administered separately, simultaneously or

sequenfially.



optionally in conmbination with a preservative such as a benzyl al koni um
chloride. Alternatively, they may be fornulated in an ointnent such as
pet r ol at w0 o#o1283% opi cal application, the conpounds of therP€DiBmloa426l) can
be fornulated as a suitable ointnment ggntaining the active conpound
suspended or dissolved in, for exanple, a mxture with one or nore of the
followng: mneral oil, liquid petrolatum white petrolatum propyl ene

Ster. AT SR RIS AP B BRI R ey af PG bl E o R
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exanple, a mxture of one or nore of the follow ng: mneral oil, sorbitan
nonost eaeatdiovascpBhaanagele #1894 FeboR3(2) i Hri282m1db293811. pol ysor bate 60,
cetyl esters wax, cetearyl alcohol, 2-octyl dodecanol, benzyl alcohol and
wat er. The conpounds of the formula (1) may al so be used in conbination

wth a RQ@M! i : } forminclusion and

non- i ncl-ﬁas{?(%n on%éf gﬁse@‘éévit dptd&?bni@g% €s. uégrmati on of a

dr ug- cycliodexidpifn premreatmamtivamsliefinfution; sol ubility, dissolution rate,

bi oavail ability and/or stability property of a drug nol ecul e.

Dr ug- cyc(iipdexis pre-treatrhentdsehicle ifesional |y useful for nost dosage forns and
adm nistration routes. As an alternative to direct conplexation with the

dr ug t he(iii)cy cho gextreatmendy T laisdubitey; andauxi liary additive, e.g. as a
carrier, diluent or solubiliser. Al pha-, beta- and gamma-cycl odextrins are
nost confiddnl yaspida peerireainentaBiAE 2 jatiibildls are described in WO A-91/11172,
WO A- 94/ 02518 and WO- A- 98/55148. The invention is further illustrated by
the followng, non-limting exanples. Melting points were determned on a
Gal | enkalp‘g ne|ting point apparatus using glass capillary tubes and are
uncorrec 81.0 nl ess otherwi se indicated all reactions were carried out
under a RLL:: W S , i o] i.a)l I

sol vent & ePEE ARARRRY e, 22 B TE S FARANARISr (MRS Ex
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with the specified’ion
electrical current was delivered to the lumen of the left circumflex (LCX) coronary

14)

artery to cause endothelial damage and stimulate the production of a thrombus.
Thrombi were allowed to mature for 1 hour prior to attempting to lyse the thrombus
and cause vessel reperfusion with t-PA. A total of 4 bolus injections of t-PA (each
0.45 mg/kg i.v.) were given sequentially at 15 minute intervals. Blood flow through
the coronary artery was then monitored for a further 2 hours so as to assess vessel
patency. Time to vessel occlusion, and reperfusion were measured and the quantity
and quality of blood flow analysed post-vessel re-perfusion. In addition, the effect of
treatment on surgical bleeding, activated clotting time, cutaneous bleeding and

platelet aggregation was also assessed.

Resuits

Data is described in Fig 1. From Fig 1 it can be seen that:



exchange resin which had been pre-washed with deionised water. Proton NWR
spectra were neasured on a Varian Inova 300, Varian Inova 400, or Varian
Mercury wOO02spettroneter in the solvents specified. |In theT/NdRISESCE T a,
only exchangeabl e protons which appeargd distinct fromthe solvent peaks
are reported. Low resolution mass spectra were recorded on either a Fisons
Trio 1000, using thernospray positive ionisation, or a Finnigan Navigator,
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There was no effect of any of the treatments on surgical bleeding, cutaneous
bleeding time, activated clotting time or ADP induced platelet aggregation either

pre- or post t-PA treatment.

Combination (iv) is not considered here.

The present invention provides for a composition comprising a compound of formula

() and a pharmaceutically acceptable excipient, diluent or carrier.

The compounds of formula (I) can be administered alone but will generally be
administered in admixture with a suitable pharmaceutical excipient, diluent or carrier
selected with regard to the intended route of administration and standard

pharmaceutical practice.

For example, the compounds of formula (I) can be administered orally, buccally or
sublingually in the form of tablets, capsules, ovules, elixirs, solutions or suspensions,
which may contain flavouring or colouring agents, for immediate-, delayed-, modified-

, Sustained-, pulsed- or controlled-release applications.

Such tablets may contain excipients such as microcrystalline cellulose, lactose,
sodium citrate, calcium carbonate, dibasic calcium phosphate and glycine,

disintegrants such as starch (preferably corn, potato or tapioca starch), sodium



HRVS Hi gh Resol uti on Mass Spectrocopy (el ectrospray ionisation positive
scan) Hyfl oTM Hyfl o super cel(r), from Al drich Chem cal Conmpany |liq liquid
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car ef ul | y5@ffebhe RBRIde@e reaction heated under reflux for 24 hours. The

cooled mxturée was purified by ion exchange col um

Solid compositions of a similar type may also be employed as fillers in gelatin
capsules. Preferred excipients in this regard include lactose, starch, a cellulose, milk
sugar or high molecular weight polyethylene glycols. For aqueous suspensions
and/or elixirs, the compounds of the formula (I) may be combined with various
sweetening or flavouring agents, colouring matter or dyes, with emulsifying and/or
suspending agents and with diluents such as water, ethanol, propylene glycol and

glycerin, and combinations thereof.

The compounds of formula (I) may also be administered in the form of a liquid or
suspension filled soft or hard gelatin capsule. Such capsules are generally made of
gelatin, glycerin, water and sorbitol. Hard capsules are distinguished from soft
capsules by containing less water and thus having a correspondingly stronger shell.
Additional excipients suitable for use in such capsules include propylene glycol,

ethanol, water, glycerol and edible oils.

The compounds of formula (l) can also be administered parenterally, for example,
intravenously, intra-arterially, intraperitoneally, intrathecally, intraventricularly,
intraurethrally, intrasternally, intracranially, intramuscularly or subcutaneously, or
they may be administered by infusion techniques. For such parenteral administration
they are best used in the form of a sterile aqueous solution which may contain other
substances, for example, enough salts or glucose to make the solution isotonic with
blood. The agueous solutions should be suitably buffered (preferably to a pH of from
3 to 9), if necessary. The preparation of suitable parenteral formulations under
sterile conditions is readily accomplished by standard pharmaceutical techniques
well known to those skilled in the art.
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ethanol and the propellant as the solvent, which may additionally contain a lubricant,
e.g. sorbitan trioleate. Capsules and cartridges (made, for example, from gelatin) for
use in an inhaler or insufflator may be formulated to contain a powder mix of a
compound of the formula (l) and a suitable powder base such as lactose or starch.

Alternatively, the compounds of the formula (I) can be administered in the form of a
suppository or pessary, or they may be applied topically in the form of a gel,
hydrogel, lotion, solution, cream, ointment or dusting powder. The compounds of the
formula (I) may also be dermaliy or transdermally administered, for example, by the
use of a skin patch. They may also be administered by the pulmonary or rectal

routes.

They may also be administered by the ocular route. For ophthalmic use, the
compounds can be formulated as micronised suspensions in isotonic, pH adjusted,
sterile saline, or, preferably, as solutions in isotonic, pH adjusted, sterile saline,
optionally in combination with a preservative such as a benzylalkonium chloride.
Alternatively, they may be formulated in an ointment such as petrolatum.

For topical application, the compounds of the formula (l) can be formulated as a
suitable ointment containing the active compound suspended or dissolved in, for
example, a mixture with one or more of the following: mineral oil, liquid petrolatum,
white petrolatum, propylene glycol, polyoxyethylene polyoxypropylene compound,
emulsifying wax and water. Alternatively, they can be formulated as a suitable lotion

using an elution gradient of deionised

g aqueous sol ution was



H2N 0 OH WD 02/ 14285 PCT/1B01/ 01425 61 A m xture of the protected am ne
fromPreparation 3 (17ng, 0.05mmol) in agqueous hydrochloric acid (2nl, 6N)
was stirmedozt4280m tenperature for 3 hours. The sol uti onpCwa1pu2sfi ed
directly by ion exchange chromat ogr aph;§7( DOVEX(r) 50WK8-200), eluting with
a solvent gradient of deionised water :¥'0.88 amonia (100:0 to 97:3), to
give the title conpound, 7ng, 55%yield. 1H NVR (CD3CD, 300|\/Hz) b: 0.88 (t,
3H), 1.42 (m 3H), 1.62 (m 3H), 1.78 (m 2H), 2.54 2. 89 3
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aqueous sodi um hydroxi de (6nl, 2N) was stirred at 50C for 3 hours. Agueous
hydrochl &4 walgfid (12n, 6N) was careful |y added, and the reaction stirred
at 70C for a further 18 hours. The cooled m xture was washed with ether,
and the aqueous solution purified by ion exchange chromat ography (DONEX(r)
50W\K8- 20Dhe etathpogndsv o the siormeaizt (Dr adiyermisofbelaised $edcombiaation OW#B a

ammoni a (100: 0 to 5:5 The oduct s a ot.rop th ethe d
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rug-cyclodextrin complexes are generally useful for most dosage forms and
administration routes. As an alternative to direct complexation with the drug the
cyclodextrin may be used as an auxiliary additive, e.g. as a carrier, diluent or
solubiliser. Alpha-, beta- and gamma-cyclodextrins are most commonly used and
suitable examples are described in WO-A-91/11172, WO-A-94/02518 and WO-A-

98/55148.
The invention is further illustrated by the following, non-limiting examples.

Melting points were determined on a Gallenkamp melting point apparatus using
glass capillary tubes and are uncorrected. Unless otherwise indicated all reactions
were carried out under a nitrogen atmosphere, using commercially available
anhydrous solvents. ‘0.88 Ammonia’ refers to commercially-available aqueous
ammonia solution of about 0.88 specific gravity. Thin-layer chromatography was
performed on glass-backed pre-coated Merck silica gel (60 F254) plates, and silica
gel column chromatography was carried out using 40-63um silica gel (Merck silica
gel 60). lon exchange chromatography was performed using with the specified ion
exchange resin which had been pre-washed with deionised water. Proton NMR
spectra were measured on a Varian Inova 300, Varian Inova 400, or Varian Mercury
400 spectrometer in the solvents specified. In the NMR spectra, only exchangeable
protons which appeared distinct from the solvent peaks are reported. Low resolution
mass spectra were recorded on either a Fisons Trio 1000, using thermospray
positive ionisation, or a Finnigan Navigator, using electrospray positive or negative
ionisation. High resolution mass spectra were recorded on a Bruker Apex Il FT-MS



(+)-(2S)-5-Am no-2-[(1-n-bufiyl-1 Himdazol -4-yl)nethyll pentanoic acid
H3C-N~ N H2N O CH The title conmpound was obtained in 35%yield, fromthe
ester frovoPrepssation 7, following a simlar procedure POTABHEtI4SSCri bed
i n Exanpl e 4. 1H—NI\/R(CD303 300MHz) Sigg0.97 (t, 3H), 1.33 (m 2H),
1.48-1.79 (m 6H), 2.45- 2.61 (m 2H) 979295(m 3H), 3.95 (t, 2H),
6.88 (s, 1 H, 7.45 (s, 1 H. HRVM5 : niz 254.1874 (M, calcd 254 1863-
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The sol utign urified direc by i.0n xch ech omato raphy .

( DOVEX( r9PestiaR iosls e theow@%é%%am%@ *@@@d%@tlca 'apmis A ASSI9Befvent
gr adi enty, VIREP AL & rink U 0 give the
title corﬁ%‘%ﬂgﬁ{ fﬂeas%ﬁg %gfoﬁ/g?/lurg%ér.%ﬁl et (% ﬂa&o"@gd%.'teﬁ 84 (t, 3t).
1.48 (m 1 H, 1.55-1.68 (m 3H), 1.76 (m 2H), 242257(m2H) 2. 86
(m 3H), 3.83 (t, 2H), 6.82 (s, 1 H, 7.42 (s, 1 H. HRVS: mz 262. 1533
(MNa+), calcd 262.1526. Anal. Q!F!?Hndt C; @gzﬁ%t@ 8.93; N, 16.92. Ci121-121
N30200. 51-120 requires C, 58! 1o ' 2% [alD = -2.53 (c 0.15,

dei oni sed wat er)

Arbocel™ Filtration agent, from J. Rettenmaier & Sohne, Germany
Amberlyst® lon exchange resin, available from Aldrich Chemical
15 Company

atm Pressure in atmospheres (1 atm = 760 Torr)

Biotage™ Chromatography performed using Flash 75 silica gel

cartridge, from Biotage, UK

BOC tert-Butyloxycarbonyl group

br Broad

c Concentration used for optical rotation measurements in g per
100 ml (1 mg/mlis ¢ 0.10)

cat Catalytic

d Doublet

dd Doublet of doublets

Degussa ® 10 wi% palladium on activated carbon, Degussa type E101
101 Company available from Aldrich Chemical Company

DOWEX® lon exchange resin, from Aldrich Chemical Company
ee Enantiomeric excess
HRMS High Resolution Mass Spectrocopy (electrospray ionisation

positive scan)

Hyflo™ Hyflo super cel®, from Aldrich Chemical Company
liq liquid
LRMS Low Resolution Mass Spectroscopy (electrospray or

thermospray ionisation positive scan)

LRMS (ES) Low Resolution Mass Spectroscopy (electrospray ionisation



Example 7 ()-(2S)-5-Am no-2-f (1-n-propel-1

H i m dazol -4-yl ) nmet hyl | pentanoic acid H3~/ N H2N O CH Lithi um hydroxi de
nonohydr av@ 0%/1428%), 28mmol ) and water (28nl) were added torar/IBalom2son of
the lactam from Preparation 11 (3g, 9.33mmol) in tetrahydrofuran (45n),
and the reaction stirred at roomtenperature for 18 hours. The sol ution was
neutral i sed usi ng aqueous hydrochloric acid (6N), then further acid (15m,
6N) was added, and the solution stirred at roomtenperature for 4 hours.
The nixture was purf99aWERABLt Iy by i on exchange chromat ography (DOWEX(r)
SOWK8-2QQ) , el uting 'tfpﬁbta sol vent gradi ent of deionised water : 0.88
ammonia (100:0 to 9 g& to give the title conmpound as a solid, 2.1g, 94%
yield. Thiz was tritMaasspectelrn pgakh acet one, the supernatant renoved, and
t he resi solid drjed in vacu to gi hg _title 0 d.as .a white
sol i d. 1@#%%\“/‘@%020, @%NHESC’U@: pe@éaﬁr( t‘g'l"éﬁ@b ?53@5%: %9?4’ w‘?%t?'?ﬁ?h 2H) ,
1.55 (m 2H), 2.26- : 2,57 (dd, 1 H, 2.76 (m 2H), 3.68 (t,
oH) ., 6.66 (s. 1 H), @h%@"%s’,cogqarﬁ}'.g%ws 'mlz 240. 1699 (M) . cal cd

240. 17060 WO 02/ 1428Quadst 1B01/ 01425 64 Anal. Found: C, 58.90; H, 8.90; N,
17. 17. %HZINBOZ.O. I—%g\.requi res gf 8.88; H 8.92; N, 16.99% [a]p =
+2.80 (0. 14, dei onhESERURAIRSOronKLS = 4" 9 (¢ 0.16, methanol) [alD = -5.0
(c 0.10,g et hanol) Algm@[@tive met hod for Exanple 7 A slurry of the

quinidine salt from igr eparation 110 56199, 28. 6mmol ) in water ([_95rr1) was
adj ust edSep-RaK®L0 usRaverssl phese G theitica getieardridaa, Vdatera ferpa@tienxt ur e

extracted with di chlfr.émat hane (1x40r , 2x20nl).- The renai ni ng agueous
suspe_nsiton was aci di t'R'8' usi ng 5N hydrochloric acid to pH 0.5, and the
sol utionrLc Thin Layer Chromatography
) Chemical shift
Example 1
(1)-5-Amino-2-(1H-imidazol-4-ylmethyl)pentanoic acid
HO
o}
NH,

NN

“\H
A mixture of the ester from Preparation 1 (150mg, 0.25mmol) in dioxane (2ml) and
aqueous sodium hydroxide (2ml, 2N) was stirred at room temperature for 1.5 hours.
Aqueous hydrochloric acid (6ml, 6N) was carefully added, and the reaction heated
under reflux for 24 hours. The cooled mixture was purified by ion exchange column
chromatography (DOWEX® 50WX8-200), using an elution gradient of deionised
water : 0.88 ammonia (100:0 to 97:3). The product was triturated with methanol to
give the title compound as a white solid, 28mg, 57% yield.
'H-NMR (CD3OD, 300MHz) &: 1.44-1.75 (m, 4H), 2.48 (m, 1H), 2.62 (dd, 1H), 2.90
(m, 3H), 6.81 (s, 1H), 7.55 (s, 1H).



stirred at roomtenperature for 18 hours. The solution was purified on a
Dowex(r) HCR-S ion-exchange resin columm (40g), using an elution gradi ent
of wat er V00 8814283moni a (100: 0 to 97:3). The resulting foarCwaBN1OL4e5r i ed
wi th acetone (20nml), the solid filtergﬁl and dried in vacuo at 40C to
afford the title conpound as a white solid, 4.6g, 68%yield 1H NWR

( CD3OD, 400|\/Hz) 8: 0.87 (t, 3H), 1.50 (m 1H), 1. 58-1.72 (m 3H), 1.78 (m

2H), 2.44-2.59 (m, 2 (m 6.84 (s, 1 H), 7.46 (s,
1 H. LRUBMS iz é@@%ﬂ%@\mﬁw@al gn%ﬁ %&%81705 (MH¥), cal cd 240. 1706. Anal .
Found: C, 49.10; H, 9.34; N, 14.31. CI12H21IN3Q2.3H20 requires C, 49.13; H,
9.28; N, 14.32% Exanple 8 (-)-(2R)-5-Am no-2-(1

Him dazol - 4-yl net hyl ) pent anoi ¢ aci E&x g;n@leg NH2 QH A mixture of the
protected am ne from Pr epa sodi um
hydroxi de (1 m {£X¢ATHAG- : R erature for
3 WO 02/ 14285 PCT/ 1801/01425 HG& days. TLC anal yS| S shovved starting

mat eri al remaining, so additi ona aqueous sodi um hydroxide (1 m, 2N) was
added, and the reaction stirred at 50C for ours. The m xture was

cool ed and treated w th aqueous hydsochl e=Nc acPds (5ml, 6N). The sol ution
was then stirred at 80C for 18 Cpour to roomtenperature, hexane
added and the mixture stirred f N’ The | ayers were separated, and
the aqueous phase purified directly by ion exchange chromatography
(DOVNEX(r) 50WK8-200), eluting wi?h a sol vent gr adi ent of deionised water

0.88 a ] : RSP el d:
1H NMVR ( %”%%%%%g%ﬁ&ﬁop%gggét@] é4H§S Hgtz G L 1%9"%@@% ((1@%““
2.78 (nmaq@dduys fodianm( hydrbxide, (16nl7 2N) wyasl stiffed at Eaorodenmpelfture for 72 hours.

TLC analysis showed starting material remaining, so the reaction was heated at

=aaw

70°C for 3 hours. Aqueous hydrochloric acid (2ml, 6N) was added to the cooled
solution and the reaction stirred at room temperature for 18 hours. TLC analysis
showed starting material remaining, so the reaction was stirred at 70°C for a further 2
hours. The cooled mixture was extracted with hexane, and the remaining aqueous
solution was purified by ion exchange column chromatography (DOWEX® 50WX8-
200) eluting with a solvent gradient of deionised water : 0.88 ammonia (100:0 to
97:3). The product was dissolved in a minimum volume of deionised water, and
freeze-dried to give the title compound as a gum, 18mg, 43% yield.

'"H-NMR (CDsOD, 300MHz) &: 0.92 (t, 3H), 1.45-1.70 (m, 4H), 1.79 (m, 2H), 2.43-
2.60 (m, 2H), 2.76-2.95 (m, 3H), 3.90 (t, 2H), 6.86 (s, 1H), 7.45 (s, TH).

HRMS : m/z 240.1713 (MH"), calcd 240.1706.

Example 3
(+)-6-Amino-2-[(1-n-propyl-1H-imidazol-4-yimethyllhexanoic acid
H,C N
A N

H,N



HRVB : mz 198.1243 (M#), calcd 198.1237. [a]D = -6.0 (¢ 0.1 ng/n,

dei oni sed water) Exanple 9 (+)-(2S)-5-Amno-2-(1

H i m dazove 42/yd28®t hyl ) pentanoic acid HO O N NH2 U - N PCT/ABM/01425] e
conpound was obtained in 96%yield fromgqthe protected am ne from
Preparation 13, follow ng the procedure described in Exanple 8. 1 H NWR
(CD3OD, 300MHz) 8: 1.45 (m 1H), 1.59 (m 3H), 2.47 (m 1H), 2.62 (dd, 1
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(mxgnglveﬁﬂg\ﬁﬁ%%gmp%ﬁh h‘ggpgg% biefd.sol vent gradi ent of deionised water

nia to give the title conpound as a white SO|Id'
30ng, 55 HWMRdCDgBENI\?FDQMBBID 0.88QKHEH), 4:42D(r853K),, 1.8B)(m, BHYS 1(48 (MHXH),1. 62

Eénd AF #%43(?%& )s%% (. 3@&@@2@4@%?%8"?%‘}?( a1"i)d824(()m17(2);? AﬁaIQ?
Found CHRAMS Oz H5481 876 (MH')L Baffll 2631 2684 N3021. 5H20 requires C 54.12; H

Example 4
(~(2R)-5-Amino-2-](1-n-butyl-1H-imidazol-4-y)methyllpentanoic acid

A mixture of the ester from Preparation 6 (185mg, 0.35mmol) in dioxane (6ml) and
aqueous sodium hydroxide (6ml, 2N) was stirred at 50°C for 3 hours. Aqueous
hydrochloric acid (12ml, 6N) was carefully added, and the reaction stirred at 70°C for
a further 18 hours. The cooled mixture was washed with ether, and the aqueous
solution purified by ion exchange chromatography (DOWEX® 50WX8-200) eluting
with a solvent gradient of deionised water : 0.88 ammonia (100:0 to 95:5). The
product was azeotroped well with ether and dried in vacuo to give the titie compound
as an off-white solid, 45mg, 51% yield.



9.08; N, 15.78% Exanple 11

(2S)-2-1f(2- Am noet hyl )am no] -3-(1H i m dazol -4-yl)propanoic acid H N X
N H2N OHwOlo2/H280 Trifl uoroacetic acid (17nl) was added droOpmWE®1425 a
stirred solution of the product from paration 16 (2.58g, 8.2nmmmol) in
met hanol : water (27nml : 14nml). The reaction was slightly exothermc with
evol uti on of carbon dioxide gas The m xture was stirred at room

temperatyre for 4 hours and the solvent was rem)vai% evapor at i gn_under
Feduced. TR EDT: Se0MHiI S R HLLE i hbh SRAGED. ch e T byacaid, 2.45-

over ni ght).o4T, Syl { qﬂﬁo hydr oxi de

sol uti on5 611 %ﬁ Efgﬂsigltgusﬂrh MES éfﬁ gﬂé\% §§#§ é%df)% |w of aqueous
sodi um thRM)sl A9z 254, 1873)(MHI),NalcaCﬂﬁkl)1m added and the sol ution was
stirred at roomtenperature for WO 02/ 14285 PCT/ 1B01/ 01425 67 72 hours.
The sol ution was concentrated under reduced pressure to 10m and purified
by i on exchange chromat ography (DQ/\@S&H @@®/\K8-200) eluting with a solvent

gradi ent of deionised water : a‘m‘m‘r'i?_a“SOI ut| on (100 0 to 97:3). The
sol vent was r -ByArai —ndcmt fideéimidadale tamoiafatisk d a
yellow oil which was di ssol ved in deionised wat er (15n1) and freeze-dried

overnight to afford a foam This material was dissolved in deionised water
met hanol (95:5) and further purified ing MCI TM gel (559)
chromat ography, eluting with a sol veri/;zﬁ{, t of deionised water :
\é 13g, 69%yield. 1H NWR
3.25 (t, 1H), 6.81 (s,

met hanol (95:5) to afford the titl BSonpound,
(D20, 300 MHz) 8: 2.61-2.87 (m 4H), 2.92
1H, 7.59 (s, 1 H. LRVS : mz 199.2 (NH+)

0 OH
The title compound was obtained in 35% vyield, from the ester from Preparation 7,
following a similar procedure to that described in Example 4.
'H-NMR (CDsOD, 300MHz) &: 0.97 (t, 3H), 1.33 (m, 2H), 1.48-1.79 (m, 6H), 2.45-
2.61 (m, 2H), 2.79-2.95 (m, 3H), 3.95 (t, 2H), 6.88 (s, 1H), 7.45 (s, 1H).
HRMS : m/z 254.1874 (M"), calcd 254.1863.
[alo =+3.7 (¢ 0.14, deionised water) '

[oJo =-5.2 (¢ 0.15, methanol)

Example 6
(-)-(2R)-5-Amino-2-[(1-n-propyl-1H-imidazol-4-yl)methyllpentanoic acid

A solution of the protected amine from Preparation 9 (1.01g, 2.97mmol) in aqueous
hydrochloric acid (15ml, 6N) was stirred at room temperature for 18 hours. The

solution was purified directly by ion exchange chromatography (DOWEX® 50VVX8-



Anal . Found: C, 43.36; H 7.51; N, 25.12. C8H14N4021. 3H20 requires C,
43.35; H, 7.54; N, 25.28% [a]D = +1.74 (c 0.12, deionised water) Exanple
12 (2R) Woht/2288m noet hyl ) am nol - 3- (1 H i m dazol -4-yl) propenoso/oaesd H N
Il N HaN OH H O The title conpound prepared fromthe product of
Preparation 17 using the procedure destribed for Exanpl e 11. 1H NWMR (D2G,
300|\/Hz)8257282(m4|—|) 289(m2H) 3.22 (t, I H, 6.77 (s, .1 H),
7.5'5 (s, WEZ@ 0 (c 0.10, deionised vvatera WO 02/ 14285

PCT/ 1801200)4mtur@8 aaqﬂoé/em gragliept pf @emﬂlmwgtel)a $%|ammonia (100:0 to

Hi ni dazgl,. 0 Trifl id
(0. 5nt ) SGF A obfF R EaPpbtna Bedha BENR N he oroduce from -
Prepar at iR (Cﬁa@m 4c$bm|4lzml 0.84nt, BH)hand (m wa; e1.56-2An68 (mlsmi))1 asqnd,he

m xture was stirred roomtenperature for hours. The sol vent was then

renoved BH), M&ﬁcﬁh(moaHojrﬁléﬁ (ﬁb&hbe@l 8§r(b§3§‘®s§&i?n(§ tiB, ¥ 42 @uébhas treat ed
further NS o7 PeZ RS (NG BRIHAR 1328ke sol ution (1 N, 5m) ves added
and the AQhUFHRAWES 58L04;11898.93; N, 16.92. C12H21N30200.5H,0 requires C, 58.04; H,

8.93; N, 16.92%.

[a]lp =-2.53 (¢ 0.15, deionised water)

Example 7
(+)-(2S)-5-Amino-2-{(1-n-propyl-1H-imidazol-4-yl)methyl]pentanoic acid

Hac//\N“\\
&N

H,N

0 OH

Lithium hydroxide monohydrate (1.1g, 28mmol) and water (28ml) were added to a
solution of the lactam from Preparation 11 (3g, 9.33mmol) in tetrahydrofuran (45mi),
and the reaction stirred at room temperature for 18 hours. The solution was
neutralised using aqueous hydrochloric acid (6N), then further acid (15ml, 6N) was
added, and the solution stirred at room temperature for 4 hours. The mixture was
purified directly by ion exchange chromatography (DOWEX® 50WX8-200), eluting
with a solvent gradient of deionised water ; 0.88 ammonia (100:0 to 97:3), to give the
title compound as a solid, 2.1g, 94% yield. This was triturated well with acetone, the
supernatant removed, and the residual solid dried in vacuo, to give the title
compound as a white solid.

"H-NMR (D20, 400MHz) &: 0.60 (t, 3H), 1.30 (m, 2H), 1.40 (m, 2H), 1.55 (m, 2H),
2.26-2.40 (m, 2H), 2.57 (dd, 1H), 2.76 (m, 2H), 3.68 (t, 2H), 6.66 (s, 1H), 7.36 (s,
1H).

HRMS : m/z 240.1699 (MH™), calcd 240.1706.



at roomtenperature for 72 hours. The reaction solution was then submtted
to ion exchange chromat ography (DONEX(r) 50WK8-200) eluting with deionised
wat er : WwWo881eassronia (97:3). The solvent was renoved by pemmmati2sn under
reduced pressure to afford a white solgqd residue. This material was

di ssolved in deionised water : nethanol (95:5) and was further purified
using MCI TM gel chromat ography, eluting with deionised water: nethanol

(55 Rl B o SRR 7 o e B

Exanpl e 44 &2%3@%_( 2- Am noet hyl ) am nol - 3- (1H-i m dazol - 2-yl ) propanoi ¢ acid
HNC N HZI\F "'N HO The product from Preparation 19 (200ng, 0.45mmol)
was tredofdsl =22.804quloids defmisentwhtar) ¢ acid (6N, 4nl) and heated at refl ux
for 3 hours. The solvent was then WO 02/ 14285 PCT/ 1B01/01425 69 renoved by
evapor at lddm Fnfe@fc (@ dbcetirnalsure and the residue was purified by ion
exchange[ ?hr_o%g%r@ggy (r) 50WK8-200) eluting with an elution
gradiento”bf_ e ised’ : 0.88 ammonia (100:0 to 97:3). The isol ated
material was then freeze-dried to afford the title conpound as a foam
62mg, 69%yield. 1 HNW (CD30D, 300 MHz) S: 2.71-2.98 (m 4H), 3.13 (m
1H), 3.34 (m 2H), 6.92 (sAliemativepnathoe amplg

Exanple 15 (2S)-2-{f(1R or

S) - 1- (ATA QIR BY & rq%'ﬂ%éh]n "WPhof ;Srleﬁa}aqio%a%% ﬁ@é’,l éQ.'éﬂﬂﬁgﬁiiﬁ viHfibd (Qé_linl)N

was adjusted to pH 10 using 5N sodium hydroxide solution, and the mixture

extracted with dichloromethane (1x40ml, 2x20ml). The remaining aqueous
suspension was acidified using 5N hydrochloric acid to pH 0.5, and the solution
stirred at room temperature for 18 hours. The solution was purified on a Dowex®
HCR-S ion-exchange resin column (40g), using an elution gradient of water:0.88
ammonia (100:0 to 97:3). The resulting foam was slurried with acetone (20ml), the
solid filtered and dried in vacuo at 40°C to afford the title compound as a white solid,
4.6g, 68% yield.

'H-NMR (CD3OD, 400MHz) &: 0.87 (t, 3H), 1.50 (m, 1H), 1.58-1.72 (m, 3H), 1.78 (m,
2H), 2.44-2.59 (m, 2H), 2.90 (m, 3H), 3.88 (t, 2H), 6.84 (s, 1H), 7.46 (s, 1H).

LRMS : m/z 240 (MH")

HRMS : m/z 240.1705 (MH"), calcd 240.1706.

Anal. Found: C, 49.10; H, 9.34; N, 14.31. C1,H21N302¢3H,0 requires C, 49.13; H,
9.28; N, 14.32%.

Example 8
(-)-(2R)-5-Amino-2-(1H-imidazol-4-yimethyl)pentanoic acid

A mixture of the protected amine from Preparation 12 (85mg, 0.14mmol) in aqueous
sodium hydroxide (1ml, 2N) and dioxane (1ml) was stirred at room temperature for 3



CH31 /> N H2 NOH NHO Trifluoroacetic acid was added dropwi se to a
stirred solution of the product from Preparation 21 (91 ng, 0.26mmmol) in
di chioromedhanesyl m ) and the m xture was stirred at roPaTARNPes28t ure for
17 hours under a nitrogen atnosphere. e solvent was then renoved by
evapor ati on under reduced pressure and e residue was azeotroped with
toluene. The resultant material was dissolved in aqueous sodi um hydroxide
solution (5nml, 2N) and stirred at roomtenperature for 72 hours. Sol ution

was t herdagys | TL@danglymn sbewrdngiariing shatesigh apmainingwex( epdiionsb -azpeeus

| ut .th I t d 100: 0

o o5 &ysodimieEpde et &% afefrerd Y isalto stirsH at s IR oL,

400 MHz) T nﬂxﬁﬁe (Was 35%Ied1ar?c7 tréﬁ%edlwlﬂ}n ’aﬁj)e‘éﬂs(lgﬂdrécrh‘%nc &c@z(‘ffrﬁl]s 6N8H7rhe

2.67 (m 1 H), 2.78 1 H),

H, 6. 873c(|st|or1wa)s the?i sﬁre(dsat 80":6) forHFWBoursﬁmoM?tolE‘smn (tamp)aratum chjaxane

227. 1503. 02/1 285 PCT/ 1 01/0 425 70 e S % . d h

R) - 1- (An?‘i'f%%%e Spyture stirged tor apy holrg g J%M%F?)‘%ﬂ Pf{)aﬁe ategh; gnd hey

CH3 1 s>, t ' '

aB 1 Sag tlogﬁhqg EA %tlﬁgéé%clﬁp@&ﬁ bfciifrige \WForRdtiflaphP RUIOWEXRE2
50WX8-200), eluting with a solvent gradient of deionised water : 0.88 ammonia

(100:0 to 97:3), to give the title compound, 20mg, 73% yield.

'H-NMR (CDsOD, 300MHz) &: 1.40-1.68 (m, 4H), 2.45 (m, 1H), 2.62 (dd, 1H), 2.78
(m, 2H), 2.90 (m, 1H), 6.78 (s, 1H), 7.50 (s, 1H).

HRMS : m/z 198.1243 (MH"), calcd 198.1237.

[a]p=-6.0 (¢ 0.1 mg/ml, deionised water)

Example 9
(+)-(2 8)-5-Amino-2-(1H-imidazol-4-yimethyl)pentanoic acid
HO

0]

NH,
NN
“\ﬁ
The title compound was obtained in 96% yield from the protected amine from
Preparation 13, following the procedure described in Example 8.
'H-NMR (CDsOD, 300MHz) &: 1.45 (m, 1H), 1.59 (m, 3H), 2.47 (m, 1H), 2.62 (dd,
1H), 2.78 (m, 2H), 2.90 (dd, 1H), 6.80 (s, 1H), 7.50 (s, 1H).
HRMS : m/z 220.1064 (MNa"), caicd 220.1056.

Example 10
()-5-Amino-2-[(4-n-propyl-1H-imidazol-2-yl)methyllpentanoic acid




Preparation 22 (167nmg, 0.49mmol) in dichioronethane (1 m) and the m xture
was stirred at roomtenperature for 17 hours under a nitrogen atnosphere.
Sol vent we@ 02/128bved by evaporation under reduced pressurkBCHmBINeLSdue
azeotroped with toluene. The resultant terial was dissolved in aqueous
sodi um hydroxi de solution (5m, 2N) and stirred at roomtenperature for 72
hours. Sol ution was then purified by ion exchange chromat ography (DONEX(r)
50WK8-200) eluting with a sol vent radi ent of deionised water : 0.88
ammoni a (100:0 to 95:5) to afford tfheC¢itle conpound, 38.7nmg, 35%yield.
"H NVMR (CD30D, 400 MHz) S: 0.73 (t, 3H T X35 (m 2H), 2.43 (m 1H), 2.53
(t, 1H, 2.70 (m 1 H), 2.95 (dd, 1 H), (dd, 1 H), 3.40 (dd, 1 H),
6.90 (s, 1 H, 7.60 (s, 1 H. HRVMS: nmz 7.84P00 (M), calcd 227.1502.
Exanple 17 (2S)-2 4f(1 RS)-1-( Am nonet hyl)-2¢net hyl propyl | am no}-3-(1

H i m dazol -4-Y)propanoic acid H NH3CCH3I /> N H2ZNOH NHO W

02/ 14285 PCT/ 1B01/ 01425 71 Tri fypor eft™e acid (2nml) was added to a
stirred solution of the product from Preparation 23 (100nmg, 0.28mmol) in
di chl oronethane (1 m) and the m xture &iirred at roomtenperature for
17 hours. The solvent was then renoved by evaporation under reduced

pr essur eAamiktulee of ethied peotezizat anpee normh Preparatien Tdhe (108riglu@.28eemohein

O et SRR BS AEh  , 8  lr, A hsipagh
cxchenscoaIBaTRIGRIT AR BHGbefP MRSl el Ao, (o0 o

mat er i al 5Q\BE3R00Rseluting with a solvent gradient of deionised water : 0.88 ammonia

(100:0 to 96:4), to give the title compound as a white éolid, 30mg, 55% yield.
'H-NMR (CDsOD, 400MHz) &: 0.95 (t, 3H), 1.45 (m, 1H), 1.62 (m, 5H), 2.48 (1, 2H),
2.58 (m, 1H), 2.76 (dd, 1H), 2.86 (m, 2H), 2.98 (dd, 1H), 6.60 (s, 1H).

HRMS : m/z 240.1718 (MH"), calcd 240.1707.

Anal. Found: C, 54.04; H, 8.97; N, 15.68. C42H21N302e1.5H.0 requires C, 54.12; H,
9.08; N, 15.78%.

Example 11
(28)-2-[(2-Aminoethyl)amino]-3-(1H-imidazol-4-yl)propanoic acid

H
N
L2
N
RN OH
H
0

Trifluoroacetic acid (17ml) was added dropwise to a stirred solution of the product

from Preparation 16 (2.58g, 8.2mmol) in methanol : water (27ml : 14ml). The
reaction was slightly exothermic with evolution of carbon dioxide gas. The mixture
was stirred at room temperature for 4 hours and the solvent was removed by
evaporation under reduced pressure to give a colourless oil which was dried in vacuo
overnight. The resultant oil was treated with aqueous sodium hydroxide solution
(1N) until solution was at pH=8. A further portion of aqueous sodium hydroxide

solution (1N, 30ml) was added and the solution was stirred at room temperature for



further purified by chromatography on reverse phase silica gel (C18
Sep-Pak(r)), eluting with deionised water, and then freeze-dried to afford
the titl avaornpashd (m xture of diastereoisoners), 20ng, BOMABA1®H4ES 1H NVR
(CD30D, 300 MHz), m xture of diastereoigsoners, 8. 0.67-0.90 (4x d, 6H),

2.40-3.40 (m 7H), 6.85-6.95 (2x s, 1 , 1.72-7.62 (2x s, 1 H. HRVMS: niz
241.1661 (MH), calcd 241.1659. TLC : nethanol : et hyI acetate : 0.88.
anmonia : acetic acid : water (60 : 12 : 4: 4 :8) 0.52 and 0. 44.

Exanpl e 18 hags- Ihef solutsn- waammwemr@&eﬁwr@enwﬂuﬁedxdqregsm to 10ml and

(o) veurifagt VY loRE B e ctartatoBiafty (BOWIEXH, abWhXeR005 R, ih e s
(100ny, ébl@ém@a\jnéﬁt & a&bﬁrs%alewat@?e 688 hinnddila sddlaticie (#00:000M07:3). The

tenperature for 17 hours. The solvent was then renoved by evaporation under
reduced. sqdve@tswae rembvet oy evapratian ditdes seduesd prassuie te affoié a peliaw@ilwas

?Liﬁ?' ! SWplch il BB KBRS G P, AT e Bl PGt g SRt
O 2 BN o G o A W 7] 1aa8e BT ABbL) OLass  Fo At er o B 88 i o

(100: 0 tRurfiedysingdMGlol gebd55a) ehiamaipgeaphye hding wih asAyenirgradia afi ¢ e

d g 2
2 Tho 3 1B s%mf?f%é it 1ps Yo i dliticdboudy, £ed8 forgiél 21
6.91 (d, H-NMR (D00-30BMHzN 6: 2-451-278BFm(. AP, Q292 (%, 2H)HB.25RVAH), Bl &1 (s
289. 1662 (N+H% calcd 289.1659. Exanple 19

1H), 7.59 (s

LRMS : m/z 199 2 (MH")

Anal. Found: C, 43.36; H, 7.51; N, 25.12. CeH14N40201 3H,0 requires C, 43.35; H,

7.54; N, 25.28%.

[a]o = +1.74 (¢ 0.12, deionised water)

Example 12
(2R)-2-[(2-Aminoethyl)aminol-3-(1H-imidazol-4-yDpropanoic acid

q
Jo
- N
o]

The title compound was prepared from the product of Preparation 17 using the

procedure described for Example 11.

'H-NMR (D0, 300 MHz) &: 2.57-2.82 (m, 4H), 2.89 (m, 2H), 3.22 (t, 1H), 6.77 (s,
1H), 7.55 (s, 1H).

[a]o =-1.0 (¢ 0.10, deionised water)



(2S)-3-(1 HImdazol -4-yl)-2-f(3RS)-pyrrolidinylamno)lpropanoic acid H N
HI AN OH NHO Aqueous sodium hydroxide solution (1.7m, 5N) was
added dr opowze28d a stirred solution of the product fronP@raganazson 20
(200mg, 0.8mmol) in deionised water (Z¥m) and the solution was stirred at
room tenperature overnight. The solution was then purified by ion exchange
chromat ography (DOVWEX(r) 50WK8-200) eluting with a solvent gradient of

dei oni sed water : 0.88 amoni a (100; g Eglgi;‘ 5) to afford the title

conpound as a pink foam 90ng, 50% . NVR (D20, 300 MHz), m xture of
di ast er eoi somer s (HR-[R-AhiKdBthIAMIN] 85(1HAmidazdh2-yBorépahoic &, 2.90 (m 1
Hy, 3.05-3.38 (m 5H), 6.69 (s, 1 H, 7.59 (s, 1 H. LRV : mz 225.3 (MH)
[a]D = +1.57 (c 0.076, deionised water) EXx 20 (29)-2-{[(1 R
2S) - 2- Ami no- 1- net hyl propyl | am no}-3-(1 Himjdaz -4-yl ) propanoi c acid WO
02/ 14285 PCT/1B01/01425 73 H N1 X) CH OH N H CH3 O Aqueous
sodi um hydr oxi de solution (2m, 2N) was adlded to a stirred solution of the

H

2N\/\N OH

H
o

Trifluoroacetic acid (0.5ml) was added dropwise to a stirred solution the product from
Preparation 18 (105mg, 0.34mmol) in methanol : water (2mi : 1ml) and the mixture
was stirred at room temperature for 4 hours. The solvent was then removed by
evaporation under reduced pressure and the residue was treated with agueous
sodium hydroxide solution (1N) until solution was at pH=7. A further portion of
aqueous sodium hydroxide solution (1N, 5ml) was added and the solution was stirred
at room temperature for 72 hours. The reaction solution was then submitted to ion
exchange chromatography (DOWEX® 50WX8-200) eluting with deionised water :
0.88 ammonia (97:3). The solvent was removed by evaporation under reduced
pressure to afford a white solid residue. This material was dissolved in deionised

water : methanol (95:5) and was further purified using Mci™

gel chromatography,
eluting with deionised water:methanol (95:5) to afford the title compound, 4mg, 6%
yield.

'H-NMR (CD;0D, 300 MHz) §: 2.74-2.98 (m, 4H), 3.13 (m, 1H), 3.35 (m, 2H), 6.95

(s, 2H).

Example 14
(2S)-2-[(2-Aminoethyl)amino]-3-(1H-imidazol-2-yl)propanoic acid

HN \
D
N
H2N\/\N OH
H
(@]

The product from Preparation 19 (200mg, 0.45mmol) was treated with aqueous

hydrochloric acid (6N, 4ml) and heated at reflux for 3 hours. The solvent was then



product from Preparation 26 (260ng, 7.64mmol) in di oxane (2ml) and the

m xture was stirred for 2.5 hours at room tenperature. Agqueous

hydr ochl ov® e2/a28311 (50% by vol une, 4m ) was added and t herPaixBounNe428aS
stirred at roomtenperature for 17 ho o The solution was then purified
by ion exchange chromat ography (DONEX(r 50WK8-200) eluting with a sol vent
gradi ent of deionised water : 0.88 ammnia (100:0 to 97:3) to afford.a
white solid which was dissolved in dejionised water and further_purified by

chr omat of@egHed Rineyaneaten pngdee redyqegkprgasurecy Bigtesitye Was Pugfigditygoni ¢ h

(coscn, S8l creBnitediapy GG WENS SR Wifhg Jifplaf dhugh bhley

1 H), 3.80déibhiséd Wated: H/8& amrhohia (1@09(2td 97 Hhe %didtetsmaterid) wasRNBn N1 z
227.1506_ (M), calcd 227.1502. nple 21 réﬁ"
Ami noet hifeszerdieg o affprehthedity wmﬁpu@ciaﬁadnym &ZZG& e VRIAd NH HZN N OH

oroduct | #ONRAFERGL: R M2 S 2 9B athy o by P 2P 020

water (1@rH). 8m) and the m xture was stlrred for 2 hours. The sol vent
was renoved by evl\%;)ratlon under reduced pressure to afford a |ight brown
oi | whi cHRMS mizst99.1484i(MH:)caded 4884d88.- wo 02/ 14285 PCT/ 1B01/ 01425 74
sodi um hydroxi de solution (1N) and stirred for 17 hours. The sol ution was
concentrated under reduced pressure and purified by ion exchange

chr omat ogr aphy (DO/\EX(r) SOWK8- ZOOExah_mie ng with a solvent gradient of
dei oni sed 0 .96 dt etltl.e
conpound ‘48lany APAMTHRQMEEY OO O3S y RO

(s, 3H, 250(m 1H) 260337(m 6H) 6.78H(s, 1H) 758(s 1H)
Example 22 (2S)-3-(1 HIm dazol -4-yl)- (1-p'l & azi nyl ) propanoi ¢ aci d

N-: ~\
CH,
e
H

Trifluoroacetic acid was added dropwise to a stirred solution of the product from

Preparation 21 (91mg, 0.26mmol) in dichloromethane (1ml) and the mixture was
stirred at room temperature for 17 hours under a nitrogen atmosphere. The solvent
was then removed by evaporation under reduced pressure and the residue was
azeotroped with toluene. The resultant material was dissolved in aqueous sodium
hydroxide solution (5ml, 2N) and stirred at room temperature for 72 hours. Solution
was then purified by ion exchange chromatography (DOWEX® 50VVX8-200), eluting
with a solvent gradient of deionised water : 0.88 ammonia (100:0 to 95:5), to afford

the title compound, 37.3mg, 62% vyield.

"H-NMR (CD3OD, 400 MHz) &: 0.81 (t, 3H), 1.37 (m, 1H), 1.50 (m, 1H), 2.62 (m, 1H),
2.67 (m, 1H), 2.78(m, 1H), 2.90 (dd, 1H), 2.98 (dd, 1H), 3.33 (dd, 1H), 6.87 (s, 1H),
7.57 (s, 1H).

HRMS : m/z 227.1511 (MH"), calcd 227.1503.



NH OH HNJ O Aqueous sodi um hydroxi de solution (5N, 1701) was added to a
stirred solution of the product from Preparation 28 (50ng, 0.012mmol) in
wat er (awewe/dneps) and the solution was stirred at roonPCEEpaNat2dre for
18 hours. The sol ution was then subnlt d to ion exchange chromat ogr aphy
(DOVEX(r) 50WK8-200), eluting with a vent gradient of deionised water
0.88 ammonia (100:0 to 95:5), and the solvent t hen renoved by evaporation
under reduced pressure. The residue _was suspended in diethyl ether and

t hen re-evaporated to afford the tiﬁ%@ﬂﬁﬁhﬂgund as a white solid 17ny,
6308A)0yl(6| {l 'l‘. “ "-p‘hu,d n;} 1 uﬁa- (;]‘p u_u--u. u ’
[al D = +14. 84 (c 0 062 delonlsed water) TLC khethanol : ethyl acetate :
0.88 amonia : acetic acid : water (60: 12 :I4. 4: 8) R = 0.20. WO

02/ 14285 PCT/ 1B01/ 01425 75 Exanple 23 CH, V/

(2S5)-2-(1,4-Di azepan-1-yl)-3-(1Him zoI -yINpropanoic acid NH OH HN)
O Honopi perazi ne (1.86g, 18.6nmol) s ad@led to a stirred solution of the
product from Preparation 61 ( Ofin acetonitrile (40m) and
the solution was stirred for 2 hours tenperature then heated at
reflux for 18 hours. The solvent was renoved under reduced pressure and

t he residue was dissolved in dichioronethane and washed with water
(3x20ni). The organic phase was concentrated under reduced pressure and

t he resu é’"aa% r u

exchangeﬁ-hﬂlr‘ orra étl gr aphy dj v?%%@%% %%@@genffg% S %tal ﬁg‘ﬁ\i/‘moﬁhmg ﬁfhvﬁ 6

gr adi ent PrépaiaianQecﬂ a¥ahg, O: 4%{::&8!)anrdldnlarc(memaﬁetﬁml) and the mixture was
stirred at room temperature for 17 hours under a nitrogen atmosphere. Solvent was

removed by evaporation under reduced pressure and residue azeotroped with
toluene. The resultant material was dissolved in aqueous sodium hydroxide solution
(5ml, 2N) and stirred at room temperature for 72 hours. Solution was then purified by
ion exchange chromatography (DOWEX® 50WX8-200) eluting with a solvent
gradient of deionised water : 0.88 ammonia (100:0 to 95:5) to afford the title
compound, 38.7mg, 35% yield.

'H-NMR (CD30D, 400 MHz) &: 0.73 (t, 3H), 1.35 (m, 2H), 2.43 (m, 1H), 2.53 (t, 1H),
2.70 (m, 1H), 2.95 (dd, 1H), 3.10 (dd, 1H), 3.40 (dd, 1H), 6.90 (s, 1H), 7.60 (s, 1H).
HRMS : m/z 227.1500 (MH"), calcd 227.1502.

Example 17
(28)-2~{[(1RS)-1-(Aminomethyl)-2-methylpropyllamino}-3-(1H-imidazol-4-yl)propanoic
acid




95:5) to afford the title conpound as a beige solid, 300ngy, 68% yield.

1H NWR (D20, 300 MHz) b: 1.83 (m 2H), 2.70-3.23 (m 104, 3.40 (t, 1H),
6.80 (s, waQot)4285¥.60 (s, 1 H. LRMS : mz 239.2 (VH}) AnabCT/Hemurnd425C,
50.79; H 7.85; N, 21.31. C11H15N402.1.725H20 requires C, 50.66; H  7.92;
N, 21.48% [a]J]o = +2.47 (c 0.24, deionised water) Exanple 24 (2S)-2-f(2-Am
I noet hyl ) am nol - 3-(1-ethyl - 1Hi m dazol - 4-yl ) propanoi ¢ acid WO 02/ 14285
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(118nyg, Pre_'P%’mﬁ&ﬁ 2BN(MEONegG, 0 28hmal)dn tdichibiomethansad nipaheddtheamixteld wasf or

17 hours. The m xture was allowed to cool to roomtenperature and the

sol v fe_nt d&tﬁéed_r @tolaedn bierepersdirgt fon Tdnberrs: elibe cerlperls Y(@se themgemayedubynas
ot oni segaast 8forf S EE Yedotd BRGHEARY hE W) azdtiftiec ifn foehad THL! !

; {) geﬁ/ﬁl-z ;Jlre'émillet Zlgs?ﬂ'fe@g g;stsbg/esii inl equesysosadiunBhydroxdddosplution. (2N Rivi @6B830D,

S 1. t, , 2.15-3. m 6H), 3.33 (m 1H), 3.98 2H),
6.95 (s, stiTeq at7ogm (emperaijre fiivid. M e §9§%0W4a§ ,Fpnem artestibysen ' vo
02/ 14285e)|(3cggn{;§0&(r8|3n%%§graBKyRDOVVEN@ 50WX8-200) eluting with a solvent gradient of

deionised water : 0.88 ammonia (100:0 fo 97:3). The isolated material (35mg) was

further purified by chromatography on reverse phase silica gel (C18 Sep-Pak®),
eluting with deionised water, and then freeze-dried to afford the titte compound

(mixture of diastereoisomers), 20mg, 30% vyield.

"H-NMR (CDsOD, 300 MHz), mixture of diastereoisomers, §: 0.67-0.90 (4x d, 6H),
2.40-3.40 (m, 7H), 6.85-6.95 (2x s, 1H), 7.72-7.62 (2x s, 1H).

HRMS : m/z 241.1661 (MH"), calcd 241.1659.

TLC : methanol : ethyl acetate : 0.88 ammonia : acetic acid : water (60: 12 :4 : 4 :8)
Rf = 0.52 and 0.44.

Example 18

(28)-2-{[(1RS)-2-Amino-1-benzylethyllamino}-3-(1H-imidazol-4-yhpropanoic acid
H
N
[
N
H,N q OH
H
0

Trifluoroacetic acid (2ml) was added to a stirred solution of the product from
Preparation 24 (100mg, 0.25mmol) in dichloromethane (1ml) and stirred at room
temperature for 17 hours. The solvent was then removed by evaporation under
reduced. pressure and the residue azeotroped with toluene. The residue was
dissolved in agueous sodium hydroxide solution (2N, 2ml) and stirred at room
temperature for 17 hours. The solution was then purified by ion exchange
chromatography (DOWEX® 50WX8-200) eluting with a solvent gradient of deionised
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water : 0.88 ammonia (100:0 to 97:3) and isolated material was freeze-dried to afford
the title compound, 41mg, 58% yield.

'H-NMR (CD;0OD, 300 MHz) & 2.48-2.72 (m, 2H), 2.77-3.10 (m, 3H), 3.25-3.47 (2x

m, 1H), 3.31 (d, 2H), 6.80 (2x s, 1H), 6.91 (d, 1H), 7.10-7.30 (m, 4H), 7.55-7.63 (2x
s, 1H).
HRMS : m/z 289.1662 (MH"), calcd 289.1659.

Example 19
(2.8)-3-(1H-Imidazol-4-y1)-2-[(3RS)-pyrrolidinylamino)]propanoic acid

e
SN

N
H

Aqueous sodium hydroxide solution (1.7mi, 5N) was added dropwise to a stirred
solution of the product from Preparation 20 (200mg, 0.8mmol) in deionised water
(20ml) and the solution was stirred at room temperature overnight. The solution was
then purified by ion exchange chromatography (DOWEX® 50WX8-200) eluting with
a solvent gradient of deionised water : 0.88 ammonia (100:0 to 95:5) to afford the
title compound as a pink foam, 90mg, 50% yield.

'H-NMR (D,0, 300 MHz), mixture of diastereoisomers, §&: 1.67 (m, 1H), 2.05 (m,
1H), 2.70 (m, 2H), 2.90 (m, 1H), 3.05-3.38 (m, 5H), 6.69 (s, 1H), 7.59 (s, 1H).

LRMS : m/z 225.3 (MH")

[o]p = +1.57 (¢ 0.076, deionised water)

Example 20
(28)-2-{[(1R,2S)-2-Amino-1-methylpropyllamino}-3-(1 H-imidazol-4-yl)propanoic acid
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CH, N
HZN\:/'\N OH
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Aqueous sodium hydroxide solution (2ml, 2N) was added to a stirred solution of the
product from Preparation 26 (260mg, 7.64mmol) in dioxane (2ml) and the mixture
was stirred for 2.5 hours at room temperature. Aqueous hydrochloric acid (50% by
volume, 4ml) was added and the mixture was stirred at room temperature for 17
hours. The solution was then purified by ion exchange chromatography (DOWEX®
50WX8-200) eluting with a solvent gradient of deionised water : 0.88 ammonia
(100:0 to 97:3) to afford a white solid which was dissolved in deionised water and
further purified by chromatography on reverse phase silica gel (C18 Sep-Pak®),

eluting with deionised water, to afford the title compound, 15mg, 9% vyield.

"H-NMR (CDsOD, 300 MHz) &: 0.93 (d, 3H), 1.17 (d, 3H), 2.62-2.80 (m, 2H), 3.08 (m,
1H), 3.20 (m, 1H), 3.37 (m, 1H), 6.92 (s, 1H), 7.61 (s, 1H).
HRMS : m/z 227.1506 (MH"), caled 227.1502.

Example 21
(28)-2-[(2-Aminoethyl)(methyl)aminol-3-(1H-imidazol-4-yl)propanoic acid

N=\
NH

=

HNS OH
I

CH, O

Trifluoroacetic acid (10ml) was added to a stirred solution of the product from
Preparation 27 (900mg, 2.8 mmol) in methanol : deionised water (10mi : 8ml) and
the mixture was stirred for 2 hours. The solvent was removed by evaporation under
reduced pressure to afford a light brown oil which was dissolved in excess aqueous
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concentrated under reduced pressure and purified by ion exchange chromatography
(DOWEX® 50WX8-200) eluting with a solvent gradient of deionised water : 0.88
ammonia (100:0 to 96:4) to afford the title compound as a white foam, 381mg, 60%
yield.

"H-NMR (D20, 300 MHz) &: 2.25 (s, 3H), 2.50 (m, 1H), 2.60-3.37 (m, 6H), 6.78 (s,
1H), 7.58 (s, 1H).

Example 22
(2S)-3-(1H-Imidazol-4-y)-2-(1-piperazinyl)propanoic acid

Nf\
~ NH

OH
N

Aqueous sodium hydroxide solution (5N, 170ul) was added to a stirred solution of the
product from Preparation 28 (50mg, 0.012mmol) in water (a few drops) and the
solution was stirred at room temperature for 18 hours. The solution was then
submitted to ion exchange chromatography (DOWEX® 50WX8-200), eluting with a
solvent gradient of deionised water : 0.88 ammonia (100:0 to 95:5), and the solvent
then removed by evaporation under reduced pressure. The residue was suspended
in diethyl ether and then re-evaporated to afford the title compound as a white solid,
17mg, 73% vyield.

'H-NMR (D20, 300 MHz) &: 2.62-2.98 (m, 6H), 3.05-3.30 (m, 5H), 6.80 (s, 1H), 7.60
(s, 1H).

HRMS : m/z 225.1338 (MH"), calcd 225.1346.

[o]p = +14.84 (¢ 0.062, deionised water)

TLC : methanol : ethyl acetate : 0.88 ammonia : acetic acid : water (60 : 12:4:4: 8)
Rf = 0.20.
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Example 23
(25)-2-(1,4-Diazepan-1-yl)-3-(1H-imidazol-4-yl)propanoic acid

N'ﬁ'\
NH

=

OH
//\N
HNQ i

Homopiperazine (1.86g, 18.6mmol) was added to a stirred solution of the product
from Preparation 61 (350mg, 1.86mmol) in acetonitrile (40ml) and the solution was
stirred for 2 hours at room temperature then heated at reflux for 18 hours. The
solvent was removed under reduced pressure and the residue was dissolved in
dichloromethane and washed with water (3x20ml). The organic phase was
concentrated under reduced pressure and the resultant oil was dissolved in
deionised water and purified by ion exchange chromatography (DOWEX® 50WWX8-
200) eluting with a solvent gradient of deionised water : 0.88 ammonia (100:0 to
95:5) to afford the title compound as a beige solid, 300mg, 68% yield. |

"H-NMR (D,0, 300 MHz) &: 1.83 (m, 2H), 2.70-3.23 (m, 10H), 3.40 (t, 1H), 6.80 (s,
1H), 7.60 (s, 1H).

LRMS : m/z 239.2 (MH")

Anal. Found: C, 50.79; H, 7.85; N, 21.31. C11HsN402¢1.25H,0 requires C, 50.66; H,
7.92; N, 21.48%.

[alp = +2.47 (¢ 0.24, deionised water)

Example 24
(2S8)-2-[(2-Aminoethyl)amino]-3-(1-ethyl-1H-imidazol-4-yl)propanoic acid
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Concentrated hydrochloric acid (5ml) was added to a stirred solution of the product
from Preparation 30 (118mg, 0.32mmol) in water (5ml) and the mixture was heated
at reflux for 17 hours. The mixture was allowed to cool to room temperature and the
solvent was removed by evaporation under reduced pressure. The residue was
purified by ion exchange chromatography (DOWEX® 50WX8-200) eluting with
deionised water : 0.88 ammonia (97:3). The isolated material was freeze-dried to

afford the title compound, 34mg, 47% yield.

'H-NMR (CD3OD, 300 MHz) &: 1.40 (t, 3H), 2.75-3.02 (m, 6H), 3.33 (m, 1H), 3.98 (q,
2H), 6.95 (s, 1H), 7.53 (s, 1H). ‘ '
HRMS : m/z 227.1492 (MH"), calcd 227.1503.
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acid (6M.

2. Sulfuric acid (2M used instead of concentrated hydrochloric

acid (6M. 3. The isolated product was further purified using a 5m Hypersil
Hypercarbwozmiggnn, using an elution gradient of water : ptcrqi/ﬁ;by@lr@@c_etic
acid : acetonitrile (100: 0.1 : O tg¢50: 0.05 : 50), and then re-subjected
to ion-exchange chromatography (as in Fxanple 24) 4 lehe i sol ated product
was further purifieddas described in mte (3) but using an elution
ggagi ggt 58f:,_:"vvzé§(er Ié:gzllfl EToa.cetlc aeu_F‘d ; rEt hanol (100:0.1:0 to
- 0. . < .anp
(2S) - 2-f (2; @nioet hyk) ani 1g’] g L1- (carboxynﬂeggh 1)-1
H-i mi dazol &~ y¥| pr op@noi ¢ wrao:bd H H2P<D ~ N Nomi OH O OH O The product
from Preparcatl’én 47 %145rr$ 96mm1)2vvas oa,ssol ved ih concentrated
sul furic afPd &4m) | uti on hfated/Gnagr reflx for 18 hours. The
R g S50 b st 88 | °”§X§a”get ol (397, e
r - el utn ampi aw: wat ef ; : e
resulting |8i I‘"vvas tebi tur aEe%thugmtdaanol Etcmglotve al solid which was
f_reeze-drlaﬁ' qud the t¥tle mﬁBund as e}fwh+te oam 61 ngy, 77%
glii)d'( IHW@%Szrwi%)%azgg (wlgl—l),ggi’lgi m IH)Hj ZH%E/B(mmZFD’
: m SN ,v6. S,z o (- B : ; z
257.1255( Ecgl cd.2$ 248, Ana%.éou.fﬁ ~C, -4866 H, 6.63; N, 20.29.
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nf ~1 CN']: O H The conpound from Preparation 11 (500ng, 1.6mmmol) in

di chl oronet hane (15nl) was treated with trifluoroacetic acid (3nl) and the
resul t antw@eot/ue2Bdn was stirred at roomtenperature for 2rtDmBiE/01de
reaction m xture was then concentratgd under reduced pressure and the

resi due neutralised wth saturated eous sodi um bi car bonate sol ution.
The resultant m xture was then concentrated to dryness under reduced
pressure and the residue purified by columm chromat ograp on silica gel
usi ng ad. eCanmtrajedmuﬁuﬂc atid @M)Hisadoineteedrad:comeentiaied yﬁ;em lafieoni a
(99.8: O: a %@ 94.8 : 5: 0.2) to give the title corrpound as an oil,
250nyg, 730/a§/é ) 'H NWR (CDC13, 400MHz) S: 0.87 (t, 3H), 1.39-1.84 (m
SH, 1.9%0 Smfurld'hcld@ﬁ? us(eﬂlmétehbl,of%oﬁéel(ltﬁ&tedhyU)och?oricﬁa@dC(ﬁND H, 3.21 (m
2H), 3.77 : (br s, 1 H 5 (s, , 7.31 (s, 1 . LRMS :
mz 222% |sma11ed roduet: was ftermawunﬂed&lsg&aﬁunu ypersiltlyner '0. 75H20

b 1anee Fealfiia Leingln 81BRh diagisfe Shwhter Hhitoroddadt ddia” AR hanol ) VO

(29) - 24(2 (‘irumomhxdmnolosi 80): BRY hivén fe-bubjetiazel iod-exchangganoi ¢ acid
~~~ N HN H3C-N OH 2M Sodi um hydr oxi de solution (0.61 m,

1. 22mm|)  Qromataa@nhy (QS%EK@W 8f).the protected anino acid from

preparat, o

stirred 4at ?pggsné|%@n{)%9 g@gﬁ@%% @ou?g)%gjo%%gh%g ért] ggfé {13}33} oc%ﬁg’r Ic acid

(2ml) was eRitiohgradieatiowaterndrifiiteoacdtict acid : stetharel (f100: (}311 Ouot her
50:0.05:50).

Example 41
(28)-2-[(2-Aminoethyl)aminol-3-[ 1-(carboxymethyl)-1H-imidazol-4-yl]propanoic

acid

H
H N/\/N =
2 N
N=/ ’>//OH
0 OH o

The product from Preparation 47 (145mg, 0.296mmol) was dissolved in
concentrated sulfuric acid (4ml) and the solution heated under reflux for 18
hours. The cooled mixture was purified directly by ion exchange chromatography
(DOWEX® 50WX8-200), eluting with 0.88 ammonia : water (3:97). The resulting
oil was triturated with methanol, to give a solid which was freeze-dried to afford
the title compound as a white foam, 61mg, 77% yield.

"H-NMR (D20, 400MHz) &: 2.80 (m, 2H), 2.88 (m, 2H), 2.98 (m, 2H), 3.40 (m,
1H), 4.52 (s, 2H), 6.92 (s, 1H), 7.81 (s, 1H).

HRMS : m/z 257.1255 (MH"), calcd 257.1245.

Anal. Found: C, 42.66; H, 6.63; N, 20.29. C4oH1sN404¢1.3H20 requires C, 42.95;
H, 6.70; N, 20.03%.



24 hours, then concentrated under reduced pressure. The residue was
dissolved in water, and purified by colum chromatography on Anberlyst(r)
15 ion- ex@hangsesresin, eluting with 5% agueous ammoni a spCABIM142Fhe
product was obtained after freeze-dryjng as a gum 80ng, 55%yield. 'H NWR
(D20, 400MHz) 6: 2.61-2.79 (m 4H), 2‘%/390 (m 2H), 3.22 (m 1H), 3.54 (s,
3H), 6.79 (s, 1 H, 7.42 (s, 1 H. LRVWS (ES) : mz 211 (MH- MD = -5.83
(c 0.12, nethanol) Anal Found: C, 45.63; H, 7.68; N, 23.15.

C9H16N4021. 45H20 requires C, 45.35; H, 7.99; N, 23.50% Exanples 44 to 47
The follow ng exanpl es of general _structure: ~~NH2 /-, NHNRN/ OH O
were prepared fromthe appropri atgigg-@i%é-éed am no acids (Preparations

91-94), follow - (51 bvI-R -4 rhE fge“%'r'ambrien Exanpl e 43. WO
02/ 14285 PCT/ 1B Z ~H_3iﬁﬁ§éi B NUu U/(6

ao'a _=enco d N') O r ti Ctl NcolL) NN=
=
N
(T~
N o

The compound from Preparation 11 (500mg, 1.6mmol) in dichloromethane
(15ml) was treated with trifluoroacetic acid (3ml) and the resultant solution was
stired at room temperature for 2 hours. The reaction mixture was then
concentrated under reduced pressure and the residue neutralised with saturated
aqueous sodium bicarbonate solution. The resultant mixture was then
concentrated to dryness under reduced pressure and the residue purified by
column chromatography on silica gel using an elution gradient of
dichloromethane:methanol : 0.88 ammonia (99.8 : 0: 0.2 to 94.8 : 5: 0.2) to give
the title compound as an oil, 250mg, 73% yield.

'H-NMR (CDCl;, 400MHz) &: 0.87 (t, 3H), 1.39-1.84 (m, 5H), 1.90 (m, 1H), 2.60
(m, 1H), 2.74 (dd, 1H), 3.13 (dd, 1H), 3.21 (m, 2H), 3.77 (t, 2H), 5.61 (br s, 1H),
6.65 (s, 1H), 7.31 (s, 1H).

LRMS : m/z 222 (MH™)

Anal. Found: C, 61.44; H, 8.85; N, 17.86. C12H19N30¢0.75H,0 requires C, 61.38;
H, 8.80; N, 17.89%.

[a]p = -51.6 (¢ 0.095, methanol)



Oa~i ci cc+ti NONOO= LOOON CVO=NNDO N ..
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N = ++2 Nt; N

Example 43
(28)-2-](2-Aminoethyl)amino]-3-(1-methyl-1H-imidazol-4-yl)propanoic acid

= y AN
HC—N : OH
0

2M Sodium hydroxide solution (0.61ml, 1.22mmol) was added to a solution of the
protected amino acid from preparation 90 (200mg, 0.61mmol) in dioxan (2ml),
and the reaction stired at room temperature for 18 hours. Concentrated
hydrochloric acid (2ml) was carefully added, and the solution stirred for a further
24 hours, then concentrated under reduced pressure. The residue was dissolved
in water, and purified by column chromatography on Amberlyst® 15 ion-
exchange resin, eluting with 5% aqueous ammonia solution. The product was
obtained after freeze-drying as a gum, 80mg, 55% yield.
"H-NMR (D0, 400MHz) &: 2.61-2.79 (m, 4H), 2.90 (m, 2H), 3.22 (m, 1H), 3.54
(s, 3H), 6.79 (s, 1H), 7.42 (s, 1H).
LRMS (ES) : m/z 211 (M-H)"
[a]p = -5.83 (¢ 0.12, methanol)
Anal Found: C, 45.63; H, 7.68; N, 23.15. CgH1gN40O201.45H,0 requires C, 45.35;
H, 7.99; N, 23.50%.

Examples 44 to 47

The following examples of general structure:
NH
/=N H[;l/\/ 2

R—N

s A OH

0
were prepared from the appropriate protected amino acids (Preparations 91-94),

following a similar procedure to that described in Example 43.
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COFDO U o WO "r3Va a to:,- O,C NO tO~Q d 11 112 N W
02/ 14285 PCT/ 1B01/ 01425 87 Exanple 48

(2S) - 2- [ Wo Amae®et hyl ) am nol - 3- (1- benzyl - 1H i m dazol - 4- yi p@T/OpaN®I2S aci d
NH2 \ NHN N/ OH O A solution of theg-conpound from preparation 95
(288ng, 0.57mml) in 4M sul phuric aci ? (10m), was heated at 115C for 36
hours. The cool ed sol ution was neutralised using 1M sodi um hydroxide

sol ution, then passed through an Anberlyst(r) 15 ion exchange col um,
eluting with 5% aqueous anmoni a. The product was obtained as a gum after
freeze-drying, 70ng, 39%yield. 1H pVRLOi&EAg 400MHz) 8: 2.40 (m lH) 2.48
(m 1H), 2.58 (m 4H), 3.14 (t, 1H)‘5§D'D_('s 2|;J|), 6.77 (s, 1 H), 7.14 (d,
2H), 7.22 (m(ZSHZ,IQZ-A&(Dneh Hjnolt oyl - oidareh4-y)arapanoi

0.14, nethanol) Anal. Found: C, 56.96; H 7.17; N, 17.63. ClSH20\I402 1. 5H20
requires C, 57.13; H, 7.35; N, 17.77%

Q, /tN HI;]/\/NHZ

0
A solution of the compound from preparation 95 (288mg, 0.57mmol) in 4M sulphuric

acid (10ml), was heated at 115°C for 36 hours. The cooled solution was neutralised
using 1M sodium hydroxide solution, then passed through an Amberlyst® 15 ion
exchange column, eluting with 5% aqueous ammonia. The product was obtained as
a gum after freeze-drying, 70mg, 39% yield.

'H-NMR (D,0, 400MHz) &: 2.40 (m, 1H), 2.48 (m, 1H), 2.58 (m, 4H), 3.14 (t, 1H),
5.00 (s, 2H), 6.77 (s, 1H), 7.14 (d, 2H), 7.22 (m, 3H), 7.50 (s, 1H).

LRMS : m/z 289 (MH")

[a]p = +1.00 (¢ 0.14, methanol)

Anal. Found: C, 56.96; H, 7.17; N, 17.63. C5H20N4O2¢1.5H,0 requires C, 57.13; H,
7.35; N, 17.77%.

Example 49
(+)-5-Amino-2-](1-isopentyl-1H-imidazol-4-yl)methyllpentanoic acid
0

OH
N
( \
N CH, NH,
CH,

A solution of sodium hydroxide (192mg, 4.80mmol) in water (6ml) was added to a
solution of the compound from preparaton 105 (420mg, 1.20mmol) in
tetrahydrofuran (10ml), and the reaction stirred vigorously for 72 hours. Concentrated
hydrochloric acid (6ml) was carefully added, and the mixture stirred at room



Example 49 (+)-5-Am no-2-f (1-isopentyl-1 Himdazol-4-yl)nethyll| pentanoic
acid O OH IN7f NCHNH2 CH3 A solution of sodi um hydroxide (192ng,

4. 80mmol Wo n2/waser (6nl) was added to a solution of the pomwpgumd426r om
preparation 105 (420ng, 1.20mmol) in ?gt ahydrofuran (1 On), and the
reaction stirred vigorously for 72 hours. Concentrated hydrochloric acid
(6m) was carefully added, and the m xture stirred at room WO 02/ 14285

PCT/ 1B01/ 01425 88 tenﬁerature for 3 hours, then concentrated under reduced
pr essur dempesaiuseifausd hous, dher sopeanirategaurder msiicpd piggsHite The tesidue

> | t ) Ao n
ol ho anvay ofolVes EONARR'BBRfLaNd. 08 LIBRI BalAEq by b HPREEORRAGHBERY T |
the titlgn Wﬁb@lﬂg&@ M) igh-eRENANG L r€sin L SR drD2uticH) Yvbttient .of Owater(3i88 6H) ,
1.23-1.40 (m 3H), 1.46 (m 4H), 2.30-2.43 (m 2|43, 2.59 (dd, 1H), 2.79
(m 2H) ,aBremigq {10600 9§;a60@gorqmqtlm gompgund, 180MareMgd) - nfz 266

6" 5%, o -NMRYBE, poRip s 87 dun B a3y A st U OB 4R 2 sbssisr s
H i m dazed -2H)y ) setdy 1H)52 (Iei YA HYTBIB0D RERHRBITE (4CIH), 7A2X0H, (F)ﬂ.Hg'N CH N CH3

CH3 A solution of the conpound from preparation 106 (170ng, 5mmol) in
di oxan (URMIS)(E@hdméerE6rdM-Hi ed hydrochloric acid (2m) was heated at

reflux fRr 1 1BolRY" &: 58M: H, 9.62: N, 14.56. C1sHasNsOze1.0H,0 requires C, 58.92; H,
9.54: N, 14.72%.

Example 50
(+)-2-[(1-Isopentyl-1 H-imidazol-4-yl)methyll-5-(methylamino)pentanoic acid

0]
OH

N CH, N\
CH,
CH,
A solution of the compound from preparation 106 (170mg, 0.65mmol) in dioxan (1ml)
and concentrated hydrochloric acid (2ml) was heated at reflux for 18 hours. The
cooled mixture was concentrated under reduced pressure at room temperature, and
the residue dissolved in water (50ml). The solution was purified by column
chromatography on Amberlyst® 15 ion-exchange resin, using an elution gradient of
water:0.88 ammonia (100:0 to 98:2). Freeze drying afforded the title compound as a
brown solid, 120mg, 66% yield.
'H-NMR (D;0, 400MHz) & : 0.75 (d, 8H), 1.25-1.42 (m, 3H), 1.50 (m, 4H), 2.34-2.44
(m, 2H), 2.55 (s, 3H), 2.62 (dd, 1H), 2.86 (m, 2H), 3.82 (i, 2H), 6.78 (s, 1H), 7.43 (s,
1H).
LRMS : m/z 282.2 (MH")
Anal. Found: C, 58.56; H, 9.73; N, 13.61. C45H27N30,¢1.45H,0 requires.C, 58.59; H,
9.80; N, 13.66%.



cool ed m xture was concentrated under reduced pressure at roomtenperature,
and the residue dissolved in water (50nml). The solution was purified by
colum oo ome28yr aphy on Anberlyst(r) 15 ion-exchange reBCBUSI42g an
elution gradient of water:0.88 amoni ag(100:0 to 98:2). Freeze drying
afforded the title compound as a brown solid, 120ng, 66%yield. 1H NWR
(D20, 400MHz) 8: 0.75 (d, 6H), 1.25-1.42 (m 3H), 1.50 (m 4H), 2.34-2.44
(m 2H), 2.55 (s, 3H), 2.62 (dd, 1 2.86 (m 2H), 3.82 (t, 2H), 6.78 (s,
LW, 7.43 (s, LH. LRG: mz 28&@3‘9& Anal . Found: C, 58.56; H,
9.73; N, 13.61. [ s iB9cig\. 13. 66%
WO 02/ 14285 PCTFEBOIT O] X 5= AT T -phenyl -1

H i m dazol - 4- yl)nethyllpentanmc acid H NH N 2 A soI ution of |ithium
hydr oxi de (2ml, 1M 2mmvol) was added to ution of the conpound from
preparation 108 (240ng, 0.68mmuol) i rahydrofuran (2m), and the
reaction stirred at roomtenpergf 5 hours. Concentrated hydrochloric
acid (2nl) was added carefully% ction stirred at room

tenperature for 18 hours. The i on was Apor at ed under reduced
pressure, the residue dissolved i wat er, and the sol ution purified by
col um chr omat ogr aphy on Anber| yst

r) 15 ion- exchange resin using an
el ution gradi ent of Water:0.88ia (100:0 to 95:5) to afford the title
450

conpound as a white foam 88ny, yield. 1 HNW (D20, 400MHz) 5: 1.43
(m 2H), 1.54 (m 2H) 24225\ 2H) 274(dd lH) 283(m 2H)

7.18 (s, 1 H, 7.32 (m 1 H, 7.40 (m_ 4H), : m.z 296
( MNa+) Aenesolutmunﬂ llthu,lmelaymmde (2mb11MN2rTm0|55/vaSc@QFlﬁ§|\t902 s_ol@hl@b of dh&i r es
C, 61.84 H

ompound %ro’m 'Hre&araﬁgréms (240mg, 0.68mmol) in tetrahydrofuran (2ml), and
the reaction stirred at room temperature for 5 hours. Concentrated hydrochloric acid
(2ml) was added carefully, and the reaction stirred at room temperature for 18 hours.
The solution was evaporated under reduced pressure, the residue dissolved in
water, and the solution purified by column chromatography on Amberlyst® 15 ion-
exchange resin using an elution gradient of water:0.88 ammonia (100:0 to 95:5) to
afford the title compound as a white foam, 88mg, 45% yield.
"H-NMR (D-O, 400MHz) &: 1.43 (m, 2H), 1.54 (m, 2H), 2.42-2.59 (m, 2H), 2.74 (dd,
1H), 2.83 (m, 2H), 7.18 (s, 1H), 7.32 (m, 1H), 7.40 (m, 4H), 7.88 (s, 1H).

LRMS : m/z 296 (MNa®)
Anal. Found: C, 62.21; H, 7.01; N, 14.55. C15H{gN302¢1.0H,0 requires C, 61.84; H,
7.27; N, 14.42%.



WO 02/ 14285 PCT/ 1B01/01425 90 Preparation 1 ()-Ethyl 2-f
(1-{[2-(trinmethylsilyl)ethoxylmethyl}-1 Him dazol-4-yl)nethyll-5-

(trityl awao)pest anoate o-/ CH3 O HNN N o (H3 OS PCUHSEHB14L5SM Xt ure
of the al kenes from Preparation 49 (46 , 0.77mmol ) and 10% pal | adi um on
charcoal (100ng) in ethanol (25m ) was "fiydrogenated at 1.5 atm and room
tenperature for 72 hours. The reaction mxture was filtered through
Arbocel TM washing through with ethanol (200nl), and the filtrate
concentrated under reduced pressufepatgdiondsi dual oil was purified by

col umm chr onpt g aph lica gel nefiR _%@&Mﬁ%@@é&ﬁw)

as eluant, t =ES U ISV ST el . | 3,
400MHz) 8: -0.02 (s, 9H), 0.95 (titviathihopbntdnddte 3H), 1.46 (m 2H),
1.45-1.70 (m 2H), 2.09 (m 2H), 2.64-2. m_2H), 2.90 (dd, 1 H), 3.42
(t, 2H), 4.09 (g, 2H), 518 (s, 2H), 6.75 (s H, 7.17 (m 3H), 7.22 (m
7H), 7.42 (d, 6H). WD 02/ 14285 PCT/ 1B 47{ 91 Preparation 2 ()-Ethyl
2-1(1-n-propyll-1 Himdazql-4-yl nmethyl\N-5-(trityl am no)pentanoate 0'/ O
HNIN

A mixture of the alkenes from Preparation 49 (460mg, 0.77mmol) and 10% palladium
on charcoal (100mg) in ethanol (25ml) was hydrogenated at 1.5 atm and room
temperature for 72 hours. The reaction mixture was filtered through Arbocel™,
washing through with ethanol (200ml), and the filtrate concentrated under reduced
pressure. The residual oil was purified by column chromatography on silica gel using
ethyl acetate : pentane (50:50) as eluant, to give the title compound, 150mg, 33%
yield.

'H-NMR (CDCls, 400MHz) &: -0.02 (s, 9H), 0.95 (t, 2H), 1.18 (t, 3H), 1.46 (m, 2H),
1.45-1.70 (m, 2H), 2.09 (m, 2H), 2.64-2.79 (m, 2H), 2.90 (dd, 1H), 3.42 (t, 2H), 4.09
(q, 2H), 5.18 (s, 2H), 6.75 (s, 1H), 7.17 (m, 3H), 7.22 (m, 7H), 7.42 (d, 6H).



N H3C Sodi um borohydride (7.2g, 190mmol) was added portionw se over 2
hours to a solution of alkenes from Preparation 50 (3.2g, 6.3mvl) and
copper (MWoonieside (928ngy, 9.5nmmol) in nethanol (120nl)PCHIBES1426

mai ntain the reaction tenperature at out 45C, and the reaction stirred
at this tenperature for 2 hours, (two additional portions of copper (I)
chloride (310ng, 3.1 mpl) were added after approx 40 and 80 mnutes). The
reaction mxture was filtered through Arbocel TM and the filtrate
concentrated under reduced pressur&regatiop? due was partiti oned between
g;thﬂact de\tma_ v.fl 9 -1I 1 { -aaf'iiu.‘ f\-iifi;u'{ﬂ?‘.gaﬁvi'- ?e
dried (Na2SO4) and concentrated under reduceg_pyressure. The crude product
was purified by colum chromatography omsitica gel using an elution
gradi ent of ethyl acetate : 100:0) to give the title
conpound, 2g, 62%yvyield. 1H 6: 0.88 (t, 3H), 1.19 (t,
3H), 1.55 (m 4H), 1.76 (m : 2.62-2.80 (m 2H), 2.86
(dd, 1H), 3.79 (t, 2H), 4.07 ), 6. /TN, 7.18 (m 3H), 7.24
(m 7H), 7.43 (d, 6H). LRVB : 0_(M+) WO\Q2414285 PCT/ 1B01/ 01425 92

Preparation 3 ()-6-[(tert- Y| )am noj°- 2-f (1-n- propel -1
BC\ N <\ CHB ONOH HC\ ON3
3

H i m dazol - 4-yl ) net hyl | hexang

CH3 H A solution of the conpound fromreparation 4 (32ng, 0.07nmol) in
tetrahydrofuran (2nml) and ethanol (501) was added to a cooled (-78C)
sol ution of sodium (20ng,

Sodium borohydride (7.2g, 190mmol) was added portionwise over 2 hours to a
solution of alkenes from Preparation 50 (3.2g, 6.3mmol) and copper (I) chloride
(928mg, 9.5mmol) in methanol (120ml), so as to maintain the reaction temperature
at about 45°C, and the reaction stirred at this temperature for 2 hours, (two additional
portions of copper (I) chloride (310mg, 3.1mmol) were added after approx 40 and 80
minutes). The reaction mixture was filtered through Arbocel™ and the filtrate
concentrated under reduced pressure. The residue was partitioned between ethyl
acetate and water, the layers separated, and the aqueous phase extracted with ethyl
acetate (2x). The combined organic extracts were dried (Na;SO,4) and concentrated
under reduced pressure. The crude product was purified by column chromatography
on silica gel using an elution gradient of ethyl acetate : pentane (50:50 to 100:0) to
give the title compound, 2g, 62% yield.

'H-NMR (CDCls, 300MHz) &: 0.88 (t, 3H), 1.19 (t, 3H), 1.55 (m, 4H), 1.76 (m, 2H),
2.08 (m, 2H), 2.62-2.80 (m, 2H), 2.86 (dd, 1H), 3.79 (1, 2H), 4.07 (q, 2H), 6.60 (s,
1H), 7.18 (m, 3H), 7.24 (m, 7H), 7.43 (d, 6H).

LRMS : m/z 510 (MH")



0.87mmol ) in 0.88 amonia (3m ), and the solution stirred for 15 m nutes,
until the blue col our disappeared. The reaction was allowed to warmto
roomtenpedar/une; the anmonia evaporated off and then thpCT/aBmioni2ig
sol ution was concentrated under reduc pressure. The crude product was
purified by ion exchange chromat ography on DOAEX(r) (50WK8-200) resin,
eluting with a solvent gradient of water : 0.88 ammonia (100:0 to 97:3),
to give the title conmpound, 17ngy, 69%yield. 1H NVMR (CD30D, 300MHz) 8: 0.90
(t, 3H, 1.42 (m 13H), 1.61 (m 2H), 1.80 (m 2H), 2.57-2.68 (m 2H),
2.80-2.95 (m 2H), 3.00 (m 11-1), Fel&rdtibn 2H . 6.98 (s, 1H), 7.76 (s, 1
H. LRV : mz 354.3 (MH) WO 02/1 01/ 01425 93 Preparation 4
Sodi um 6- f:)eeMiZer-BLioxydaul eyl zmniboh24[(1am A-H-imidago ethyllhexanoic
H i m dazol -4- yl)nmethyll hexanoate H3C N, <\ NN ONa O OOCH3 HC-CH 3
3 Aqueous sodi um hydr oxi de sol ution (2%&2@ 2N) was added to a sol ution of
the ester from Preparation 5 (50ng, O. nmml ) in dioxane (2ml), and the
reaction stirred at roomtenperaturgsfor {8 hours. The mi xture was
concentrated under reduced pressure ‘and t esi due purified by col um
chromat ography on silica gel eluting wt di| hl or onet hane : net hanol
0.88 ammonia (90:10:1), to give the title ound, 32ny, 65%yi el d.
1H NWVR (CD30OD, 300MHz) S: tQ3H), 1.15-1.57 (m 15H), 1.80 (m 2H),

2

0. g8,
2.60 (m 2H), 2.82 (m 1 W(%ﬂ\gm @RH . 4.42 (s, 2H),
6.96 (s, 1 H, 7.22 (m @i \To32 H .
CH,

H

A solution of the compound from Preparation 4 (32mg, 0.07mmol) in tetrahydrofuran
(2ml) and ethanol (50ul) was added to a cooled (-78°C) solution of sodium (20mg,
0.87mmol) in 0.88 ammonia (3ml), and the solution stirred for 15 minutes, until the
blue colour disappeared. The reaction was allowed to warm to room temperature, the
ammonia evaporated off and then the remaining solution was concentrated under
reduced pressure. The crude product was purified by ion exchange chromatography
on DOWEX® (50WX8-200) resin, eluting with a solvent gradient of water : 0.88
ammonia (100:0 to 97:3), to give the title compound, 17mg, 69% yield.

"H-NMR (CDsOD, 300MHz) &: 0.90 (t, 3H), 1.42 (m, 13H), 1.61 (m, 2H), 1.80 (m,
2H), 2.57-2.68 (m, 2H), 2.80-2.95 (m, 2H), 3.00 (m, 1H), 3.95 (t, 2H), 6.98 (s, 1H),
7.76 (s, 1H).

LRMS : m/z 354.3 (MH")



LRVS : mz 444.7 (M+) WO 02/14285 PCT/ 1B01/ 01425 94 Preparation 5
()-Ethyl 6-f benzyl (tert-butoxycarbonyl)am nol-2-f (1-n-propyl-1

H i m dazove 42/1428) met hyl ] hexanoate H3 N <\ NN OCH3 O CrCOr/0M3/oithi2€CH 3 3
A m xture of the al kenes from Preparatir{&n 51 (620ng, 1.32mmol) and 10%

pal | adium on charcoal (70mg) in netha (50nl) was hydrogenated at 1 atm
and room tenperature for 4 hours. The reaction m xture was filtered

t hrough Arbocel TM and the filtrate concentrated under reduced pressure to
give the title conpound in quantitative yield as a clear gum which was

used wi thout further purification. %EEMI 3, 300MHz) b: 0.90 (t, 3H),
1.18 (t, 3H), 1.24 (m 2H), 1.38-1. H, 1.78 (m 2H), 2.61-2.80
(m 2H), 2. 88ofigéh 6IbbhzylGeRdudodLatitdnybainingl-BY 1ch-préijl.1H-nidezod- 2H) ,
4.40 (br s, 2H), 6.61 (s, 1 H), 7.18-7.37 (m 6H). LRVE : mz 472.4 (MH)

WO 02/ 14285 PCT/ 1B01/ 01425 95 pybethilihexamoateny| (2R)-2-f (1-n-butyl-1
H i m dazol -4-yl )nmethyl | -5-(trityl am n;),)_p\e\ntanoate O/CH3 O HN H3C
H,C

)

N
O Na
N
4]\ ©
s

H,C CH,

+

Aqueous sodium hydroxide solution (2ml, 2N) was added to a solution of the ester
from Preparation 5 (50mg, 0.106mmol) in dioxane (2ml), and the reaction stirred at
room temperature for 18 hours. The mixture was concentrated under reduced
pressure and the residue purified by column chromatography on silica gel eluting
with dichloromethane : methanol : 0.88 ammonia (90:10:1), to give the title
compound, 32mg, 65% yield.

'H-NMR (CD3sOD, 300MHz) &: 0.88 (t, 3H), 1.15-1.57 (m, 15H), 1.80 (m, 2H), 2.60
(m, 2H), 2.82 (m, 1H), 3.17 (m, 2H), 3.94 (t, 2H), 4.42 (s, 2H), 6.96 (s, 1H), 7.22 (m,
3H), 7.32 (m, 2H), 7.78 (br s, 1H).

LRMS : m/z 444.7 (MH")



and Preparation 7 Ethyl
(2S)-2-f(1-n-butyl-1Him dazol-4-yl)methyll-5-(trityl am no) pentanoat e
O-OCCH3 Oolar428N N H3C The racem ¢ conpound from PrepaP@l/iBm/o8428as
resolved by HPLC using a Chiral cel (r) 250 colum (20mm, and hexane :
et hanol : diethylamne (85 : 15 : 8 as eluant at a rate of
10m/mnute, to afford the title corrpound of Preparation 6, 98.3%e,
Retention tinme: 13.36 mnutes, 1H NVR (CDCI 3, 300MHz) 8: 0.92 (t, 3H), 1.20
(t, 3H), 128(m 2H) 1.45-1.78 ( Rrepazation 5 10(m 2H), 2.62-2.79 (m 2H),
2. 88 (dd, : :

7.24 (m 4 . S the I =—CC P 0

94. 2%e, Retentlon tlne 14 91 Minéth hexjdﬁdalté?(CDCIS 300M—Iz) 8: 0 92 (t,
3H), 1.20 (t, 3H), 1.28 (m 2H), 1.45-1.7 m 6H), 2.10 (m 2H),
2.62-2.79 (m 2H), 2.88 (dd, 1H), ¥ (t, 2H), 4.08 (q, 2H), 6.60 (s, 1
H, 7.18 (m 3H), 7.24 (m 7H), ™43 (d, 6H). WO 02/14285 PCT/1B01/ 01425
96 Preparation 8 +)-Ethyl 2-[(1-n-buty)-
H i m dazol -4-yl)methyl | -5-(tritylamn
H3C Sodi um bor ohydride (871 ng, 23mol )N
to a

erl1 anoate o0-/CH3 O HNINNJ
dded portionw se over an hour

O _-CHs
N
OP o
0 0

P

H,C CH,

A mixture of the alkenes from Preparation 51 (620mg, 1.32mmol) and 10% palladium
on charcoal (70mg) in methanol (50ml) was hydrogenated at 1 atm and room
temperature for 4 hours. The reaction mixture was filtered through Arbocel™, and
the filtrate concentrated under reduced pressure to give the title compound in
quantitative yield as a clear gum, which was used without further purification.
'H-NMR (CDCls, 300MHz) &: 0.90 (t, 3H), 1.18 (1, 3H), 1.24 (m, 2H), 1.38-1.66 (m,
13H), 1.78 (m, 2H), 2.61-2.80 (m, 2H), 2.86 (dd, 1H), 3.04-3.22 (m, 2H), 3.80 (t, 2H),
4.06 (q, 2H), 4.40 (br s, 2H), 6.61 (s, 1H), 7.18-7.37 (m, 6H).

LRMS : m/z 472.4 (MH")



solution of the al kene from Preparation 52 (400ng, O.76mmol) and copper (1)
chloride (112ng, 1.15mml) in nethanol (15ml). TLC anal ysis showed starting
mat eri al wenri48hg, so additional copper (I) chloride (75prgT/IEMDG4250] ) and
sodi um borohydride (290ng, 7. 7mmmol) wg)re added, and the reaction stirred
at room tenperature for a further The reaction m xture was
filtered through ArbocelTM the fi Itrate concentrated under reduced
pressure and the residue partitioned between ethyl acetate and brine. The

| ayers were separ at ed t he aqueousﬂmﬁ&_&@ract ed with ethyl acetate
(20, s PAIRI, 2} i R AT a1
under e corrpound, ao5ny, 41 yrel d.

H-NI\/R(CDCIS 400M—Iz) b: 0.92 (t, 3H), 1.19 (t, BH), 1.27 (m 2H),
1.48-1.77 (m 6H), 2.10 (m 2H), 2.62-2.79 H, 2.88 (dd, 1H), 3.82
(t, 2H), 4.08 (q, 2H), 6.60 (s, 1 H), 7. (m 3H), 7.24 (m 7H), 7.43 (d,
6H). WO 02/ 14285 PCT/ 1B01/ 01475 9 Lithium
(2R)-5-f(tert-butoxycarbonyl pyl -1 Him dazol -

yl ) met hyl | pentanoate H3C N » CH3 O O Water (2nm) and
| 'i t hi um hydr oxi de nonohydrate @ re added to a solution
of the actam from Preparati 0. 64 ) in tetrahydrofuran

i @ i\ *0
] i () r/
m xture was concentrated undts

(3.5mL), and the solution st ym t enpgrature for 23 hours. The
by col umm chromat ography on silica gel using di

and the residue purified
hl or onet hane : net hanol

0.88 ammonia (90:10:0 to 90:10:1) to give ¥

yield. 1H NWR (CD30D, 300MHz) 8: 0.90 (t, 3

itle conpound, 200ng, 92%

, 1.42 (s, 9H), 1.45-1.62 (m

4H), 1.80 (m 2H) 2 57 2. 70 (mardHPrepar8fortm 1 H), 3.02 (m 2H), 3.95
(t, 2H), 6.97 (s, (

Ethyl (23) r(1-n-butv|

1H-|m|da;|2>l 4-yYmethyl]-5-(tritylamino)pentanoate

H,C

The racemic compound from Preparation 8 was resolved by HPLC using a
Chiralcel® OD 250 column (20mm), and hexane : ethanol : diethylamine (85 : 15
0.45) as eluant at a rate of 10ml/minute, to afford the title compound of Preparation
6, 98.3%ee,

Retention time: 13.36 minutes,

'H-NMR (CDCls, 300MHz) 5: 0.92 (t, 3H), 1.20 (t, 3H), 1.28 (m, 2H), 1.45-1.78 (m,
6H), 2.10 (m, 2H), 2.62-2.79 (m, 2H), 2.88 (dd, 1H), 3.81 (t, 2H), 4.08 (q, 2H), 6.60
(s, 1H), 7.18 (m, 3H), 7.24 (m, 7H), 7.43 (d, 6H).

and the title compound of Preparation 7, 94.2%ee,

Retention time: 14.91 minutes.

'H-NMR (CDCls, 300MHz) &: 0.92 (t, 3H), 1.20 (t, 3H), 1.28 (m, 2H), 1.45-1.78 (m,
6H), 2.10 (m, 2H), 2.62-2.79 (m, 2H), 2.88 (dd, 1H), 3.81 (t, 2H), 4.08 (g, 2H), 6.60
(s, 1H), 7.18 (m, 3H), 7.24 (m, 7H), 7.43 (d, 6H).



LRVS (ES-): mz 338 (MH) Preparation 10 (-)-tert-Butyl

(3R) - 2-0x0-3_((1-n-propel -1 Himdazol-4-yl nethyl]-1-

pi peri di mearvbpgylate H3C N <\ | HC N CyNyO*CH3 O O CHaCT/aBud/oR28par at i on
11 WD 02/14285 PCT/ 1B01/ 01425 98 (+)-tgrt-Butyl

(3S)-2-0x0-3-[(1-n-propyl -1 Himdazol -ﬁyl)rret hyl | -1-

pi peri di necarboxylate H3C N ~\ I Y OOCH3 A mxture of the al kene from
Preparation 53 (6.6g, 20.6nmmol) and pall adium black (700ng) in ethanol
(120ntl) was hydrogenated at 4 atm and 60C for 18 hours. The cooled m xture

Wﬁ.S ;i:tered t hrough Arbocel TM wadlieBaratiendigh with ethyl acetate, and
(he 11117 et e IOEes tiess psehls VRSG5

P
di chl or onet hane : net hanol (97 3), to afford the acemate of the title
conpounds as a yellow oil, 4.3g, 65%yield. CPacem' c conpound was

resol ved by HPLC using a Chiralcel (r) OGa coI um (20 mm), and hexane :

i sopropanol (70:30) as eluant _qt a rate of 19 m/mnute, to give the title
conpound of Preparation 10, @ ention time: 10.10 m nutes,

1 H NMR (CDCl 3, 300MHz) 6: 9H), 1.63 (m 2H), 1.80
(m 3H), 2.00 (m 11-1), 2.

1H), 3.58 1H),
3.70-3.90 (m 3H), 6.72 (s, J{m K (m 1%

Sodium borohydride (871mg, 23mmol) was added portionwise over an hour to a
solution of the alkene from Preparation 52 (400mg, 0.76mmol) and copper (I)
chloride (112mg, 1.15mmol) in methanol (15ml). TLC analysis showed starting
material remaining, so additional copper (I) chloride (75mg, 0.76mmol) and sodium
borohydride (290mg, 7.7mmol) were added, and the reaction stirred at room
temperature for a further 2 hours. The reaction mixture was filtered through
Arbocel™, the filtrate concentrated under reduced pressure and the residue
partitioned between ethyl acetate and brine. The layers were separated, the aqueous
phase extracted with ethyl acetate (2x), and the combined organic extracts dried
(Na2S04) and concentrated under reduced pressure, to give the title compound,
185mg, 47% yield.

'"H-NMR (CDCls, 400MHz) &: 0.92 (t, 3H), 1.19 (t, 3H), 1.27 (m, 2H), 1.48-1.77 (m,
6H), 2.10 (m, 2H), 2.62-2.79 (m, 2H), 2.88 (dd, 1H), 3.82 (i, 2H), 4.08 (q, 2H), 6.60
(s, 1H), 7.17 (m, 3H), 7.24 (m, 7H), 7.43 (d, 6H).



LRVMS @ mz 322.5 (M H+) [alD = -34.34 (c 0.12, dichloronethane) and the
title conpound of Preparation 11, 1.56g, 98.9%ee, Retention tine: 15.23
m nut es, WoloNMR8Y CDCl 3, 300MHz) 6: 0.92 (t, 3H), 1.54 (s,POHBI1DIBE (m
4H), 2.00 (m 2H), 2.63-2.85 (m 2H),93,19(m 1H), 3.58 (m 1H),
3.90-3.98 (m 3H), 6.72 (s, 1H, 7.37 s, 1 H. LRMS :.mz 322.3 (MH)
[al D =+27.7 (c 0.22, dichloromethane) WO 02/14285 PCT/ 1B01/ 01425 99
Preparation 12 Ethyl (2R)-2-f(1-{[2-(trinmethylsilyl)ethoxylneth |}

-1Him dazol -4-yl)methyl]-5- (tritylam no)pentanoate o0---OCH3 O H NN N

(H3 S, CHCH3 and Preparation 13 Echry ( &ghQZf

(1-fl2-(trimethylsilyl)ethoxyl meth = dazol -4-yl ) nmet hyl | - 5-

(trityl am no)jenn(2R)-6-[(teHBdwoxyearbomyVsnido B 1-@lpropyl-1H-imidazol-4-
yhmethyllpentanoate

CH,

Water (2mi) and lithium hydroxide monohydrate (81mg, 1.93mmol) were added to a
solution of the lactam from Preparation 10 (207mg, 0.64mmol) in tetrahydrofuran
(3.5ml), and the solution stirred at room temperature for 23 hours. The mixture was
concentrated under reduced pressure and the residue purified by column
chromatography on silica gel using dichloromethane : methanol : 0.88 ammonia
(90:10:0 to 90:10:1) to give the title compound, 200mg, 92% yield.

'H-NMR (CD;OD, 300MHz) &: 0.90 (t, 3H), 1.42 (s, 9H), 1.45-1.62 (m, 4H), 1.80 (m,
2H), 2.57-2.70 (m, 2H), 2.85 (m, 1H), 3.02 (m, 2H), 3.95 (t, 2H), 6.97 (s, 1H), 7.76 (s,
1H).

LRMS (ES): m/z 338 (M-H)

Preparation 10
(-)-tert-Butyl (3R)-2-ox0-3-[(1-n-propyl-1H-imidazol-4-yl)methyl]-1-

piperidinecarboxylate

Hsc\\\
N
H,G
<\ \ N osﬁ/ CH,
N Y
0 0 CH,

and Preparation 11




CHCH3 The conpound from Preparation 1 was resolved by HPLC using a
Chiralcel(r) OO 250 colum (20nm, and hexane : isopropanol : diethylam ne
(90 : 10wOoO0v/bi8ms eluant at 10m /mnute, to give, the tpPCT/@Buompsund of
Preparation 12, in 25%yield, 99.4% egg Retention tinme : 16.90 m nutes.

"H NVR (CDCl 3, 400MHz) S: -0.02 (s, 9H), 0.95 (t, 2H), 1.20 (t, 3H),
1.44-1.66 (m 4H), 2.09 (m 2H), 2.64-2.80 (m 2H), 2.90 (dd, 1H), 3.42
(t, 2H, 4.09 (g, 2H). 5.18 .75 1. 7.17 3H, 7.22 (m
7H), 7.42 (d, 68 . 4 RO A0 ey TREAY )
Preparation 13, in 36%yield, 96%@%@0 %@fc%@%ﬁgfmé on time: 22.27

02/ 14285 PCT/ 1B01/ 01425 100 'H ; ) S -0.02 (s, 9H), 0.95
(t, 2H, 1.20 (t)" 3H), 1.44-1.66 (m 4H, 2.09 (m 2H, 2.64-2.80 (m

2H), 2.90 (dd, 1H), 3.42H;q\,j§\H), 4.09 (g, 2H), 5.18 (s, 2H), 6.75 (s, 1

H, 7.17 (m 3H), 7.22 (m \/ 7.42 (d, 6H). Preparation 14 Lithium

5-[ (t ent - but oxycar bonyl ) am no]\ 2-[ (4- propel - 1-{[ 2-

(trimethylsilyl)ethoxyl nethyll H i mdazel - 2-yl et hyfl pentanoate H3C N
O3CCH3 YCH3 OOCH3 (CH3 Csl £\ JiLi 8,0 Lithium hydroxide
nonohydrate (42ng, 0.99mMmuol) ) Nsol @4 @k the lactamfrom
Preparation 15 (150ng, 0. 33mmmol ydrgfuran (1 m) and water
(1.5n), and the reaction stirred for 4 hpurscat ream tenperature. The

m xture was concentrated under reduced pressure and the residue purified
by col unn mixiirenast thgr alRBiie dromiPrieparatioin §3 6i6gg 26i8rhnbl)cahd rpatteditan black

met hanol 90: 10) as eluant to give the title conpound, 108 70% yiLel d.
(‘}OOmg) i)n ethanol (120ml) wa% hydrogenated at 4 atrrrnp and 60°C for}gTS hourgsy"l'?]e

cooled mixture was filtered through Arbocel™, washing through with ethyl acetate,

and the filtrate concentrated under reduced pressure. The crude product was purified
by column chromatography on silica gel, eluting with dichloromethane : methanol
(97:3), to afford the racemate of the title compounds as a yellow oil, 4.3g, 65% yield.
This racemic compound was resolved by HPLC using a Chiralcel® OG 250 column
(20 mm), and hexane : isopropanol (70:30) as eluant at a rate of 10 ml/minute, to
give the title compound of Preparation 10, 1.56g, 99.5% ee,

Retention time: 10.10 minutes,

'H-NMR (CDCls, 300MHz) &: 0.92 (t, 3H), 1.54 (s, 9H), 1.63 (m, 2H), 1.80 (m, 3H),
2.00 (m, 1H), 2.65-2.88 (m, 2H), 3.18 (m, 1H), 3.58 (m, 1H), 3.70-3.90 (m, 3H), 6.72
(s, 1H), 7.38 (s, 1H).

LRMS : m/z 322.5 (MH")

[a]p = -34.34 (¢ 0.12, dichloromethane)

and the title compound of Preparation 11, 1.56g, 98.9% ee,

Retention time: 15.23 minutes,

'H-NMR (CDCls, 300MHz) &: 0.92 (t, 3H), 1.54 (s, 9H), 1.80 (m, 4H), 2.00 (m, 2H),
2.63-2.85 (m, 2H), 3.19 (m, 1H), 3.58 (m, 1H), 3.90-3.98 (m, 3H), 6.72 (s, 1H), 7.37
(s, TH).

LRMS : m/z 322.3 (MH")

[a]p = +27.7 (¢ 0.22, dichloromethane)



1H NVR (CD30D, 300MHz) 6: 0.00 (s, 9H), 0.96 (m 5H), 1.42 (s, 9H), 1.54
(m 3H), 1.63 (m 3H), 2.58 (t, 2H), 2.80 (m 1 H), 2.88-2.98 (m 1 H),

3.02 (m woip2/1438316 (dd, 1 H, 3.60 (t, 2H), 5.34 (d, 1 HrCT/BEO144, 1
7.07 (s, 1 H. LRMs : nlz 470.3 (MH) g{eparatlon 15 tert-Butyl

2- 0x0-3-[(4-n-propel -1-{[2-(trimethylsi

yl ) met hyl | - 1- pi peri di necar boxyl ate H3C CH H3 C3NYOCH3 NH3CSi\
CH3 00 0 CH3 WO 02/14285 PCT/ 1B01/ 01425 101 The title conpound was
obtained in 75%yield fromthe al kﬁmm_é%aratlon 54, follow ng a
simlar Pr oG4 Aty 6 ' '

300MHz) S S ), L. 00 (n
1.81 (m 2H), '2.05 (m 1H) 2 4_@r_|ﬁ/tamlabbnen2aﬂdhtédd 1H) 3.03 (m 1H,
(dd, 1 H, 3.46 (t, 2H, 3.58 (m 1 H), 3.82 1 H, 5.15 (d, 1 H),
(d, 1 H, 6.59 (s, 1 H. LRV : mz 452. 4 Preparation 16 Met hyl
(25)-2-({2-f (tert-butoxycarbonyl)am hyl }am no)-3-(1 H i m dazol - 4-
yl)propanoate H N N ~~_O HICOY N\,~HCH3 H3C CH3 OO

and Preparation 13
Ethyl (2S)-2-[(1-{[2-(trimethylsilyl)ethoxy]methyl}-1 H-imidazol-4-y)methyl]-5-

(tritylamino)pentanoate

The compound from Preparation 1 was resolved by HPLC using a Chiralcel® OD
250 column (20mm), and hexane : isopropanol : diethylamine (90 : 10 : 0.5) as
eluant at 10mi/minute, to give, the title compound of Preparation 12, in 25% yield,
99.4% ee,

Retention time : 16.90 minutes.

"H-NMR (CDCls, 400MHz) &: -0.02 (s, 9H), 0.95 (t, 2H), 1.20 (t, 3H), 1.44-1.66 (m,
4H), 2.09 (m, 2H), 2.64-2.80 (m, 2H), 2.90 (dd, 1H), 3.42 (t, 2H), 4.09 (q, 2H), 5.18
(s, 2H), 6.75 (s, 1H), 7.17 (m, 3H), 7.22 (m, 7H), 7.42 (d, 6H).

LRMS : m/z 598.7 (MH")

and the title compound of Preparation 13, in 36% yield, 96.5% ee,

Retention time: 22.27 minutes.

H),

et hoxyl met hyl } - 1H i m dazol - 2-

-\




L-H stidine nethyl ester (7.93g, 32.8mmpl) and sodium acetate (10.75g, 131
nmmol) were added to a stirred solution of tert-butyl

N ( 2- oxoavhyr/)4283 bamat e (5. 22g, 32.8mmol) in net hanol (1BOMB01/04425

nol ecul ar si eves and sodi um cyanobor ohm@i de (4.12g, 65.6mmmol) were added
and the m xture was stirred at roomte rature for 17 hours. Aqueous
hydrochloric acid (2N, 4m) was added and the m xture was then basified

W th sat ur at ed aqueous sodi um carbonate solution to pH=10. The m xture was

filteredH-dMR Is,0fQ0MIZ) Sh -082 (BadhRd0Ws (1, 2k ha2e (i, BE)hhdét1.68m,

col ut 1 or MO8 T6T 2o a G Eled i, AL DGR3, Sbobap)C 2L lifanedh dan: o
extract s(sWeHg, 6.75¢8, tH), ed 11 WSaM), 7. ool (ker7ed, 7apdacepgent rat ed under reduced

pressure. The resultant residue was purified by col dm chromat ography on
silica gel, eluting with a solvent gradient of dichloronmethane : nethanol

(96:4 to 92:8), to afford the titlg ca?%ouig as a colourless oil, 8.07q,

79% vyiel d. WO 02/14285 PCT/ 1B01/ 01 H NVR (CDCI 3, 300 MHz) 5: 1.42
(s, 9H), 2.65 (m Llithlum3- |-ho{gm 1 H, 3.30
(m 1 H, 3.58 (m , 5.2 6.

7.02 (br s, 2H) , athydl-1Hrimidapod-2 ek
Met hyl (2R)-2-({2-f(tert-bytexycarbonyl)am noleth |
anmi no) - 3- (1Hi m dazol - 4- yl ypropanoate H N N HCNH3 CHCH3 CH3 00
The title conpound was prepare rom D-hi stidingynethyk ester according to

the procedure described in Prepacation 1 H CH300 MHz) b: 1.41
(s, 9H), 2.57 (m 1H), 2.80 (m N 3. 18 (m 1 H, 3.23 (m
1H, 3.50 (m 1 H)), 3.6ﬁHs(s, 3 .50 €, 1 H).
Si i
H,C™
c‘;:;/\oJ 0

Lithium hydroxide monohydrate (42mg, 0.99mmol) was added to a solution of the
lactam from Preparation 15 (150mg, 0.33mmol) in tetrahydrofuran (1ml) and water
(1.5ml), and the reaction stirred for 4 hours at room temperature. The mixture was
concentrated under reduced pressure and the residue purified by column
chromatography on silica gel eluting with dichloromethane : methanol (90:10) as
eluant to give the title compound, 108mg, 70% yield.

'H-NMR (CDsOD, 300MHz) &: 0.00 (s, 9H), 0.96 (m, 5H), 1.42 (s, 9H), 1.54 (m, 3H),
1.63 (m, 3H), 2.58 (t, 2H), 2.80 (m, 1H), 2.88-2.98 (m, 1H), 3.02 (m, 2H), 3.16 (dd,
1H), 3.60 (t, 2H), 5.34 (d, 1H), 5.50 (d, 1H), 7.07 (s, 1H).

LRMS : m/z 470.3 (MH")

Preparation 15

tert-Butyl 2-0x0-3-[(4-n-propyl-1-{[2-(trimethylsily])ethoxy]methyl}-1H-imidazol-2-

Dmethyll-1-piperidinecarboxylate

H,C
L%\“
/

H,C
" N 0 CH,
Si
He—S) // \”/
0}3/\0 0 o) CH,




LRVS : mz 313 (MH+) Preparation 18 ()-Methyl
2-({2-[(tert-butoxycarbonyl)am nol ethyll}am no)-3-(1 Himdazol -2-

Y) propanogigziids N H H3CYyO / N~~H O~ ~I 1 { CH3 H3C CH3 Q@/WoF@elsed | on of
the amine from Preparation 55 (183nyg, 8mmol ) was dissolved in nethanol
(7mL) and of tert-butyl N-(2-oxoethyl)carbamate (172ng, 10.8nmol) was
added. Sodi um acetate (354ngy, 43.2mvol), 4A nol ecul ar sieves and then

sodi um WO 02/ 14285 PCT/ 1B01/ 01425 103 bor ohyd 1350y, 21, 6muol
wer 'ﬁ”?ddaae titlodcomeoriBg ves AbtINGY i g@éﬁﬁﬁétf%rﬁ o alkSas it dbaration 59 or
18 added and th

our S| H%uﬂMQF@ ”egh{ko%bi’d%%)‘ et th?]r Eﬁﬁatlénhﬂflé ed and the

reaction mxtutre was s or oug e asified with saturated
aqueous sodi um carbonate solution to pH=10. The resultant m xture vvas t hen

filtered,t lid the filt t t

(20 T NURORG TR 5o B9IMHE B9 8216 BE) 30“’3?@%&93%5;@) 14 5 S0 i hen

concentr d r T I

chr omat ogﬁzpky 0 ’2|£| %gggnrrﬁﬁsgr‘% (t ergsﬂéquvént gra |{:nt of%ngtgégﬁgl

di clhljor orfel) e (£, ]2I-993t58 61195!?) 83_812192)2/&(49 Hia;lﬁ_il)(dj 123H)53,8C5’1$@( l(ld\,clﬂH)LﬁSﬁzﬁg(s ,3AH)%

y| € S , 2. , 2.74 1
) 11'—&)\4@&%/2%5‘69&% 3.70 (s, 3H). 7.10 (;n, 2H)H? Preparg[ni on

19 Met hyl (2S)-2-({2-f(tent- but oxycar bonyl ) am nol et hyl } am no) - 3- (1-{f 2-

(trimethylsilyl)ethoxylmethyl}-1 Himdazol-2-yl)prop anoate CH3 _,si- CH3
CH3 Preparation 16

Methyl (28)-2-({2-[(tert-butoxycarbonyl)aminolethyllamino)-3-(1H-imidazol-4-

yl)propanoate

H,C H
X
N
. \n/ N
? CH; o

L-Histidine methyl ester (7.93g, 32.8mmol) and sodium acetate (10.75g, 131mmol)
were added to a stirred solution of tert-butyl N-(2-oxoethyl)carbamate (5.22g,
32.8mmol) in methanol (100ml). 4A molecular sieves and sodium cyanoborohydride
(4.12g, 65.6mmol) were added and the mixture was stirred at room temperature for
17 hours. Aqueous hydrochloric acid (2N, 4ml) was added and the mixture was then
basified with saturated aqueous sodium carbonate solution to pH=10. The mixture
was filtered to remove solid which was washed with methanol. Methanol was
removed by evaporation under reduced pressure and the residual aqueous solution
was extracted with ethyl acetate (2x300ml). The combined organic extracts were
then dried (MgSQ,), filtered, and concentrated under reduced pressure. The
resultant residue was purified by column chromatography on silica gel, eluting with a
solvent gradient of dichloromethane : methanol (96:4 to 92:8), to afford the title

compound as a colourless oil, 8.07g, 79% yield.



NN HCN/\ HBCCH3 Y HCH3 0 0 A solution of the amine from Preparation

56 (120
N ( 2- ox
(131ny,
(50ny,

t enper a
added a
wth

m xture
extract
pressur

ng, 0.40mmol) was dissolved in nethanol (3.5m) and of tert-but
oavdyl/)08s bamate (51 ny, 0.33mvl) was added. SodPOMiB®I£Se

1. 60mmol ), 4A nol ecul ar sievesqygpd then sodi um cyanoborohydrid
0.80mml ) were added, and the resultant m xture was stirred at

ture for 18 hours. Aqueous hydrochloric acid (IN, 1 m) was the

yl

e
room
n

co uNAR KRG oot Wbl 287 o b5 B SR o gk Bt

{ t | t:
SRR o 1?%%% A T B e o R Smhes oG
e7.0Zt{br s 2y 7e9 hés, MM). 02/ 14285 PCT/ 1B01/ 01425 104 purified by

uced

col um t oqr ilica gel eluting with ethyl acetate : nethanol
0. 88 anﬁ%‘ﬁg&(@% g}i)gyl @Méfj to give the title conmpound, 30ng, 21 %yi el d.

1H NMR

(CDCI 3, 300MHz) 5: -0.02 (s, 9H), 0.90 (t, 2H), 1.29 (s, 9H), 2.

(m 1 H, 2.8 (m 1 H, 3.02 (dd, 1 H), 3.13 (dd, 1 H, 3.19 (m 1 H

3.48 (t,
H, 6.9
Met hyl
NHZ1/

2H), 3.74 (s, 3H), 3.84 lPigparatign 1. 21 (dd 2H), 5.77 (br s,
0 (s o rf05 N |

>N O NCH3 O vl)propanoate

The title compound was prepared from D-histidine methyl ester according to the
procedure described in Preparation 16.

'H-NMR (CDCls, 300 MHz) &: 1.41 (s, 9H), 2.57 (m, 1H), 2.80 (m, 2H), 3.00 (m, 1H),
3.14 (m, 1H), 3.23 (m, 1H), 3.50 (m, 1H), 3.68 (s, 3H), 6.77 (s, 1H), 7.50 (s, 1H).
LRMS : m/z 313 (MH")

Preparation 18
(3)-Methyl 2-({2-[(terf-butoxycarbonyllaminolethyllamino)-3-(1H-imidazol-2-

ylpropanoate
O
>~
N
H,C o) § o)
3 \”/ \/\u ~chH,
HC ch, O

A solution of the amine from Preparation 55 (183mg, 10.8mmol) was dissolved in
methanol (7ml) and of fert-butyl N-(2-oxoethyl)carbamate (172mg, 10.8mmol) was
added. Sodium acetate (354mg, 43.2mmol), 4A molecular sieves and then sodium

63



A solution of the product from Preparation 25 (0.4g, 1.22mmol) in acetic
acid (30m) was hydrogenated over palladium catalyst (10% on carbon, 50ng)
at 50C angig2m428t m for 72 hours. The solution was filter ad1owe1/ 01425

Arbocel TM HyfloTM and the filtrate vvaa goncentrat ed under reduced
pressure. The resultant oil was dissol Q di chl oronet hane and extracted
W th saturated aqueous sodi um bi carbonate solution (3x20nl). The aqueous

phase was concentrated under reduced pressure and the resultant white
sol i d wasyaneharohydsitev(13bme: 2dBmmolcwee addesdsand )thenesulippthmibgure was

reduced PPESdabom BB R TETer 8 AHS" ABeGE BIPIRA R ol RR AR s

met hanol tHerPa88e@rafientte fSHttion 2ixturd) was dtipedi ﬂhbﬁdhgbﬂy @oduthenctasified egthaphy
on silica gel, eluting wi.ith dichloronethane : ia (80

: .88 3 n
20 : Gyaturate aaqwqmlwwaé @%ﬁ?o%mat'%t%ﬁHGﬂQng-Eh%F‘?su(ft@@éww oyas

yi ?'g O%trférN}@ g@% %ge?%ﬁa ﬂg‘tﬁgw@tgatgfwﬁ %ﬁ?&jﬁ?hﬁ@%@ﬂ dRiatd (39). (Mo 1 5
.61 (m cédmidined.dGafigxestract@ xwéid) dn&dO(]\/lgsm)s fllibﬂéﬁl—l)anon—lm adrmeﬂﬂate:cBM

(M-|+), cal cd 239.1503. WO 02/14285, PCT/ 1801/ dzg ? eﬂoara ons, 21 _and
22 Met hypnggg)'e p;@sgpres) e{ﬁsg was purified by column chromatography on

gﬁﬁ,oﬁ,ﬁfﬁﬂ“e??g? @9 WIS Dol igYhdiBfit BPefidrb: didRisteARithdny (1 ggqeam@)t e

R) - l-ff(tcegl\letthe(blﬂecrmnhnmm@. debrg, BdOhyiejgpr opyl ) ami nol - 3- (1H i m dazol -

L S o FaVIE Y5020 4000 & bR P 458 4y 1, 2y, TSty n4H>

acetate 3g7 (m, 1H), 3.70 (s, 3H), 7.10 (s, 2H).

Preparation 19
Methyl (28)-2-({2-[(tert-butoxycarbonyl)aminolethyllamino)-3-(1-{[2-
(trimethylsilyl)ethoxylmethyl}-1H-imidazol-2-yl)propanoate

“‘3

H,C H
Lo \ﬂ/
3 CH; o

A solution of the amine from Preparation 56 (120mg, 0.40mmol) was dissolved in
methanol (3—.5ml) and of fert-butyl N-(2-oxoethyl)carbamate (51mg, 0.33mmol) was
added. Sodium acetate (131mg, 1.60mmol), 4A molecular sieves and then sodium
cyanoborohydride (50mg, 0.80mmol) were added, and the resultant mixture was
stirred at room temperature for 18 hours. Aqueous hydrochloric acid (1N, 1ml) was
then added and the reaction mixture was stirred thoroughly and then basified with
saturated aqueous sodium carbonate solution to pH=10. The resuitant mixture was
extracted with ethyl acetate (2x) and the combined organic extracts were then dried

(MgS0,), filtered, and concentrated under reduced pressure. The residue was



(1.28g, 15.6mmol) were added to a stirred solution of the product from
Preparation 77 (730ng, 3.9mmol) in nethanol (50m ). 4A nol ecul ar sieves
and sodi uwio @yiasssbor ohydride (491 ny, 7.8mol) were added pgndBohe4pd Xt ure
was stirred at roomtenperature for 1 ours. The m xture was filtered and
the filtrate was concentrated to 10m ‘under reduced pressure. Aqueous
hydrochloric acid (2N, 2m) was added and the mxture was stirred for two

m nut es. Safurat ed, aqueous sodi u hydr.ogen rbonat e sol ut| was .added
and t he RERNeH BY\SLIMR CREBIPGRRINY ehisyica asl leing e . TeeRENAd
organic e tSa&In Fke ?@%1 O t ed under
reduced 6eggsurg1 5rje&s-)l g)@% pl}nel pﬂllée%&@ggco umm ﬁ’(:%ro té@'grapﬁy on
silica gng NERo(CIDeEM 0N bIzn ;. -@l02t (sn9HYyia.80 &, 261) vy €20 (gr aH, 62163(Qrfn 1H),

Bt by oy Dot (1, T (0 sl Bt AP ha oo i; 358 bkl 478 S "5
TRRAEE - TUi T 5(%6‘9{”2“)253’9’ ﬁ?rs A i I AR I

s, 1 H), LRMS: 5z 4433 (MA'B7 (s, 1 . LRMS : mz 341.2 (M) TLC

di chl or onet hane: met hanol (90: 10) Rf = 0.48. And Preparation 22, 271 ng,
20% yi el d: WD 02/ 14285 PCT/ 1BOl/01425 106 1H NMR (CDCI 3, 400 I\/Hz) S: 0.82
(t, 3H, 1.23-1.42 (m 2H) 1. 45 (PreSbpation 200 (br m 1 H, 2.80 (dd, 1
H), 3.00 (dd, 1H) 3.03-3.18 (m 2'Fi)'I 360 (m 1 H, 3.73 (s, 3H) 5.30
(br s 1 H), 6Meth (1 H-imistazok : BMiNQIrNpE

di chl or onet hane: rret hanol (90:10) Rf 0 41. ﬁrepar ations 23 - 26 The
conpounds of the follow ng tabul at ed Pr epar ons of the general formula:

H N N RLCH3O0 .
<NJ\ :
O
N ~
H

A solution of the product from Preparation 25 (0.4g, 1.22mmol) in acetic acid (30ml)
was hydrogenated over palladium catalyst (10% on carbon, 50mg) at 50°C and 3.5
atm for 72 hours. The solution was filtered over Arbocel™/Hyflo™ and the filtrate
was concentrated under reduced pressure. The resultant oil was dissolved in
dichloromethane and extracted with saturated aqueous sodium bicarbonate solution
(3x20ml). The aqueous phase was concentrated under reduced pressure and the
resultant white solid was triturated with hot ethyl acetate (2x50ml) then with hot
methanol (2x50ml). The methanol extracts were combined and evaporated under
reduced pressure. The resultant residue was dissolved in dichloromethane :
methanol : 0.88 ammonia (80 : 20 : 2) and purified by column chromatography on
silica gel, eluting with dichloromethane : methanol : 0.88 ammonia (80 : 20 : 5), to
afford the title compound as an orange oil, 200mg, 70% yield.

'"H-NMR (300 MHz, D,0), mixture of diastereoisomers, &: 1.70 (m, 1H), 2.02 (m, 1H),
2.93 (m, 3H), 3.10-3.47 (m, 4H), 3.58 (2x s, 2x1%:H), 3.61 (m, 1H), 6.98 (2x s,
2x%2H), 8.00 (2x s, 2x¥2H).

HRMS : m/z 239.1514 (MH™), calcd 239.1503.



were prepared by a simlar

nmet hyl

met hod to that of Preparation using L-histidine

| ester dihydrochloride and the appropriate al dehyde/ ketone starting
mat er i al svO pragucts from Preparations 78-80 or commer ci aPCyARnaid2abl e

1-benzyl -3- pyrrolidinone). WO 02/1428%38CT/ 1B01/ 01425 107 dam co = p _ Vv
aC) MCBLr O CD- XNp ocnEco 3 xti d- Ecov LOnot; ~? Lri
LON. - UO_CO e- =v N wCOi opMtg:" cp NOO cv a) ti = N-XN
dd N EC1MCQC vacc) Lo NX = N.N g4 =ti = . Ncoco (D _ . CU

r NCN5 MU NMOXE 2 U repatations

V O 3:

Ay @ S M (1R or SPR{[ (BH-EMt oy carbBnN)Aindimethyi¥grépyl)amino]-3-(1H-

imidazol-4-ypropanoate and
Methyl (28)-2-[((1S or R)-1-{[(fert-butoxycarbonyl)amino]methyl}propyl)amino]-3-(1H-
imidazol-4-yl)propanoate

H
N
o, M
N
H,C H
0 N O
N CH,
H,C H
CH; 0o o]

L-Histidine methyl ester dihydrochioride (945mg, 3.9mmol) and sodium acetate

(1.289, 15.6mmol) were added to a stirred solution of the product from Preparation
77 (730mg, 3.9mmol) in methanol (50ml). 4A molecular sieves and sodium
cyanoborohydride (491mg, 7.8mmol) were added and the mixture was stirred at
room temperature for 17 hours. The mixture was filtered and the filtrate was
concentrated to 10ml under reduced pressure. Aqueous hydrochloric acid (2N, 2ml)
was added and the mixture was stirred for two minutes. Saturated aqueous sodium
hydrogen carbonate solution was added and the mixture was exiracted with ethyl
acetate (3x150ml). The combined organic extracts were dried (Na2S0y,), filtered, and
concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel (Bio’[ageTM column), eluting with a solvent gradient of
dichloromethane : methanol (95:5 to 90:10), to afford the title compound of
Preparation, 21, 178mg, 13% yield:

"H-NMR (CDCl; ,400 MHz) &: 0.90 (t, 3H), 1.40 (m, 2H), 1.43 (s, 9H), 2.30 (br m,
1H), 2.82 (dd, 1H), 2.97 (dd, 1H), 3.02 (m, 1H), 3.20 (br m, 1H), 3.65 (m, 1H), 3.72
(s, 3H), 5.21 (br s, 1H), 6.80 (s, 1H), 7.57 (s, 1H).

LRMS : m/z 341.2 (MH")

TLC : dichloromethane:methanol (90:10) Rf = 0.48.

And Preparation 22, 271mg, 20% yield:

d22 .5 7z - -+~ L) LCT
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'"H-NMR (CDCls, 400 MHz) &: 0.82 (t, 3H), 1.23-1.42 (m, 2H), 1.45 (s, 9H), 2.50 (br
m, 1H), 2.80 (dd, 1H), 3.00 (dd, 1H), 3.03-3.18 (m, 2H), 3.60 (m, 1H), 3.73 (s, 3H),
5.30 (brs 1H), 6.82 (s, 1H), 7.53 (s, 1H)

LRMS : m/z 341.3 (MH")

TLC : dichloromethane:methanol (90:10) Rf = 0.41.

Preparations 23 - 26

The compounds of the following tabulated Preparations of the general formula:

)

0
R1 cH,

were prepared by a similar method to that of Preparation using L-histidine methyl
ester dihydrochloride and the appropriate aldehyde/ketone starting materials
(products from Preparations 78-80 or commercially-available 1-benzyl-3-

pyrrolidinone).

to
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CH3 H 3C H3C-DYNM\ ~~ CH3 0 CH3 0 A solution of nethyl
(2S)-3-(4-imdazolidinyl)-2-(nmethyl am no) propanoate (1g, 4.55mmol), of
tert - but yWwgV¥2(1d298x0et hyl ) car banat e (833ny, 5.23mmol ), sodipgyBageilssd e
(1.494g, 18.22mml) and sodi um cyanobOﬁB ydride (572ng, 9.10mmol) in
met hanol (30m ) was stirred at OC unde ni trogen atnosphere. The m xture
was allowed to warmto roomtenperature then aqueous hydrochl oric aci.d
(5m, 1 N) was added, followed by _saturated_aqueous sodi um hydrogen
carbonate solution. The solution Reeparalionddd and the aqueous phase was
extract egr {28 i3 3 i [ X .
wth brime, 0 S - ered, —amnd s OTICE at eo
pressure. The residue was purifiedybpropanoate chr omat ography on silica gel,
eluting with dichloronethane : nmethanol (100:5), to afford the title
conpound, 900ng, 61 %yield. 1HNWR (CDCl 3i 300 MHz) 8: 1.43 (s, 9H), 2.32
(s, 3H, 2260 (m 1 H, 2.78 (m 1 H), 2.90 (mNJ),{—D, 3.02 (m 1 H), 3.19
(m 2H), 3.60 (m 1 H, 3.70 (s, 3H), 5.30 (br 1 , 6.80 (s, 1 H,
7.55 (s, 1 H. LRMS: mz 327.1 (MH) WO 02/ 142 1B01/ 01425 110
Preparation 28 Methyl (2S5)-3-(1

Nii:igi\ NHNCH3 HNJ O The

H i m dazol - 4-yl)-2-(1-pi q_ggazi | ) prppanqgat e
product from Preparation r%’ﬁﬁ;o 315 ) S a@qu to a suspensi on of
4- hydr oxybenzoi ¢ acid (0.1229,1 1.5 ) in hydrogen brom de solution (45%in

acetic acid, 5m) at 0C and %he Rixture isti%red at roomtenperature
for 72 hours. Deionised water (20ml) was added to afford a suspension
whi ch was extracted with ethyl acetate (3x20m ). The residual aqueous
sol ut | onawagy (it een P &%) 0L midbESRfIRH)-DL ISmind)Brdpatidaté n{(1
orange foam was crystﬁbged@?omgﬁrret hanorbqﬁ)q)et h@ﬁw %ﬁ (g,
4.55mmol), of tert-butyl N-(2-oxoethyl)carbamate (833mg, 5.23mmol), sodium

acetate (1.494g, 18.22mmol) and sodium cyanoborohydride (572mg, 9.10mmol) in
methanol (30ml) was stirred at 0°C under a nitrogen atmosphere. The mixture was
allowed to warm to room temperature then aqueous hydrochloric acid (5ml, 1N) was
added, followed by saturated aqueous sodium hydrogen carbonate solution. The
solution was filtered and the agueous phase was extracted with ethyl acetate. The
combined organic extracts were washed with brine, dried (MgSO,), filtered, and then
concentrated under reduced pressure. " The residue was purified by column
chromatography on éilica gel, eluting with dichloromethane : methanol (100:5), to
afford the title compound, 900mg, 61% yield.

'H-NMR (CDCls, 300 MHz) &: 1.43 (s, 9H), 2.32 (s, 3H), 2.60 (m, 1H), 2.78 (m, 1H),
2.90 (m, 1H), 3.02 (m, 1H), 3.19 (m, 2H), 3.60 (m, 1H), 3.70 (s, 3H), 5.30 (br m, 1H),
6.80 (s, 1H), 7.55 (s, 1H).
LRMS : m/z 327.1 (MH")



acetate to afford the tri-hydrobrom de salt of the title conpound as a
colourless solid, 82ng, 54%vyield. Mp. 211-213C. 1H NMR (D20, 300 WHz) S:
2.80 (m wop212897 (m 2H), 3.15 (m 6H), 3.65 (s, 3H), BCTBN42F H),
7.23 (s, 1 H), 853 (s, 1 H. LRM5: mz9239.2 (MH) Anal. Found: C, 27.37;
H 4.45; N, 11.36. C | H 8N402.3HBr requires C, 27.47; H 4.40; N, 11.65%
[a]D = -32.92 (c 0.11, nethanol) WD 02/14285 PCT/1B01/01425 111
Preparation 29 Methyl (2S)-2-{4-f .
(4- et hyl phenyl ) sul f onyl | - 1- pi per a=FGRAUGN 8 ¢ i tv|_1 H i ni dazol - 4-
yl) propanoate ?Ngethl (2503 1ﬁ-‘ﬁinidaﬂil-&y%291-ﬂpéraﬁi[ﬁlmwn of methyl
(2S)-2-am no-3-(1-Trityrl- i m dazol -4-yl) propanoat e g, .dmol ) in
di i sopropyl et hyl am ne (5ml), was stirred at roomtenperature for 20
m nutes. N, N-Bi s(2-chl oroethyl)-4-net hyl benzenesul f onam de (720ng, 2. 4nmol)
was added and the mixture was stirred at YefNux for 3 hours. The nixture
was allowed to cool and diluted with acetQnit¥ile. The resultant sol ution
was concentrated under reduced pressur t he resi due was suspended in
aqueous sodi um carbonate solution and lextracted with dichl oronet hane
(3x20m ). The conbi ned organic Pe\ggshed with brine (3x20m),
dried (Na2SO4), filtered, and then trat €dsunder reduced pressure.
The residue was purified by coHd hr om@t ography on silica gel, eluting
with a solvent gradient of dichloronethane : nethanol (99:1). The isol ated
material was dissolved in ether and the resultant solution concentrated
under reduced pressure to afford the title conpound as a

The product from Preparation 29 (200mg, 0.315mmol) was added to a suspension of

4-hydroxybenzoic acid (0.22g, 1.5mmol) in hydrogen bromide solution (45% in acetic
acid, 5ml) at 0°C and the mixture was stirred at room temperature for 72 hours.
Deionised water (20ml) was added to afford a suspension which was extracted with
ethyl acetate (3x20ml). The residual aqueous solution was then concentrated under
reduced pressure. The resultant orange foam was crystallised from methanol : ethyl
acetate to afford the tri-hydrobromide salt of the title compound as a colourless solid,
82mg, 54% yield. M.p. 211-213°C.

'H-NMR (D0, 300 MHz) &: 2.80 (m, 2H), 2.97 (m, 2H), 3.15 (m, 6H), 3.65 (s, 3H),
3.73 (1, 1H), 7.23 (s, 1H), 8.53 (s, 1H).

LRMS : m/z 239.2 (MH"

Anal. Found: C, 27.37; H, 4.45; N, 11.36. C41H1sN4O2e3HBr requires C, 27.47; H,
4.40; N, 11.65%.

[a}p=-32.92 (c 0.11, methanol)



colourl ess foam 300ng, 19%yvyield. "HNVWVR (CDCl 3, 300 MHz) S: 2.42 (s, 3H),
2.63 (m 2H), 2.72 (m 2H), 2.78 (dd, 1H), 2.97 (m 5H), 3.57 (s, 3H),
3.60 (m Wo®2148s550 (s, 1 H), 7.07 (m 6H), 7.50 (m 12H) .pcT/BOR0UZX S,
2H). WD 02/ 14285 PCT/ 1B01/ 01425 112 gqu mz 635.3 (MH) Anal. Found:
C, 69.51; H 6.06; N, 8.69. C37H38N404S0.: 25H20 requires C, 69.51; H, 6.07;
N, 8.59% [aJD = -3.73 (c 0.10, dichl oronethane) Preparation 30
(7S9)-6-{2-[(tert-B utoxycarbonyl) aminol ethyl}-2-ethyl-7-(nethoxycar bo
nyl ) - 5- oxo- 5 6, 7, 8-tetrahydroi m yrlmdln 2-iumiodide 0 0 CH3
JNH p CH3 [ H3¢ / ; ' ] Hllaaiéﬁlﬁ added
to a stir 2001

0.592mmo1l) in acetonltrl | e (5ml) agggtir%nasmg ure was heat ed at refI ux for
17 hours under a nitrogen atnosphere. e mxture was allowed to cool to

'ﬂ\)
e
TS
1 =

room tenperature and the solvent was renoved by evaporation under reduced
pressure. The residue was purified by colum chronptography on silica gel
eluting wth dichloromethane : nethanol (90Q. ord the title
conpound as a white foam 118ngy, 40% yi el @d \ 0 300 MHz) 8: 1.27
(s, 9H), 1.42 (t, 3H), 3.22-3.47 (m 4H), , 3.65 (s, 3H,
3.95(m 1 H), 4.20 (g, 2H), 4.75 (m 1 H); 3 H). LRVS @ 366.9 (M
TLC : dichl oronethane : methanol : 0.88 anmonia 9 M :1) Rf = 0.26. WO
02/ 14285 PCT/ 1B01/ 01425 113

A suspension of methyl (2S)-2-amino-3-(1-trityl-1H-imidazol-4-yl)propanoate (1g,
2.4mmol) in diisopropylethylamine (5ml), was stirred at room temperature for 20
minutes. N,N-Bis(2-chloroethyl)-4-methylbenzenesulfonamide (720mg, 2.4mmol)
was added and the mixture was stirred at reflux for 3 hours. The mixture was allowed
to cool and diluted with acetonitrile. The resultant solution was concentrated under
reduced pressure and the residue was suspended in aqueous sodium carbonate
solution and extracted with dichloromethane (3x20ml). The combined organic
extracts were washed with brine (3x20ml), dried (NaxSO,), filtered, and then
concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel, eluting with a solvent gradient of dichloromethane :
methanol (99:1). The isolated material was dissolved in ether and the resultant
solution concentrated under reduced pressure to afford the title compound as a
colourless foam, 300mg, 19% yield.

"H-NMR (CDCls, 300 MHz) &: 2.42 (s, 3H), 2.63 (m, 2H), 2.72 (m, 2H), 2.78 (dd, 1H),
2.97 (m, 5H), 3.57 (s, 3H), 3.60 (m, 1H), 6.50 (s, 1H), 7.07 (m, 6H), 7.50 (m, 12H).
7.62 (2x s, 2H).
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WO 02/14285 PCT/IB01/01425

LRMS : m/z 635.3 (MH")

Anal. Found: C, 69.51; H, 6.06; N, 8.69. C37H3sN40,S¢0.25H,0 requires C, 69.51; H,
6.07; N, 8.59%.

[a]o = -3.73 (¢ 0.10, dichloromethane)

Preparation 30
(7S)-6-{2-[(tert-Butoxycarbonyl)aminolethyl}-2-ethyl-7-(methoxycarbonyl)-5-oxo-
5.6,7.8-tetrahydroimidazo[1,5-clpyrimidin-2-ium iodide

0
(0]
N
CH,
CH
/ N/KO (0] H3C 3
|

Ethyl iodide (99ul, 1.243mmol) was added to a stirred solution of the product from
Preparation 48 (200mg, 0.592mmol) in acetonitrile (5ml) and the mixture was heated
at reflux for 17 hours under a nitrogen atmosphere. The mixture was allowed to cool
to room temperature and the solvent was removed by evaporation under reduced
pressure. The residue was purified by column chromatography on silica gel eluting
with dichloromethane : methanol (90:10) to afford the title compound as a white
foam, 118mg, 40% vyield.

'H-NMR (D20, 300 MHz) &: 1.27 (s, 9H), 1.42 (t, 3H), 3.22-3.47 (m, 4H), 3.58 (m,
1H), 3.65 (s, 3H), 3.95 (m, 1H), 4.20 (g, 2H), 4.75 (m, 1H), 7.40 (s, 1H).

LRMS : 366.9 (M")

TLC : dichloromethane : methanol : 0.88 ammonia (90 : 10 :1) Rf = 0.26.



OZoqCO
cc QES5 Q

co

PCT/IB01/01425

4-
Qc 9-

OO
L C

ele(] [eonAjeu () 3| jJusbe BupelAyly N
feQ [eapaeuy . DISIA b : uoneredald

p.
L

/UO} - a) 0z ,Da)
'DO OC CN~
113

d Q

0 10 -0

?
C caCL L 4-

m.G _

OO0ut~
w ca ZZ Gyo02145885C O

C a)

quabe Bunejfie syeudoidde sy pue gy uoperedaid Jo Jonpoid sy} Buisn gg uoneredaid Jo Jeuy) o} pouiswl Jejiwis e Aq paiedaid siem

[ereuoyns suszusqihyiew-¢ ‘10 ig ‘il Ly
/
—N
2%H o
®H4o VA 0 J\z VY
N
qo” 97 N N~
€
HO
N
o 0

‘ejnuio} jelausb Jo suopeledald pajejngel Buimoiio) auj Jo spunodwiod ay |

oF - 1¢ suoneredaid



0)

co ti PeT/mmo1d@2L14 (6 r

_::r
I~ 00 h OCOco C

MNN GC6 Lo

T

!_O WO 02/ 14285 PCT/ 1B01/ 01425 114
Cs S co

t Nn
OClryr
rr OCO~ N
= CY} M CYO

OMT

o

r

u LO

co N M _ woori#ss
-~ 0O0CS5E

R
- T
4 (6 M(\.

OcoamO EOO0 QZ UOL)

(L) 6'¥6E Z/W - SN

D(HL ‘W) 06°¢ ‘(HE 's) 09°¢ “(H) ‘w) 06°¢ ‘(HY ‘W) 0¥'¢-02'¢ (HZ
v'b) '} ‘(H6 'S) 02'L ‘(HE D) §2°0 @ (ZHN 00% ‘0%Q) MIN-H,

apiwoiq jAdoid-u

P : (bag)
(HL 's) 2872 ‘(HIL ‘W) G2 “(HZ 'P) 00'F
- rA> suedosdiAyiaul ge
‘(HL ‘w) £6°¢ ‘(HE ') ¥9'¢ ‘(HL ‘w) 26°¢ ‘(HP ‘W) p'e-gZ'¢ ‘(HL o1 2-0pOL-L
‘w) 202 ‘(H6 's) 2z'L ‘(H9 'P) 280 :¢ (ZHIN 00¥ ‘0°Q) HIAN-H,
(,IN) Z'18¢ Zjw : QINH
(HL'8) G2 ] 4/\%I (bag) e
‘(HL ‘w) 6% '(HL ‘W) B¢ ‘(HE 's) 29°¢ ‘(HL ‘w) 2g°€ ‘(HG ‘w) : suedoidowoig-z
0b'€- 02°¢ '(H9 ‘P) L'} '(H6 ‘s) 8Z'1 @ (ZHI 00¢ ‘0%Q) HIAN-H,
(W) #'60% : SINYT
(HL '8) €€ (HL ‘W) 89'% ‘(HZ W) Zb'v (HL ‘w) 06°¢€ (HE (bag)
s . t ¢ . < ¢ . . ¢ ¢ ot ¢ mm /\/\/OmI mm”
s) 09°¢ ‘(HL ‘W) 06°¢ “(Hy ‘W) oF'e-LL°€ ‘(He ‘w) 62'L ‘(H6 ‘S) _ epiwoiq |Ajued-u
z2') '(Hy 'w) €1°L-€0°L ‘(He ') 22°0 ¢ (ZHW 00€ ‘O*A) YIAN-H,
() £'G6€ Z/W - SN .
(HL 'S} OF'L '(HL 'W) L2% "(HZ ') LL'¥ "(HI ‘W) 26°¢E 5 iy (bag) -
‘(He ‘s) 29'¢ ‘(HL ‘W) 85°¢ ‘(Hy 'w) 2¥'e-22°¢ ‘(HZ ‘W) 08°) ‘(H6 NN epiwolq Aing-u
's) 0£') ‘(Hz 'b) z2'L ‘(He D) 28°0 @ (zHIN 00¢ ‘0%d) YWN-H,
"(HL '8) 0g’2 ‘(HL'w) 9% ‘(HZ D) 0¥ (bag)
144 /\/OmI 1€




+ 10D M
m o AN~
S 0uw> "
©) L MM ]
xn O MO ©
—Zgo ‘GLGL '6€ V161
ZoXo(
Q-+ © (L) L'g6E Z/w : SINY ‘weyoBIo
. (@]
o w ©g ‘(HZ ‘P) 09°'L ‘(HL 's) G¥'L '(HZ 'P) (bap°})
o™ —~
z 805Y, 824 (HL W oLy i W) 0r'y (L ‘W) 26°¢ (HE 's) L0°€ ‘(HL | 02 4J\/omx sjeuoyns
LW w) 29°¢-06°¢ ((HY ‘W) 2re-gere ‘(HE 'S) 0€°C "(HE ‘w) 6271 “(HE i suszusqgliyiew-y
- =
= 'P) G¥'L '(H6 'S) 8T'L (HE ) LL'0 ¢ (zHNOo0E ‘0%A) YAIN-H, |AdoidiAyew
5+= 9 . -1-(S1)
< \Qmw O- i . .
0% LTSV '8¥ ‘€861
zo .2 < ‘weyn 610 P
< toN (W) 6'G6E Z/W : SINY] (bay'1)
= > =N+ DN N
2520 g 3 “(Hg ‘P) 09°'L ‘(HL ‘S) sV L ‘(HZ'P) | 61 ™ TOH Syeuoyns
w- Wz ul %8z L (H1 ‘W) 927 ‘(HL ‘W) 0¥y ‘(HL ‘W) £6°€ (HE 'S) L9°€ ‘(HI suszusqjAyiow-y
©°- S wg 29'€-06°¢ ‘(Hy ‘W) Zre-zz'e ‘(He 's) 02°2 ‘(He 'w) 6L} ‘(HE IAdoidjAyiow
1 =<
m s M do ‘P)S¥L ‘(H6 ‘'s) 8Z'L ‘(HE D £2°0 :Q (ZHINOOE ‘O°d) HANN-H, -1-(41)
.| il N B zZ/ul
- W m ] ) r_\e 0607 /W : SINY1 m (bsg)
N "(HL ‘'s) 6€°L ‘(HL ‘W) €L '(HZ ') 02 ‘(HI ‘W) G6°€ OH
©0@&-q40 : . LS 4/\/j auengAylew
© O mzﬁ.\ &HE ') go'e ‘(H1 ‘W) 26°€ ‘(MY 'W) Ly'e- 62°e ‘(He 'w) 0L'L (HL : oW
L S 81) 'L (H6 ‘) 82°L ‘(HO ‘P) £8°0 ‘@ (ZHIN 00€ '0O°d) HINN-H,
C& . T2 -
=63 1 .
c
8= 8w




—~— O
Zo0 "«

-Z4%O
~8CsE
M NE “u (beg) ,s1eUOYNS
o2 m w "(Heg 'P) 65°L ‘(HL ‘S) L¥'L ‘(HZ 'P) 82'L '(HE ‘W) 08'+-09'F o6 J\/o\of suszuaqgiiyrewl o
w Sy 3'HL 'wa) g6'e (HS ‘w+s) 2LeLge (HL ‘W) g¥'e-02°¢ ‘(HE S - IAuielAylew
g To.'s) sz (HE 'P) £¥'L "(H6 'S) Lz'L '@ (ZHW 00% ‘O%0) MAIN-H, -1 -AxoyjeN-Z-(+)
o <
w-3. 3 () €°26€ Z/W : SINYT
W= . g (bag)
S ‘(HL'S) Lo L “(HL ‘W) 8Ly . O o ”
5. <6 ‘(Hz D) 0S¥ ‘(HL ‘w) £6°¢ ‘(HE 's) 29°€ ‘(HE ‘W) 85°¢ ‘(HY ‘W)
reP R -uedold owoig-|
S= 0 © | eresze (He ‘W) 0 ‘(H6 ') 02') ‘¢ (ZHINO0E '0%d) HINN-H,
0~ L
@) P
=28 .3 e ) o (bog)
m- o | (HL 's) O%'L ‘(HL ‘W) SL'¥ o .
©_. & aueyjeAxoysw
> 83z w) 26w (HL W) 868 (Hz W) L2°€ (g W) 2og ‘(b w) | B4 | N7 oo i
L0 @) a4
an BT oo (LR Q) oy - , -g-owoig-|
oS d45¢ ‘(H8 ‘W) 0g°€-02°€ ‘(H6 ') LZ') Q (ZHIN 00 'O%Q) HAIN-H,
o Il
s U (,IN) 6°L0% Z/w : SINYT
<< "= . (bog)
53 ‘(HL'S) €€°L "(HL 'w) 2L'v "(HZ 'P) L1y "(HL /\D
3 o k , , . . . , , ge auenqo|oho o¥
SH\F W) g6 ‘(HE ‘s) 59'¢ ‘(HI ‘W) €5°¢ ‘(Hy ‘w) g¥'e-02°¢ ‘(HL ‘W)
Q= oz (IAyrewiowiolg)
o773 677 '(H9 'w) L0229’} “(H6 'S) Lz'L ‘@ (ZHIN 00€ 'OQ) HNN-H,
(@ I
°0s5z] m (V) 0°€6E Z/W © SINYT (boc)
o” 8=l 5 ‘(HL's) €L “(HL ‘W) L2y "(HZ 'P) 20°% (H1 ‘W)
=~ m . ) 1S % auedoidojoAo 65
O S0 466°¢ ‘(HE ‘S) £9°€ ‘(HL ‘W) 86°€ ‘(HY ‘w) 0G°¢- 81°€ ‘(HOL ‘Wi+s) :
S8e8dS - o (IKyyeowolg)
COZ0Q8 ‘(He ‘W) £90 (Hg ‘W) 0v'0 ‘¢ (ZHW 00€ ‘O%Q) HAN-H,
= p=
S Y. pa
Q-_.=°
,° Z O
53 530




-~0 o
N © o
9.
NO T w w
n .m)m
> glz
1 oMM =
,.Am - @0 ™
! o MM e ‘18 co_u‘m._mam._n_ jopnpold ‘|
vr., Coss B]0Uj00]
593
3 Z ! M 00L€
~Oow ‘e/ ‘LGB SOV
“o~ (W Logy 2/ ST | A (beg'}) o
' 3 Mo (HL's) gv'L 4/\/n\m//o opiweuoyins
B -zmul (HL w22y (HZ D 28 ‘(HL ‘w) 86°¢ ‘(HE 'S) $9°€ “(HL ‘W) aueylRN
s 8" 9ge-ve's ‘(He 's) §6'2 '(HB 'S) 08"} @ (ZHNOOE ‘0°C) HNNH (IAyreowoig-z)-N
L
3 o_ww = (IN) Z'6.4€ Z/W : SN
2 °uz3 '(H1 's) 08°2 "(HI ‘W) 86°5-18°G (HL 'P) 6€'S “(HI o S~ (bag) -
! (4
S0 eSS ‘P) 62°G ‘(He ‘'w) 0Ly ‘(HL ‘w) 88°¢ ‘(HE 's) 09°¢ "(HI ‘W) LG'¢ SOH epiwouq Ay
N L0
w - W= -pie (Hy ‘w) 8e'e-02°€ '(H6 'S) 22'L 2 (ZHINOOE ‘0%a) HNN-H,
I~
o3 mwm () €ePp Z/W : SINYT
—_
- "3o8 “(Hy ‘'w) 9Z°2 ‘(HZ ‘w) £0°2 e auszuaq oy
S ” i t (1 ] 4 3 £ 1] [} (1 . ] £
™5 Mo B (HL ‘w) ¥8'¥ ‘(HZ ‘W) 2¥'¥ “(HL ‘W) 06°€ “(HE 's) LL¢ ‘'(HL ‘w) (IAyyeowolg-z)
O O =~
s = $08 zg'¢ ‘(H9 ‘W) 0y'€-90°¢ ‘(H6 's) L'} 'Q (ZHIN 00€ ‘O%Q) HINN-H,
OZ&C%_ .
<+ _OS <
©6 .23
L NS85




=... N Md =Mco LO1 Lo =NLO OM~: cli GCG4COC 3: NEr .~

... OT- MLON NM= .: 0) EIt =0=c¢) =0CO <co(~-OMOO vi U
~1r MMWOB2/14281 1 4 : NM: ONLc~" Nco, wEr M=pPeriBor/oe425to 2 N
Nti w.~.zco_~NNM_N) d 1190 LOm" + =N+ " " + 3. ti M=
~vi g=u 2ti ., .. OM O OOON.,- OMMOEOO MCij=r dt E~t c
dr ... MEti ti M6 to M(c) MCy MOONdOOO00 3: coEMN E '" M
r'- Mr E" OO cr- .. W: z..lg%NOOt.:gi_ch__u)ZETV-ZZr,
MZu) Z00ZO U MN co eparation

(7S)-6-{2-[(tert-butoxycarbonyl)aminolethyl}-7-(methoxycarbonyl)-2-[2-(methylamino)-
2-oxoethvyl]-5-0x0-5,6,7,8-tetrahydroimidazo[1,5-clpyrimidin-2-ium bromide

O
H
N

/U\ y g‘*c CH
. N
H,C \”/\N 4\N N/\/ \{( ﬁ/ 3
0 2 0 0 CH
\——k/\( \CH3 3
Br

0
A mixture of the product from Preparation 48 (300mg, 0.89mmol) and 2-bromo-N-
methylacetamide (Heterocycles 1995, 47, 2427) (270mg, 1.78mmol) in acetonitrile
(7ml) was heated at 80°C for 72 hours. The cooled reaction was concentrated under
reduced pressure and the residue purified by column chromatography on silica gel
using an elution gradient of dichloromethane : methanol (95:5 to 90:10). The product
was triturated with ether to afford the title compound as a white solid, 380mg, 87%
yield.
"H-NMR (D,0, 300MHz) &: 1.30 (s, 9H), 2.71 (s, 3H), 3.23-3.47 (m, 5H), 3.60 (m,
1H), 3.68 (s, 3H), 3.97 (m, 1H), 4.77 (m, 1H), 5.00 (br s, 2H), 7.38 (s, 1H).
LRMS : m/z 410.4 (M")

Preparation 48
Methyl (7S)-6-{2-[(tert-butoxycarbonyl)aminolethyl}-5-0x0-5,6,7,8-
tetrahydroimidazo]1,5-c]pyrimidine-7-carboxylate

o)
o)
\CH3

NN o CH,
4 N/'[\O \([)]/Ha(?<CH3
_/

Carbonyldiimidazole (156mg, 0.959mmol) was added to a stirred solution of the
product from Preparation 16 (300mg, 0.959mmol) in N,N-dimethylformamide (5mt)

and the mixture was heated at 60-70°C for 17 hours. The solvent was removed by

evaporation under reduced pressure, the residue was dissolved in saturated
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aqueous sodium hydrogen carbonate solution and extracted with dichloromethane.
The combined organic extracts were dried (MgSO,), filtered and then concentrated
under reduced pressure. The residue was purified by column chromatography on

silica gel, eluting with dichloromethane:methanol (95:5), to afford the title compound
as a colourless oil, 210mg, 67% yield.

'H-NMR (D20, 300 MHz) &: 1.40 (s, 9H), 3.20-3.60 (m, 5H), 3.70 (s, 3H), 4.08 (m,
1H), 4.33 (m, 1H), 4.82 (br m, 1H), 6.80 (s, 1H), 8.13 (s, 1H).

LRMS : m/z 339 (MH")

[a]o = +39.2 (c 0.12, dichloromethane)

TLC : ethyl acetate:methanol (95:5) Rf = 0.79

Preparation 49
Ethyl (2E and 22)-3-(1-{[2-(trimethyisilylethoxy]methyl}-1H-imidazol-4-y)-2-[3-
(tritylamino)propyl]-2-propenoate

CH,
o/

zT
J
N
z

S/CHa

H,c—SK
CH,

The geometric isomers of the title compound were obtained in 32% and 38% yield
respectively, from the compound from Preparation 60, and the aldehyde from
Preparation 68, following a similar procedure to that described in Preparation 52.
Isomer 1, "H-NMR (CDCls, 300MHz) §: -0.02 (s, 9H), 0.90 (t, 2H), 1.28 (t, 3H), 1.78
(m, 2H); 2.18 (t, 2H), 2.40 (br s, 1H), 2.97 (t, 2H), 3.44 (t, 2H), 4.19 (g, 2H), 5.20 (s,
2H), 7.15-7.32 (m, 12H), 7.43 (d, 6H).

LRMS : m/z 596.5 (MH")
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and isomer 2, "H-NMR (CDCls, 300MHz) &: -0.01 (s, 9H), 0.90 (t, 2H), 1.28 (t, 3H),
1.72 (m, 2H), 2.19 (t, 2H), 2.46 (t, 2H), 3.47 (t, 2H), 4.22 (q, 2H), 5.22 (s, 2H), 6.70
(s, 1H), 7.18 (m, 3H), 7.24 (m, 6H), 7.45 (d, 6H), 7.55 (s, 1H), 7.79 (s, 1H).

LRMS : m/z 596.3 (MH")

Preparation 50

Ethyl (2E and 22)-3-(1-n-propyl-1H-imidazol-4-y)-2-[3-(tritylamino)propyl]-2-
propenoate

CH,
o/

zT
/
AN
z

A solution of the compound from Preparation 60 (5.9g, 11.3mmol) in tetrahydrofuran
(100ml) was added to an ice-cooled solution of sodium hydride (457mg, 60%
dispersion in mineral oil, 11.3mmol) in tetrahydrofuran (100ml), and the mixture
stirred for 45 minutes. A solution of the aldehyde from Preparation 66 (1.56g,
11.3mmol) in tetrahydrofuran (100ml) was then added. The reaction was then
allowed to warm to room temperature and stirred for 18 hours. The mixture was
diluted with agueous ammonium chloride solution, the layers separated, and the
aqueous phase extracted with ethyl acetate (3x). The combined organic extracts
were dried (MgSOy), filtered and concentrated under reduced pressure. The residue
was purified by column chromatography on silica gel, eluting with a solvent gradient
of ethyl acetate : pentane (40:60 to 60:40), to give the two geometric isomers of the
titte compound, 1.87g, 33% vyield (isomer 1):

'H-NMR (CDCls, 300MHz) &: 0.92 (t, 3H), 1.27 (t, 3H), 1.78 (m, 4H), 2.18 (t, 2H),
2.52 (br s, 1H), 2.96 (t, 2H), 3.82 (t, 2H), 4.18 (q, 2H), 7.10-7.28 (m, 12H), 7.42 (d,
6H).

LRMS : m/z 508.2 (MH")

and 2.40g, 42% yield (isomer 2):
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i nol et hyl wolp(iagishoxycar bonyl )-2-f 2-(nethylami no)- PCT/IB01/01425

2- oxoet hyl | - 5- oxo-5, 6, 7, 8-t et rahydr oi mydazof 1,5-clpyrim din-2-ium brom de
0O HHC NNCH3 H3BC N+ NN Y03 O=Y OCH3 CH3 Br~ O A mxture of the
product from Preparation 48 (300ng, 0.89mmmol) and 2-brono- N

met hyl acet ami

acet deﬁhHeteroc cles 1995, 41 2427% gﬁgo 1.78 I i .
acet oni trl'rl-ll\g\ﬂR(( Glam@Qo0 ; & 095 ébéH)ofl-ZZZ th _s%ﬂ}@npagﬁa-%@%f%}. was
chr omat oy Aty 0k AAPe B e g 1 216, 228, (G 2L BT R0 7 B 3P0t PRane

. met hangh, T9R:744 (d, BH) 7)76 etH)roduct was triturated with ether to
afford the title conpound,as a white solid, 380ng, 87% vyield. 1H NVR (D20,
300MHz) BRMSpmz508i4 (MH )71 (s, 3H), 3.23-3.47 (m 5H), 3.60 (m 1 H),
3.68 (s, 3H, 3.97 (m 1 H), 4.77 (m 1 H), 500 (br s, 2H), 7.38 (s, 1 H).
LRVS : mz 410.4 (M Preparation 48 Met hyl

(7S)-6-{2-f(tert-butoxycarbonyl) anPregazation $15- oxo-5, 6, 7, 8-

tetrahydr ?‘:itmIOI(%I%OJn%I EZ)%RXEILQHQ\}I&gft-ﬁl%gxrv%gr an%gmir(?o]Bquﬁ%—U -n-propyl-1H-

imidazol-4-vl)-2-propenoate
Hac/\\N
Q |

N
. O _~CHs
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H,C CH,

The geometric isomers of the title compound were obtained in 24% and 21% yield
respectively, from the compound of Preparation 59, and the aldehyde from
Preparation 66, following the procedure described in Preparation 52.

Isomer 1, "H-NMR (CDCls, 300MHz) &: 0.96 (t, 3H), 1.27 (t, 3H), 1.37-1.58 (m, 13H),
1.80 (m, 2H), 2.80 (m, 2H), 3.20 (m, 2H), 3.88 (t, 2H), 4.20 (q, 2H), 4.40 (s, 2H), 7.04
(s, 1H), 7.22 (m, 5H), 7.42 (s, 1H), 7.52 (s, 1H).

LRMS : m/z 470.3 (MH")

isomer 2, '"H-NMR (CDCls, 300MHz) &: 0.94 (t, 3H), 1.28 (t, 3H), 1.38-1.58 (m, 13H),
1.80 (m, 2H), 2.38 (m, 2H), 3.18 (m, 2H), 3.85 (t, 2H), 4.22 (q, 2H), 4.40 (br s, 2H),
6.70 (s, 1H), 7.23 (m, 5H), 7.40 (s, 1H), 7.75 (s, 1H).

LRMS : m/z 470.3 (MH")



N~NHCCH3 NOCH3 / OH3C N Carbonyldiimdazole (156ng, 0.959nmol)
was added to a stirred solution of the product fromPreparation 16 (300ny,
0. 959MmoIWOo bm1498N- di et hyl f ormam de (5nml) and t he m xt ur BCWaBD1lveSed at

60- 70C for 17 hours. The solvent was r ved by evaporation under reduced
pressure, the residue was dissolved in Saturated WO 02/ 14285 PCT/ 1B01/ 01425
119 aqueous sodi um hydrogen carbonate solution and extracted with

di chl oronet hane. The conbi ned organic extracts were dried (MyS04),
filtered and then concentrated un&&gié&&.gér pressure. The residue was

purified b t DGF ¢ O St H4-68 _o_ 1@l st ehia 0.

purtfied by EfiTBE Ghl {08y T iipld el 497218\t bfooy-2
colourless oil, 210ny, 67%yield. | 020, 300 MHz) 5: 1.40 (s, 9H),
3.20-3.60 (m 5H), 3.70 (s, 3H, 4.08 (m 1H, 433 (m 1H, 4.82 (br m
1 H, 6.80 (s, 1 H, 813 (s, 1 H. LRV : mMp339 ¢MH) [alD = +39.2 (c
0.12, dichloronethane) TLC : ethyl acetate thanol (95:5) Rf = 0.79
Preparation 49 Ethyl (2E and
2Z2)-3-(1-{[2-(trimethylsilyl , M dazol -4-vl)-2-[3-
§trity|am’no)propel]-z-prope : - NN N" O0ICH3 'sl H3C
CH3

A solution of the compound from Preparation 60 (1g, 2.6mmol) in tetrahydrofuran
(20ml) was added to an ice-cooled solution of sodium hydride (106mg, 60%
dispersion in mineral oil, 2.6mmol) in tetrahydrofuran (20ml), and the solution stirred
for 45 minutes. The aldehyde from Preparation 67 (400mg, 2.6mmol) in
tetrahydrofuran (10ml) was then added, and the reaction stirred at room temperature
for 18 hours. The reaction was quenched by the addition of aqueous ammonium
chlcride solution and the mixture extracted with ethyl acetate (2x). The combined
organic extracts were dried (NaxSO,), filtered, and concentrated under reduced
pressure. The residue was dissolved in toluene, adsorbed onto silica, and purified by
column chromatography on silica gel, eluting with a solvenf gradient of ethyl acetate :
pentane (20:80 to 40:60), to give the two geometric isomers of the title compound,
390mg, 29% yield (isomer 1):

'H-NMR (CDCls, 300MHz) &: 0.94 (t, 3H), 1.28 (m, 5H), 1.76 (m, 4H), 2.18 (t, 2H),
2.55 (br s, 1H), 2.97 (t, 2H), 3.84 (t, 2H), 4.17 (q, 2H), 7.09-7.30 (m, 12H), 7.42 (d,
6H).

LRMS : m/z 522 (MH")

and 400mg, 30% yield (isomer 2):

'H-NMR (CDClz, 300MHz) &: 0.94 (t, 3H), 1.30 (m, 5H), 1.76 (m, 4H), 2.19 (t, 2H),
2.45 (1, 2H), 3.92 (t, 2H), 4.22 (q, 2H), 6.76 (s, 1H), 7.18 (m, 3H), 7.24 (m, 7H), 7.46
(d, 6H), 7.75 (s, 1H).

LRMS : m/z 523.1 (M+2H)"



The geonetric isoners of the title conpound were obtained in 32% and 38%
yield respectively, fromthe conpound from Preparation 60, and the

al dehyde wo om428% epar ati on 68, following a simlar procedP€®IRQ/O1424L
described in Preparation 52. |soner 1424lH-NVR (CDC13, 300MHz) 5: -0.02 (s,
9H), 0.90 (t, 2H), 1.28 (t, 3H), 1.78 (m 2H), 2.18 (t, 2H), 2.40 (br s,
1H, 2.97 (t, 2H), 3.44 (t, 2H, 4.19 (q, 2H), 5.20 (s, 2H), 7.15-7.32 (m
12H), 7.43 (d, 6H). LRM5 : mz S@M 02/ 14285 PCT/ 1B01/ 01425 120
and isomer 2, 1H NWMR (CDCl 3, 300 =0 (s, 9H), 0.90 (t, 2H), 1.28
(t, 3H, 1.72 femB -29x613-(#r)-prodyR HH{iinid
2H), 5.22 (s, , 6. S, ), /.1 m 3H), 7.24 (m 6H), 7.45 (d,
6H), 7.55 (s, 1 H), 7.79 (s, 1 er atbex\lateos. 3 (MH+) Preparation 50
Ethyl (2E and 227)-3-(1-ngpropyl-1

H i m dazol -4-yl)-2-f3-(tr \zl\g;ino)propyll-z- propencate 0 __ /CH3 0 HN

, 4.22 (q,

IN N H3C A solution of th onpound from Preparation 60 (5.9qg, 11.3muol)
in tetrahydrofuran (100n) waj_added t

i ce-cool ed sol ution of sodium

hydride (457ng, 60% di spersi i mn pi |, 11.3mmol) in
tetrahydrofuran (100m ), and tN\ye ug xt ' ocHd5 mnutes. A

sol ution of the al dehyde from Piepa ' . ) 1. 3mol ) in
tetrahydrofuran (100m) was then added. T was then allowed to
warmto roomtenperature and stirred for "18 hours. e mxture was diluted
w th aqugo J U ori.de. L : Y/ rat.e t
aqucous. Sn ot e U b RrRBIICRPamidt? I EIBSGRAIEC L2, | 1.

ext r act s43.8/1reol =R adiiB&Qbpwidd tenecbaled (18 néalaticr ofitdebutyd R+ord-1-
pressure. The residue was purified by colum chromat ogra%ohy on silica gel,
el uti ng piperidinesarbpxytater &lii &pg. Chemi. 1983, 48, 2424) 78.7g,” 43.5mmol) in

tetrahydrofuran (120ml) and, once addition was complete, the solution was allowed
to warm to 0°C, and stirred for an hour. The solution was re-cooled to -78°C, a
solution of the aldehyde from Preparation 66 (4g, 28.9mmol) in tetrahydrofuran
(40ml) was added, and the reaction was then allowed to warm to room temperature.
The reaction mixture was stirred for 18 hours and then partitioned between water
and ethyl acetate. The phases were separated and the organic phase was dried
(MgSO0,), filtered, and concentrated under reduced pressure. The residue was
purified by column chromatography on silica gel, eluting with dichloromethane
methanol (95:5), to give the title compound as a single geometric isomer, 4g, 43%
yield.

'H-NMR (CDCls, 300MHz) &: 0.89 (t, 3H), 1.50 (s, 9H), 1.78 (m, 2H), 1.86 (m, 2H),
3.00 (m, 2H), 3.70 (1, 2H), 3.85 (t, 2H), 7.07 (s, 1H), 7.46 (s, 1H), 7.62 (s, 1H).

LRMS : m/z 320.3 (MH")

Alternative method of synthesis for title compound in Preparation 53

The compound from Preparation 99 (76.5g, 227mmol) was dissolved in
dichloromethane (300ml), the solution was cooled to 0°C, and triethylamine (57g,
560mmol) was added. Methanesulphonyl chloride (23.7g, 207mmol) in
dichloromethane (15ml) was then added slowly to the stirred solution over 0.5 hours

whilst maintaining the reaction temperature between 0-5°C. The reaction was then



of ethyl acetate : pentane (40:60 to 60:40), to give the two geonetric

I soners of the title conpound, 1.87g, 33%yield (isonmer 1): IH NWR (CDCl 3,
300MHz) 8&oOO02928it, 3H), 1.27 (t, 3H), 1.78 (m 4H), 2.18r(T/B@M425 2. 52
(br s, 1H), 2.96 (t, 2H), 3.82 (t, 2H424.18 (q, 2H), 7.10-7.28 (m 12H),
7.42 (d, 6H). LRM5 : nmz 508.2 (M#) and 2.40g, 42%yield (isonmer 2): WO
02/ 14285 PCT/ 1801/01425 121 1H NWR (CDClI 3, 300MHz) 8: 0.95 (t, 3H), 1. 27
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Preparation 52. Isomer 1, 1H NWMR (CDCI 3, 300MHz) S: 0.96 (t, 3H), 1.27 (t,
3H), 1. 38%Yedd(m 13H), 1.80 (m 2H), 2.80 (m 2H) 3.20 (m 2H), 3.88
(t, 2H, 4.20 (q, 2H), 4.40 (s, 2H), 7.04 (s, 1 H, 7.22 (m 5H), 7.42 (s,
1 H, 7.52 (s, 1L H. LRVS : mz 470.3 (M#+) Isomer 2, 1H NMR (CDCl 3,
300MHz) S: 0.94 (t, 3H), 1.28 (t, RidpardtidB54.58 (m 13H), 1.80 (m 2H),

2.38 (m 2t|_|)r1‘-ButviL?3l:L or 3%-@0 (? ?(4-n-brop|§% 1-{?2 %tzrlngecihvls]_\?liethoxvqmgﬁ'\vl} 1H
imidazol-2-y)methylenel-1-piperidinecarboxylate or
tert-Butyl (3E or 37)-2-0x0-3-[(5-n-propyl-1-{[2-(trimethylsilyl)ethoxylmethyl}-1H-
imidazol-2-yl)methylenel-1-piperidinecarboxylate

H,C
N OQ(CH3
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The title compound was obtained as a single stereoisomer in 10% yield from the
aldehydes from Preparation 69 and 70, and ferf-butyl 2-oxo-1-piperidinecarboxylate
(J. Org. Chem. 1983, 48, 2424), following a similar procedure to that described in
Preparation 53, except hexane : ether (50:50) was used as the column eluant.
'H-NMR (CDCls;, 300MHz) §: -0.03 (s, 9H), 0.88 (t, 2H), 0.98 (t, 3H), 1.56 (s, 9H),
1.66 (m, 2H), 1.92 (m, 2H), 2.58 (t, 2H), 3.22 (m, 2H), 3.48 (t, 2H), 3.77 (m, 2H), 5.30
(s, 2H), 6.80 (s, 1H), 7.73 (s, 1H).

LRMS : m/z 450.6 (MH")



6.70 (s, 1 H, 7.23 (m 5H), 7.40 (s, 1 H, 7.75 (s, 1 H. LRMS : niz 470.3
(MH+) WO 02/ 14285 PCT/1B01/01425 122 Preparation 52 Ethyl (2E and 2Z7)-3-(l
- n- but yl Mo be/14288lazol - 4-yl )-2-13-(trityl am no) propyl | -2- peopeEnoa?s o/
30 HNN / NHC Asolution of t conmpound from Preparation 60 (1g,
2.6mmol ) in tetrahydrofuran (20nl) was added to an ice-cool ed sol ution of
sodi um hydri de (106ng, 60% dispersion in mneral oil, 2.6mvl) in

tetrahydrofuran (20nl), and the solution stirred for 45 m nutes. The
al dehyde from Preparation 67 (400@2[%@&@55) in tetrahydrofuran (1 On)

was t hen added, andMé} 10D id-B! qzﬂ, flidaL88.41 Labse for 18 hours.
The reaction was qumﬁ%ﬁ%%ﬁ%m chl ori de

solution and the m xture extracted w thNefgl acetate (2x). The conbi ned
I

organi c extracts were dried (Na2SO4), f ed, and concentrated under
reduced pressure. The residue was di d in toluene, adsorbed onto
silica, and purified by colum chronatography on silica gel, eluting with
a solvent gradient of ethyl acetate L _pegotane (20:80 to 40:60), to give
the two geonetric isoners of theHNtle)fonpdiad, 390ny, 29%yield (isoner
1): "HNWR (CDCl 3, 300MHz) 8: 0.94 (t, BH), 1.28 (m 5H), 1.76 (m 4H),
2.18(t 2H), 2.55 (br s, 1 H, 2.97 (1, 2H), 3.84 (t, 2H), 4.17 (q, 2H,
7.09- Wmlmuré?&ﬂ)thdalﬂéné from Plrbparafd® 57 (366@@212MH16I) and ‘I@)@rﬁallaaﬁ%
yleld(lsorrer 2): NVR (CDCl 3, 300MHz) 8: 0.94 (t 8%

.76 ( momel)arczall(}iO@mg) ipHpethanol (8mi) was hydrogenated at 3 5 atm and 50°C for 18

hours. The cooled mixture was filtered through Arbocel™, washing through with

methanol, and the filtrate concentrated under reduced pressure to afford the fitle
compound, 200mg, 98% yield.

'H-NMR (CDsOD, 400MHz) &: 3.85 (d, 2H), 3.80 (s, 3H), 4.60 (t, 1H), 7.55 (s, 2H).
LRMS : m/z 170.3 (MH")

Preparation 56
Methyi (2S)-2-amino-3-(1-{[2-(trimethyisilyl)ethoxy]methyl}-1H-imidazol-2-
yhpropanoate

I
_CH,
O/\/Sl\

k CH,
TN\
3
N
0
H,N ~cH,

0

The product from Preparation 58 (950mg, 2.40mmol) was treated with aqueous
hydrochloric acid (48ml, 0.25N HCI, 12.0mmol) and the resultant mixture was stirred
at room temperature for 2 hours. The reaction was then basified with 0.88 ammonia
to pH=9 and extracted with ethyl acetate (2x). The combined organic extracts were
dried (Na,SQ,), fitered, and then concentrated under reduced pressure. The
residue was purified by column chromatography on silica gel eluting with ethyl
acetate : methanol : 0.88 ammonia (95:5:0.5) to give the title compound, 600mg,
83% yield.



2.45 (t, 2H), 3.92 (t, 2H), 4.22 (q, 2H), 6.76 (s, 1H, 7.18 (m 3H), 7.24
(m 7H), 7.46 (d, 6H), 7.75 (s, 1 H. LRV : mz 523.1 (Mt2H) + WO 02/ 14285
PCT/ 1B0O1MQ 425428323 Preparation 53 tert-Butyl (3E)-2-oxo-Bet/Igoaom2sr opyl -1
H i mi dazol - 4-yl ) net hyl ene] - 1- pi peridi%arboxylate H3C IN H3C Y OCH3 N
~ OOCH3 Asolution of lithiumbis(trinethylsilyl)amde in tetrahydrofuran
(43.5nmL, 1M 43.5mvl) was added dropwi se to a cooled (-78C) solution of

-b | 2- -1- pi i di b | J. Ch 983 . 2424
AR e R T DN P AT N

| et | Yt t [ f hour .
Te sol t 81 AR Y2108, PR £05 WEdy, 828008, 26) e i Gt Fhom "
Pr epar atliRMSE6m(z300.28 MOl ) in tetrahydrofuran (40nml) was added, and the

reaction was then allowed to warmto roomtenperature. The reaction
m xture was stirred for 18 hours and then partitioned between water and

ethyl acetate. The phases were se%%imthe organi ¢ phase was dried
er

(MgS™), filtered, and concentrat educed pressure. The residue was

purified bMetby(@Z)hf] henzvloxaicarbanyllaimingla3-gét-imidarol-Reyiidropenoate

di chl oronet hane : nethanol (95:5), to give the title conpound as a single
WZ/Z”“lﬁz

geonetric isonmer, 4g, 43% vyield. (CDCI 3, 300MHz) b: 0.89 (t, 3H),
1.50 (s, 9H), 1.78 (m 2H), 1.86 ( , 3.00 (m 2H), 3.70 (t, 2H), 3.85
(t, 2H), 7.07 (s, 1H), 7.46 (s, 1H), N“b62(Ss, 1H. LRVs : mlz 320.3 (M#H)
Al ternative nmethod of synthesis for title| onpound in Preparation 53 The
conpound from Preparation 99 (76.5g, ZZHKl CI-(Iji ssolved in

Aot
O

A mixture of methyl 2-{[(benzyloxy)carbonyllamino}-3-(dimethoxyphosphoryl)-

propanoate (1g, 30mmol) in tetrahydrofuran (7mil) was stirred at -40°C and
tetramethylguanidine (380mg, 33mmol) was added. The reaction mixture was stirred
at -40°C for 20 minutes and then imidazole-2-carboxaldehyde (317mg, 33mmol) was
added. The reaction was then allowed to warm to room temperature and was stirred
at room temperature for 18h. The solvent was then removed by evaporation under
reduced pressure and the residue dissolved in ethyl acetate and washed with water
and then brine. The organic phase was then dried (MgSOQ,), filtered, and then
concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel, eluting with a solvent gradient of ethyl acetate :
pentane (30:70 to 80:20), to give the title compound, 366mg, 40% yield.

'H-NMR (CDCls, 300MHz) §: 3.77 (s, 3H), 5.17 (s, 2H), 6.44 (s, 1H), 7.10 (br s, 2H),
7.35 (m, 5H), 10.2 (br s, 1H).

LRMS : m/z 301.9 (MH")



di chl oro' met hane (300m ), the solution was cooled to OC, and triethyl am ne
(579, 560mmol) was added. Met hanesul phonyl chloride (23.7g, 207mmol) in
di chl orome0 hzanesy 1 5m ) was then added slowy to the stirpPediBulom250n over
0.5 hours whilst maintaining the reacf]'%ﬁn t enperature between 0-5C. The
reacti on was then WO 02/14285 PCT/ 1B01 425 124 allowed to warmto room
tenperature and was stirred for 3 hours. The reaction m xture was then
guenched into water (315m ) and the organi c_phase separated. The aqueous
phase was then extracted with di chEEﬁRﬂﬁﬂfﬁQ[hﬁg (1x50m ) and the conbi ned

or gani ¢ ext I trated
under redu Z1E5R) 9956 PS M él].:{l U%wy!isﬂgfg&ﬂogglﬁinetﬁﬁggfpo 88%
yield. Preparation 54 tehidBady2-y()itetioyi]-25)diRydropyiazine

, [ (4-n-propyl -1-{[2-(trinethylsilyl)ethoxy]methyl}-1 H

i m dazol -2-yl ) met hyl enel -1 pi peridi necarboxyl ate or tert-Butyl (3E or

3Z) - 2- oxo- 3-[ (5-n- propel - 1- d..l 2-(tri n@ﬁhyl silyl)ethoxvl nethyl}-1H

i m dazol - 2-yl ) net hyl enel - 1- p| peri di netcar boxylate H3C CH H3C 3 N Y03 CH H

3 CS1\,-\ j CH 3 p/ CIQ SN ound was obtained as a single
stereoi sonmer in 10%yi el fro ﬁ es from Preparatlon 69 and 70,
b

and te-t--butyl 2-oxo0-1-piperikdin e (J 3 OrgH3 Chem 1983, 48,
2424), following a simlar @roc ot at descrl d‘?"l_q Preparation 53,
except hexane : ether (50: was used as ant. 1H NWR (CDCl 3,
300MHz) 8: -0.03 (s, 9H), 0.88 (t, 0. 98°t 3H) 1.56 (s, 9H), 1.66
(m 2H), 1.92 (m 2H), 2.58 (t, 2H) 322(m 2H) 3.48 (t, 2H), 3.77 (m
2H), 5.30 (s, 2H), 6.80 (s, 1 H), 7.73 (s, 1 H. LRMs: nlz 450.6 (M) WO
02/ 14285A RGutib0df (R}-25isopipyl-3,6-dimethoxy-2, 5-dihydropyrazine (111mg, 0.60mmol)

in tetrahydrofuran (2.5ml) was cooled to —78°C and treated with n-butyl lithium
(0.388ml, 1.6M in hexanes, 0.62mmol). The reaction was stirred at -78°C for 45
minutes and the organic solution from Preparation 73 was added. The reaction was
then allowed to warm to room temperature and was stirred for a further 18 hours.
The reaction was then quenched by the addition of methanol and then the solvent
was removed by evaporation under reduced pressure. The residue was diluted with
water and ethyl acetate. The layers were separated and the aqueous phase was
extracted with further ethyl acetate (2x). The combined organic extracts were then
dried (Na;SOq), filtered, and then concentrated under reduced pressure. The
residue was purified by column chromatography on silica gel, eluting with a solvent
gradient of ethyl acetate : hexane (50:50 to 100:0), to give the title compound, 40mg,
17% yield.

'H-NMR (CDCls, 400MHz) 8: -0.03 (s, 9H), 0.65 (d, 3H), 0.84 (t, 2H), 1.00 (d, 3H),
2.16 (m, 1H), 3.03 (dd, 1H), 3.39 (dd, 1H), 3.44 (t, 2H), 3.58 (s, 3H), 3.71 (s, 3H),
3.77 (m, 1H), 4.39 (m, 1H), 5.29 (dd, 2H), 6.90 (s, 1H), 6.95 (s, 1H).

LRMS : m/z 394.8 (MH")



Preparation 55 Methyl (2RS)-2-am no-3-(1 Himdazol-2-yl)propanoate HNC N
O H2N --CH3 0 A mxture of the al kene from Preparation 57 (366ng, 12nmol)
and 10% pedbadizesn on charcoal (50ng) in nethanol (8m ) weeT/BwWrogsnat ed at
3.5 atmand 50C for 18 hours. The cookeg mi xture was filtered through
Arbocel TM washing through with nethanol, and the filtrate concentrated
under reduced pressure to afford the title conpound, 200ng, 98% yi el d.

"HNVR (CD3OD, 400Mz) S: 3.65 (d, 2 o(S. 3H, 4.60 (t, 1H), 7.55
(s, 2H. LRVS: niz 170.3 (M) PE@%—Q—?—?—%B—SG Methyl
(29) - 2-ang : ] AoiaRRixaoate

yl ) propanoat e y e product
Preparation 58 (950ny, 2.40mvl) was treated witKHaqueous hydrochloric
acid (48nl, 0.25N HCl, 12. Omvol) and the resultaht m xture was stirred at
roomtenperature for 2 hours. The reaction wap then basified with 0.88
anmonia to pH=9, and extracted with ethyb-—aget pe\( X). The conbi ned

rom

organic extracts were dried (Na2SO4), filterled, *hen concentrated
under reduced pressure. N3 esi WS’F’:urm chr omat ogr aphy
on silica gel eluting hyl | acetate : netfhanol : 0.88 ammoni a
(95:5:0.5) to give the e COo und, 600ngy, O
o]
H,C CH,

Triethyl phosphonoacetate (2.6ml, 12.9mmol) was added to a solution of sodium
hydride (576rﬁg, 14.2mmol) in tetrahydrofuran (75ml), and the solution stirred at
room temperature for 30 minutes. A solution of the iodide from Preparation 64 (5.0g,
12.9mmol) in tetrahydrofuran (10ml), and 18-crown-6 (40mg) were added, and the
reaction heated under reflux for 18 hours. Aqueous ammonium chloride solution was
added to the cooled reaction, and the mixture extracted with ethyl acetate (2x). The
combined organic extracts were dried (MgSOQ,), filtered, and concentrated under
reduced pressure to give a yellow oil. The crude product was purified by column
chromatography on silica gel, eluting with a solvent gradient of ethyl acetate :
pentane (40:60 to 100:0), to give the title compound, 2.69g, 49% yield.

'"H-NMR (CDCls, 300MHz) &: 1.21-1.37 (m, 9H), 1.38-1.58 (m, 13H), 1.80 (m, 1H),
1.96 (m, 1H), 2.80-2.98 (m, 1H), 3.05-3.25 (m, 2H), 4.16-4.24 (m, 6H), 4.40 (s, 2H),
7.18-7.37 (m, 5H).



83% yield. WD 02/14285 PCT/ 1B01/01425 126 1 H NWR (CDCI 3, 300MHz) b: -0.03
(s, 9H, 0.90 (t, 2H), 3.00 (dd, 1 H), 3.20 (dd, 1 H), 3.48 (t, 2H), 3.71
(s, 3H, wo0s1428§ 1 H), 5.23 (dd, 2H), 6.92 (s, 1 H), 6.9FCT(ABO1D14p. LRVS
: mz 300.2 (MH) Preparation 57 I\/bthy
(22)-2-f((benzyl oxy) car bonyl | am no} - 3- (%H—I m dazol - 2-yl)-2-propenoate H N
NO HNCH3 00 OA mxture of nethyl

2-{[ (benzyl oxy) car bonyl ] am no} - 3-(gi nmet h_oxyghosphoryl )- propanoate (1g,
30mmol ) in tetrahydrofuran (7ml) fi at -40C and

Stirrod At - docHi R o A B e (317
stirred at -40C 2 icthBR oty Hﬁné gﬁ dorg{";‘hte:’gzlnehyde (317ny,
33mmol ) was added. The reaction was then acg to warmto room
tenperature and was stirred at roomt re for 18h. The sol vent was
t hen renoved by evaporation under reduce @S@Urca-l and the residue

di ssolved in ethyl acetate”and, washed wit ter/\acmi then brine. The
organi ¢ phase was then dri S(ﬁ4) i tere‘d and then concentrated
under reduced pressure. The guie Was purlf‘?ed by col umm chr omat ogr aphy
on silica gel, eluting wt 6Nvent gradient of ethyl acetate pentane
(30:70 to 80: 20) to give i tpexonpound, 366ng, 40%yvyield. 1 H NWR
(CDCI 3, 300vHz) 8: 3.77 ( (s, 2H) 6.44 (s, 1 H), 7.10 (br s,
2H), 7.35 (m 5H), 10.2 ( e LRVMS : niz 301.9 (M—I+) WD 02/ 14285
PCT/ 1B01/ 01425 127 Preparati on 58 (2R, 5R)-2-1sopropyl -

6- di met hhey tiffe [compdudd( ek rprepaitedt iny84 %t yieklyfrort thd bfdmlde from Preparation
62, following a similar procedure to that described in Preparation 59.
'H-NMR (CDCls, 400MHz) &: 1.28 (m, 11H), 1.84-2.02 (m, 2H), 2.15 (t, 2H), 2.93 (m,
1H), 4.17 (m, 6H), 7.18 (m, 3H), 7.24 (m, 6H), 7.44 (d, 6H).
LRMS : m/z 524.4 (MH")

pr

Preparation 61
Methvl (2R)-2-chloro-3-(1H-imidazol-4-yl)propanoate

0
c./\[]/O\CHa

0

A cold solution of sodium nitrite (2.63g, 38mmol) in water (5ml) was added dropwise
to a stirred suspension of D-histidine (2g, 11.5mmol) in concentrated hydrochloric
acid (30ml) at -5°C. The mixture was stirred at 0°C for 1 hour and then at room
temperature for 17 hours. The mixture was cooled and basified with aqueous
ammonium hydroxide solution (2N) until pH = 4-5. The solvent was then removed by
evaporation under reduced pressure to afford (2R)-2-chloro-3-(1H-imidazol-4-

yl)propanoic acid.

"H-NMR (D0, 300 MHz) 5: 3.25 (m, 2H), 4.45 (t, 1H), 7.12 (s, 1H), 8.15 (s, 1H).
LRMS : m/z 175.0 (MH")
[a]p=+13.51 (¢ 0.093, methanol)



i m dazol -2-yl)methyl | -2, 5-di hydropyrazine CH3 CH3 N O HH3 CCH3 ONN
SI~"CH3 CH3 OA solution of

(2R) - 2- | YopoDP2Bs 3, 6- di net hoxy- 2, 5- di hydr opyr azi ne (111ngPCOIEAemS) in
tetrahydrofuran (2.5nml) was cooled to ;48C and treated with n-butyl lithium
(0.388nl, 1.6Min hexanes, 0.62mmol). e reaction was stirred at -78C for
45 mnutes and the organic solution from Preparation 73 was added. The
reaction was then allowed to warmto roomtenperature and was stirred for
a further 18 hours. The reaction was then quenched by the addition of

met hanol d
pressure. @ﬁgéﬁ%@{oﬁ Q/aé\/@g %B@d fl’ﬁﬁﬂdﬁ%@éﬁ%ﬁ@%@é&ﬁ(@ﬂ ) (lra'g _?’éyers
wer e separtinsidazsict-yheropaneinacighinsaetiasol mmacate@o@vmmzo Uﬁlnhws ahthythe
acetate (2x). The conbi ned organic extracts were then _dried (Na2SO4
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pressure to afford the title compound as an oil, 350mg, 14% yield.

2

'H-NMR (CDCls, 300 MHz) &: 3.20 (dd, 1H), 3.37 (dd, 1H), 3.75 (s, 3H), 4.59 (m, 1H),
6.90 (s, 1H), 7.57 (s, 1H).

LRMS : m/z 189.0 (MH")

[o]p =+2.13 (c 0.16, methanol)

Preparation 62

N-(3-bromopropyh-N-tritylamine

O )
H\/\/
N

Triphenylphosphine (121g, O.46mol) was added portionwise to an ice-cooled solution
of the alcohol from Preparation 63 (139g, 0.44mol) and carbon tetrabromide (153g,
0.46mol) in dichloromethane (1360ml) and, once addition was complete, the reaction
was stirred at room temperature for 48 hours. The reaction was diluted with water,
the layers separated, and the aqueous phase extracted with dichloromethane (2x).
The combined organic extracts were dried (Na,SO,), filtered, and concentrated
under reduced pressure. The crude product was purified by column chromatography
on silica gel, eluting with a solvent gradient of hexane : ethyl acetate (99:1 to 95:5),
to afford the title compound, 81.5g, 49% yield.



OP-- CCH3 NO'/CH3 OOCH3 HCCH 3 3 Triethyl phosphonoacetate (2.6n,
12. 9ol ) was added to a solution of sodium hydride (576ng, 14.2mvol) in
tetrahydmod oz/an8f 75n ), and the solution stirred at roonPCEMpanat2are for
30 minutes. A solution of the iodide fygpm Preparation 64 (5.0g, 12.9mmol)
in tetrahydrofuran (10m ), and 18-crown-6 (40ng) were added, and the

reacti on heated under reflux for 18 hours. Agueous amoni um chl ori de

o ST TR, MR B G 27 o B e

filtered; C rat under reduced pressure to give a yellow oil.
The cru?ézgpgdgg?’ -’\i/gfg (gmgﬁ ied by colum chromatography on silica gel,

eluting with a solvent gradient of ethyl acetate pentane (40:60 to 100:0),
to give the title conpound, 2.69g,Prépdwationl@®3 1H NVR (CDCl3, 300MHz) 8:
1.21-1.37 (m 9H), 1.38-1.58 (m 13H).,. 1,80 (m 1t), 1.96 (m 11-1),
2.80-2.98 (m 1H), 3.05-3.2%@@%@%&0, 4.40 (s, 2H),
7.18-7.37 (m 5H). WD 02/ 14285 PCJT/ 1B01/01425 129 Preparation 60 Ethyl
(2RS)-2-(d iet hoxyphosphoryl)- ¥y tyl ami no) p anoate o--_/CH3 OCH3 P -
/ CH3 O098- T he title conpg sﬂ repared in 34%yield fromthe

brom de from Preparation 62, ft©o Mg a simlar procedure to that
described in Preparation 59. 1HAN &DCl 3, 400MHz) 8: 1.28 (m 11H),
1.84-2.02 (m 2H), 2.15 (t, 2 1 H, 4.17 (m 6H), 7.18 (m
3H), 7.24 (m 6H), 7.44 (d, 6H)

A mixture of 3-amino-1-propanol (51ml, 0.66mol), chlorotriphenylmethane (184g,
0.66mol) and triethylamine (92ml, 0.66mol) in dichioromethane (1000ml) was stirred
at room temperature for 18 hours. The reaction mixture was diluted with water and
the layers separated. The aqueous phase was extracted with further
dichloromethane (2x) and the combined organic extracts were dried (NaxSOy),
filtered, and concentrated under reduced pressure. The residue was triturated well
with diisopropyl ether, and the resuliing solid was filtered and dried. This solid was
then triturated with methanol, the suspension filtered, and the filtrate concentrated
under reduced pressure, to give the title compound as a white solid, 139.1g, 66%
yield.

'H-NMR (CDCls, 300MHz) &: 1.70 (m, 2H), 2.38 (t, 2H), 3.86 (t, 2H), 7.19 (m, 3H),
7.25 (m, 6H), 7.42 (d, 6H).

LRMS : m/z 318.4 (MH")

Preparation 64

tert-Butyl benzyl (4-iodobutyl)carbamate

©/O\J\/O\/\/'

g

H,GC CH,




LRVS : mz 524.4 (M#) Preparation 61 Methyl (2R)-2-chloro-3-(1

H i m dazol -4-yl )propanoate H NINC | | \CH3 O A cold solution of

sodi um niwo n/e1282. 63g, 38nmol) in water (5ml) was added dPOPWBEM14250 a
stirred suspension of D-histidine (2g, r%'lzl 5mmol ) in concentrated
hydrochloric acid (30m) at -5C. The mxture was stirred at OC for 1 hour
and then at room tenperature for 17 hours. The m xture was cool ed and

basified wth i um_hydr oxi d | ut i 2 til pH =.4-5. Th
Ty ent A bl B UanGR Mogy ERpaeion oo tor S8 abunop and spBms ioide 4
Oy ent ' oy e o ! !

52T 55 (e, foo ol i'addtond Yol RRR"bdieRClfiertrehXHBr 1 RourROTREE)
175. 0 é Mdoled eiahtie_n;m&tﬁm was @oﬁg@rlntraie? ledﬁr%remfm/pm,md ﬂmms](]}MQS
130 rogen c ride gas was bu e ou a stirre us sion O

n T aTicrian BebiSe ahaland WA, ish AL AES Saveralen-aril o garsous oc
for 20 ;I}]H%}ébel%x%@té&%itlﬁuéth%ﬂsﬁ% WRfbitdd " 6RANR HAURS WBRY ahsh edfied 17

hour s. e solvent was then renoved by evaporation under reduced pressure
and the (MNai80a) fikkariedycanwhoncenipatedetnder detdcetyressureataradiosd thediitien

bi carbonat e sol ution on. racted with dichloronethane (4x20ml).
The contfideRP aﬁ?cyegéf”r%fi:t@ng%re?}ﬂyleg (Na2SO™4), filtered, an((:I :
concent r'af § efhenndz s ess0U1%5 Fhe1193i dre N@QH),d?s.SgghV,Qﬂ-l)i, B.44 g hyl

RIREHCI,
et her and tﬂﬂe rwgsul{ant sol'uti on concentrated unéer reduce pressure to
afford t2d), 7i20-8.3(poelHY as an oil, 350ngy, 14%yield. 1 HNWR (CDCl 3, 300

Mz) 8: d .3.37 (dd, 1 H), 3.75 (s, 3H), 4.59 1H, 6.90
(s,)l mﬁ*@%ﬂ?&?@qmﬁ ?LRI\/B(: m z ;239.0 (M—IEr)S K (m 41

Preparation 65

tert-Butyl benzyl (4-chlorobutyl)carbamate

pe

H,C CH,

Tert-butyl benzylcarbamate (J. Org. Chem. 1993, 58, 56) (9.1g, 44mmol) was added
to a solution of sodium hydride (2.14g, 53mmol) in tetrahydrofuran (160ml), and the
solution stirred at room temperature for 20 minutes. 1-Bromo-4-chlorobutane
(5.07ml, 44mmol) was then added and the reaction heated under reflux for 18 hours.
The cooled reaction was quenched by the addition of aqueous ammonium chioride
solution, and the mixture extracted with ethyl acetate (2x). The combined organic
extracts were dried (Na;SO,), filtered, and concentrated under reduced pressure.
The crude product was purified by column chromatography on silica gel, eluting with
acetate:pentane (95:5), to afford the title compound as a clear oil, 6.1g, 47% yield.
'H-NMR (CDCls, 300MHz) &: 1.45 (s, 9H), 1.58-1.80 (m, 4H), 3.14-3.30 (m, 2H), 3.52
(t, 2H), 4.42 (s, 2H), 7.25 (m, 5H).

LRMS : m/z 298.0 (MH")



[a]D = +2.13 (c 0. 16, nethanol) Preparation 62

N- (3-bronmopropyl)-N-tritylamne Br N Triphenyl phosphine (121g, 0.46np1)
was addedv@or/1426hwi se to an ice-cool ed solution of the abPcomil/ofi426m
Preparation 63 (1399, 0.44nol) and carli) tetrabrom de (153g, 0.46nol) in
di chl oronet hane (1360nl) and, once addition was conplete, the reaction was
stirred at roomtenperature for 48 hours. The reaction was diluted with
water, the layers separated, and the aqueous phase extracted with

di chl oromet hane (2x). The conbi neldraRasaien-6@xtiracts were dried (Na2SO4),
filtered, and concentrat e]Qbroﬁgp-l?H—ifrﬁ@éﬁﬁ%@éﬁﬁé&ﬁl@ep}!&Lﬁ crude product was
purified by columm chro X ng with a sol vent
gradi ent of hexane : ethyl acetate (99:®9 to 95:5), to afford the title
conpound, 81.5g, 49%yvyield. WO 02/14285 l[|1801/01425 131 1H NMR ( CDC13i
300MHz) 8: 2.02 (m 2H), 2.28 (m 2 .58 (t, 2H), 7.19 (m 3H), 7.27
(m 6H), 7.46 (d, 6H). Preparation -Hydroxy-N-trityl-1-propanam ne CH
H A m xture of 3-am no-1-propanol (%1 , 0.66nol), chlorotriphenyl et hane
(184g, 0.66mol) and triethylam ne (9BM, 0.66n01) in dichloronethane
(1000mM ) was stirred at roomtenperatjure for 18 hours. The reaction

m xture was diluted with water and e |l ayers separated. The aqueous phase
was extracted with further dichiorpnethane (2x) and the conbi ned organic
extracts were dried (Na2SO4), filt@eked, and concentrated under reduced
pressure. The residue was triturated well wth diisopropyl ether, and the

resul t i nignidazelg-4wearboxpldehyde {389.dPi3dmolrmas added) PREloNWiR fo @ pelyfign &f
ith t , i i . od . A Y

Under 't cuiay BRI EOSb0R, spkEiE in Rkl . 44BN R AERahygfftan

139. 1g, @&%miY,iseldthe solution stirred for 45 minutes. n-Propyl bromide (31.2ml, 0.344mol)

was then added portionwise, followed by 18-crown-6 (150mg), and the reaction

heated under reflux for 18 hours. Aqueous ammonium chioride solution was added
to the cooled reaction, and the mixture extracted with ethyl acetate (2x) and
dichloromethane (2x). The combined organic extracts were dried (MgSO,), filtered,
and concentrated under reduced pressure. The crude product was purified by
column chromatography on silica gel, eluting with ethyl acetate : pentane (40:60), to
give the title compound, 20.2g, 47% yield.

'H-NMR (DMSO-ds, 400MHz) & : 0.80 (t, 3H), 1.76 (m, 2H), 3.98 (1, 2H), 7.84 (s, 1H),
8.04 (s, 1H), 9.70 (s, 1H).

LRMS : m/z 277.3 (2M+H)"

Preparation 67

1-n-Butyl-1H-imidazole-4-carboxaldehyde

H,C



1H- NWMR (CDCI 3i 300MHz) 8: 1.70 (m 2H), 2.38 (t, 2H), 3.86 (t, 2H), 7.19
(m 3H, 7.25 (m 6H), 7.42 (d, 6H. LRVM5 : mz 318.4 (MH) Preparation 64
tert-ButWwobsnzygs (4-iodobutyl)carbamate CIO N L L 0 CH3PCHBED1/014263 WO

02/ 14285 PCT/ 1B01/ 01425 132 A m xtur the chloride from Preparation 65
(9.3g, 31.3mmol) and sodiumiodide (14.9g, 100mml) in acetone (200mM) was
heat ed under reflux for 18 hours. The cooled reaction m xture was

trated d duced dth tit
ot her  aradazal-4-carBoKals ép&ﬁ“é@aﬁ&p@m&éﬁm oidRtise A SIuBst Phet od
Wi th Etgé%f rﬁh@/o‘?ﬂ@b4 BEANISpETS nam &lﬁ%?oﬁlhq‘%ﬁfrh&ijm &é{ﬁaﬁia%furan
an oncen at

filtere id under uce pressure to afford the tit
conpound186md), yaeldl ine solltior 8tiGgd feﬁ‘&Dynnmwles In-ButNroroabd: $15 390 NHidmsol)

1.40-1.65 2 3. 4,42 : 0-

(in 5t Wasmdded partigngiea oy owad b 18 cshveed (aniobadi thenAactdn Teated”

(4 Ch' Or yrle?l&ﬁrf&a%trﬁ)u@' Aqi}b&;@a%ohlaﬁw Gh%naéréolwwlvvd@,eaaaéd:% hiperat e
em 1993, m‘k%)e) mlml-tr’ 44mmol ) was added to a sol ution of

SOdI um tmmiedje reactiong, aﬁd; et rediiagtest umath (ebyhlpcetatel (B and

(5. o7 Cicnierorabe” BT TRRGERbIIES pBbartE SRS dnere MBSO, 1

hours. filtered, and concentrated under reduced pressure. The residue was purified by
column chromatography on silica gel, eluting with a solvent gradient of pentane :
ethyl acetate (50:50 to 25:75), to give the title compound, 4.45g, 28% yield.
'"H-NMR (CDCls, 300MHz) &: 0.97 (t, 3H), 1.37 (m, 2H), 1.80 (m, 2H), 4.00 (t, 2H),
7.55 (s, 1H), 7.62 (s, 1H), 9.88 (s, 1H).
LRMS : m/z 153.3 (MH")

Preparation 68

1-{[2-(TrimethylsilyDethoxy]lmethyl}-1H-imidazole-4-carboxaldehyde

/%(go
~—N
H.C o) \=N
3
\
Si—/—
/\
HC CH,

Imidazole-4-carboxaldehyde (1g, 10.4mmol) was added portionwise to a solution of
sodium hydride (463mg, 60% dispersion in mineral oil, 11.4mmol) in N,N-
dimethylformamide (15ml), and the solution stirred for 30 minutes at room
temperature. 2-(Trimethylsilyl)ethoxymethy! chloride (2.03ml, 11.4mmol) was added
and the reaction stirred at room temperature for 18 hours. The reaction was
quenched by the addition of aqueous ammonium chioride solution, and the mixture
extracted with ethyl acetaie (2x). The combined organic exiracts were dried
(NapS0,), filtered, and concentrated under reduced pressure. The residue was
purified by column chromatography on silica gel, eluting with methanol.ethyl acetate
(3:97), to give the title compound, 1.8g, 77% yield.



The cool ed reacti on was quenched by the addition of aqueous anmoni um
chloride solution, and the m xture extracted with ethyl acetate (2x). The
conbi ned vob gani28s extracts were dried (Na2SO4), filtered, Pa@nBuoonsnt rat ed
under reduced pressure. The crude pro t was purified by colum

chromat ography on silica gel, eluting with acetate:pentane (95:5), to
afford the titIe corrpound as a clear oil, 6.1g9, 47%yvyield. 1H NVWVR (CDC 3,
300MHz) 5. 95&5 58180F‘(ﬁgl 4H), 3.14-3.30 (m 2H), 3.52 I-(It’
2H), 4. 4h- NMRz( Cl:?, ki) §Hy0-ORRiwE OH)nPH2 68 2b1)( W33 (WBHI2b13% 65 2H),

R B D 1D, 1 o e

portionwi se to a solution of SOdI um hydride (13.9g, 60% di spersion in

mneral oil, 0.348nol) in tetrahydrofuran 450ml), and the sol ution
stirred for 45 mnutes. n-Pr opﬁ_ﬁﬁﬁﬂ%@_@%iiﬂ“ , 0.344nmpl1) was then added
POr 1 1ol S R PYRTD R ANt mBiiyh 1 Aide8Id SREhERIadifteed LD der

reflux for I8tours: geous anmionr urin cnl or T 0e utronm was added to the
cool ed reaction, and the m xture extraamed vvlth et hyl acetate (2x) and
di chl or onet hane , 0 s d HSA) ,
filtered, &4 B A 3 Le t was

purified by coI um ChHQj’TB.t ography on si I ica gel, el uti ng with et hyI
acetate : pentane (40: 65) give the title corrpound, 20.2g9, 47%yield. 1
H NVR ( DMSO- d6, 400MHz) 8: t, 3H, 1.76 (om, 2H), 3.98 (t, 2H), 7.84

(s, 1 H, 804 (s, 1 H, 9 1I—|)|. LRMS i/ rn/ .3(al\/HrH)+
Preparation 67 1-n-Butyl - i | €- 4- car boxe] d deh 0
C|:H N (l.‘.H N

Hac/Si\/\O) ’ Hsc/Si\\/\o) °
3 CHS

n-Butyl lithium (11.9mi, 1.6M in hexanes, 19.14mmol) was added dropwise to a
cooled (-40°C) solution of the imidazoles from Preparations 71 and 72 (4.6g,
19.14mmol) in tetrahydrofuran (75ml) and, once addition was complete, the resulting
red solution was stirred for 20 minutes. N, N-Dimethylformamide (1.36ml, 19.14mmol)
was added dropwise over 15 minutes, and the reaction then allowed to warm to room
temperature and stirred for 18 hours. The reaction was quenched by the addition of
aqueous ammonium chloride, extracted with ether and the combined organic
extracts were concentrated under reduced pressure. The crude product was purified
by column chromatography on silica gel, eluting with hexane:ethyl acetate (75:25), to
give the title compounds of Preparations 69 and 70 respectively in a 3:1
regioisomeric mixture, 3.4g, 66% vyield.
"H-NMR (CDCls, 300MHz) 8: -0.02 (s, 9H), 0.84-1.02 (m, 3H), 1.74 (m, 4H), 2.61 (m,
2H), 3.57 (m, 2H), 5.75 (s, 1.5H), 5.80 (s, 0.5H), 6.98 (s, 0.25H), 7.10 (s, 0.75H),
9.75 (s, 0.25H), 9.77 (s, 0.75H).
LRMS : m/z 269.0 (MH")



H (1, N H3C Y WD 02/14285 PCT/1B01/ 01425 134 | m dazol e-4-car boxal dehyde
(10g, 104mvol) was added portionwi se to a solution of sodium hydride
(4.56g, 60OwdiLgersion in mneral oil, 114nmmol) in tetrahpdrasouroages
(150nt), and the solution stirred for m nutes. n-Butyl brom de (15.7g,
114mmol) was added portionw se, followed by 18-crown-6 (50ng), and the
reaction heated wunder reflux for 18 hours. Aqueous ammoni um chl ori de

solution was added to the cooled reactiqn an he m xture extracted wth
ethyl acetate (2x) and dichl orﬂ@é@@&éﬁ@gﬁﬂ—i}ae conbi ned organic extracts
were then dried (W@@%%l-{-'éF?LQ;_irﬁgtq@iﬂlg@B%ﬁ difiyied HifiRbzERAUCEd
pressure. The res on silica gel,

eluting with a solvent gradi ent of penamghe et hyI acetate (50:50 to 25:75),
to give the title _conpound, 4. 45 _300MHz) 5:
0.97 (t, 3H), 1.32fRropYlr nle-gynel] . ‘ ; Z8€ (s, 1 H),

7.62 (s, 1 H, 9.88 (s, 1 H. LRI\/IS n12 153 3 (M—|+) Preparatlon 68
1-{f2-(Trinmethylsilyl)ethoxyl net hyI} 1 Himdazol e-4-carboxal dehyde H O N

\.-~ 1, N H\ _OS H3C | m dazol e- 4- car boxal dehyde (1g, 10.4mvol) was
added portionwi se to a soluti f sodium hydride (463ng, 60% di spersion
in mneral oil, 11.4mmol) in N N

solution stirred for 30 m nutes
2-(Trinmethylsilyl)et hoxyn&; hyl ch
3

'mrethylformarﬁ:'?iﬂe ( ), and the
r}}om t enper %

de (2. OB?rlri_ls, T2 ) was added

Hac/s\\a/\o) Hacxs'\c\Hs/\o)

A solution of the imidazole from Preparation 76 (4.9g, 44.6mmol) in tetrahydrofuran
(20ml) was added dropwise to a solution of sodium hydride (1.96g, 60% dispersion in
mineral oil, 49.1mmol) in tetrahydrofuran (20ml) and, once addition was complete,
the solution was stirred for an hour. The solution was cooled to 0°C and 2-
(trimethylsilyl)ethoxymethyl chloride (8.28mli, 46.8mmol) was added dropwise over 20
minutes. The reaction mixture was stirred at room temperature for 18 hours, then
concentrated under reduced pressure. The residue was partitioned between ether
and water, the layers separated, and the aqueous phase extracted with ether. The
combined organic extracts were washed with brine, dried (MgSOQ,), filtered, and
concentrated under reduced pressure. The residual brown oil was purified by column
chromatography on silica gel, eluting with dichloromethane : methanol (95:5), to
afford the title compounds of Preparation 71 and 72 respectively in a regioisomeric
mixture of 3:1, 7g, 65% yield.
'H-NMR (CDCls, 300MHz) &: 0.0 (s, 9H), 0.90 (m, 3H), 1.65 (m, 4H), 2.58 (m, 2H),
3.45 (m, 2H), 5.20 (s, 2H), 6.74 (s, 0.75H), 6.80 (s, 0.25H), 7.28 (s, 1H).
LRMS : m/z 241.1 (MH")



and the reaction stirred at roomtenperature for 18 hours. The reaction was
quenched by the addition of aqueous ammoni um chl oride solution, and the

m xture vesdrvapsed with ethyl acetate (2x). The conbi ned PET@MI1I®14L%t ract s
were dried (Na2sO4), filtered, and c ntrated under reduced pressure.
The residue was purified by colum chromatography on silica gel, eluting
wi th met hanol : ethyl acetate (3:97), to give the title conpound, 1.8g, 77%
yield. WO 02/ 14285 PCT/1B01/01425 135 1H (CDCl' 3, 300MHz) 8: -0.02 (s,
9H), 0.92 (t, 2H), 3.52 (t, 2H) aﬂ@g@@% 768(s 1H) 7.72 (s, 1
H, 9.92 (s, 1 &) | {

f2-(trimefihyls X ma T
5- Propel - 1-{[ 2- (trlmethyIsHyI)ethoxyI met %%q-l H-im

i dazol e- 2- car boxal dehvde HBCNCIW SCH3 N o O HO3CH3Co
CH3 CH3 n-Butyl lithium (11.9n, [1.6MTN hgxanes, 19.14mol) was added
dropwi se to a cooled (-40C solution of thé I m dazoles from Preparations
71 and 72 (4.6g9, 19.14mml) in tet rof uran (75nl) and, once addition

was conplete, the resulting red solml n was stirred for 20 m nutes.

and

N, N- Di et hyl f or mam de (1.36m, 19 ) was added dropw se over 15
m nutes, and the reaction then al ovved to warmto room tenperature and
stirred for 18 hours. The reacti di was quenched by the addition of aqueous

et orh S3LBEh 2 v AIABL ol Bb0Efa eyt PRREEbRog alrAiac
by col un@g ﬂhl) W&IMtéﬁhthme@hylammeg(@ 138 0L 9@mmdl Mtﬂhan&euifdmyl cldoritlat e
(75:25), he title conmpounds of Preparations 69 and é)f hour.
respecti (\(})60@1mln16?93nmol) was then added and the reaction mixture was stirred for 1
The reaction was then diluted with water and extracted with dichloromethane (2x).
The combined organic extracts were dried (Na;S0O,) and filtered. A small aliquot of
the resultant solution was concentrated under reduced pressure to provide a sample
of the title compound for characterisation. The remaining organic solution was
concenirated to a small volume (0.5ml) and diluted with tetrahydrofuran (5ml). This
organic solution was used directly in Preparation 58.
'H-NMR (CDCls, 400MHz) &: 0.00 (s, 9H), 0.94 (t, 2H), 3.52 (t, 2H), 4.72 (s, 2H), 5.37
(s, 2H), 7.01 (s, 2H).
LRMS : m/z 247 (MH")

Preparation 74

(1-{[2-(Trimethylsilyl)ethoxylmethyl}-1H-imidazol-2-yl)methanol
CH,

_CH,
N
( CH,

A solution of the aldehyde (2.3g, 10.2mmol) from Preparation 75 in methanol (30ml)
was cooled to —20°C. Sodium borohydride (462mg, 12.2mmol) was added
portionwise to the stirred solution and the reaction was allowed to warm to room

temperature over 1 hour. The reaction was quenched by the addition of agueous



regi oi soneric mxture, 3.4g, 66%yield. 'H NWR (CDCl 3, 300MHz) 8: -0.02 (s,
9H), 0.84-1.02 (m 3H), 1.74 (m 4H), 2.61 (m 2H), 3.57 (m 2H), 5.75 (s,
1.5H), 5wW00%/4289.5H), 6.98 (s, 0.25H), 7.10 (s, 0.75H), POT/ME1(03$4250. 25H),
9.77 (s, 0.75H). LRM5 : mz 269.0 (M—I+ 02/ 14285 PCT/ 1B01/ 01425 136
Preparations 71 and 72 4-n-Propel - ?% (trinmethylsilyl)ethoxyl nmethyl}-1
H i m dazole and 5-n- Propel 1- {12 (tr| rret hyI silyl) et hoxyl net hyI} 1

H d I H3C N CH3 N C CH3 CH3 A f

the. | m GRBBIORINT orFRTls SRILEAN 76N 108y oStk PP 1 BERaIRIRSISSE NIth
20mL

G spet | SEnPAIACEREnATS The bbbl tBaflt, SRcerTEs (4309 é“ﬁ%f@donce

addi t i onandisonoemirated, untére redhlced preseare i |g|veedhé ditleacompaund Hseasheigei on

was coole d 2- (trimethylsilyl)ethoxynethyl chloride (8.28nt,
46. 8mm|§°\?3a§ &%gg/ﬂ se over 20 mnutes. The reaction m xture was

stirred b@(]ﬁ Q C t reduced
pressureEpi e resi ?dvgal\gﬂg)aétptqggﬁ gHgZ? aggﬁ@elphg;wgn%ﬁ&/aﬂfw%e) | ayers
separ at ef 3548021 6.94 s,0Ud), G5 s, ekt)racted with ether. The conbi ned
organi c extracts were washed with brine, dried (MgSO4), filtered, and
concentrated under reduced pressure. The residual brown oil was purified by
colum chronmat ography on silica gplgpRhfidd P9 W th di chi oronet hane :

met hanol (95:5), to afford the tll‘l"p_co—rroounds of Preparation 71 and 72
respectivel y i i-f2«(@dmetbysivijethoxvimetivi-ti-imidazote;2-aerbexaldehyder H NVR
(CDCl'3, 300MHz) b: 0.0 (s, 9H), 0.90 (m 3Hyy 1.65 (m 4H), 2.58 (m 2H),
3.45 (m 2H), 5.20 (s, 2H), 6.74 (s, 75H)1 @HSO (s, 0.25H), 7.28 (s, 1
H. LRMS : mz 241.1 (MH) 0 \

Sodium hydride (463mg, 60% dispersion in mineral oil, 11.4mmol) was washed with
hexane under an atmosphere of dry nitrogen. N,N-Dimethylformamide (15 ml) was
added, the resultant mixture was stirred at room temperature and imidazole-2-
carboxaldehyde (1g, 10.4mmol) was added portionwise. The reaction was then
stirred for 1.5 hours, 2-(trimethylsilyl)ethoxy methyl chioride (2.03ml, 11.4mmol) was
added, and the resultant mixture was then stirred at room temperature for 18 hours.
The reaction was quenched by the addition of aqueous ammonium chloride solution
and the resultant mixture then extracted with ethyl acetate (2x). The combined
organic extracts were dried (Na;S0,), filtered, concentrated under reduced pressure
and then azeotroped with xylene to give the title compound, 2.3g, 98% yield.

'H-NMR (CDCls, 400MHz) &: -0.03 (s, 9H), 0.90 (t, 2H), 3.55 (t, 2H), 5.77 (s, 2H),
7.32 (s, 1H), 7.35 (s, 1H), 9.84 (s, 1H).



WO 02/ 14285 PCT/ 1B01/ 01425 137 Preparation 73

2-(Chloronmethy I)-1-{[2-(trinmethylsilyl)ethoxylnmethyl}-1 Himdazole f |
H3 O-, Si wiB2/14985 N Cl A sol ution of the al cohol (150ny, BCHE@BMMI2STr om
Preparation 74 in dichloronethane (3.43dl) was treated with triethylamne
(0.138nt, 0.99mmol ). Methanesul fonyl chloride (0.061 m, 1.79muol) was
then added and the reaction m xture was stirred for 1 hour. The reaction
was then diluted with water and exb/\ d.w,th di chl oronmet hane (2x). The
conbi ned organi c extracts were dri-ec?%% and filtered. A small aliquot
of the resultant solution was gpropyttfdimitianoier reduced pressure to
provide a sanple of the title conpound for characterisation. The remaining
organi ¢ solution was concentr at etl%o a small vol une (0.5m) and diluted
with tetrahydrofuran (5ml). This or Nc solution was used directly in
Preparation 58. 1H NVR (CDClI 3, 400MHz) 5:)6N0 (s, 9H), 0.94 (t, 2H), 3.52
(t, 2H, 4.72 (s, 2H), 5.37 (s, 2H), 7.01 , 2H). LRMS : mz 247 (MH)
Preparation 74 (1-f f 2-(Trinmethylsilyl)ethoxyl methyl}-1

Him dazol - 2-yl )methanol CH3 CH CH3 N® OH A solution of the al dehyde
(2.3g, 10.2mol

206" ScbiminR.ge10 % BraroRoeRBR o2 93 RBR) (AdlL Ghlibcsoe. Fr 1975, 1468) afe

formamide (32ml, 806mmol) were heated at 180°C for 8 hours, then allowed to cool.

Excess formamide was removed by vacuum distillation, and the residue partitioned
between aqgueous sodium bicarbonate solution and ethyl acetate. The layers were
separated, and the organic phase was concentrated under reduced pressure. The
crude product was purified by column chromatography on silica gel, eluting with a
solvent gradient of dichloromethane : methanol (93:7 to 90:10), to give the title
compound, 99, 90% vyield.
'H-NMR (CDCls, 300MHz) &: 0.98 (t, 3H), 1.67 (m, 2H), 2.60 (t, 2H), 6.79 (s, 1H),
7.25 (s, 1H), 7.58 (s, 1H).
LRMS : m/z 221 2M+H)"

Preparation 77

tert-Butyl N-(2-oxobutyl)carbamate

CH, Q
MG R
o N CH,
H,C H

0]

Ethyl magnesium bromide (1M solution in tetrahydrofuran, 13.7ml, 13.7mmol)) was
added to a stirred solution of {fert-butyl 2-[methoxy(methyl)amino]-2-
oxoethylcarbamate (Synth. Commun. 1988, 18, 2273) (1g, 4.58mmol) in
tetrahydrofuran (25ml) at 0°C then stirred at 0°C for 15 minutes. The solution was
allowed to warm to room temperature and was stirred for 45 minutes. Ethyl acetate
(5ml) was added, followed by saturated ammonium chloride solution. The agueous
phase was extracted with ethyl acetate. The combined organic extracts were washed
with saturated aqueous sodium hydrogen carbonate solution and brine. The organic
phase was then dried (Na,SQ,), filtered, and concentrated under reduced pressure.



portionwise to the stirred solution and the reaction was allowed to warmto
room tenperature over 1 hour. The reaction was quenched by the addition of
aqueous W 02144285 PCT/ 1B01/ 01425 138 amoni um chl ori dePeDiRMiop425and t he
resultant m xture was extracted with ,ﬁ'q:hl or omet hane (2x). The conbi ned
organic extracts were dried (Na2SO4), tered, and concentrated under
reduced pressure to give the title corrpound as a bei ge solid, 2 159 93%
yield. 1H NWR (CDCl 3, 400MHiz) 8:-0.03 (s, i 2I—é) ‘&

4.71 (s,Theryesidee 3535( purifieg b;gcgupn(rg chg[ornpto a@Fyy@g icayg Lpe an |tl3rp 75’
1-112-( h | gt I z I pox h CH3
N H N GPBR teRlient 1" PRRBhgY dostartt (@43« R, C7 08 ROLAGRIIAE 1)

was was heehpeuril a@awlmurlmd&nl A80mgBdphyield. of dry nitrogen

N, N-Di met hyl formam de (15 ml) was added, the resultant m xture was stirred
at room tenperature and i m dazol e-2- carboxal dehyde (1g, 10.4mml) was
added pa T n d

2-(tri nemNF/‘gm(é% %@5{/ hqu ‘Y?ﬁb IF@e%% gFﬂ ?2454 ’ I?Pvu\fa?( d2eH and
the resuy.22br s Hiure was then stirred at roomterrperature for 18 hours

The reaction was nc b k{1 on of aqueous anmmoni um chl ori de
sol ut i o-RMRd m%%i?dk’ﬁ%ﬁ#@f# gﬁl\ﬁ\ﬂﬁi $1en extracted with ethyl acetate (2x).
The Conbrc!'uce )&rn%a:rlétﬁg%été’{%t(?o RfE peqd (Na2SO4), filtered, concentrated

under pressur and the zeotroped with xylene to give the title
conpound, 2.3g, 98%yield. 'H NWR (CDCl 3, 400MHz) 6: -0.03 (s, 9H), 0.90

(t, 2H),_3.55 (t, 145077 (s, 2H), 7.32 (s, 1 H, 7.35 (s, 1 H, 9.84
(s, 1 HEr 1B01/ 01425 139

The compounds of the following tabulated Preparations of the general formula:

CH,

were prepared by a similar method to that of Preparation 77 using terf-butyl 2-
[methoxy(methyl)amino]-2-oxoethylcarbamate (Synth. Commun. 1988, 18, 2273 and

the appropriate Grignard starting materials.



Preparation 76 4-Propel-1 Himdazole

2- bronmopent anal (15g, 91 nmol) (Bull.

HB3C N H A mxture of
Chim Soc. Fr. 1973, 1465) and

f or mam dev@ 82mkgs 806rmmol ) were heated at 1800C for 8 hourBCTABEMA14S] owed to

cool .

Excess formam de was renoved
partitioned between aqueous sodi um bi carbonate sol ution and et hyl

vacuum di stillation, and the residue

acetate.

The | ayers Were Jseparated, and the organi c phase was concentrated under
reduced pressure.{The cryde product was purified by colum chromatography
on silica gel, eljoting witlfa sojvent gradient of dichloronethane :
met hanol (93:7 td™0: 10), givejthe title conpound, 9g, 90%yield.
1H NWVR ( 13, 30@Hz) S: |(E98 (t| 3H), 1.67 (m 2H), 2.60 (t, 2H), 6.79
(s, 1H), 7.25 (=1 H), 71%8 (s,|1 H. LRVS : mfz 221 (2MtH)} Preparation
77 tert-Butlyl N-([ZoxobutyScarbafmte CH3 0 H3C / HC OHCH3 3 O Ethyl
magnesi um br oni dg'® 1M sol u§on injtetrahydrofuran, 13.7nl, 13.7mmol)) was
added to a [stirréggssol utiqm‘of teft-butyl 2-[nethoxy(nethyl)am no]-2-
oxoet hyl carbamat € &Synt h. |G@mrun. | 1988, 18, 2273) (1g, 4.58mmmol) in
tetrahydrofjuran (|Zgnil) at dc then|stirred at OC for 15 minutes. The
solution was alligyed to wagmto foomtenperature and was stirred for 45
m nutes. Ethyl aggrate (89i) was|added, followed by saturated anmoni um
chl oride sol ution©The aqu®®us pphase was extracted with ethyl acetate. The
conbi ned orjgani c |@&tracts |fre waghed with saturated aqueous sodium
hydr ogen cajr bonat|{écsol uti daEand bfine. The organic phase was then dried
(Na2s®™4), fliggstered® and cqfentrajed under reduced pressure.
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WO 02/ 14285 PCT/ 1B01/ 01425 140 The residue was purified by col um
chromat ography on silica gel, eluting with a solvent gradient of

hexane: emw@b2/aret ate (85:15 to 70:30), to afford the titleCT/aRMPOLZId as a
colourless oil, 730ng, 84%yield. '"HNW (CDClI3, 300 MHz) S: 1.10 (t, 3H),
1.43 (s, 9H), 2.45 (q, 2H), 4.01 (m144), 5.22 (br s, | H. LRVB : mz
187.9 (MH), 204.9 (M\NH4+) TLC. hexane : ethyl acetate (70:30) Rf = 0.41
Preparations 78 and 79 The conpounds of the follow ng tabul ated
Preparations of the general fornulaz 0 HICHON HC- Y "a RI CH3 0

were prepared by a simlar net hﬁ to tthatgif Preparation 77 using
tert-butyl 2 [nmeth oxy(nethyl)amie ' oet hyl carbam ate (Synth. Comrun.

1988, 18, 2273 and {heBa L1_€h§@th 2.@,&@@ lcakbarmatematerials. WO
02/ 14285 PCT/ 1B01/ 01 -a OONO Cv wN

0) 4
Hc></u\/'\[r

Methyl magnesium bromide (3.0M solution in diethyl ether, 4.3ml, 12.9mmol)
wvas added to a stirred solution of fert-butyl (1S)-2-[methoxy(methyl)amino]-1-
methyl-2-oxoethylcarbamate (Tetrahedron: Asymmetry 1996, 7, 985) (19,
4.3mmol) in anhydrous tetrahydrofuran (20ml) at -60 °C under a nitrogen
atmosphere. The mixture was allowed to warm to 0°C and to then room
temperature and was stirred at room temperature for 1 hour. Aqueous saturated
ammonium chloride was added and aqueous phase was extracted with diethyl
ather (2x 76ml). The combined organic extracts were then washed with saturated
aqueous ammonium chloride solution and brine. The organic phase was then
dried (MgSO,), filtered, and concentrated under reduced pressure. The residue
was purified by column chromatography on silica gel, eluting with a solvent
gradient of dichloromethane : methanol (99:1 to 98:2), to afford the title

compound as a colourless solid, 412mg, 51% yield.

'H-NMR (CDCls, 300 MHz) &: 1.35 (d, 3H), 1.45 (s, 9H), 2.20 (s, 3H), 4.30 (m,
1H), 5.22 (br s, 1H).



O VN d MC=CAco v) 'a U ipPO N T-r o0 dMOOC U=U
ZC Zui N\ CO/ > MU CO Eco0 Q a) "L W 02/14285

PCT/ 1BO1MQ 425428342 Preparation 80 tert-Butyl (1 PCT/IB01/01425

S) - 1- net hyl - 2- oxopr opyl car banmat e CI—I%Q CH3 CH H3~i "\]/~ / 3 H3CH

Preparation 81

(+)-2-Methoxy-1-methylethyl 4-methylbenzenesulfonate

CH,
CH, o | l
O\)\a \\S
H.c”

0”7\
0

3

A solution of 1-methoxy-2-propanol in dichloromethane (2.3g, 25.5mmol) (25ml)
and pyridine (5ml) was cooled to between -5 and 0°C. 4-Methylbenzenesulfonyl
chloride (5.35¢g, 28.1mmol) was added dropwise and the mixture was stirred at
0°C for 15 minutes. The mixture was then stirred at room temperature for 18
hours. Ice was added and the mixture was stirred for 1 hour. The organic phase
was separated, washed with 10% aqueous sulfuric acid (4x) and water (1x), and
then dried (MgSO,) and filtered. The filrate was purified by column
chromatography on silica gel eluting with dichloromethane. The solution obtained
was dried (MgSQ,), filtered, and concentrated under reduced pressure to afford
the title compound as a colourless oil, 4.3g, 69% vyield.

'H-NMR (CDCls, 400 MHz) &: 1.27 (d, 3H), 2.43 (s, 3H), 3.23 (s, 3H), 3.37 (m,
2H), 4.70 (m, 1H), 7.32 (d, 2H), 7.80 (d, 2H).
LRMS : m/z 262.0 (MNH,")



O U ethyl magnesium brom de (3.OM solution in diethyl ether, 4.3ni,
12.9mol) as added to a stirred solution of tert-butyl

(1S) - 2- [ me0 hoxazgsret hyl ) am no] -1 rnet hyl - 2- oxoet hyl car bamapeT/{Biatonesedr on:
Asymmetry 1996, 7, 985) (1 g, 4. erEA i n anhydrous tetrahydrofuran (20m)
at -60 C under a nitrogen atnosphere. The m xture was allowed to warmto
OC and to then room tenperature and was stirred at roomtenperature for 1
hour. Aqueous saturated anmonium chloride was added and aqueous phase was
extracted with diethyl ether (2Rreparation 8 e conbi ned organic extracts were
t hen wa ] BHE NS RAGIBNY YD £ 118l SSbaRINY LSRidBg).Pr i ne.
The org&ﬂ -'. o“E"vl.'f’ﬁ' |1 2} H bty led under
reduced pressure. The residue wagljpopahoatd by col umm chr omat ogr aphy on
silica gel, eluting with a ?Ol vent gradient of dichloronethane : nethanol
(99:1 to 98:2), to affprd xhe title conpound as a colourless solid, 412ng,
51%yield. ' HNWR (CDCl 3 300 MHz) 8: 1.35 (d, 3H), 1.45 (s, 9H), 2.20 (s,
3H, 4.30 (m 1 H, 5.224br s, 1 H. W 02/14285 PCT/ 1B01/ 01425 143
Preparation 81 ()-2-Methoxxy-1-nethylethyl 4-nethylbenzenesu [fonate CH3
CH3 0~ OS HICO-\\ 0 A utArQn, of 1-nmephoxy-2-propanol in

di chl or onet hane (2. 3g, 25.5n’rm|5\I (2 ) Hang/ pyréidj ne (5nml) was cooled to
between -5 and 0C. 4-Met hyl benze Ifon&l hi '@ﬁ3(5.35g, 28.1 nmol ) was
added dropwi se and the m xture was sh\irfed at0™ 0 Bor 15 m nutes. The

m xture was then stirred at roomtenpera g hours. |ce was added
and the m xture was stirred for 1 hour. e o Igani c phase was separated,
washed with 10% aqueous sulfuric acid (4%) and Wwater (Ix), and then dried

(MySO) Caerégur}c\iclsér cr)r?gt'e H]SSfQI |6tn§r%to aRd 19f5lrroirr];(i)-ﬁ?4,QXriﬁl%r%mtane (954mg,

5mmol) were added to a solution of methyl (2S)-2-[(fert-butoxycarbonyl)amino}-3-

(1H-imidazol-4-yl)propanoate (1.08g, 4mmol) in N,N-dimethylformamide (5ml),
and the reaction stirred at 70°C for 3 hours. The cooled mixture was
concentrated under reduced pressure and the residue partitioned between ethyl
acetate (150ml) and water (50ml). The layers were separated, the organic phase
dried (MgSOQ,), filtered, and concentrated under reduced pressure. The crude
product was purified by column chromatography on silica gel using an elution
gradient of cyclohexane:ethyl acetate (100:0 to 0:100) to afford the title
compound as an oil, 840mg, 55% yield.

'H-NMR (CDCls, 400MHz) &: 1.41 (s, 9H), 2.01 (m, 4H), 3.01 (m, 2H), 3.68 (s,
3H), 3.98 (t, 2H), 4.57 (m, 1H), 5.84 (m, 1H), 6.66 (s, 1H), 7.38 (s, 1H).

LRMS : m/z 380.3 (MH™)

[a]p =—0.81 (¢ 0.148, methanol)



chromat ography on silica gel eluting with dichloronethane. The sol ution
obtained was dried (MSO4), filtered, and concentrated under reduced
pressurewoozif263d the title conpound as a col ourl ess oi PCT/ABIBY]14269%
yield. 1H NWVR (CDCl 3, 400 MHz) 8: 1. ﬁZS(d 3H), 2.43 (s, 3H), 3.23 (s, 3H,
3.37 (m 2H), 4.70 (m 1 H, 7.32 ( 7.80 (d, 2H). LRVM5 : niz 262.0
(MNH4+) WD 02/ 14285 PCT/ 1B01/ 01425 144 Preparati on 82 Methyl (2S)-2-f
(tert-butoxycarbonyl)amno]-3- f_1-(4,4,4-trifluorobutyl)-1 Himdazol -

4-yl | propanoate F F F N\N N~ Pegparaion83 cH3 O C H3 Cesi um carbonate
(3959, | origink 2724 (6 Db atbor AN PIS 1hiBAG By IRl er & added
to a sol utTonm of netnyt puUtoxXycTdar oonyr ) art o[ - 3-

(1 Hi m dazol - 4-yl )propanoat euﬁikia&&tm-vﬂﬁmﬂaho'ate N, N-di et hyl f or mam de (5ml),
and the reaction stirred at 70C for 3 hours. The cool ed m xture was
concentrat ed under reduc essure and the residue partitioned between
ethyl acetate (150m) a er (50mL). The layers were separated, the
organi ¢ phase dried (MJS®¥J, filtered, and concentrated under reduced

pressure. The crude produc \Na/\QUI‘IfI ed b{ col umm chr omat ogr aphy on

silica gel using an elution arant of c ane: ethyl acetate (100:0

to 0:100) to afford the title oun an ° 840rrg 55% vyield. 'H NWR

(CDCl 3i 400MHz) b: 1.41 (s, 9H), 2\01 Gm 51)/% (m 2H), 3.68 (s, 3H,
6.6CH;s, 1 H), 7.38 (s, 1 H.

3.98 (t, 2H), 4.57 (m 1 H), 5.84 (
LRVS : mz 380.3 (M) [a]p = -0.81 (c A~ 8 met hanol )
0 H,

The title compound was obtained as an oil in 20% yield, from methyl (2S)-2-
[(tert-butoxycarbonyl)amino}-3-(1H-imidazol-4-yl)propanoate and 5-
(chloromethyl)-1,3-thiazole hydrochloride (EP 373891), following a similar
procedure to that described in preparation 82, except methanol:ethyi acetate
(10:90) was used as the column eluant.
'H-NMR (CDCls, 400MHz) &: 1.41 (s, 9H), 3.03 (m, 2H), 3.65 (s, 3H), 4.55 (m,
1H), 5.22 (s, 2H), 5.86 (m, 1H), 6.78 (s, 1H), 7.01 (s, 1H), 7.50 (s, 1H), 8.80 (s,
TH).
LRMS : m/z 367.1 (MH")

Preparation 84
Methyl (2S)-2-[(tert-butoxycarbonyl)amino]-3-{1-[2-(2-pyridinyl)ethyl]-1H-imidazol-

4-yl\propanocate

N
73
_—

The titlé compound was obtained in 16% yield, from methyl (2S)-2-[(fert-
butoxycarbonyl)amino]-3-(1H-imidazol-4-yl)propanoate and 2-(2-



WO 02/ 14285 PCT/ 1B01/ 01425 145 Preparation 83 Met hyl

(2S)-2J' (tert-butoxycarbonyl)am nol -3-f 1-(1,3-thiazol-5-ylnethyl)-1 H

i m dazol Woytiqsdpanoate N\ s N-\NHCH3 CH3 O CH3 CrCr/0M3/oT4es title
conmpound was obtained as an oil in 20%yield, frommethyl (2S)-2-

[ (tert-butoxycarbonyl)amno]-3-(1 H 48 dazol -4-yl ) propanoate and 5-

(chl oronet hyl ) -1, 3-thi azol e hydrochl oride (EP 373891), following a simlar
procedure to that described in preparation 82, except methanol: ethyl

acet aE e;rc(rﬂ@etﬁ@b)pymhneslwdrabrdrmidecﬁl uirtet. eChent. . 1973, NI, @EbdiofowirgoieHz) b:
1.41 (s,

5. 86 (m"”l Proﬁeés q o %F%‘h)d%&?”'ééé (8, @fbﬁfatmf‘ %g] (%‘C‘*E? methéngéest(%?w 1 H.
LRVE %éta fSfiad L@@dﬁsg{ Mhidhiats Met hyl
(2S)-2-f(tert-butoxycar onyl)am nol -3-{1-f2-(2-pyridinyl)ethyll-1
Hi mi daZeiNMB- (CDEt:0gf0MHZ o:, ZAN NS, SHEH2.95N(nH3H),CB193 (m,cﬂ-ﬂgl 3.18 (1,

2H), 3.65 (s, 3H), 4.32 (t, 2H), 4.50 (m, 1H), 5.80 (m, 1H), 6.58 (s, 1H), 6.95 (d,
1H), 7.15 (m, 1H), 7.20 (s, 1H), 7.58 (m, 1H), 8.58 (d, 1H).
_RMS : m/z 375.2 (MH")

Preparation 85
Methyl (2 S)-2-[(tert-butoxycarbonyl)amino}-3-(1-phenyl-1H-imidazol-
4-vDpropanoate

Phenylboronic acid (2.44g, 20mmol), copper acetate (2.72g, 15mmol), 4A
molecular sieves (3g) and pyridine (1.62ml, 20mmol) were added to a solution of
methyl (2S)-2-[(tert-butoxycarbonyl)amino]-3-(1H-imidazol-4-yl)propanoate
(2.69g, 10mmol) in dichloromethane (60ml), and the reaction mixture stirred at
room temperature whilst bubbling through compressed air, for 2 days. A solution
of ethylenediaminetetraacetic acid (5g, 17mmol) in saturated sodium bicarbonate
solution (200ml) was added and the mixture stirred at room temperature for 20
minutes. The phases were separated, the aqueous layer extracted with
dichloromethane (2x100ml), and the combined organic extracts dried (MgSQy),
filtered, and concentrated under reduced pressure. The residue was azeotroped
with toluene (300ml), and then purified by column chromatography on silica gel
using an elution gradient of pentane:ethy! acetate (100:0 to 40:60), to afford the
title compound as a yellow gum, 1.87g, 52% yield.



The title conmpound was obtained in 16%yield, fromnethyl (2S)-2-[(tert-
but oxycar bonyl ) am no] - 3- (1H i m dazol - 4-yl ) propanoate and 2-(2 WD 02/ 14285
PCT/ 1BO1MQ 425428346 ) ronoet hyl ) pyri di ne hydrobrom de (J. PeT/IBIChesns 1973,
10, 39) following a simlar procedu to that described in preparation 82,
except methanol :ethyl acetate was use¥d as the colum eluant. H NVR (CDCl 3,
400MHz) 8: 1.41 (s, 9H), 2.95 (m 1H), 3.03 (m 1H)), 318(t ?H), 3.65
(s, 3H, 4.32 (t, 2H, 4.50 (m 1H), 5.80 (m 1H), 6.58 (s, , 6.95 (d,
1 H, 7.HSIMR (CDGl, 4001261z} §; 142Hs, IH)S8.G53.19 ), 28),5872ds, $H 4.60RVE :
mz 375.2 ar

(25) - 2- e tit 08 Gy AEDEORGISahihdl 26D SEher 8.0 BT J8451 1.

4-yl) pr Bz MCH3 O -( CH3 0 CH3 Phenyl boronic acid (2.44g,
20mm|)?R@1£per ggg{t an ()2 729, 15mm|) 4A nol ecul ar sieves (3g) and
pyri di nanéll. Fﬁﬂmld CorBh59; \hbr@;SﬁdcbéchB?a G pHasN D e075Hp) hrgfuires C,

(29) - 2- L %é ﬁ%Cﬁ]Pg‘?yl )am no]-3-(1 Himdazol -4-yl) propanoate
(2.699, & %net hane (60nl), and the reaction mxture stirred
at roo t I ling through conpressed air, for 2 days. A
sol uti oI&] of et K(r'éﬁé |érrr?%1tgt9'g§| aacetic acid (5g, 17mmol) in sat ur at ed

sodi um bi car bonate solution (200m ) was added and the m xture stirred at
roomtenperature for 20 mnutes, The ph s were separated, the aqueous

| ayer extracted with dichloro d t ), and the corrbl ned organic
extracts Ji (M : ¥ & pressure.
The resi dqvlé ' red by

col um chr omat ography on sili cagyg{drochionggan el ution gr adi ent of

pentane: ethyl acetate (100:0 to 40:60), to afford the title conpound as a
yel l ow gum 1.87g, 52%yi .

2HCI

tM Hydrochloric acid in dioxan (5ml) was added to the protected amine from
yreparation 82 (830mg, 2.19mmol), in an ice-cooled flask. The solution was
allowed to warm to room temperature, and stirred for 3 hours. The mixture was
soncentrated under reduced pressure, the residue azeotroped with ethyl acetate
'3x100ml), then dried in vacuo, to afford the title compound as a white foam in
juantitative yield.

'H-NMR (D-0, 400MHz) &: 2.00-2.19 (m, 4H), 3.28 (m, 2H), 3.70 (s, 3H), 4.17 (,
2H), 4.37 (t, 1H), 7.40 (s, 1H), 8.62 (s, 1H).

_RMS : m/z 280.1 (MH")

o]p = +14.60 (¢ 0.1, methanol)



WO 02/ 14285 PCT/ 1B01/ 01425 147 H NVR (CDCl 3, 400MHz) & 1.42 (s, 9H),
3.05-3.19 (m 2H), 3.72 (s, 3H, 4.60 m 1 H), 584 (m 1 H, 7.04 (s, 1
H, 7.36Wop2/Biy 7.46 (m 2H), 7.78 (s, 1 H. _RVE : nleCBI®1D1{NH)
\nal. Found: C, 60.59; H 6.56; N, 11 57. C18H23N304.0. 75H20 requires C,
50.24; H 6.88; N, 11.71% alD = +101 44 (c 0.126, nethanol) Preparation 86
Met hyl (2S)-2-amino-341 -(4 4 4-trifluorobutyl)-1 \

H-i m dazol - 4-yl | propanoate dihydrochioride FFFN_~NNH 2HC O O
CH3 W Hydrochloric acid in di oxd?reQEraltpm% added to the protected anine

from )repa ’ ) I Ie@fi !5 !he
sol uti on ™ A A PR A O en F ofi 3 hours.

The m xture was oncentrat under reduced pressure, t he residue
azeotroped with et hyl ace ; 3x100m ), then dried in vacuo, to afford
the title conpound as a ' |uant|tat|ve yield. 'H NWR (D20,

: 2H) 370(s 3H), 4.17 (t, 2H),
4.37 (t, 1H) 740(s 1H) 8.6 1I—9IH RVS : mz 280.1 (M+) alD =
+14.60 (c 0.1, nmethanol) WD 02/ 14285 'B01701425 148 Pr eparation 87.
Met hyl (2S)-2-am no- 3-11- phenyHCllH-l m dazo\- Oxl | pr opanoat e di hydrochl ori de

O1
& CH,

he title compound was obtained in 90% yield as a yellow solid, after trituration
rom diethyl ether, from the protected amine from preparation 85, following a
similar procedure to that described in preparation 86.

H-NMR (D0, 400MHz) &: 3.40 (m, 2H), 3.77 (s, 3H), 4.42 (1, 1H), 7.50 (m, 5H),
7.77 (s, 1H), 9.00 (s, 1H).

_RMS : m/z 246 (MH")

A\nal. Found: C, 47.86; H, 5.51; N, 12.61. C43H{7N30,Cl;¢1.0H20 requires C,
17.72; H, 5.54; N, 12.84%.

alp = +12.55 (¢ 0.11, methanol)

Preparation 88
Methyl (28)-2-amino-3-[1-(1,3-thiazol-5-yImethyl)-1H-imidazol-4-yllpropanoaie
dihydrochloride

2HCI

4M Hydrochloric acid in dioxan (6ml) was added to the protected amine from
3reparaﬁon 83 (1.3g, 3.5mmol) in an ice-cooled flask. Water (5ml) followed by
soncentrated hydrochloric acid were then added, and the solution stirred at room



NH2 2HCI O O CH3 fhe title conpound was obtained in 90%vyield as a yell ow
solid, after trituration 'romdiethyl ether, fromthe protected am ne from
prepar at vom 0854285 ol lowing a >imlar procedure to that deBCTikaM®i1425
preparation 86. H NVR (D20, 400MHz) 15 3. 40 (m 2H), 3.77 (s, 3H), 4.42 (t,
1H), 7.50 (m 5H), 7.77 (s, 1 H), 940 ¢ . _RVB : nlz 246 (NH+)
knal . Found: C, 47.86; H, 5.51; N, 12. 61 C18H17N302CI 21. 0H20 requires C,
1.7.72; H, 5.54; N, 12.84% a]p = +12.55 (¢ 0.11, nmethanol) Preparation 88
Met hyl (=ﬁs)eratl,mmfmro183hpm:s( The-mixtureovascyneantiajed under reduced pressure

i Hyar o aratr it Gidalib AT TR &, g‘ﬁ@ﬂ%@’t%é%r@@ﬁépe' e ne from

pr epar atyj. NMIQ?(C@(R%% ACGONIFDS: )3, 303246 (rﬁezﬂw gq éé 319K 4. 4809 165n4.B2f ol | owed
y

by 3oncentrated rochloric acid were then added, and the sol ution
stirredsal2H)ob63Ue U4y, 749235, Add) 98’(91(801111@59 1848, é'r‘li)er ature for 18 hours.
The mxt#&&awa 38?@(3('% ted under reduced pressure md azeotroped with
et hanol t'l e conpound, 1.2g, 100%yield. H NVR (CD30D,

400MHz) @q-&ﬁﬁe%&@.é,mnemﬂnoos 81 (s, 3H), 4.43 (m 1H, 5.62 s, 2H),
7.63 (s, 1 H, 7.95 (s, 1 H), 9.10 (s, 1 H, 9.18 (s, 1 H. .RVB: mz

267.0 (MH) alp = +14.60 (c 0.1, nmethanol) Preparation 89
Preparation 89
Methyl (2S)-2-amino-3-{1-[2-(2-pyridinyl)ethyl]-1H-imidazol-4-yl}propanoate
dihydrochloride

2HCI

Mhe title compound was obtained as a gum in 95% yield, from the protected
amine from preparation 84, following the procedure described in preparation 88.
H-NMR (D20, 400MHz) &: 3.30 (m, 2H), 3.58 (m, 4H), 3.70 (s, 3H), 4.36 (m,
1H), 7.40 (s, 1H), 7.78 (d, 1H), 7.85 (dd, 1H), 8.41 (dd, 1H), 8.61 (m, 2H).

_RMS : m/z 275.1 (MH")



Met hyl (2S)-2-am no-3-{1-[2-(2-pyridinyl)ethyll-IHimdazol-4-yl}propanoate
di hydrochloride N\N j4H2 2HCI 0 O CH3 fhe title conpound was obtai ned
as a gumwoodbesyiel d, fromthe protected amine from preper/atiionss,

foll owi ng the procedure described in Bbeparatlon 88. H NWR (D20, 400MHz)
S: 3.30 (m 2H), 3.58 (m 4H), 37065, 3H), 4.36 (m | H, 7.40 (s, 1 H),
7.78 (d, 1 H, 7.85 (dd, 1 H, 8.41 (dd, 1 H, 8.61 (m 2H. -RV5: nlz
275.1 (MH) WO 02/ 14285 PCT/ 18013 01425 . 1§§ Preparati on 90 Met hyl
(2S) - 2- ({2 [(tert butoxycarbonyl I}am no) 3- ( l1-nmethyl-1 H
i m dazol - ( (o q . p CH3

Met hyl (2 ) - 2- al i prop ‘ﬁydrochl oride
(1.06g, 4mmol), SOdI um acet amBIC(aZOBﬂVI)DmDEﬂQBt@nd 4A ol ecul ar si eves
(500mg) were added to a sol ution of tert-bﬁltyl N ( 2- oxoet hyl ) car bamat e

(637ngy, 4nmol) in et hgnol AAOM ), and solution stirred for 10
dri¥e (43 b) CHas t hen added, and the
reaction stirred at roomt r at ull“e 7 ho ctM Hydrochl oric acid

m nutes. Sodi um cyanoboro
(2m) and water (50ml) were a { and th@ sol ytion then basified using
saturated sodi um bi carbonate sol utNon.g The ni@ ure was extracted with

et hyl acetate (5x100m ), the conbin \
0 CH,

Methyl (2S)-2-amino-3-(1-methyl-1H-imidazol-4-yl)propanoate dihydrochloride
(1.06g, 4mmol), sodium acetate (1.3g, 16mmol) and 4A molecular sieves
(500mg) were added to a solution of ferf-butyl N-(2-oxoethyl)carbamate (637mg,
4mmol) in methanol (10ml), and the solution stirred for 10 minutes. Sodium
cyanoborohydride (1.3g, 16mmol) was then added, and the reaction stirred at
room temperature for 72 hours. 2M Hydrochloric acid (2ml) and water (50ml)
were added, and the solution then basified using saturated sodium bicarbonate
solution. The mixture was extracted with ethyl acetate (5x100ml), the combined
organic extracts dried (MgSQ,), filtered, and concentrated under reduced
pressure. The crude product was purified by column chromatography on silica
gel using an elution gradient of ethyl acetate:methanol:.diethylamine (100:0:0 to
96:2:2) to afford the title compound as a colourless oil, 220mg, 17% yield.
'"H-NMR (CDCls, 400MHz) &: 1.41 (s, 9H), 2.62 (m, 1H), 2.77-2.86 (m, 2H), 2.98
(dd, 1H), 3.18 (m, 2H), 3.60 (m, 4H), 3.70 (s, 3H), 5.38 (m, 1H), 6.63 (s, 1H),
7.34 (s, 1H).

LRMS : m/z 327.2 (MH")

[op = -1.48 (¢ 0.108, methanol)



organic extracts dried (MgSA), filtered, and concentrated under reduced
pressure. The crude product was purified by colum chronmat ography on silica
gel usingvan2/ed28i i on gradi ent of ethyl acetate: net hanol : dPeT/Bd1am2 e
(100:0:0 to 96:2:2) to afford the title conmpound as a colourless oil,
220ny, 17%vyield. 1HNVR (CDCI3, 400M¥) S 1.41 (s, 9H), 2.62 (m 1H),
2.77-2.86 (m 2H), 2.98 (dd, 1H), 3.18 (m 2H), 3.60 (m 4H), 3.70 (s,
3H), 5.38 (m 1H), 6.63 (s, 1H), 7.34 (s, 1 H. LRV : mz 327.2 (MH)
[alID = -1.48 (c 0.108, nethanol )PmaDQMGMQBS PCT/ 1B01/ 01425 151
Preparation,9 .
(29)-2- ({2_ / 0L '
trifluorobutyl)-1 Hlnﬂnﬁaéfal | thfrmmt B%tX H ONANN - C OB N
CH O3 0HOCHA14 ecul ar st eves St - but yl
N- (2- oxoet hyl) car barf.ate 350nmg, 2.2mmol) were added to a solution of the
am ne from preparationA86 (780ng, 2.2mmml) in nmethanol (5ml), and the
m xture stirred for nut es. Sodi um cyanoborohydride (276ng, 4. 4mol)
was added, and the reactign stirred at roomterrperature for 18 hours. 2M
Hydrochloric acid (5nl) wa ad,d@, t he re then neutralised using
sodi um bi carbonat e sol uti on, fand |It’egjl/?tr "b @, bocel (r). The filtrate
was concentrated under reduce essur nd t 'db’ﬁ partitioned
bet ween et hyl acetate (100m ) and\watgr (20nQ. Th | ayers were separated
and the organic |layer was dried (MJSO4), filteradc and concentrated under
reduced pressure. The crude product p Cini ed by col um

(0) 3

4A Molecular sieves (500mg) and tert-butyl N-(2-oxoethyl)carbamate (350mg,
2.2mmol) were added to a solution of the amine from preparation 86 (780mg,
2.2mmol) in methanol (5ml), and the mixture stirred for 20 minutes. Sodium
cyanoborohydride (276mg, 4.4mmol) was added, and the reaction stirred at
room temperature for 18 hours. 2M Hydrochloric acid (5ml) was added, the
mixture then neutralised using sodium bicarbonate solution, and filtered through
Arbocel®. The filtrate was concentrated under reduced pressure and the residue
partitioned between ethyl acetate (100ml) and water (20ml). The layers were
separated and the organic layer was dried (MgSOQ,), filtered, and concentrated
under reduced pressure. The crude product was purified by column
chromatography on silica gel using an elution gradient of ethyl acetate:methanol
(100:0 to 90:10) to afford the title compound as a colourless oil, 300mg, 32%
yield.

'H-NMR (CDCl3, 400MHz) &: 1.42 (s, 9H), 2.02 (m, 4H), 2.62 (m, 1H), 2.78-2.92
(m, 2H), 2.98 (dd, 1H), 3.18 (m, 2H), 3.60 (t, 1H), 3.68 (s, 3H), 3.98 (t, 2H), 5.40
(m, 1H), 6.70 (s, 1H), 7.38 (s, 1H).

LRMS : m/z 423.2 (MH")

[a]p = +2.0 (¢ 0.1, methanol)



chr omat ography on silica gel using an elution gradient of ethyl acetate:
met hanol (100:0 to 90:10) to afford the title conpound as a col ourl ess
oi |, 300mQ o385 yield. 1H NVR (CDCl 3, 400MHz) 8:1.42 (s,POHB1212R (m
4H), 2.62 (m 1H), 2.78-2.92 (m 2|—q 2.98 (dd, 1 H, 3.18 (m 2H), 3.60
(t, 1 H, 3.68 (s, 3H), 3.98 (i, 53,40 (m 1 H), 6.70 (s, 1 H), 7.38
(s, 1 H. LRV : mz 423.2 (MH) [alp +2.0 (¢ 0.1, nethanol) WO 02/ 14285
PCT/ 1B01/ 01425 152 Preparations 92 to 94 The foll ow ng conpounds of
general structure: H R-NV N//~Nn OIliH3 0 3 0 H3C 0 CH3 were prepared

fromthe appropriate am nes (preparatio 8 :489) and tert-butyl

N- ( 2- oxoet hyl ) car bamat e, follg@g@ﬁ—gigéd—%é-pa 0 t rocedure to that described in
pr epar aipofbhyindRoffid MRRDREHALMRIALS | 193 @) 0) ¢ E00@) NN co
N'ccgggoMé\ggr)%B:_aa 04 - 0a) NNNN"'. r 00

H
N
NI )/0 s
3 o) >LCH

R\N&

2

0
\
o CH,
were prepared from the appropriate amines (preparations 87-89) and feri-butyl
N-(2-oxoethyl)carbamate, following a similar procedure to that described in

preparation 91.
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JN, V- ~-NC4 Lo Epa aC.. NWc) EE'a p(1) 2pcolL Mco Oa) +.,
ZNA"5Zd-"TMZ*0OCNeO CG4 U Ecu or oCc) 00-a QOQ Nca
Ov) 3 covooz14235 3 C a zz0a) Q 0C ca MCa) a)PCHJBE/ON2KCC3,), -~
.pr WN WD 02/14285 PCT/ 1B01/ 01425 1 Preparati on 95
(7S)-2-Benzyl-6-{2-[(tert- butoxycarbony%

I nol et hyl }-7- (et hoxycar bonyl ) - 5- oxo-

5,6, 7, 8-tetrahydroi m dazo[ 1, 5-cl py |md|n 2 Jjumbrom'de IR N N~ O O CH3 N
\- CH3 - ~-NBr HH3C O CH3 Benz (1191, 1 nmol) was added to a

sol uti on of SLABGRYREURY (1EFMBUtoxycarbonyllaminolethyll-7-(methoxycarbonyl)-5-oxo-
5,6,7.8-tetrahydroimidazo[1,5-clpyrimidin-2-ium bromide

Br

0
(0]
N+4\N/_,( >/O CH3
CH
N 3
A
: H H,C

Benzyl bromide (119ul, 1mmol) was added to a solution of the compound from
preparation 48 (270mg, 0.8mmol) in acetonitrile (5ml), and the mixture heated at
60°C for 18 hours. The cooled mixture was concentrated under reduced pressure
and the residue purified by column chromatography on silica gel using an elution
gradient of dichloromethane:methanol (100:0 to 90:10) to afford the title compound,
299mg, 59% yield.

'H-NMR (DMSOds, 400MHz) &: 1.28 (s, 9H), 3.18 (m, 3H), 3.42 (m, 2H), 3.61 (s, 3H),
3.95 (m, 1H), 4.85 (m, 1H), 5.42 (dd, 2H), 6.94 (m, 1H), 7.38-7.48 (m, 5H), 7.64 (s,
1H), 10.08 (s, 1H).

LRMS : m/z 430 (M%)

[o]p = +42.09 (¢ 0.096, methanol)

Preparation 96

1-Isopentyl-1H-imidazole-4-carboxaldehyde
H 0

A mixture of sodium hydride (20g, 60% dispersion in mineral oil, 0.5mol) in
tetrahydrofuran (300ml) was cooled to 0°C, and 2-imidazolecarboxaldehyde (45g,

0.47mol) was added portionwise over 30 minutes. Once addition was complete, the



preparation 48 (270ng, 0.8mmol) in acetonitrile (5m), and the m xture
heated at 60C for 18 hours. The cooled m xture was concentrated under
reduced pvesyunes and the residue purified by colum chropetr/mgmapi2y on
silica gel using an elution gradient 2% di chl or onet hane: net hanol (100:0 to
90:10) to afford the title conpound, % 59% vyield. 1H NVR ( DMSQJ6,
400MHz) 6: 1.28 (s, 9H), 3.18 (m 3H), 342(m 2H) 3.61 (s, 3H), 3.95
(m 1 H, 48 (m 1H, 542 (dd, 2H), &ﬁ Hy, 7.38-7.48 (m 5H),
7.64 (s,reactioly, wag. stired, atlcﬁp wal\:@ mrﬁuiescm qnv)aliosied 40 -+warmo to crapry9e,
met hanol Pre rat|

e RS wtoseitoe- BRI rofarl 386D 808 APEEMER) 1igmd)°

m ner al weﬂe a@d&dmand the réa@iléﬁma@rhﬁaié@%t tSMBTbr 18508 0TRE coolddiGieartion
2-i ni dazol ecar boxal dehyde 459, 0.47npl) was added portionw se over

ni nut es. wan cieagaed ibyn ditinrp PEwater (490, cand: thegeespiting piduie @stEact ?285
0
t omper ot vighibfdsfgirahe faooft] 'ﬁ%ﬁﬁé‘?%ﬁérﬁéﬂhﬁﬁg 3 e ChoR bhed, )

wer e add@gigSend ahﬂeevm’etem under hredtesd qiresairbuil‘ Heoweélaublooremgeﬂmd was| ed

reaction was quenched hy the addltlon wat er . (400 and syl ting
mi xt ur o Rudiiest BRI rCHIPETARRaTaRRY ol FR G EISTg @at%ifi o Bradighhr ey

organi ¢ %gl%t%fécﬁént‘éﬁé%& haRel (4%)&@?@4 O‘b Y @@F@Qﬁﬁ) mrthéQﬂé%rﬁﬁtﬁﬁﬁur e.

The resi or ange ol by co um chr omat ography on silica
gel usint9.8g. el ution gradlent of ethyl acet at e: pent ane: net hanol (40:60:0

bur ???cglfv@%é’ror?unfm?pe Frifiour Hectiren S BILaUR p)S A SEEUYTG B FV and
the ti 11 St aE oG EXEEARD d0f ds g AearRirtat BB 4T ioof e S comindindy
title coGumibidatidd ¥f yheetveb batches prowded 31g of the title compound, 41% yleld

'H-NMR (CDCls, 400MHz) &: 0.90 (d, 6H), 1.52 (m, 1H), 1.63 (dt, 2H), 3.97 (t, 2H),

7.47 (s, 1H), 7.58 (s, 1H), 9.80 (s, 1H).

LRMS : m/z 189 (MNa®)

Anal. Found: C, 63.73; H, 8.43; N, 16.36. CgH14N20;0.2H,0 requires C, 63.65; ,

8.55; N, 16.50%.

Preparation 97
tert-Butyl 3-{hydroxy(1-isopentyl-1H-imidazol-4-yl)methyl]-2-oxo-1-

piperidinecarboxylate

OH o © ‘

' A
</ ] N /OKCHa
<N/<c " H,C” CH,

CH,

Lithium diisopropylamide (6.5ml, 2M in heptane/tetrahydrofuran/ethylbenzene,
13mmol) was added dropwise over 5 minutes to a cooled (-78°C) solution of tert-
butyl 2-oxo-1-piperidinecarboxylate (J. Org. Chem. 1983, 48, 2424; J. Chem. Soc. |,
1989, 721) (2.6g, 13mmol) in tetrahydrofuran (25ml), so as to maintain a
temperature below -70°C. Once addition was complete, the solution was stirred for

30 minutes, then allowed to warm to -10°C, and stirred for a further 30 minutes,



1H NWVR (CDCl 3, 400MHz) 8: 0.90 (d, 6H), 1.52 (m 1H), 1.63 (dt, 2H), 3.97
(t, 2H, 7.47 (s, 1 H, 7.58 (s, 1 H, 9.80 (s, 1 H. LRM: mz 189
(MNa+) Amwedo2/Fgehd: C, 63.73; H, 8.43; N, 16.36. COH14N20rPOT/BBM1428qUi r €S
C, 63.65;, 8.55; N, 16.50% Preparatiol? é? tert-Butyl 3-f hydroxy(l
-isopentyl -1 I—|—im'dazo|-4-y|)rrethy||-2-§) 0- 1- piperidinecarboxylate OH O O
NOCH NHCI11~-CH H3 3 CH3 Lithiumdiisopropylamde (6.5m, 2Min

hept ane/ t et r ahydr of ur an/ et hyl benzene, 13mmol) was added dropw se over 5
m nut es hefore ceerding( to78t8°Cs &\ wolusionoef the alddahyde|from preparation 96 (1.66g,

O Soaatonsi B EHaRTERR (empchitis, AEEY. AEPYisE 53 B do e thEa:
a tenpegaigdrauhe fiow (P6C e oAls idddftibn'Ras CORPISke thd ReadthUivh9 Btiag

stirred for 30. m nutes, then allowed to warm to -_10(:, and stirred for a
further 80 30 nmireges.WSabwatetk senmomiunBodiiloide Ssolutis (8D wasc @sldedg the

-78C. A solution of ,the al dehyde from preparation 96 . 664q,, . 10mmol in

{ eor anydnatite flioded W hudind kS opaatEE" id Mo Batihiongd: nerveBiowhies o
bel ow - 78¢d <Ayl Aidatcadid IR@ry\avereosadfhfed, tthe 4 SOPh s extratfeddwithor
30 m nutes. Saturated anmonium chl oride solution (30ml) was added, the

m xt ur e efhybasgtate, \@iidnthe eemhinashsganigr exisaetst deed pdfigbOibnbliiensd: @eedn
water a e I I S e e S
ext  act cengerieted it crsalieBa’ BEPrd” Thas RABIIY gaion of e urkieC by
(MySH4) , cdluhirer efttopmatogaphgerdrr asitica ugader usingucard plutioaur gradBig rofs Wthying
yellow oil was purified by colum chromataography on silica gel using an
el uti on ¥peiaiedietytaningmethand éTQQieiOeton%:Qgrﬁ)ﬁe:qm%%rﬂﬂ% 0P d-19,
88: 6: 6) ﬁé%%iél‘afd the title conmpound, 1.1g, 30%yield.
'"H-NMR (CDCls, 400MHz) (mixture of diastereoisomers) §: 0.90 (d, 6H), 1.46-1.64
(m, 13H), 1.76 (m, 3H), 2.98 (m, 1H), 3.52 (m, 1H), 3.74 (m, 1H), 3.84 (t, 2H), 4.08,
4.90 (2xm, 1H), 4.58, 5.34 (2xm, 1H), 6.85 (2xs, 1H), 7.35 (2xs, 1H).

LRMS : m/z 388 (MNa")

Preparation 98

3-[Hydroxy(1-isopentyl-1H-imidazol-4-yl)methyl]-1-methyl-2-piperidinone

OH (0]
N /CHa
< ]
N
CH,

The title compound was obtained in 67% yield from the aldehyde from preparation
96 and 1-methyl-2-piperidinone, following the procedure described in preparation 97.
"H-NMR (CDCl3, 400MHz) (mixture of diastereoisomers) &: 0.88 (2xd, 6H), 1.35-1.82
(m, 7H), 2.67, 2.81 (m, 1H), 2.88, 2.94 (2xs, 3H), 3.18, 3.22 (m, 2H), 3.84 (t, 2H),
4.78 (m, 1H), 5.04 (m, 1H), 6.83 (2xs, 1H), 7.32 (2xs, 1H).

LRMS : m/z 302 (MNa™)



1H NMR (CDCI 3, 400MHz) (m xture of diastereoisoners) 6: 0.90 (d, 6H),
1.46-1.64 (m 13H), 1.76 (m 3H), 2.98 (m 1H, 3.52 (m 1H), 3.74 (m
1H), 3.84vQ02128§, 4.08, 4.90 (2xm 1 , 4.58, 5.34 (2xpCT/1BH)01426. 85
(2xs, 1 H), 7.35 (2xs, 1 H). LRM5 : rrl 88 (MNa+) Preparation 98 3-f
Hydroxy(l -isopentyl-I Himdazol-4-yl ) t hyl | - 1- net hyl - 2- pi peri di none OH
ONN, CH3 NH3 CH3 The title conpound was obtained in 67%yield from
the al dehyde from preparation 96 and 1-nethyl -2-pi peridinone, follow ng the
procedur e described in prepar at.()nPneparatmm (CDCI 3, 400M—Iz) (mixture of
di ast eregi 3 . : v ;
H) 2.88?é.g| R L AL e el @iH)
5,04 (m 1 H), 6.83 (2xs, 1 H), 7.32 (2xs, 1 H) LRVS : rﬂz 302 (M\la+)
02/ 14285 PCT/ 1B01/ 01425 157 Preparatigon 99 tert-Butyl
3-[ hydr oxy(1- propyl - 1Hi mi dazol - 4 - 1- pi peri di necar boxyl ate
HOOCHNjN~CH3 <// 1,08 CH JIithiym bis(trinmethylsilyl)am de
(244m , 1M in tetrahydrofur ) s a Cdy opwi se over an hour to
a cool ed (-750C) sol ution ofter | " 2-loxo-1- fiperi di necar boxyl ate (J.
Org. Chem 1983, 48, 2424; J <1, 1989, 721) (48.7g, 244mol) in
t et rahydr of uran (200n1) und r nitrogen, so as to naintain the tenperature
bel ow - 70C. The m xture was rned to OC, stirred for 90 mnutes,

3

Lithium bis(trimethylsilyl)amide (244ml, 1M in tetrahydrofuran, 244mmol) was added
dropwise over an hour to a cooled (-75°C) solution of tert-butyl 2-oxo-1-
piperidinecarboxylate (J. Org. Chem. 1983, 48, 2424; J. Chem. Soc. |, 1989, 721)
(48.7g, 244mmol) in tetrahydrofuran (200ml) under nitrogen, so as to maintain the
temperature below -70°C. The mixture was warmed to 0°C, stirred for 90 minutes,
then re-cooled to -75°C. A solution of the imidazole from preparation 66 (26.0g,
188mmol) in tetrahydrofuran (86ml) was added dropwise over 30 minutes, and once
addition was complete, the reaction was stirred for 2 hours at -75°C. The mixture
was poured into 15% aqueous citric acid solution (650ml), and extracted with ethyl
acetate (3x250ml). The aqueous solution was basified to pH 8 using 10% sodium
hydroxide, and extracted with dichloromethane (3x250ml). These organic extracts
were dried and concentrated under-reduced pressure to give the title compound as a
pale yellow solid, 54.1g.

The ethyl acetate extracts from above were combined, evaporated under reduced
pressure and the residue re-suspended in 10% aqueous citric acid solution (100ml).
This was extracted with ethyl acetate (3x50ml), and the aqueous basified to pH 8
using 10% sodium hydroxide solution. The aqueous solution was extracted with
dichloromethane (3x50ml), and these organic extracts dried and evaporated under
reduced pressure to give additional product as a pale yellow solid, 22.4g. Overall
yield of the title compound was thus 76.5g, 93% yield.

"H-NMR (CDCls, 300MHz) (mixture of diasterecisomers) &: 0.88 (t, 3H), 1.52 (s, 9H),
1.78 (m, 6H), 3.00 (m, 1H), 3.58 (m, 2H), 3.74 (m, 1H), 3.82 (i, 2H), 5.38 (d, 1H),
6.87 (s, 1H), 7.38 (s, 1H).



then re-cooled to -75C. A solution of the im dazole from preparation 66
(26.0g, 188mmol) in tetrahydrofuran (86nl) was added dropw se over 30

m nut es, vaad2z/onge addition was conplete, the reacti on waBCMBOINERST Or 2
hours at -75C. The m xture was poured4 lﬁ gto 15% aqueous citric acid
solution (650m), and extracted with ethyl acetate (3x250m ). The aqueous
solution was basified to pH 8 using 10% sodi um hydroxi de, and extracted

wi t h di chl or onet hane (3x250ml) se or an4 extracts were dried and
concentr at ed under-reduced pr essur—e@fl@%&ﬁe@ne title conpound as a pale
yel | ow sold ARufA g i =
evapor at €d_uno pressure and
aqueous citric acid solution (100m ). OFhisOwas @xtracted with ethyl
acetate (3x50ml), and the aqueous basi f]i ed usi ng 10% sodi um
hydr oxi de sol ution. The aqueous on S r @t%g‘ W th
di chl oronet hane (3x50m ), and th se[ rgan| ¢ extrac |Z i ed and evaporated
under reduced pressure e afleiti ona {J; pal e yell ow solid,
i hus .59, 93%yield.

22.4g. Overall yield of

"H- NMR (CDCI 3, 300MHz) ( stereoisoners) S: 0.88 (t, 3H), 1.52
(s, 9H, 1.78 (m 6H), 3. .58 (m 2H), 3.74 (m 1H), 3.82 (t,
2H), 5.38 (d, 1H), 6.87 (s 3 (s, 1 H. WD 02/14285

PCT/ 1B01/ 01425 158 Prepara ent - Butyl 3- (hydroxy(l -trityl-

H i m dazol - 4-yl ) net hyl | - 2-oxo-1 _pi peri di necarboxylate OHOON </ NO

CH3 N H iith3dilsdpropylamide (S@Rrhen mneyitoldiahe, 1 2hivhol) was baded anepwise

12nmol ) was added dropwise over 5 mnutes to a cooled (-78C) solution of

t ent - but gven2- §xominutgspetq duanemqmyl(aZSé’C()J sro:hugon Chefn faddatyl 482-oxazls;. J.

e OBkl & ardSerobOTE) 48 A XS A 4P 6

sol uti on(magg,si k) frptet%ymrcﬁmt‘éﬁ {4@nl), so as to maintain a temperature below
-70°C. Once addition was complete, the solution was stirred for 20 minutes. A
solution of 1-tritylimidazole-4-carboxaldehyde (J. Med. Chem. 1977, 20, 721) (4.06g,
12mmol) in tetrahydrofuran (60ml) was added slowly, and once addition was

complete, the reaction was stirred at -78°C for 2 hours. Saturated aqueous
ammonium chloride solution (50ml) was added, the mixture allowed to warm to room
temperature and then partitioned between water (50ml) and ethyl acetate (300ml).
The phases were separated, the organic layer dried (MgSOQ,), filtered, and
concentrated under reduced pressure to give the title compound, 5.3g, 99% vyield.
'H-NMR (CDCl3, 400MHz) (mixture of diastereoisomers) &: 1.50 (2xs, 9H), 1.60-1.81
(m, 4H), 3.00 (m, 1H), 3.58 (m, 1H), 3.74 (m, 1H), 4.10, 4.90 (2xm, 1H), 4.62, 5.40
(2xm, 1H), 6.80 (2xs, 1H), 7.14 (m, 6H), 7.25-7.40 (m, 10H).

LRMS : m/z 538 (MH")



solution of 1-tritylim dazol e-4-carboxal dehyde (J. Med. Chem 1977, 20,
721) (4.06g, 12mmol) in tetrahydrofuran (60nl) was added slowy, and once
addi ti onwae2/1285pl ete, the reaction was stirred at -78C POT/IR100425S.

Sat ur at ed aqueous anmoni um chl oride s tion (50nl) was added, the m xture
allowed to warmto room tenperature aith then partitioned between water
(50mM ) and ethyl acetate (300m ). The phases were separated, the organic
| ayer dried (MySO4), filtered, and concentrated under reduced pressure to
give the title conpound, 5.3g, QQQQMEMNNR (CDCI3 400MHz) (mixture
of dlastere0|sc?r . ) e ) §9|0(m 1H,
3.58 (m 1 H), ’ ) ; : (2xm 1
H), 6.80 (2xs, 1H), 714(m 6 er'ﬂl ltm 10H) LRIVIS mz 538 (MH)
WO 02/ 14285 PCT/ 1B01/ 01425 159 Prepar atl on 101 tert-Butyl
(3E)-3-f(1l-isopentyl-1 Him Ay ol -4-yl ) nmet hyl enel - 2- oxo- 1-

pi peri di necar boxyl at e CIN X" HC/ r),NOCH3 NY* OOCH
Triethyl am ne (1.25n1, 9. and met hanesul phonyl chl oride (2561,
3.3mmol) were added to a soluthon of the conmpound from preparation 97
(1.1g, 3.O0mol) in dichloronet nd the reaction stirred at
roomtenperature for 18 hours. tion|was red into water (200ntl),
and extracted with ethyl acetat ggu Ctextract was dried
(MS™), filtered, and concentra{\led under |[|reddred gressure. The crude
product was purified by colum chromatography @n sidd,ca gel using an

el ution gradient of pentane:ethyl acetate (25:75 to 0:100) to afford the
title coTpstpEnfse a1\38rhe ®O0hnbl) 4damMetine®uiphaing! chloride (256ul, 3.3mmol)

were added to a solution of the compound from preparation 97 (1.1g, 3.0mmol) in

dichloromethane (15ml), and the reaction stirred at room temperature for 18 hours.
The solution was poured into water (200ml), and extracted with ethyl acetate
(300ml). The organic extract was dried (MgSQy,), filtered, and concentrated under
reduced pressure. The crude product was purified by column chromatography on
silica gel using an elution gradient of pentane:ethyl acetate (25:75 to 0:100) to afford
the title compound as a white solid, 430mg, 41% vyield.

'H-NMR (CDCls, 400MHz) &: 0.92 (d, 6H), 1.52 (s, 9H), 1.56 (m, 1H), 1.64 (m, 2H),
1.88 (m, 2H), 3.03 (t, 2H), 3.73 (dd, 2H), 3.92 (t, 2H), 7.05 (s, 1H), 7.45 (s, 1H), 7.62
(s, 1H).

LRMS : m/z 348.1 (MH")

Anal. Found: C, 65.47; H, 8.49; N, 12.05. C19H29N303 requires C, 65.68; H, 8.41; N,
12.09%.



1H NMR (CDCI 3, 400MHz) 8: 0.92 (d, 6H), 1.52 (s, 9H), 1.56 (m 1H), 1.64
(m 2H, 1.88 (m 2H), 3.03 (t, 2H), 3.73 (dd, 2H), 3.92 (t, 2H), 7.05 (s,
1H), 7.4%@e2/148y, 7.62 (s, 1 H. LRVS : niz 348.1 (M+)P&nasol/okand: C,
65.47; H 8.49; N, 12.05. C19H29N3O3 r ires C, 65.68; H 8.41; N,
12.09% WD 02/14285 PCT/ 1B01/01425 16 reparation 102 (3E)-3
f(1l-1sopentyl-1Hi m dazol - 4-yl) nmet hyl enel - 1- net hyl - 2- pi peri di none and
(32)-3-1( 1-Isopentyl-1 Himdazol_-4-yl)nethyl enel -1-nethyl -2-pi peri di none
0 NNCH3 <,/ | NH3 CH3 The BLE&%@.L.@BLﬁ.Qénd was obtained as a yel | ow
solid in 46%yiehd [ -2 iefrianlo?l\éﬁ ng a
simlar proce ' ] XCEP
acet at e: di et hyI am ne: rret hanol (100 0: Candb 96: 2 2) was used as the columm
eluant. 1 H-N _
(m 1 H, 1.7% :4 : =3y '
2H), 3.97 (t, 2H) 702(s 1H, 748(@1H) 758(s 1H) LRVB @ niz
262 (M) Preparation 103 tert- Butyl -0x0-3-[(1-trityl-
H- i mi dazol - 4-yl ) et hyl ene] - 1- plcé yCHte and tert- Butyl
zo'

(32) - 2- oxo- 34( 1- trltyl 1 H-|m -4-yl) methyl enel - 1- pi pe
ri di necarboxylate 0

The title compound was obtained as a yellow solid in 46% yield, from the compound
from preparation 98, following a similar procedure to that described in preparation
101, except ethyl acetate:diethylamine:methanol (100:0:0 to 96:2:2) was used as the
column eluant.

'H-NMR (CDCl3, 400MHz) & (mixture of isomers): 0.94 (d, 6H), 1.58 (m, 1H), 1.70 (m,
2H), 1.92 (m, 2H), 3.03 (s, 3H), 3.12 (m, 2H), 3.40 (t, 2H), 3.97 (i, 2H), 7.02 (s, 1H),
7.48 (s, 1H), 7.58 (s, 1H).

LRMS : m/z 262 (MH")

Preparation 103

tert-Butyl (3E)-2-0x0-3-[(1-trityl-1H-imidazol-4-yDmethylenel-1-piperidinecarboxylate

and

tert-Butyl (32)-2-oxo-3-[(1-trityl-1H-imidazol-4-yl)methylenel-1-piperidinecarboxylate
0 0

Triethylamine (2.78ml, 20.0mmol) and methanesulphonyl chloride (773pl, 10.0mmol)
were added to an ice-cooled solution of the compound from preparation 100 (5.3g,
10.0mmol) in dichloromethane (50ml), and the reaction stirred at room temperature



</ LJ CH 3 NH3C CH3 Triethylam ne (2.78m , 20. Omvol) and net hanesul phonyl
chloride (7731, 10.0Omol) were added to an ice-cool ed solution of the
conmpound woe om4separati on 100 (5.3g, 10.0mvol) in di chl orovERMANES(50mM) ,
and the reaction stirred at roonltenpeégiure WO 02/ 14285 PCT/ 1B01/ 01425
161 for 18 hours, and a further 4 hour t reflux. The cool ed sol ution was
concentrated under reduced pressure and the residue purified by colum
chronatographé on silica gel using an elution gradient of toluene:ethyl

acet at e {foro® bours, 20dsa furtherd heres aheeflux tThe eelpd seliition wgs copgehirated.

21y 3. oo redBRl dfdaghrbdntiHl Fodyh BpREd by chyly'temaRidanr B silthy,
7.44 (s, gdlHising -drBeliion Jrabient loRWBIuenelsthyl 24betateM40D: (At 20:88) todaffaid the. 40;

H 6.51; N, 7.85. C33H33N303 reqgires C, 76.28; H 6.40; N, 8.09%
Pr epar at {ihcampopne) 2£g; 086 yield.

br openol d FAY (gl AP0 A RAbre ot SofiiB €4 gy ot get BR300, o
sodi um hgdppiy 8168((E,/2H396.99. @3M),i N 10e(er6K}. B30 XmieH)addetl (4, o H), 7588 ¢s,i on

of the conmpound from preparation 53 (455g, 1.42M in tetrahydrofuran
(2.275L):IH nd the reaction stirred at roomtenperature for 18 hours. The

m xture C r +under reduced pressure to renove the
et anydt SHS a2 S20; fLAA'Y
Anal. Found: C, 76.40; H, 6.51; N, 7.85. Cs3H33N303 reqires C, 76.28; H, 6.40; N,

8.09%.

Preparation 104

(2 E)-2-{3-[(tert-Butoxycarbonylaminolpropyl}-3-(1-propyl-1H-imidazol-4-yl)-2-

propenoic acid

CH,
N
N/> H,C CH,
HO ! klj fe) CH,

T

A solution of sodium hydroxide (171.3g, 4.28M) in water (4.55L) was added to a
solution of the compound from preparation 53 (4559, 1.42M) in tetrahydrofuran

0

(2.275L), and the reaction stirred at room temperature for 18 hours. The mixture was
concentrated under reduced pressure to remove the tetrahydrofuran and the
remaining aqueous solution was adjusted to pH 5 using glacial acetic acid. The
resulting precipitate was granulated in an ice-bath for 1 hour, then filtered, washed
with water and dried in vacuo. This solid was recrystallised from isopropanol and
water to afford the title compound as a white solid, 304g, 63% yield.

"H-NMR (DMSOds, 400MHz) &: 0.81 (t, 3H), 1.38 (s, 9H), 1.56 (m, 2H), 1.74 (m,
2H), 2.75 (t, 2H), 2.93 (m, 2H), 3.95 (t, 2H), 6.97 (bs, 1H), 7.37 (s, 1H), 7.52 (s, 1H),
7.76 (s, 1H), 12.02 (bs, 1H).



remai ni ng aqueous solution was adjusted to pH 5 using glacial acetic acid.
The resulting precipitate was granulated in an ice-bath for 1 hour, then
filteredwoashess with water and dried in vacuo. This sol PATA®E/01425
recrystallised fromisopropanol and vv;il r to, afford the title conpound as
a white solid, 304g, 63%yield. 1H NWMR Qd6, 400MHz) 8: 0.81 (t, 3H),
1.38 (s, 9H), 1.56 (m 2H), 1.74 (m 2H), 2.75 (t, 2H), 2.93 (m 2H), 3.95
(t, 2H, 6.97 (bs, 1H), 7.37 (s, 1H, 7.52 (s, 1H, 7.76 (s, 1 H, 12.02
(bs, 1 H. WD 02/14285 PCT/1B01/01425 162 Preparation 105 ()-tert-Butyl

3-[(1-isopentyl-1 Himidazol -4-y|ﬁ%@h§@ixo-l - pi pe ridinecarboxyl ate
OO0NOCH(/ I 3NHGCCH H 3 3 ene from preparation 101
(430ng, Y+ utyl 3aHeki 1 ihidazen4-vo hrstie @R -dxeeppfisstidine cHPB o xyid80 D)
in ethano 1 was hydrogenated at psi an roomtenperature for 18

hours. The mixture was filtered throughQArbofel (r), washing through wth

ethanol. The filtrate was congentr ted Under){reduced pressure to give the

title conpound as a colourle ' NMYSNO7 ooyicﬁld. 1H NMR ( CDCI 3i

400MHz) S : 0.89 (d, 6H), 1.%( , 162 ( 4H), 1.78 (m 1H), 1.98

(m 1 H, 2.63 (dd, 1 H), 2.78(m 1 Ha 1H, 3.54(m 1H)),

3.70 (m 1 H), 3.81 (t, 2FD,<\6F.S§3FQS, 1 H,>7.30 (s, 1 H. LRV : mz 350
SO

(M) Preparation 106 W340 - ntyl-1
H i m dazol -4-yl ) et hyl 1| - 1- et hyl (2;I-_|piperidi none 0 N NCH3 N

3
The alkene from preparation 101 (430mg, 1.25mmol), and 10% palladium on
charcoal (Degussa® 101) (100mg) in ethanol (10ml) was hydrogenated at 60psi and
room temperature for 18 hours. The mixture was filtered through Arbocel®, washing
through with ethanol. The filirate was concentrated under reduced pressure to give
the title compound as a colourless oil, 420mg, 97% vyield.

'H-NMR (CDCls, 400MHz) & : 0.89 (d, 6H), 1.50 (m, 10H), 1.62 (m, 4H), 1.78 (m, 1H),
1.98 (m, 1H), 2.63 (dd, 1H), 2.77 (m, 1H), 3.15 (dd, 1H), 3.54 (m, 1H), 3.70 (m, 1H),
3.81 (1, 2H), 6.68 (s, 1H), 7.30 (s, 1H).

LRMS : m/z 350 (MH")

Preparation 106

(1)-3-](1-Isopentyl-1H-imidazol-4-y)methyl]-1-methyl-2-piperidinone

The title compound was obtained as a colourless oil in 24% yield, from the alkenes
from preparation 102, following a similar procedure to that described in preparation
105, exCept the product was additionally purified by column chromatography on silica
gel using an elution gradient of ethyl acetate:diethylamine:methanol (100:0:0 to
90:5:5).



H3 CH3 The title conpound was obtained as a colourless oil in 24%yield,
fromthe al kenes frompreparation 102, following a simlar procedure to
that desovobmdsh preparation 105, except the product waBCHmliti4sal |y
purified by colum chromatography on syg4ca gel using an elution gradient
of ethyl acetate:diethylam ne:nethanol (100:0:0 to 90:5:5). WD 02/14285
PCT/ 1B01/ 01425 163 1H NWMR (CDCl 3i 400MHz) 8: 0.94 (d, 6H), 1.55 (m 1H),

2 34 (5 ¥ IEBWR%CE%I( ookl @-1@53 éﬂ”%kfi{q 55gbolik éi*?;w 3k 7bdm 2Ry

LRME : ™ g6 wm)?@@pa‘r t e tze@i §U3M tzg (iLrb 3H), 3.85 (¢ 2H).

H i m dazol - nec rbox

N HC CHH5.89 (8 Hilki7u%(®f1H)he al kenes from pr epar atl on 103 (2. 4q, 4. 6nmol )
and 10%@%@ adi Zzng Z?gwéh?rcoal (Degussa(r) 101) (200nmg) in ethanol (400ntl)
was hydr Rat B 49 and 60 psi for 18 hours. TLC anal ysis showed
starting material remaining, so additional 10% pall adi um on charcoal
(Degussa(r) 101) (100ng) was added, and the m xture hydrogenated for a
further 72 hours. The m xture was Breparatied 40dr ough Arbocel (r), and the

filtrate conc t[a d gL reduced pres E The crud roct ate@S
purified by ceHGH SHat g PHARLOI S VIMGIIY L2 QX0- 1 DIRG! Gry gr adi ent

of dichl oronet hane: et hyl acetate: rrethnol 10000t00 1000t0090 10)
to afford the title conpound,as a-solid,_ 1/2g, 93%yield. 1H NWR (CDC 3,

400MHz) 6: 1.46-1.62 (m 10Hy 1r81 20y 109gH(m 1H), 2.66 (m 1 H),
2.95 (m 2H), 3.55 (m 1 H,\3.78 (m|1 H)J, 6.80 (5, 1 H, 7.24 (s, 1 H),
7.50 (s, 1 H. LRVB: nlz 288 (M) He” CH,

A mixture of the alkenes from preparation 103 (2.4g, 4.6mmol) and 10% palladium
on charcoal (Degussa® 101) (200mg) in ethanol (400ml) was hydrogenated at 50°C
and 60 psi for 18 hours. TLC analysis showed starting material remaining, so
additional 10% palladium on charcoal (Degussa® 101) (100mg) was added, and the
mixture hydrogenated for a further 72 hours. The mixture was filtered through
Arbocel®, and the filtrate concentrated under reduced pressure. The crude product
was purified by column chromatography on silica gel using an elution gradient of
dichloromethane:ethyl acetate:methanol (100:0:0 to 0:100:0 to 0:90:10) to afford the
title compound as a solid, 1.2g, 93% yield.

'"H-NMR (CDCls, 400MHz) & : 1.46-1.62 (m, 10H), 1.81 (m, 2H), 1.98 (m, 1H), 2.66
(m, 1H), 2.95 (m, 2H), 3.55 (m, 1H), 3.78 (m, 1H), 6.80 (s, 1H), 7.24 (s, 1H), 7.50 (s,
1H).

LRMS : m/z 280 (MH™)



WO 02/ 14285 PCT/ 1B01/ 01425 164 Preparation 108 ()-tent-Butyl 2-oxo0-3-f
(1-phenyl -1 Himdazol -4-yl)nethyll-1-piperidinecarboxylate 0 O A N O cH3
N H3c CH3v®hzngBHoroni c acid (366ng, 3mml ), 4A nol ecul ar P€T/Ra91425q) ,
copper acetate (408nmg, 2.25mmol) and idine (2431, 3mmol) were added to
a solution of the imdazole frompreparation 107 (419ng, 1.5mmol) in

di chi oronet hane (10m ), and the reaction m xture stirred at room

tenperature for 4 hours in the presence of sl ow stream of conpressed
air. The air flow was then stoppe&ﬁmé@eactlon was stirred for a

further 1¢ carboxylate

et hyl enedi e 0E ol ution
(10m ) was added, the mxture stlrredfo 10 nut es, then dlluted W th
di chi oronet hane (100m ). The | gyer QJA-EIat ed, the or gani ¢ phase
dried (MgS™) and concentrat eg/u d prgsewfe. The residue was
purified by colum chromat ogr gel S|ng an el ution gradient
of ethyl acetate:pentane (50:59 : t @,clf f oradh,t he title conmpound as
a gum 253ng, 47%yield. 1H (CDCl 3, 400M—Iz) 8: 1.52 (s, 9H), 1.81 (m
2H), 2.05 (m 1H), 2.78-2. 2H), 3.22 (dd, 1H), 3.58 (m 1H), 3.77
(m 2H), 7.11 (s, 1H), 7. 3¢ 3H), 7.42 (m 2H), 7.77 (s, 1 H. LRVS:
mz 356.1 (MH) WO 02/ 14285 Y€T/ 1B01/ 01425 165 Preparati on 109

|_2| r5n ([jgtz fteg% Héc %ﬁogéh%@ﬁ’o lr"rg%)l, d¢E7%:|IC_)§§OPe’éular sieves (1g), copper acetate

(408mg, 2.25mmol) and pyridine (243ul, 3mmol) were added to a solution of the

imidazole from preparation 107 (419mg, 1.5mmol) in dichloromethane (10ml), and
the reaction mixture stirred at room temperature for 4 hours in the presence of a slow
stream of compressed air. The air flow was then stopped, and the reaction was
stired for a further 18 hours at room temperature. A solution of
ethylenediaminetetraacetic acid (2g) in aqueous sodium bicarbonate solution (10ml)
was added, the mixture stirred for 10 minutes, then diluted with dichloromethane
(100ml). The layers were separated, the organic phase dried (MgSOs) and
concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel using an elution gradient of ethyl acetate:pentane
(50:50 to 80:20) to afford the title compound as a gum, 253mg, 47% yield.

'"H-NMR (CDCls, 400MHz) &: 1.52 (s, 9H), 1.81 (m, 2H), 2.05 (m, 1H), 2.78-2.90 (m,
2H), 3.22 (dd, 1H), 3.58 (m, 1H), 3.77 (m, 2H), 7.11 (s, 1H), 7.36 (m, 3H), 7.42 (m,
2H), 7.77 (s, 1H).

LRMS : m/z 356.1 (MH")



HBC CH3 O'N, N'/ \Jj-J~* N H3C'l 0O OH O A mxture of the conpound
from preparation 104 (302g, 0.895M and 5% pall adium on charcoal (30g) in
et hanol ™300r)428ms hydrogenated at 60 psi and 60C for 18 poDiBME/0148Ke cool ed
reaction was filtered through Arbocel (L(% and the filtrate evaporated under
reduced pressure to give a colourless "? This was crystallised from et hyl
acetate and pentane, to afford the title conpound as a white solid, 291.7q,
96% yield. 1H NWR (CDCI 3, 300MHz)_8: 0.90 (t, 3H), 1.42 (m 10H), 1.58 (m
2H), 1.66-1.86 (m 3H), 2.70 (m Prepgrationd®9 4 2H), 3.10 (m 2H), 3.84
(29 5f (eemldauotcaofthinolo h-proby it gdsdileinERRNALABROK'

H i mi dazol - 4-yl ) et hyl | pentanoic acidggpith quinidine CH3 N JN HCCH3 O
NNHIC OO OHOAT mxture of the acid from preparation 104 (20g, 59mmol),
qui ni di ne (19.23g, 59mml) and methanol (160nl) in a py¥5sure vessel was

purged with nitrogen, and then hydrogen to a pres of 3 psi. The vessel
was heated to 60C, a solu 'Bon of WD 02/ 14285 P B0O1/ 01425 166

[ (R -1 PrFerroLANE Rh( GQD, F F4 (Chirotech Techpol oqy Limted) (9.8ng,
0.012mmol ) in deoxygenate S @ ded, and the reaction

m xture hydrogenated a . The cool ed sol ution was
concentrated under redugéd ppessure an ouwde product dissolved in
ethyl acetate, with warmng to ng to roomtenperature with
stirring, precipitation occurred, and the ©O

A mixture of the compound from preparation 104 (302g, 0.895M) and 5% palladium
on charcoal (30g) in ethanol (3.0L) was hydrogenated at 60 psi and 60°C for 18
hours. The cooled reaction was filtered through Arbocel® and the filtrate evaporated
under reduced pressure to give a colourless oil. This was crystallised from ethyl
acetate and pentane, to afford the title compound as a white solid, 291.7g, 96%
yield.

'H-NMR (CDCls, 300MHz) 5: 0.90 (t, 3H), 1.42 (m, 10H), 1.58 (m, 2H), 1.66-1.86 (m,
3H), 2.70 (m, 1H), 2.83 (d, 2H), 3.10 (m, 2H), 3.84 (t, 2H), 4.63 (bs, 1H), 6.68 (s, 1H),
7.49 (s, 1H).

Preparation 110

(2S5)-5-](tert-Butoxycarbonylaminol]-2-[(1-propyl-1H-imidazol-4-yl)methylipentanoic

acid with quinidine

/\/CHs
N
CH
H,C 8
8 ﬁ/o H / /)
) N
He L oH

A mixture of the acid from preparation 104 (20g, 59mmol), quinidine (19.23g,
59mmol) and methanol (160ml) in a pressure vessel was purged with nitrogen, and

then hydrogen to a pressure of 3 psi. The vessel was heated to 60°C, a solution of



solid was filtered and dried in vacuo to afford the title conpound, 29.8g,
76% yield (94% ee determned by CE). Alternative nethod of synthesis for
title cowouornt2sh preparation 110 A m xture of the acid fromipn®pesati on
109 (50g, 147mmol) and quinidine (47.8 6 147mmol ) in ethyl acetate (1.75L)
was heated at 50C on a steam bath, unt a solution was obtained. The
solution was warned to 60C, the heat renoved and the solution allowed to

cool, then stirred at roomtengerature for 18 hours. The resultin
preci pi tiReiRIBeToLANE e dRh{GRRHBFw t (Chifatpeh ac deairolagy d'F'F‘B@d;t &3@%1

T e Qeplesfidh s iochAgTRighendR Rolliad ajfioh and dngsteatfify Highfy
%- gg % gﬁ;d(m?ng@n&é&i atlaHpdi. B9 40nhouts) Thé . dddlddrsollbipn vasSZoicgntiatedl under

3H), 2.84 1H), 3.00-3.1 _3H), 2. 3.

él—% . 2 gedyged @'ﬁ%%ﬂge g@é trae meli?e psodyct fﬁ.sszé\'éﬂm Qﬁgy} asﬁéiemth %V%mg i (m
Tty 7 S 1 pobying:1Bgoy tembhmtuis ith Bfrind lgrepfigiod Securtelandiid (<
325 ( quisylidi westiltersthbnd Farisadin ¥aicu@Stosatford, the title cdinpdOnd229.8g, 76% yield
C37H53N5(6. 0. 5H20 requires 66.05; H, 8.09; N, 10.41% [a]p = +121.36 (c

0.15, nePA¥needei@noped bydSEPCT/ 1B01/ 01425 167 Cdainms 1) Conpounds of
formula (1) R9 1 RS RI~-NR7 (CH)n RA R6 NXR5 5 OH 2NRL N

Alternative method of synthesis for title compound in preparation 110

A mixture of the acid from preparation 109 (50g, 147mmol) and quinidine (47.8g,
147mmol) in ethyl acetate (1.75L) was heated at 50°C on a steam bath, until a
solution was obtained. The solution was warmed to 60°C, the heat removed and the
solution allowed to cool, then stifred at room temperature for 18 hours. The resulting
precipitate was filtered, washed with ethyl acetate and dried at 80°C in vacuo to
afford the title compound as a white solid, 45.1g, 46% yield.

'H-NMR (CDsOD, 400MHz) &: 0.83 (t, 3H), 1.10-1.20 (m, 1H), 1.40 (s, 9H), 1.45-1.62
(m, 5H), 1.65-1.80 (m, 4H), 1.88 (m, 1H), 2.37 (m, 1H), 2.50-2.64 (m, 3H), 2.84 (m,
1H), 3.00-3.14 (m, 3H), 2.21 (m, 1H), 3.39 (m, 1H), 3.80 (m, 2H), 3.96 (m, 4H), 5.17-
5.25 (m, 2H), 5.91 (m, 1H), 6.07-6.18 (m, 1H), 6.89 (s, 1H), 7.38 (d, 1H), 7.43 (dd,
1H), 7.57 (s, 1H), 7.76 (d, 1H), 7.98 (d, 1H), 8.72 (d, 1H).

LRMS : m/z 340 (MH"), 325 (quinidineH")

Anal. Found: C, 65.82; H, 8.17; N, 10.32. C37Hs3N500.5H,0 requires 66.05; H,
8.09; N, 10.41%.

[a]o = +121.36 (¢ 0.15, methanol)



342MO (1) Were: Xis Nor CH nis Oto 3 RLis: a) CL.6 alkyl,
straight chain or branched chain, b) Cl1L 6 al kenyl, straight chain or
branched wthat/m285c) Cl1 6 al kynyl, straight chain or branchetUIRhaiss d)

Het erocycl e, e) Aromatic heterocycle é Aryl; g) hydrogen; said groups
(a), (b) and (c) optionally further suB ituted by: C3_7 cycloal kyl, aryl,
aromati c heterocycle, heterocycle, OR', NR11R12, S(O pR1ll, OC(O R11,
CO2R11, CONR11R12, SO2NR11R12, hal o and NHSO2R11l, where Rl nay be attached
at any p@@"’tnﬁon on the imdazole ring, R2 and R3 are each i ndependently

sel ected from hydrogen, Cl.6 alkyl, optionally further substituted by
OR11, halo; or wherein R2 and R3 may be joined to forma link, said link is
C2_6 al ky) en@ompoundsiofZ85niaTl)1B01/ 01425 168 R4 is hydrogen, Cl.6 alkyl,
optionally further substituted by C3.7 cygloal kyl, aryl, ORl1, halo and
R11; or wherein R4 and R10 nmay be joined o forma i nk, wherein said |ink
is ClL 4 alkylene, optionally further sulystit i ed by CRll hal o and R11, R5
and R6 are selected from hydrogen, agy ” 6Rral kyl, said al kyl optionally
further substituted by C3_7 cycl oal kyI arpmatic het erocycl e, heterocycle,
aryl, OR11, R11l and halo; or wherein RlO apgyei ther of RS or R6 nay be

J Oi ned to forma link, wherein said |link isja Cl.3 al kylene, optionally
further substituted by OR11, halo, Rlau{nd £ ?(IR;; or

N X RS
OH

Where:

Xis N or CH

nis0to 3

R'is: _

a) Cisalkyl, straight chain or branched chain,

b) Cisalkenyl, straight chain or branched chain,

c) Cisalkynyl, straight chain or branched chain,

d) Heterocycle,

e) Aromatic heterocycle,

f) Aryl;

g) hydrogen;

said groups (a), (b) and (c) optionally further substituted by: Cs7 cycloalkyl, aryl,
aromatic heterocycle, heterocycle, OR'', NR''R™ s(0),R", OC(O)R", COR",
CONR"'R", SO,NR''R™, halo and NHSO,R'",

where R’ may be attached at any position on the imidazole ring,

R® and R® are each independently selected from hydrogen, Cis alkyl, optionally
further substituted by OR"", halo; or
wherein R? and R® may be joined to form a link, said link is Co.¢ alkylene,



wherein R5 and R6 nmay be joined to forma link, wherein said link is C2_6

al kyl ene, R7 and R3 are independently selected from hydrogen, Cl 6 alkyl,
opti onal Iwobur£2Ber substituted by ORL1, hal o, aryl and RLRCT/@BO1/0W2Srei n R7
and R8 may be joined to forma Iink, 5 ein said link is C2_6 al kyl ene,

R9 and R10 are independently sel ect ed fPom Hydrogen, C(NR11) NR11R12, Cl1_6
al kyl, said alkyl optionally substituted by ORl1l, halo, aryl and Rl1l; or

wher ei n and R10 may be joined to forma link, wherein said link is (2 6
al kyl enelR" 8L hydiogenry aﬁ&YéaQManﬁHbé@#&’rﬁqtgﬁt'&éﬁ@&ye@afwmwwlr a@énOBr .CL. 6
al kyl'; opgi Rﬁbrom ng a NR11R12 noiety, R11 and R12 nmay also be joined to
formalln ereln saldllnklsC26aIkerne pis 0, 1 or 2 Werein:

Aryl is dhéigieRaand F5° thayrbetieined tarfomata dinkawhersicsaid ik i Cal;latkyiena her
substituted b 1R12, NR @2R12 CO2R11, NR11S02R12, CN,
hal oal kyPPl Al éhﬁ&wbstlﬁ(%’wﬁ% @%@b}ﬁi& SO2NRL1R 2, C(O) NRL1R12,

Aromatic heterocycle is defined as a to 7 membered ring, containing from

| to 3 heteroatons, each |ndependently selected from0O, S and N, said
het er ocyB?anglee\maIémeam PCT/ 1B01/ 01425 169 optionally substituted by

S(0) pRLITVBEB e e PR gRioREDY TestigrpubaRised W Cer sgorbole
defined agpniatk Re t@%@@l@%eﬁér@ay&ené.gu HRY R“bah&h§ld”‘%frer°at°”3 each

i ndependent |y selected from sal d ring being saturated or
partiall \yhe@m R 2ead, either of ﬁ?et%er)cmeVé) jotngs! f@p‘ormrmllmly vgheseini said didk iy aOR"

(0 pr110 eAReRe: SPIAT RIS Sl DR ofietty dedanery

phar macewhéfsih IR mabh@y iR pidd tosfekmad BniQ wHEreR stid lifR IS ¢ alkylefeconpound
of fornmula (1) as clained in claim1 wherein the conpound possésses the

stereochem stry of a conpound of fornmulae (1A or (IB) RO RO | R8I RS
R” and R® are independently selected from:

hydrogen, Cs.s alkyl, optionally further substituted by OR'", halo, aryl and R""; or

wherein R’ and R® may be joined to form a link, wherein said link is C,.5 alkylene,

R® and R'? are independently selected from:
Hydrogen, C(NR')NR'R", Cy.5 alkyl, said alkyl optionally substituted by OR'", halo,
aryl and R": or

wherein R® and R'° may be joined to form a link, wherein said link is C,. alkylene,

R' and R"™ are each independently selected from hydrogen or Cq. alkyl; or when
forming a NR"'R'? moiety, R'' and R' may also be joined to form a link wherein

said link is Ca¢ alkylene,
pis0,1or2

Wherein:

Aryl is defined as a 6-14 membered aromatic carbocycle, optionally further
substituted by R', halo, OR"', NR"'R", NR''CO,R"?, CO,R"", NR''SO,R'2, CN,
haloalkyl, O(haloalkyl), S(O),R"", OC(O)R"", SO,NR''R™, C(O)NR''R™2,

Aromatic heterocycle is defined as a 5 to 7 membered ring, containing from 1 to 3

heteroatoms, each independently selected from O, S and N, said heterocycle group



Rla-,, R7 Rle, ~-N R7 (CH2)n (CH2)n R4 Re RA Re 2 N5 R NXR5 2 N5 R5
OHRIE NYOH 3 X2R334 02R30 (IA (IB)Y 3) A compound of formula (1A
as cl ai modo omieBai m 2. 4) A conpound of fornula (1) as clRCTvERDliOM28ny one
of clains 1-3 wherein the inidazole iggd,4 disubstituted wherein the Rl
group is attached to N1. 5) A conpound of fornula (1) as clainmed in any one
of clains 1-3 wherein the imdazole is 2,4 disubstituted V\/nerein the RL

of clal iAo By QR0 ORI GRREAR 'y Bp ol ERLe ™™

al kyl gr TGE ds 11 < 112170
I‘i’él@alzfs‘ (Reloata) ?@5}1 DHOR IMﬁﬁ@t@{’rﬁcted from dozg% R

optional 'y substituted by on nmor e’ groups se 1, OR1i,
aryl, C3_7 cycloalkyl, NHSOQ2R11l, halo and aromatic heterocycle. 7) A

f l. , cl f. cl R1
ComPou S orb I bk Bt oY RS cRRiR ok SNBSS
1-7 Wﬂer@acfh ﬁ@e@@ddeﬁ@y selectaddfrege®, Sand N.sH ing 1¥ing %ralﬁﬂlHaPed b) paftially
claimed in any one of clains 1-8 wherein R4 is i ndependent | y, sel ected, from

hydr ogersaiHeated, said) heterocyelegrougi eptienallisukstituies byeOR 0i NBIR'6, E6:R a
i nk 1 3 f | d
[ Innanysglhlg1 O(?@lﬁl?gf Ql ﬁé‘%rel n’ Rﬁ\g)oﬁﬁogﬁgg@gaf%&% ° mg’u%gﬂf(gﬁho}’ ﬁl a

(1) as cNR't8@,R%, a0yNBAR'Gf CEOMWRERIZ 10 wherein R5 and R6 are preferably
i ndependent|y sel ected from hydrogen and C1_6 al kyl, said al kyl

Or a pharmaceutically acceptable salt, solvate or prodrug thereof.

2) A compound of formula (I) as claimed in claim 1 wherein the compound
possesses the stereochemistry of a compound of formulae (I1A) or (IB)

] 1
R8s R®
N N
R \LR7 R \LW
(CHy), (CHg),
R4 RS
1
» N \X/ :Rs
5
Rt OH
3N 4
2 R O

(IA) (IB)
3) A compound of formula (lA) as claimed in claim 2.

4) A compound of formula (I) as claimed in any one of claims 1-3 wherein the
imidazole is 1,4 disubstituted wherein the R' group is attached to N1.

5) A compound of formula (I) as claimed in any one of claims 1-3 wherein the
imidazole is 2,4 disubstituted wherein the R' group is attached to C4.

6) A compound of formula (I) as claimed in any one of claims 1-5 wherein R is an
aryl group, Cq. alkenyl group or a Cy.s alkyl group, wherein said alkyl group is



group optionally substituted by phenyl; or wherein RS and R10 nay be j oi ned
to form alink, said link is Cl.3 alkylene. 12) A conpound of formula (I)
as cl ai mmioomesy one of clainms 1-11 wherein RS and R6 areT/iBudnogsn. 13) A
conpound of forrmula (1) as claimed in one of clainms 1-12 wherein R7 and
R8 are independently selected from hydrogen and Cl.6 al kyl. 14) A conpound
of formula (1) as clained in any one of clains 1-13 wherein R7 and R8 are
hydrogen. 15) A conpound of fornula (1) as clainmed in_any,pne_gf clains

1- 14 wheoRiianagp syhstituferhby one erEesn GepHRsy selerted: eami ¢&Rny PRgeRMnlsc1 3

al kyl; o i n 1.Qy forma link, said link is
C2_3 al k@c%l%ﬁ\/@-l%% 42%&?&%8?%‘?%@585%e16) A conpound of fornula
(I') as clainmed in any one of clains 1-15 wherein R9 and R10 are hydrogen.
17) A conpound of formyla (I s clajnmed in any ope, of clai 1- wherein
RLL and 1A spemonad R amwiby(Sas SBVGRH i B He Pb g sl Ry E oy A
conpound énf(ylforrml a (l) as clained in any one of clains 1-17 wherein Rl11

and R12 hre i ndependent |y sel ected from hydrogen and CH3. 19) A conpound of
formula (1) as clained in any one of clains 1-18 wherein Xis CH 20) A

0. T 21) B cohUIROUBH FJBHmRLE (] 5 ARG Rty e Sihs Jr 7 HHARE 1. 269
wher ei n g? ¥le hgqrgggﬁ_nyl . 22) A conmpound of formula (1) as clained in any

one of clains wherein Aromatic heterocycle is defined as a 5 to 6
menbered ring, containing from1l to 2 heteroatons, each independently

sel ect ed?)f ' %‘ﬁ%@%@dof\lfor%@la %ﬁrg%oglgﬂﬁecﬁ) fin faﬂS/rBHeaof blaim@lsWhdrsin R is 8

R1~N R7 {'CH
independently selected from hydrogen and Cy alkyl; or wherein R* and R'® may be

joined to form a link, said link is C.3 alkylene.

10) A compound of formula (I) as claimed in any one of claims 1-9 wherein R* is

hydrogen.

11) A compound of formula (1) as claimed in any one of claims 1-10 wherein R® and
R® are preferably independently selected from hydrogen and Cis alkyl, said alky!
group optionally substituted by phenyl; or wherein R® and R"° may be joined to form
a link, said link is C1.3 alkylene.

12) A compound of formula (l) as claimed in any one of claims 1-11 wherein R® and
R® are hydrogen.

13) A compound of formula (1) as claimed in any one of claims 1-12 wherein R and

R® are independently selected from hydrogen and C1.¢ alkyl.

14) A compound of formula (l) as claimed in any one of claims 1-13 wherein R’ and
R® are hydrogen.

15) A compound of formula (1) as claimed in any one of claims 1-14 wherein R® and
R are independently selected from hydrogen and C1.3 alkyl; or wherein R' and R*
may be joined to form a link, said link is C..3 alkylene.



RA R6 R4 ~,.

N\XR5 NXCHOn R7 OR13 ~R8 R' N R
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O(Il) (Il'l) WO 02/ 14285 PCT/1B01/ 01425 172 Wherein Rl, R2, R3, R4, R5,
R6, R7, RBoand23s are as described in any one of clains 1-PePIBR®1€25d R10

are as described in any one of clains

-22 or additionally one or both

groups may be a suitable nitrogen protecting group and R13 is an

appropri ate oxygen

protecting group. 24) Conpounds of forrmula (XXIl11) and

(XXIV) R9 1 RB RONRIO" R7T ONRabNRT RA R NXRs RER XCR5 R /

OH R3 J4 (XXII1) 3 O(XXIV) Wiere RL, R3, R5, R6, R7,

R8, R10 and Z are as

descr | botP) i EReBRBCTY BlrAb RS GaimH el Ay ¥AE BRI 15 PR ahd =

prot ect i RY grediyd
formulae (1A or (1B) according

rogemn. A process for the preparation of a conpound of
to any one of clains 2-22 which conprises

the steps of a) hydrolysis of a conmpound of formula (XXI11)
17) A compound of formula (I) as claimed in any one of claims 1-16 wherein R

and R"? are independently selected from hydrogen and C.g alkyl.

18) A compound of formula (I) as claimed in any one of claims 1-17 wherein R

and R'? are independently selected from hydrogen and CHs.

19) A compound of formula (I) as claimed in any one of claims 1-18 wherein X is

CH.

20) A compound of formula (l) as claimed in any one of claims 1-19 wherein n is 0.

21) A compound of formula (I) as claimed in any one of claims 1-20 wherein aryl is

phenyl.

22) A compound of formula (I) as claimed in any one of claims 1-21 wherein

Aromatic heterocycle is defined as a 5 to 6 membered ring, containing from 1 to 2

heteroatoms, each independently selected from O, S and N.

23) Compounds of formula (ll) and (lll)

RS
-

Ri N\LR7

(C Hz)n

R# Ré
N X N

R N

2 R O

(n

(1t



RO ORBRT RE RL ZN~ X Rs R3 J4 (XXII1) Were Rl, R3, R5, R6, R7 and R8
are as described in any one of clains 1-22, R4 is hydrogen, nis 0, Xis
CH and RWos2/ags8slescri bed in any one of clains 1-22, or iBCHIBO1ApSOpri ate
nitrogen protecting group; To give a c%ound of formula (XXIV) WD 02/ 14285
PCT/1B01/01425 173 RO | R8 N R10 R7 RE NXR5 / R N OH Werein R1,
R3, R4, R5, R6, R7, R8, n, X and RO are as hereinbefore defined and RIO is
hydr ogen; b) hydrogenati he ¢ und of formula (XXIV) so obtained; then
c) resol W.hﬁgemri%, &%aﬁ?i B?rg%% B%nRZ,nﬁgagd veaksrap desardbast inf amnaneef cleisdnd
(rgy; t o 10 I ' | gt t ' IS
& ot rogin R vt Bt ARG e el nficl cBHFS £38 st A Rpraly dReNity
f or mul aegrolips nedy bé B33uitablenitioyen proiting grbyp and R abbe approprdteragben 26)
The process as clainmed in claim25 wherein said hydrogenation is an

asymmet rRretasipesie¥Rt i on. 27) A conposition conprising a conpound of
formula (1) or a pharmaceutically

24) Compounds of formula (XXIII) and (XXIV)

R® N
I R10/ \LR7
0 N Rs
N R4 RS
N R7
" N N
RN Z x/ TRs R = OH
R3 *l“ OKXHI . o (XXIV)

Where R', R®, R?, R%, R, R®, R"® and Z are as described in any one of claims 1-22,
R* is hydrogen, X is CH and R® is as described in any one of claims 1-22, or is an

appropriate nitrogen protecting group.

25) A process for the preparation of a compound of formulae (lA) or (IB) according
to any one of claims 2-22 which comprises the steps of

a) hydrolysis of a compound of formula (XXIiI)
Re

N Re

RS
RN 20 ™
R3 ‘L XX
Where R", R®, R®, R®, R” and R® are as described in any one of claims 1-22, R* is
hydrogen, n is 0, X is CH and R® is as described in any one of claims 1-22, or is an

appropriate nitrogen protecting group;
To give a compound of formula (XXIV)



acceptabl e salt, solvate or prodrug thereof as clainmed in any one of clains
1-22 and a pharmaceutically acceptable diluent or carrier. 28) A conpound
of fornuliveo (2)428% a pharnmaceutically acceptabl e salt, sol par/aBuri42sr odr ug
t hereof as clained in any one of clai -22 for use as a nedicanent. 29)
The use of a TAFla inhibitor in the pr ration of a nedi canent for the
treatnent or prevention of a condition selected fromthronbosis,

atheroscl erosis, adhesions, dernal scarring, cancer, fibrotic conditions,
i nfl ammat ory di seases and those conditions which benefit from maintaining
or enhancing bradykinin levels in the |bodyR® WO 02/ 14285 PCT/ 1B01/ 01425
174 30) The use as clained in clai OZ/QNV\hiqiyn the TAFla inhibitor is a
conmpound of formula (1) or a pharmaceutijcally acceptable salt, solvate or
prodrug thereof as clainmed in any Bre giket® ns 1-22. 31) The use as
clainmed in any one of clains 29 ereRthe condition is a thronbotic
condition selected from nyocard } rctign, deep vein thronbosis,
stroke, young stroke, cerebrai i cerebral thronbosis, cerebral
enbolism peripheral vascul ar di sease, gi na,gpd other forns of acute
coronary syndrones, dissemnating i travascul ar coagul ati on, sepsis,

pul nonar | b 5133 bi g6 ry..t i 1 nd
Phe pr oW SHETER 87 Rarit BraRedRar elei 40 ol 1184t HolsiiaToRy ckicuAd e
revasculighygesgeny or intervention. 32) The use as clained in any one of

clains 29 and 30 wherein the condition_ is atherosclerosis, 33) The use as
claimed in dy hMﬁ@%PaEP&i”P%CQ@pQHBd@(ﬁfmiéi%xi\z?es%%%irﬁ‘%m? adhesi ons

or dermal scartd : L al } i -30
wherein the o?nél tIlgﬁ4?1es-5hggﬁ§@reﬁég@%qﬁ_@g\%ﬁ@ngg%ﬁ?wénﬂ%%@)O%glga(‘g?),
clains 29 and 8temherein the condition is a fibrotic condition selected
fromcystic {ibrasis ul monary fibrotic diseases, chronic_sobstructive
pul monary di&&?ﬁ%%?ﬁ@%&&%@ BYIROLH: BWeﬁf@t plup m Bre'S( ﬁdﬂ%ﬁ’?en
fibronuscul ar dysiabfisd grodp; Bhati ¢ | ung disease, fibrin deposits in the eye

during opthalmc surgery and arthritis.
e) optionally converting said compound of formulae (IA) or (IB) to a

pharmaceutically acceptable salt thereof.

26) The process as claimed in claim 25 wherein said hydrogenation is an

asymmetric hydrogenation.

27) A composition comprising a compound of formula (I) or a pharmaceutically
acceptable salt, solvate or prodrug thereof as claimed in any one of claims 1-22 and

a pharmaceutically acceptable diluent or carrier.

28) A compound of formula (I) or a pharmaceutically acceptable salt, solvate or
prodrug thereof as claimed in any one of claims 1-22 for use as a medicament.

29) The use of a TAFla inhibitor in the preparation of a medicament for the
treatment or prevention of a condition selected from thrombosis, atherosclerosis,
adhesions, dermal scarring, cancer, fibrotic conditions, inflammatory diseases and
those conditions which benefit from maintaining or enhancing bradykinin levels in the
body.



36) The use as clainmed in any one of clainms 29 and 30 wherein the condition
is an inflamuatory di sease selected fromasthnma, endonetriosis,

i nf |l ammatvoo y2/basel  di seases, psoriasis and atopi c der mat PCT/EBEMA425

neur odegenerati ve di seases, Al zhei ner n4'a;nd Par ki nsons. WO 02/ 14285

PCT/ 1B01/ 01425 175 37) The use as clal'med in any one of clains 29 and 30
wherein the condition is one which benefits from maintaining or enhanci ng
bradykinin | evels in the body selected from h)é ertensi on, angi na, heart

f ai | ur e,3Qul isness as ¢lRinedis claim 2@ wherginthe, T ARl inhikjtagds afcompewnd 6B) The

w o an 0Dl Phahagelicafy BenRade' S BvAIR b SO inerRef L. ac' "
cl ai med dlagin@deinrar3orvdef eaimg Me22TAFl a i nhibitor is a conpound of fornula

(I') or a pharmaceutically acceptable salt, solvate or prodrug thereof as
claimed in any one of clainms 1-22. 40) The use as clained in any one of

| ai _ Dl g . Lo a1y Th

ise a5 Ok oy e 9 LRInaA i hy GMerTIFait 29 or 39 8ifirc The BohbARIS A1) orpot i ¢

i s recorthramanotia carsliorpsalsoieddgem rmgdcardiab nfartcBan, dee)) véinrthtdmidosié, t reat i ng
ti th is, ath . i hesi , d I i ng,

o PSSR LR OThGEL i SUP Sl e o5l SESNOS, codSpIRL SR 1O

whi ch b%fﬂhﬁerél%@bm&k Bis@h8é NShdiha AMEAREMDrtsad HELtE BoloRuR) Syddto body

whi ch ¢ rises admnistering a therapeutically effective anount of a TAFla

i nhi bi t slisseminapnainttave@sculancoggulatient sepisis, palmenarysnbolisn aenibpliodr ugs
t hereof to atient in eed of such treatnent. 43) A net.hod of treating
or - pr ov &ty SSo it i et arftuaBttins ahd S ikventing of cRidrs e ey
cancer, folidwipgisurgieaievasiaridationcsrptepientinseases and those conditions
whi ch benefit from mai ntaining or enhanci ng bradykinin levels in the body

whi ch conprises admnistering a therapeutically effective anmount of a

f . i | .
and” pr o Alod iR af cldehed i AT BHESTRAHELO Mnd AEARRER PR barkurgRle B
need of edbetostleeadisent. WO 02/ 14285 PCT/ 1B01/ 01425

33) The use as claimed in any one of claims 29 and 30 wherein the condition is

adhesions or dermal scarring.

34) The use as claimed in any one of claims 29 and 30 wherein the condition is

cancer.

35) The use as claimed in any one of claims 29 and 30 wherein the condition is a
fibrotic condition selected from cystic fibrosis, pulmonary fibrotic diseases, chronic
obstructive pulmonary disease (COPD), adult respiratory distress syndrome (ARDS),
fibromuscular dysplasia, fibrotic lung disease, fibrin deposits in the eye during
opthalmic surgery and arthritis.

36) The use as claimed in any one of claims 29 and 30 wherein the condition is an
inflammatory disease selected from asthma, endometriosis, inflammatory bowel
diseases, psoriasis and atopic dermatitis and neurodegenerative diseases,

Alzheimers and Parkinsons.



176 44) A nmethod as clainmed in any one of clains 42 and 43 where the
condition is a thronbotic condition selected from nyocardial infarction,
deep vei wohrondsi s, stroke, young stroke, cerebral infprpeTaBw@mI428er ebr al
t hronbosi s, cerebral enbolism peri phﬁ;@l vascul ar di sease, angi na and
other forms of acute coronary syndrones,” dissem nating intravascul ar
coagul ation, sepsis, pulnonary enbolism enbolic events secondary to

cardiac arrhythm as and the prevention of cardiovascul ar events  follow ng
sur gi cal 3hevHius@As Siained 18 anyAng oferaimm29 an9 38 wheredy tha cengifior i oRe any

one. of p _ . it c .
scarri né&ﬁlhg?eﬁ%ﬂeﬁﬂ%rﬁ%gémglgﬁn&g% I'n aﬁf}}idgér}gkjglgn@ﬂg?ﬁféQQZhgkggfé%éerde t he
condi t i dirormshypettbasioachrginaj beart Tailube Nrdlimothaas hyperteresion, reaalfaiues ard cl ai s
42 and 43 where the condition is cancer. 48) A nethod as clained in any
one of c‘?rS?PrEa' €and 43 where the condition is fibrotic condition selected
fromcystic fibrosis, pulnonary fibrotic diseases, chronic obstructive

pul nonary di sease (COPD), adult respiratory distress syndrome (ARDS),

fi br omus®8)l aFheluselbhai BAFIai ibhibitoc in thegpréparation, offa hradicalepokint cormbinatien eye
during opthal m.¢ surger nd arthriti 49) A nmethod as clainmed in any one
of cl ai ﬁﬂﬁhéné}ﬁ@ﬁl{g"\ﬁﬁﬁﬂh‘é fE%?.'ﬁ'}tt(S’i”FQ 08 amat ory di sease sel ect ed
from asthma, endonetriosis, inflammatory bowel diseases, psoriasis and
atopic dermatitis and neurodegenerative di seases, Al zheiners and

Par ki nso¥). BTy use @st elained it Claimedd whesgip thael Af lacinhibiior 49 aaermpgungh6f e
o . 90 . ot Re’ IO )
br ady ki HOHTAR, 0 S8 pHEniRheREEH, eRoub R SR SoaRE St pROIAE Rt 2s

fai | ure, clamamimadny dweef tlaims d2.renal failure and organ failure. WO

02/ 14285 PCT/ 1B01/01425 177 51) A method of treating or preventing

t hronbosi s, which conprises admnistering a therapeutically effective

anount ofn\a e [ i i B RGN a

o ont doy2 THE 18 L8 in dhyF 8RO OPBIairR 38 4k 39 wiile! thB'HtYbhthdie i€
a profibrinolytic.

41) The use as claimed in any one of claims 38, 39 and 40 where the

antithrombotic is recombinant tissue plasminogen activator (tPA).

42) A method of treating or preventing thrombosis, atherosclerosis, adhesions,
dermal scarring, cancer, fibrotic conditions, inflammatory diseases and those
conditions which benefit from maintaining or enhancing bradykinin levels in the body

which comprises administering a therapeutically effective amount of a TAFla inhibitor
and pharmaceutically acceptable salts, solvates and prodrugs thereof to a patient in

need of such treatment.

43) A method of treating or preventing thrombosis, atherosclerosis, adhesions,
dermal scarring, cancer, fibrotic conditions, inflammatory diseases and those
conditions which benefit from maintaining or enhancing bradykinin levels in the body
which comprises administering a therapeutically effective amount of a compound of
formula (I) and pharmaceutically acceptable salts, solvates and prodrugs thereof as
claimed in any one of claims 1-22 to a patient in need of such freatment.



52) A nethod as clained in claimb51 wherein the TAFla inhibitor is a
conpound of formula (1) or a pharmaceutically acceptable salt, solvate or
prodrug tweonzof28s claimed in any one of clains 1-22. 53pCTm@imes2diod as
claimed in clains 51 and 52 where the ithronbotic is an
profibrinolytic. 54) The nethod as clained in any one of clains 51, 52 and
53 where the antithronbotic is reconbinant tissue plasm nogen activator
(tPA) 55) The use of TAFla inhibitors and/or TAFI inhibitors as a coating
on i nt r adds mgthod agi daignedsis) anheng ekclaiing Agians i3 wherathe sondilien is a he

TAFl a i nfi biton | ; 4 clyal ] e of

clai ms. 1Dl bndicf SERARE fiom bRt bRy REESRUHPLORNRET o . se)
An i nt r astesi®y lyaung stioke, esreblaliimfacktion, cé@bralGRromiesss  dsrebrFembonBipi tor is
a conpound of fornul aggqlg as claimed in any one of clainms 1-22. 59) A kit

conpr i si ReAPheralvassH® 5% ehaHa ANdether imsoRfrRCWe coenaly SYRdomss, a

h Y , i rags.a
I one S A oL My
carri er; evgnta seconpery td cardiacprihythngiaamnerthé tneverition of acandiogascular events

phar mace]wii cal Ig/ ac eé)t abl|e .dié.uent. r carrier; and c) a container
ollowing surgical revascularisation or intervention.

45) A method as claimed in any one of claims 42 and 43 where the condition is

adhesions or dermal scarring.

46) A method as claimed in any one of claims 42 and 43 where the condition is
atherosclerosis.

47) A method as claimed in any one of claims 42 and 43 where the condition is
cancer.

48) A method as claimed in any one of claims 42 and 43 where the condition is
fibrotic condition selected from cystic fibrosis, pulmonary fibrotic diseases, chronic
obstructive pulmonary disease (COPD), adult respiratory distress syndrome (ARDS),
fibromuscular dysplasia, fibrotic lung disease, fibrin deposits in the eye during
opthalmic surgery and arthritis.

49) A method as claimed in any one of claims 42 and 43 where the condition is
inflammatory disease selected from asthma, endometriosis, inflammatory bowel
diseases, psoriasis and atopic dermatitis and neurodegenerative diseases,

Alzheimers and Parkinsons.

50) A method as claimed in any one of claims 42 and 43 where the condition is one
which benefits from maintaining or enhancing bradykinin levels in the body selected
from hypertension, angina, heart failure, pulmonary hypertension, renal failure and
organ failure.
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51) A method of treating or preventing thrombosis, which comprises administering a
therapeutically effective amount of a TAFla inhibitor in combination with an

antithrombotic to a patient in need of such treatment.

52) A method as claimed in claim 51 wherein the TAFla inhibitor is a compound of
formula (l) or a pharmaceutically acceptable salt, solvate or prodrug thereof as

claimed in any one of claims 1-22.

53) The method as claimed in claims 51 and 52 where the antithrombotic is an

profibrinolytic.

54) The method as claimed in any one of claims 51, 52 and 53 where the

antithrombotic is recombinant tissue plasminogen activator (tPA)

55) The use of TAFla inhibitors and/or TAFI inhibitors as a coating on intravascular

devices.

56) The use as claimed in claim 55 where the TAFla inhibitor is a compound of

formula (1) as claimed in any one of claims 1-22.

57) An intravascular device coated with a TAFla inhibitor.

58) An intravascular device as claimed in claim 57 where the TAFla inhibitor is a

compound of formula (1) as claimed in any one of claims 1-22.

59) A kit comprising:
a) a composition comprising a compound of formula (I} or a pharmaceutically
acceptable salt, solvate or prodrug thereof as claimed in any one of claims
1-22 and a pharmaceutically acceptable diluent or carrier;
b) a composition comprising an antithrombotic and a pharmaceutically
acceptable diluent or carrier; and

¢) a container



